Outokumpu HSC Chemistry® for Windows

Chemical Reaction and Equilibrium Software
with Extensive Thermochemical Database



ABSTRACT

HSC Chemistry is designed for various kinds of chemical reactions and equilibria
calculations. The current version contains fourteen calculation modules displayed as

fourteen options in the HSC main menu:

1. Reaction Equations 8.

2. Heat and Material Balances 9.

3. Heat Loss Calculations 10.
4. Equilibrium Compositions 11.
5. Electrochemical Equilibria 12.
6. Formula Weights 13.
7. Eh - pH — Diagrams 14.

H, S, C and G Diagrams
Phase Stability Diagrams
Mineralogy Iterations
Composition Conversions
Elements

Water (Steam Tables)
Units

The name of the program is based on the feature that all fourteen calculation options
automatically utilize the same extensive thermochemical database which contains enthalpy



(H), entropy (S) and heat capacity (C) data for more than 17000 chemical compounds.
This database is equivalent to more than seventeen thick data books.

The objective of HSC is to make conventional thermodynamic calculations fast and easy to
carry out using personal computers. Therefore HSC has a wide range of application
possibilities in scientific education, industry and research. Thermochemical calculations are
useful, for example, when developing new chemical processes and improving old ones.
HSC Chemistry is also a useful tool for universities and schools in chemical practicals and
studies.

Traditionally, thermodynamic calculations based on experimental or assessed data have
utilized stability functions in various thermodynamic data books and papers in scientific
journals. The difficult searching stage and complicated calculations, as well as
inconsistencies arising from different selections of standard and reference states, have made
this calculation procedure quite time-consuming.

HSC Chemistry offers powerful calculation methods for studying the effects of different
variables on the chemical system at equilibrium. For example, if the user gives the raw
materials, amounts and other conditions of almost any chemical process, the program will
give the amounts of the product as a result. HSC also makes heat and material balance
calculations of different processes much more easily than any manual method. The Eh-pH-
diagrams option of HSC also offers a very fast way of studying the dissolution and
corrosion behavior of different materials.

Of course, HSC does not solve all chemical problems, because it does not take into account
the kinetics (rates) of the chemical reactions and non-ideality of solutions. However, in
many cases it is a very inexpensive and useful tool which helps to find the optimum reaction
conditions and yields for experimental investigations without expensive trial-and-error
chemistry.
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6. WHAT'S NEW IN HSC CHEMISTRY 5.0

The new HSC version 5 contains several new calculation routines, new properties and a
larger database with updated data. The familiar HSC style user interface and file formats
have been maintained in order to minimize the training requirements for current HSC
users. The new features can be summarized as follows:

6.1 Updated Heat and Mass Balance Module

- HSC version 4 calculated only one balance area at a time. With the new HSC 5
up to 127 balances may be calculated simultaneously.

- Balance areas may be connected with each other using cell references or built-in
element amount functions.

- Temperatures may be used as variables.

- Target routine is also available in Diagram option.

- New stream elemental composition calculator.

- Graphical objects may be added to sheets.

- Link to the new Steam enthalpy calculator (0.01 - 1000 bar).

- Link to the new Heat Loss routine.

- Many small improvements such as iteration routine fixes.

Eﬁ-Heat and M aterial Balance - C:AHS5C5\Balance\R oasting_pb62bar. BAL

Eile Edit “iew Ingert [Delete Format Unite Calculate Target Dijagram  Options Help
| Ca =CUT2ICE
INFUT SPECIES (3) Temper. Amount Amount Amount Latent H Total H | |
Formula o kmol kg Nm? kWh KWh _l_
1  Gas io Boiler: R02555 2052297 64580110  4AZAG 630 16620056 9040903
2 |N2g 802555 1505476 AME0460%  IAIG6.720 11945935 11045935
3 |02 8072 555 107600 3443075 24527332 256,382 856,322
4 |AngE) 8032 555 20,460 217319 466 240 102 436 102,426
5 |H10(8) 8072.555 126380 2376015 2832822 1153466 7331372
6 |30 £072.555 08373 13348.105 4748525 2556787 -14623.135
7 Dustio Boiler: {02 535 145786 13857.926 205 2339013 18208804
8 |Zns 892,555 13al 123005 0032 16.791 -56.801
9 |Za0 8072 555 119570 9730.514 1736 1412798 -10227.323
10 |ZnS04 8072 555 0.000 0.000 0.000 0.000 0.000
11 |ZnFe204 8072555 2487 2046.018 0.000 IF0487 2400185
12 |Fe203 802.555 0.043 150593 0.029 32504 183318
13 |Ph30d 8072.555 0.521 157972 0.025 20746 112831
14 |FPhO £072.555 0.250 189.739 0.020 17051 -34.441
15 |Cu0 8072 555 0728 104.215 0017 13.276 231,259
16 [CdD 8072 555 0208 38 284 0.003 3420 -17.820
17 M0 8072 555 1313 52929 0015 15171 204155
18 |Ca304 802,555 1.210 164.770 0.056 ALS5T 440580
1 ] ™oy 207 L85 1075 110 Ted 0 o= o R ) A 107 X
4] rNBAL AL A OUTL ATNZ AOUT2 AN AOUTS A4 A CUTE ATNS A OUTS Adne Ad
Jamol Nm? kWh kWh
Exit | Stesm | <|>| BALANCE@®[ 176 D000 35465255]  -21300.27] 0.00]
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6.2 New HSC AddIn Functions for Excel 2000

HSC Excel AddIn makes native HSC functions and databases available directly
within a normal Excel spreadsheet. Highly specialized applications may be created
with these new Excel AddIn functions.

These functions work like normal Excel functions such as the SUM function. For
example, H( FeO 500) function returns the enthalpy of FeO at 500 Kelvin. An
other example is WTP( Na  Na2SO4 ) function which returns the weight percent
of sodium in sodium sulphate.

Up to 45 different HSC functions are available in Excel which automatically reads

the HSC database.
E Microsoft Excel - AddinS ample_xls
|@ File Edit “ew Insert Format Tools [aka Window  Help == %]
DEe @Ry s @tlilm® 2jwo- 70| -2
C11 hd =| =H{D11,E11}
|4 B | C I D BT R
HSC Chemistry 5.0 add-in functions in M8 Excel 2000
3 | Examples Red values are argument (input) walues.
5 Functions Heturn Values |Arguments
A [General Return Value Argument 1 Arg.2 Arg. 3
7 | UNITS(T;E) C and Mecal & Ilcal
g | BAL(Equation) 2H2{g)+ O2(g) = 2H20(H2 2 HO2 2=H20( g
o | SPECIES(DENMo Position) ANCHIC OO 2(+a) 3 200 -
10 | Species Return Value Argument 1 Arg.2 Arg 3]
11 | H(Species;T) 03357 02 100
12 | | S(Species;T) 20.766 H200T) 100
13 | | CP{Species;T) 44245 CH4 ) 100
14 | | G{Species;T) -11.294 Helg) 100
15 | HEG{Species;T) -0264 Fel 100
16 | 'HMMS3 or HCM( Species;T) 0023 Qg 100
17 | HLAT(Species;T) 0.000 H200T) 25
1% |Reaction equation Return Value Argument 1 Arg.2 Arg. 3|
19 | | H{Equation;T) -115052 ZHI g + 02z = ZHAO(E) 100
20 |  S(Equation;T) -22209 2HZ(g) + Od(g) = 2ZH2O(g) 100
21 | CP(Equation;T) -4.744 ZHg) + 022 = 2H20() 100
22 |  G{Equation;T) -107 431 ZH g + O = 2ZH20(g) 100
43 | HEG(Egquation;T) -3218 2HZ(g + 0 g) = 2ZH200(g) 100
24 | E{Eguation;T) 1.106E+H63 2HZ( g + 0l = ZHIO(g) 100 -|
|4 4|k ¥ Sheetl f Sheet? /£ Sheet3 / 1 i ]
]D[an[}ng F'.gtDShapES'\x\tDQ4|&'£'£'=Eﬁ.i’j,
Feady |l | s U | [ R e e
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The new Drawing Toolbar may be used to draw basic graphical objects (lines,
arrows, rectangles, ellipses) in HSC diagrams. These shapes may be used, for
example, to illustrate experimental conditions. Versatile formatting options may be

used to edit lines or add fill colour, line widths and styles.

Drawing Objects may be created and edited with the mouse or using the Object
Editor, which enables very exact editing with numerical values. Drawing Objects
may be fixed so that they can be used in all diagrams or they may be saved for later

use 1in files.

2% Object Editor 1 o (] -
File Edit |nset Delete Optons:  Obectz Help
| F1 |255
Name | =1 | Tl X2 T2 Border Color | Border Width | Border Siyle o
Arrow 071 n.ze 142 0al 235 2 | ]
Arrow 162 0.a0 2A5 013 235 2 1
Arrow 268 013 407 -0.16 235 2 1
Arrow 407 -0.16 513 -0.24 235 2 1 -
|| Lines A Shapes A Labels / [l | |
% E - pH Diagram of the HSC = [=] B3
File Edit Inzert Delete Format Show Help
Eh (Volis) V- 5-H20 - System at 2500 C
1.0 ' ' ' — ' ' ' ' ' ' ' '
TR ¥
e "7 -k Disable Action 3 3
™ [raw Line
0.6 “w  Diraw Ao d
[1 Draw Bectancle i
0.4 = i1 Draw Ellipze ]
A Insert Label
0.2 a1
Change Crefault Border Caolour 3)
(1§1] V105 Change Default Fill Colour -
\\“ﬂ Change Default Border Style #
o2 Change Default Border Width  » - L"Dlﬂlli‘:};
mol/kg
- Change Default Draw Mode  # 1.000E+D0
3 £ : 11 5 molfkg
ok Delet? all Objects 1 DODE+00
0.6 ey & ﬂq&mﬁ‘\'
038 V203 IR
HZ20 Limits
-1.0 - - - - -
1] 2 4 6 8 10 12 14
File: C:\HSCS\EpH\V'525 dep rH
= —= | ot EE22108
NNOOA | &- 4-==[MT5% 5 optons | I 06328350 X
Menu | Font | Draw | Save Yec. | Save Has. | Copy | Pnnt Col | Prnnt B'w
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- HSC 4 was able to save diagrams using only one WMF format. Now more than
30 file formats are available, such as PG, BMP, etc.

- Diagrams may also be edited using the new HSC Image Editor.

- Several diagrams may be combined with the new HSC Image Combiner if the

same X- and Y-scales have been used.

- There is a new Diagram Grid format option as well as some new formatting

options for diagram curves.
Raster Image Properties - Jarkko Mansikka-aho |

Yiew Combine Editor | ¥iew Image Editor

— Haster Image Size

Height: R3E

Bitmap zize: 1256 Kb

Cancel | Save

ifF HSC Image Combiner - Jarkko Mansikka-aho
Current Path: C:A\HSCE\LpphPbO0S 300, wrnf

Show Preview v

Preview Combined |

[CAHSCE\Lpp Browse | B S A L
Images Selected Images '
FeosB00. wmf Add -+ | d
Mal05300. wmf Zn05900. wmf .
Ma0S5400_ wmf -
Maoz800. wmf Remove
PbOS5900. wmf 2
Zn05900_wmf Bamtie »
All 1 ~
LoroS DEF) - 0 -5 Phase Stakiliv Iiaerarn at 200 000 ©

[T Invert Image
[~ Usze Onginal Colors

] T T
m5203
4+
ns

Emt

Mew Color - ? L
L ns
2 - -
Create Image |
Width 200 -4 i
Height h36 i |
" J
-10 L
HEIP 14 12 -10 - -d - L}
Hle: C:HS C5'\Lan'\Fh 05200 ins losoO2igy
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6.5 Larger Database with new Options

The number of species in the database has been increased from 15000 to more
than 17000. The quality of the database has been improved and the temperature
ranges of the available data have also been expanded more than 5000 changes
have been made.

New water data at pressures from 0.01 - 1000 bar are now available.

Limitation of 2000 species has been removed from the Search routine.

New Search mode has been added (All elements must exist).

New fast Table and Diagram routines have been added to Database Editor.
Several other small improvements have also been made.

1A Please zelect Elements: gA
H |24 ICrSDF 3A 4A 5A BA 7A He
T Be B ‘ C| N O|F|HNe
Na|Mg |38 48 5B 6B 7B 8B 8B 88 1B 28 Al > P 5 O &
K Ca Sc Ti ¥ Cr Mn Fe Co | Ni Cu Zn| Ga| Ge| As 5e  Br | K
Rb Sr | Y | Zt Nb Mo Tc RBu Rh Pd Ag Cd In Sn Sh| Te |  Xe
Cs Ba La Hf Ta W BRe Os |Ir Pt Au Hg| TI Pb Bi | Po| At Rn
Fr | Ba | Ac

Ce | Pr Hd |Pm S5m | Eu | Gd | Th | Dy | Ho| Er | Tm | ¥b | Lu

Th | Pa U |MHp Pu|Am Cm | Bk | CfF | Ez | Fm 1
Search Mode:
[+ Gases [+ Condensed [T Agqueous ions [T Organic [> 2 C). Carbon Limits:
[ Gas lons [ | Ligquids [~ Aqueous neutral |

Exit Help Maximum number [ 4000 0K
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File Edit Inset Delete Format Fit Help
MainDB File j Find Formula  |RbOH &+ Calories
RLHO3 =1 Structural Formula © Joules
EE:E%{S} Chicmicsl Maiie Rubidium hydroxide ~ Puont
RbNO3(ia) Common Name Table | 100
EEH:{S} Chem. Abs. Number |1310-823 Mellp. K Boilp kK Diagram [I”
RbNafg) Molecular Weight  |102.475 BEEO00 00D | H[S Cp G|
EE%’:;[]ENH['E] Temp. Range: 1. 2 | 3. | 4. | Ll
RbO[q] T1K 233,158 a03.00 G55.00
Rb02 T2K A0E.00 B53.00 2000.00
E::gﬂz FPhasze 3 % I
Rb20 H kcal/mol 100,096 1.315 1912
RbZ20 S cal/[mol™K] 22467 2588 2906
E:ﬁg = A cal/{mol*K) 13.105 15,164 20554
Rb20(a) B 11.356 0.000 0.000
EE%S% C -0.002 0.000 0.000
Rb202(q) D : 0.0 0.000 0.000
Rb202(a) Density kg/l 3.200 0.000 0.000
Rb203 | |color RGB 15 0 0
Rb203 Solubility in H20 g/l .000 0.000 0.000
BhOH Reference Gurvich 37 Gumrvich 97 Gurvich 97
RLOH Reliability Class 1 1 1
RbOH(g) - [«] | i
Delete Species Read from: OwnDB File ll List
E xit Save to: DwnDB File =] Fit Cp Data

6.6

Calculation reliability has been improved in many of the test cases.

Improved Equilibrium Module

New database search options without the limit of 2000 species.
New Species Name display added to the database search routine.
New Warnings routine for temperature range extrapolation.
Small fixes e.g. species name length increased from 20 to 24 characters.




A. Roine

HSC Chemistry® 5.0

une 28, 2002

6-7

02103-ORC-T

Eﬁ-ﬁpecies of the Syztem _ O] x|
I Sulfur diomde, Bann 93, Frenkel 94 I 1

50 K 5000 K

Crig] 52F10(q)

Cr[+2a)

1]2]a]4]s6]

CrF5[g] Sl]!ﬂ! CrO[+a]

Cr0 0 Ci02(-a :

Ciooth) 503(g G042 A A

Cr03(a) 520(a) Cr207(-2a) | 33

CrS(a) S0F([a) Fl-a)

Fla) S0F2(g) 0(-a) Delete Selected

F2(0) S0F4(g] 02(-a)

O[al S02F2(q] 02[-2a) Delete Unzelected

D2(al Cr 5([-2a)

03(g) CiF 52(-2a) Select Class 1

DOF(a] CiF2 53[-2a)

0OF2(q] CrF3 S4(-2a] Peep Databaze

D2F(q] CiF4 55[-2a]

02F2[a] Cr02 S6[-2a) Print Species

DF0(a) Cr03 503[-2a]

1] Cr203 504([-Za] Help

52(0) Crh012 5203(-2a) |

53[a) Cr8021 5204(-2a]

gggg% E:g_l 17 |Keep Chl KEEEE.T: irl:l zelect with Mu:uuse|

56[0) Cr51.2 5207(-2a)

57[0) Cr51.333 5208(-2a) ;

58(g) Cr253 $303(-2a) Sort Species To: ——

e, R P sl

-2a

SFa(g) 5 S406(-2a) s

SF4(0) S[M] 5503(-2a)

5F5(a) SF6 S506(-2a) ~ Gas. Aqua. Pure

SF6([g) 52F10 5603(-2a) with no sorting

52F 2[q) 503(B)] S606(-2a)

S2F20 503[G 5703(-2a .

22 2P el 2705(20 Hetuin®) - Continug

[ HSC Warnings _ O
File Edit
File: C:\HSC5'\Gibbs'Fesod igi
HEC-data will be extrapolated outside available terperature range.
Extrapolation is usually OF, but may cause errors if walues far bevond available range is used.
WARNINGS Selected Range K Available Range K Reference Relia-
Species T1 T2 T min T max hility
Nig) 273 1873 298 GO000: JTAMAF 25 1
H200(g) 273 1873 298 GO000: JTAMAF 25 1
Felg 273 1873 298 3200: Barin 29 1
Fe304%THO 273 1873 298 350 Phillips 28, Pankratz 95 1
Fe304%4H20 273 1873 298 3500 Gluske IVII 72, Panlyatz95 1
Fel304¥H20 273 1873 293 550 Pankratz 25 1
FediB0d3 273 1873 293 1500; Batin 89 1
Fel304 273 1873 293 1000 Enacke 91 1
FeO*OH 273 1873 293 400 Enacke 91 1
Fe 273 1873 293 3657 Barin 93 1
FedO3 273 1873 293 1700 Batin 93 1
Fe304 273 1873 293 2000: Barin 29 1
Ho 273 1873 293 500; JAMNAF B85 1

Cancel Print 11.4
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6.7 New Heat Loss Module

The new Heat Loss module may be used, for example, to estimate heat loss values
needed in the Balance module. The user must first specify the wall layers, layer
materials and thickness of these layers. Two basic types of calculations may be
carried out:

1 Temperature profile with fixed heat loss and one temperature point.
2 Heat Loss with two fixed temperature points will return the heat loss but also the
temperature profile.

The calculation routine handles conduction, convection and radiation properties as
functions of temperature, but fixed values may also be used by selecting the value
and pressing the Fix Value button. These fixed values are shown in red on the
calculation sheet.

Temperature profile as well as some other user specified values may also be
presented in graphical form. The Target Dialog may be used to find, for example,
minimum layer thickness. The calculation specifications may be saved to files for
later use.

¥ Heat Transfer Calculations C:\HSC5\HeatLoss\Smelting3.HTR

File Edt “iew Insert Delete Format  Calculate Target Diagram  Help

| g | 1200 00572456065

Properties | TUnits 1 | 2 | 3 | 4 | 5 =
Column Type: Surface Layer Layer Layer Surface o
Material: Molten metal Ankrom-B 65 CARBLOX BS Carhon steel: f| Water, Spray co
Surface Maierial:
Thickness x 1 0021 0.110 0.040
Surface Area A m2 1.000 1.000 1.000 1.000 1.000
Conduction k (mean) W./im ") 1809 13835 50.000
Surface Comvection he |Wiim2 ") 196 000 1200000
surface Radiation hr | W/im® ") 0.000 0.000
Left (inner) T Bl IEDD! a70 447 2 A3
|Right (outer) T e Q70 47 20 33 15
Thermal Resistance  “C/kWV/ 5102 11613 7053 0.200 0233
Heat Flux KW fm® 45054 45054 45054 45054 45054
Calculation Grid 10 10 10
Distance m 0.000 0.021 0.131 0171 0171 &
4| ¥ smelting 1200°C [ Ll
~Get Data for Column: TOTAL HEAT ELOW- I 45054 Ik'w' __ﬂ — Calculate:

LEondiction Temperature profile
Convection ~Shape and Dimensions: e — Heat How
= e Wfal Diraw I "Width .L. m =
Radiation (surface) ~Eute Length 1w m ] worscown ||
Hadiation [gas] £~ Cylinder
R adiation [particles] " Sphere

E it | Fix ¥alue Diagram T able | Draw Diagram I
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The Heat Loss module is integrated with three databases and two calculators:

- Conduction database with 718 substances

- Convection database with 111 substances and 4 functions

- Radiation database with 61 surface materials

- Gas Radiation Calculator with H20, CO2, CO, NO, SO2 and CH4 data
- Particle Radiation Calculator.

The user may edit or add new data to these databases.

[% Conduction C:\HSC5\Datab.... S [=] 3 |l iFE Convection C:AHSC5\Datab... JMI[=] 3 | § {7 Surface Radiation C:AHSCS5.... [Mi[s=]
L | Conduction C:A\H wien e
IAlumj:rﬁum oiide iRefrigerant 114 C2CEF4 ligquid) [Staintess steel (xi)
Thermal = Thermal = Thermal 1=
Conduction Convection Radiation
Datahase — Database Database
62 | Finc Zn 52 |Refrizerant 114 C2C12F4 (liguid) 13 |Nickel(h)
(licuid refrigerant at boiling point) (polished) =
63 | Zirconium Zr | 53 |Refrigerant 11 CCI3F (liguid) 14 |Nickel (h)
(lepuid refrigerant at boiling point) (stably oxidized)
64  |Aluminium oxide 54 |Methylenchloride C2CI3F3 (liquid—)| | 15 |Platinum (h)
[zapphire) (lcpuid refrigerant at boiling point) (polished)
65 |Aluminium oxide 55 |Refrigerant 113 C2C13F3 (liquid) 16 |Siler (h)
(polycrystalline (lcd refrigerant at boding point) (polished)
66 |Beryllium oxide 56 |Chlorine CI12 (liguid) 17 | Stainless sieel (1)
(licpuid refrigerant at boiling point) (typical, polished)
67 |Boron 57 |Methanol CH3OH (liguid) 18 |Stainless steel (n)
(licpuid coolatg) (typical, cleaned)
68 |Boron fiber epoxy (30%0 vol) comp: 58 |Ethanol C2HSOH (liquid) «|| [ 12 |Siainless sieel (n)
(k parallel to fibers) 4| ¥ [s Table A Function 7 I (typical Lightly oxdized)
69 |Boron fiber epoxy (20%0 vol) comp 20 | Stainless sieel (n)
(k niotmal to fibers) Angle of object [0 or 90] ID = i typical, hishly oxidized)
2t Eiarhunhc ) ~ Free Corvection i i (SAI.SI 3:; st:n::llll,‘n‘] e
amorphous & . , stably oxidize
71 |Carbon C, diamond P Eaehy | 22 [Steel(n)
riwne T = Speed of gasdiquid [0.04 ms ! fralichad alaafy b
| ¥ [s, Table / [ (horizantal flow) > Table / [
lpara il Eind|l| | </ Eind|l| ] gl Eindill
Exit | wview1 | Select | Exit | view1 | Select | Exit | Wview1l | Select |
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[F Gas Mixture Radiation Calculator - Tapio Ahokainen

! User Input Resulis
 Species vol- % NyyLow [NyylUpp @ FLow | FlUpp | DF | SumDF
H20(g) 500
CO20E 2300 1 417 1.0000 02970 0.0030 0.0030
Cog) 320 459 T5T 09961 02844 00117 00148
HO(g) 0.10 Q57 D63 09710 02705 0.0005 00151
B0 12.00 1057 1063 09624 02419 0.0006 00157
CH4 2 001 1059 1203 095E5 02472 0.0107 00264
1290 1432 09378 02193 0.0120 00444
4| vl Gas A wal /

Gas Properties

Temperature ['C] 1200 Gas Emissivity at Gas Temperature l 01655

Pressure [bar] 1 Gas Abzorptivity at Surface Temperature ! 0.2044

Optical Depth [m]: .45 Heat Flux [k'w /m?] ! 18.27

Surface Properhies

Temperature ["C]: 370

E migzivity .85

Exit Select at hxed T Select terative

E_E- Particle Suspenzion Radiation Calculator

| User Input: Results:
Property | Unit Value Property Unit | Value
Gas Amount Mm3ih 241001 |Gas ' 129976
Particle Amount t'h 69| |Particles i 160
Particle Density gifml 43| [Gas + Particles mih 1200023
Particle Diameter min 0.050] |Particles gim? 531
Particle Emissivity 1.000] (Particles mlfm? 1234
Cube Width & Height m 0002] |Particles vol- %o 00123
Cube Thickness m 0.100] (Particle Radius frun 002500
Tuhbe diameter m 4200) [P. Cross-sectional Avea mm® 000194
Particle Volume mun® 000007
Particle Weight g 281E-07
Particles/m? 1 29EH19
Cube Volume me AE-007
Particles in Cube T54
Particle Distances Hm 081
Gas Speed mifzec 36.11
Gas Speed in Tube misen 2al
Gasz Properhies
Temperature [C]: 1200 Particle cloud Emizsivity ! 0.3095
Gas emissivity at gas temp: 01655
Gas abzorphivity at surface temp: 0.2044 Heat Flux [k /m?] l 45.29
Surface Properties
Temperature [*C]: 970 Calculate
E rnizsivity I 0.85
E xit | Diagram Select at fixed T Select iterative
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6.8 New Steam Calculator Module

The new Steam Calculator module offers a much more convenient way to estimate
enthalpies, entropies and densities of steam, water and ice than the traditional Steam
Tables and Mollier Diagrams within 4 - 2273 K and 0.01 - 1000 bar. Steam
enthalpies may be needed, for example, when calculating the heat and material
balances of boilers or turbines.

2002

Eﬁ-Pressure and Temperature Calculator: Peter Bjorklund, Antti Hoine

6-11

02103-ORC-T

Eile Edt Format Show  Help _
500
Water { Steam Calculator H20 T
Amount | 10 [kg | TDjt_;E'I‘IS"Tt_SEE ey | Critieal [N
Mw [ 190150 kg/kmol P=0001 . 1000bar | | 420 i D
Pointl] | Point2 Delta Unit
Temperature 3nn.nnn§ 0.010 200 000]C ~|l 200
Pressure 55,509 0.006 g5o03]bar 7]
Phase Sat. (g.1) ¥]|Liquid (1 *]
Mixture % 500 -
H [139243560 -15070.325 -2046.569 K |
S 7 996 3516 _4.480i1J/°C
H specific 1022254 -1046000  -11268531J |
G [18506.880% -16031.2350 1575654k |
Cp 5793 4720 -1 573 Kfke"C Trigle
Density 3210820 1000000 612912 kgt 7| . e
- 00 L Ll .
_ Eat_ | Calculate 0001 0.01 01 1 10 100 1000 P [bar]
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ik Prezsure and Temperature Calculator: Peter Bjorklund, Antti Hoine

-75.000 150.000 225.000
10.000 1.000 5.000
|Solid (s) ||Gas(g) x|

[16430605. -13194200) 3245486
1716 1113 9.415 KI/°C
-574610 2490260 323836
(16779665 -17904.145.  -1124480
1531 1936 0.455
917000 0.516 -916.434
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6.9 New Help Routine

The new Help routine contains all the information, graphics and formulae of the
HSC printed manual with convenient search, print, edit and save options.

[E4 HSCHelp [C:\HSCS\HELPA10 REACTION EQUATIONS DOC]

File Edit Options Yiew Help

l1 [ Reaction Equations

00 H5L Cheristry 5 HSC Chemistry'™® 5.0
M Copyright Maotice and YW arranty
02 Techhical Support A Raine June 28. 2002

03 Errorz and Bugs
14 Licenze Agreement for End User of |
05 Registration Card 10. REACTION EQUATIDNS
06 ‘whats Mew in HSC &
07 Ingtallation ko Hard Dizk
02 Introduction

19 Operating Instruchons

Clclang the Reaction Equations hutton m the main

Window, see Fiz. 1 With this calculation option ¥
11 Heaction Eouations enthalpy, entropy and Gibbs enercy wvalues of a sin
112 HEZE EESSMatE"al telin reactions hetween pure substances.

13 Eguilibrivin Module
14 Equilibrium S amples

See the reference state defimtions, valid notations an

15 Cell Equilibria the chemical formulae i Chapter 28 Databases, che
16 Formula ngghts
LEEI Rl Hingions 10.1 One Chemical Substance

18 Eh - pH - Samplesz
19H.,5.C and G Diagramsz
20 Diagram Graphics ; ;
21 Phaze Stability Diagrams 2% Reaction Eyualiuns
22 Mineralogy lterationz
23 Compozition Conversions
%g llliLements b aduile Reaction Equation or Chemical Formula:
ater
26 Units Module |A1203
27 Ercel Add-Ins
28 HSC - Databazes i
29 Hudrocarbons A s g
30 Acknowledgments Temperature: I 0.000 I 1000.000 I 1
M Thermochemical Data Sources
32 References
33 Data References

34 Species Temperature Units: H‘ Energy Units: |H Format of Res
ﬁ

Kl |

6.10 Other Improvements

- The new folder structure divides HSC files into logical groups.

- HSC tables now also have Excel 97 and 2000 file support.

- The length of formulas has been increased from 20 to 24 characters in the EpH
module.

- Form resize properties have been improved.

- Many small bug fixes and cosmetic adjustments etc.

6.11 New Windows Me, 2000 and XP Compatibility

- New installation routine.
- New compiler and programming tool versions used.
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- HSC 5.0 is compatible with Windows 95, 98, NT, Me, 2000 and XP.
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6.12 What's New in HSC 5.1 vs. 5.0

1.

Database fixes:

HSC now finds all the F- and r- containing species.
Database Editor bug which sometimes created empty records to Own
Database has been fixed.
AI(NO3)3(a) - AI(NO3)3(ia)
AIF( 2a), AIF2( a), AlF3(a)added
AmSO4(-a) - Am(SO4)2(-a) (Typo in HSC database)
BF4Na S -34.728 replaced with NaBF4 S 34.728 cal mol K
(Co(NH3)S5H20)CI3 - Co(NH3)5 H20 CI3 (Duplicate)
CrS1.333 H37.3 - -37.3 kcal mol (Typo in HSC database, Mills 74)
Cr2NiO4 replaced with NiO Cr203 (duplicate)
FeCr204 replaced with Cr2FeO4 (duplicate)
HFe20O(-a) removed (Typo in Slop 98: HFe2O(-a) - HFeO2(-a)
H20 Cp constant when T 600 K
HO(g): typo in H and S values fixed
HOI(g) - HIO: Reliability Class 1 - 5 (Gas in Pankratz 95 ). Compare to
HIO(g)(Cor 90, Landolt 01)
I(-3a) - 13(-a) (Typo in HSC database, Fabricius 94)
K3AICI9 - K3AI2CI9 (Typo in Karapet 70)
K3AI2F6 - K3AIF6 (Typo in Karapet 70)
MOoF2 too stable: Reliability Class 2 - 5 (Ruzinov 75)
MoO2( 2a), CH3COO(-a), CH3COOH added
Na20 melting point -1405K - 1405 K
NaAlO2 replaced with Na20O AI203 (duplicate)
Np( 4a) data NAGRA 91 - Phillips 88
Np(OH)3( a) H 313.983 - -313.983 kcal mol (Typo in HSC database)
Np(H2PO4)( a) - Np(H2PO4)2( a) (Typo in HSC database)
PbS0O4 PbO was removed (Enthalpy value typo in Bard 85)
(Pt(NH3)4)CI2 - Pt(NH3)4CI2
(Pt(NH3)4)12 - Pt(NH3)412
Pu( 4a) data NAGRA 91 - Phillips 88
PuO2(S04)(-2a) - Pu02(S04)2(-2a) (Typo in HSC database)
SCN(-a) replaced with CNS(-a) (duplicate)
Sr r(Si207) was renamed Sr rSi207 (Huntelaar 95)
UO2(G) - UO3(G): (Typo in HSC database, Phillips 88)
U02.25 replaced with U409 (duplicate)
U305 deleted: (Typo in Samsonov 78, data seems to be for U308)
rF2 too stable: Reliability Class 1 - 3 (Barin 77, Glushko 94, Landolt 00)
Some aqueous (a) species was changed to (ia).
Some new species
Small fix in All must exist option in Find Elements dialog.

Tpp- Module fixes:

Scale and Print Dialog bug fixed.
Diagram Area Color Dialog bug fixed.
Print and Label dialogs with H, S and Cp diagrams.

Water-module:

Fixed: Small changes in Point 1 did not always effect the Phase option.
More density values at higher pressures and temperatures.
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Equilibrium Module:

- Species selection dialog: Sort mode bug fixed.

- Automatic addition of N2(g).

- Warning of SGM limitations.

- Gibbs-routine fix: Diagram button may be pressed before the calculations
are ready without crashing application.

- Pic-routine improvement: Enter -key moves forvard after X- and Y-axis
species selection.

- Gibbs- and SGM-routines: Problem with phase transition data below 298.15
K fixed.

New Key Word Find Option in Database Menu finds, for example, all the
species which contain the Key Word benzene .

Key Word Find may also be used from Database Peep routine.
Clearer option captions in Database Menu
More warning dialogs.
- Peep Database dialog: Warning of high number of print pages
- Element Find Dialog: More Tool Tip Text
- Lpp module: Improved Triple Point Outside Range warning.
Several small fixes in Help- and Manual- files.

Maximum number of records in HSC databases was increased from 32767 to
2147483647 records.

HSC DLL Tools opens native HSC functions and database for use in Visual
Basic applications and other programming environments.

WNDTLS32.DLL could not be found error message bug in HSC Help routine
was fixed.
Heat and Material Balance Module:
- Stream temperature link refresh bug was fixed.
- Calculate Recalc option clears also columns 0 - S.
- Arrow Graphical Object added.
- New Ideal Gas Density option.
Some other small fixes. For example, HSC main menu flicker n some
computers was fixed.

Many thanks for the feedback reports to all active HSC users.



A. Roine

6.13

HSC Chemistry® 5.0 6-17

une 28, 2002 02103-ORC-T

What s New in HSC Chemistry 4.0

The new HSC version 4.0 contains several new calculation modules, new properties
and a larger database with a lot of updated data. The familiar HSC style user interface
has been maintained in order to minimize the training requirements of current HSC users.
The new features can be summarized as follows:

A

% =

9.

10.
11.
12.

The number of substances in the database has been increased from 11000 to more
than 15000. A lot of old data has also been updated and extended.

Improved graphics, printing and format properties in all modules.
Target calculations in the Heat Balance module for automatic iterations.
Improved calculation reliability and speed in the Equilibrium module.
Eh-pH-diagrams with concentration and temperature lines.

A new Tpp-module for stability diagrams with partial pressure and temperature
axes.

A new Diagram module for H-, S-, Cp-, G-, DH-, DG- T graphics.

A new Mineralogy module for fast conversion between mineralogical and elemental
compositions.

A new Element module with basic data of elements and graphics.

A new Units module with a useful units conversion calculator.

A lot of small fixes and tuning of properties based on user feedback.
New 32-bit HSC version for Windows 95, 98 and NT.

The following sections will give a idea of these new features in more detail.

Installation

The HSC 4.0 installation routine has been updated and is now compatible with
Windows® 95, 98 and NT. However, system requirements are still quite reasonable.

Heat and Material Balances

Several new features have been added to the Heat and Material Balance module:

L.

The new Target calculation feature can be used to iterate sequential variable
values in order to reach certain target values. For example, the user can set the zero
heat balance as a target and find out the feed amount which satisfies the given
target condition.

The graphics feature enables the user to draw diagrams of heat balance
calculation sheets. The user may easily select one variable and range for the x-axis
and several others whose values are drawn on the diagram as a function of x-
variable change.

The user can easily import additional MS Excel® sheets to the module. These
sheets can be used to calculate input data for the INPUT-sheet or process results of
the OUTPUT-sheet. Files can be saved in Excel format for further treatment of
results.

Several small improvements and new properties. For example, the user can now
resize the forms without step values. The printing capabilities have been improved,
for example, the final temperature calculation results can also be printed now.
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Equilibrium Calculations

Equilibrium Calculations is one of the most used modules in HSC software, therefore a
lot of effort has been spent on improving it. For example:

L.

The calculation reliability and speed of Gibbs solver is better than in the previous
version.

The processing of Excel type activity formulae has been improved.
The species table form can easily be resized.

The diagrams can be printed in any size. A greater number of lines can be
visualized simultaneously by increasing the height of the printed diagram.

The enthalpy of the reaction can be drawn on the diagram.

The maximum number of pure substances in the diagrams has been increased from
99 to 999.

This module now makes input-files for ChemSage 2, 3 and 4 versions.
(ChemSage is a registered trademark of GTT-Technologies)

Formula Weights

The new feature of the formula weight calculator allows the user to specify the amount of
the species in kilograms or moles. This enables the module to calculate the amounts of
elements in addition to the compositions and formula weights.

Tpp Phase Stability Diagrams

This new module allows you to draw phase stability diagrams with temperature as the x-
axis and a selected partial pressure as the y-axis. Diagrams with partial pressures on both
axes can also be drawn. Partial pressures of sulfur, oxygen, sulfur dioxide, carbon
monoxide, etc. can be used depending on the selected system.

These diagrams can be used, for example, to estimate what kinds of phases prevail in the
roasting furnace in different conditions or to evaluate which condensed substances may
become stable when the process gas temperature decreases.

Eh - pH - Diagrams

Eh-pH-diagrams are used to estimate the prevailing species in aqueous solutions as a
function of pH and chemical potential. A completely new option has been added to this
module. The new features can be summarized in the following list:

L.

The new routine can be used to combine several diagrams with different
concentrations, temperatures or main elements into a single diagram. The
traditional concentration diagrams are widely used, but more special temperature
and main element diagrams may also give valuable information.

The possibility to change the size of printed diagrams is also very useful when
there are several small stability areas in the same diagram.

The selection of different electrode potential scales is also a useful new feature,
where Hydrogen, Calomel and Ag AgCl-scales can be used.

Improved calculation reliability.
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The calculation system specification can easily be modified with the users own
Gibbs energy data. These modifications can be saved for later use.

H, S, C and G - Diagrams

The new diagram module can be used to draw several different types of thermochemical
diagrams. The same new versatile graphics and printing features are included as in the
other modules. The main features can be summarized as follows:

1. Eight different diagram types can be drawn as a function of temperature:

- H Enthalpy (total)

- H Enthalpy (latent)

- S Entropy

- Cp Heat Capacity

- G Gibbs Energy

- DH

- DS

- DG (Ellingham diagrams)

2. Several species can be selected to the enthalpy diagrams simultaneously to
compare total or latent enthalpies.

3. DG diagrams (Ellingham diagrams), offer a very fast way to compare the relative
stabilities of substances. For example, you can find out which oxide or chloride
compound is the most stable one. This information is useful when comparing the
reduction and oxidation tendencies of different elements.

4. This module can also be used to compare the basic thermochemical data from
different sources, in order to see the differences and select the best data for
subsequent calculations.

Mineralogy Module

Composition conversions between substance (mineralogy) and elemental analyses are
often needed in chemical R D work. The new Mineralogy module easily converts
mineralogical compositions into elemental compositions.

The conversion of the elemental composition of a substance into a mineralogical one is a
more difficult task, for example, due to small analytical errors. This module offers three
tools for converting elemental analyzes into mineralogical ones:

L.

The Solve method, which uses matrix-algebra to solve the mineralogy. It is useful
if the given amounts of elements fit the given substances exactly.

The Automatic iterative method, which fits the given elements to the given
substances by changing the species contents to achieve the given elemental
compositions.

The Manual iterative method, which may be needed especially if the same
element exists in several species.

Elements Module

The thermochemical behavior of species is based on the properties of elements. The
location of the element in the periodic system tells us a lot about its chemical nature. The
new Elements Module offers a fast way to compare the basic properties of elements in
tabular and graphical format.
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The database contains data on 56 different properties of elements. As in other HSC
modules, the user is permitted to modify and add new data to this database according to
personal requirements.

Units Module

Traditionally, several types of energy, temperature, mass and volume units have been
used in thermochemical calculations. Therefore, some inconvenient conversions are
needed to compare the results from different sources. The new Units Conversion module
is an easy tool for fast unit conversions in thermochemical as well as other engineering
fields. The specifications of this module can be summarized as follows:

1. Some 90 different quantities and 444 units are available. The user can easily add
his her own units and coefficients into the conversion calculator database.

2. The Units Module also offers data sheets for chemical constants, particle mesh
sizes, air humidity and water pressure tables. The user can modify these tables
according to personal requirements.

Database

The thermochemical database is an essential part of HSC Chemistry, because the
accuracy of the calculation results of all HSC modules depends on the quality of the basic
data in the integrated database. Considerable development work has been carried out,
which can be summarized as follows:

1. The number of species in the database has been increased from 11000 to more than
15000. This data is not critically evaluated, but gives fast access to data and
references, which can be found from literature.

2. The quality of the database has been improved and the number of unnecessary
duplicate species has been decreased.

3. Further supporting data, such as structural formulae, chemical names, common
names, CAS numbers, melting points, boiling points, etc. have been added to the
database.

4, HSC 4 uses the same database format as HSC 3, therefore, the user s own databases

can also be used with the new HSC 4.0.

5. The search procedure for species in Database Editor and Show Database
windows has been improved. The species lists now show the location of the closest
match if the given formula is not found in the database.

6. A direct link to the graphics module has been added to the Cp data-fitting option.
This allows the easy comparison of experimental and fitted data.

7. Important Note: The main reason for the small differences with HSC 3 and 4
calculation results is the new data in the HSC 4 database.

General improvements

The graphics, printing and format properties as well as resizing capabilities of the table
forms have been improved in most calculation modules. This makes it easier to produce
high quality hard copies of the results.
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Numerous minor improvements and adjustments have been made which are not always
visible. However, they will make the life of the HSC user easier. This work has been
based mainly on feedback from HSC users.
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8. INTRODUCTION

HSC Chemistry is designed for many different kinds of chemical reactions and
equilibrium calculations. The current version contains 14 calculation options:

Reaction Equations

Heat and Material Balances

Heat Loss Calculations

Equilibrium Compositions

Electrochemical Cell Equilibria

Formula Weights

Phase Stability Diagrams (Tpp- and Lpp-versions)

Eh - pH — Diagrams with concentration and temperature variables
9. Enthalpy, entropy, heat capacity, Gibbs-energy and Ellingham diagrams.
10.  Mineralogy Iterations

11.  Composition conversions

12.  Water - Steam Tables and Mollier Diagrams

13.  Units Conversions

14.  Properties of Elements in tabular and graphical format.

PN R WD =

The name of the program is based on the fact that all fourteen calculation options
automatically utilize the same extensive thermochemical database which contains
enthalpy (H), entropy (S) and heat capacity (Cp) data for more than 17000 chemical
compounds. This database is equivalent to more than seventeen thick data books.

The HSC Chemistry software enables the user to simulate chemical reactions and
processes on the thermochemical basis. This method does not take into account all the
necessary factors, such as rates of reactions, heat and mass transfer issues, etc. However,
in many cases a pure thermochemical approach may easily give useful and versatile
information for developing new chemical processes and improving the old ones.

Perfect simulation for all processes means that any chemical process can be designed
completely in the computer without any experimental work. This goal is, however, far in
the future, because there is no complete general theory or basic data available which
would successfully combine thermodynamics, non-ideality of solutions as well as
dynamics (kinetics) for all processes. Nearly perfect simulation may be achieved for a
single individual process step by measuring experimentally all the necessary parameters
for solution models, kinetic models, as well as for flow and heat transfer models.
However, this needs several months or years work to be able to simulate one single
process step. uite often a fast mainframe computer is needed.

With HSC Chemistry it is possible to calculate chemical equilibria between pure
substances and the ideal and also, to some extent, non-ideal solutions. For these
calculations only enthalpy (H), entropy (S) and heat capacity (Cp) data for all prevailing
compounds or pure substances is needed. In many cases these calculation results may
simulate the real chemical reactions and processes at sufficient accuracy for the practical
applications. Important advantage is also that specification of the chemical system, data
retrieval and final calculations may be carried out in normal Intel Pentium personal
computers within few minutes.
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Of course, experimental work is needed to verify the results, because HSC does not take
kinetic phenomena into account. However, HSC helps to avoid expensive trial-and-error
chemistry, because it quickly and easily gives some kind of clue as to the effects of
process parameters on the reaction products and process conditions. Usually,
thermochemical calculations at least show what is physically possible and what is
impossible, which is highly valuable information when making plans for experimental
investigations.

In the thermodynamic equilibrium the rates of reactions and reverse reactions may both be
interpreted to have the same rate, ie. this state is only one special case of kinetic
phenomena. Of course, some programs are available which also take some kinetic aspects
into account. However, these are not general like thermodynamic equilibrium codes are,
ie. they are usually valid only for certain geometries and environments.

A number of solution models are available in literature to describe the non-ideality of
mixture phases. The practical problem is quite often a lack of valid data for solution
parameters. Although solution models have not been installed in the HSC Chemistry, the
non-ideality of solutions can be taken into account in the equilibrium calculations to a
certain extent by including constant activity coefficients or simple activity coefficient
formulae in the Gibbs equilibrium solver.

Invitation to new Authors

If you have a thermochemical computer program or basic thermodynamic data which may
be of more general interest, please send it to the author:

Antti Roine

Outokumpu Research Oy
P.O. Box 60

FIN-28101 PORI, FINLAND
Fax: 358-2-626-5310

We may also add your code to future versions of HSC Chemistry. Connection to the HSC-

database and fitting the code and user interface to HSC format can be carried out in

Outokumpu Research. Integration is easiest if the original code is written in Visual Basic,
uickBASIC or BASIC.

The new thermodynamic data which is saved in OwnDB5.HSC database can easily be
transferred to MainDB5.HSC at Outokumpu Research.
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Physical Background of H, S, C and G

Thermochemical calculations are based on enthalpy H, entropy S, heat capacity Cp or
Gibbs energy G values for chemical species. They can all be mathematically derived from
experimental observations. The following presentation gives a brief and simplified but
illustrative idea of the thermochemical quantities and methods.

Enthalpy H: Absolute values of enthalpy H of substances cannot be measured, but
enthalpy differences between two temperatures can be determined with a calorimeter.
Heat capacity Cp at constant pressure (specific heat) can be calculated from this data using

Eq. (1).
Cp (@H dT)pp 1

Equation (1) allows the calculation of enthalpy as

T
H(T) H{298.15) JCp dT I Hyr 2
298.15

where Hf(298.15) is the enthalpy of formation at 298.15 K and Hty is the enthalpy of

transformation of the substance. Calorimetric measurements at different temperatures
yield the enthalpy curve of zinc shown in Fig. 2.

The enthalpy scale in Eq. 2 is fixed by defining H 0 for the elements in their most
stable state at 25 C and 1 bar, mainly because this is convenient for calculations at
elevated temperatures. This is called the reference state. (Another fix point could have
been H = 0 at 0 K, because the thermal motion of atoms and electrons stops completely at
this temperature.)

The ability of a chemical substance to absorb or emit heat depends on the temperature, and
therefore the curve in Fig. 2 is not linear. In addition, at phase transformation temperatures
the curve is discontinuous, because heat is needed for the phase transformations (ie. for
crystal structure changes, as well as for melting and boiling).

The enthalpy of compounds also contains their enthalpy of formation DHf from
elements. This is usually measured calorimetrically by letting pure constituent elements
react and form the compound at 298.15 K and 1 bar. The enthalpy of the compound is
therefore calculated by adding the enthalpy of formation to the experimental enthalpy
difference H(T)-H(298), see the solid line in Fig. 3.

The enthalpy values of gaseous zinc can be extrapolated to lower temperatures as shown
in Fig. 2 by the dotted line. The reference state for zinc at 25 C and 1 bar is hexagonal
crystal. The enthalpy of gaseous zinc is 130.415 k mol larger compared to solid pure zinc
at 298.15 K. This amount of heat is needed to evaporate one mole of zinc at 25 C and 1
bar, and is called the enthalpy of formation of zinc gas from solid zinc.
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H. kK mol Enthalov of inc Sulfide
160 '

140 T 298.1{1‘( _________ oas

120 T

100 T
115.311
80T

130.415
60 T

407

liquid
201
sol 7322

0 f—

-20
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Temperature, K

Fig. 2. Enthalpy of pure zinc from 0 K to 1400 K with reference to solid, hexagonal n at 298.15 K.

H.k mol Enthalov of inc Sulfide
100

s0 20815K o Tee

Enthalpy of Formation =

100 -201.669 k mol solid, beta

-150 solid, alfa

200 | ‘

2250 — . . t . . t . . . t . . . t . . . t . . . t
0 200 400 600 800 1000  Temperature, K 1400

Fig. 3. Enthalpy of zinc sulfide ( ). Enthalpy difference H(T)-H(298) (-----) and enthalpy of formation
have been measured by calorimeter. Note crystal structure transformation at 1293 K.
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Entropy S: Absolute entropy values can be calculated from the experimental heat capacity values using
Equation (3) and numerical integration.

T

S S(298.15) fcp mar T Hy T 3
298.15

where S(298.15) is the standard entropy of the substance which can be calculated by
integrating Cp T function from 0 to 298.15 Kelvins, T is temperature and H¢y is enthalpy

of phase transformation at a temperature Ttr, see Fig. 4.

Entropies of crystalline substances approach zero at 0 K. This fundamental experimental
observation is compatible with the third law of thermodynamics. If entropy is understood
as a measure of disorder, the disorder reaches its minimum at absolute zero and in perfect
crystal structures.

Heat Capacity Cp: The absolute heat capacity of substances at constant pressure can be
calculated as a first derivative of the enthalpy curve in Fig. 2, using Equation (1). The heat
capacity curve is discontinuous at phase transformation temperatures, see Fig. 5. The heat
capacity values of crystalline substances in equilibrium approaches zero value at 0 K.

The temperature dependence of heat capacity at elevated temperatures cannot be predicted
theoretically by thermodynamics. A fully mathematical correlation is therefore adopted
for fitting experimental heat capacities. The Kelley equation is used throughout this
program in the following form:

Cp A B.10-3.T C.105.T-2 D.10-6.T2 4
where A, B, C and D are coefficients estimated from experimental data.

Gibbs Energy G: The mutual stability of substances (elements, compounds, ions, etc.)
cannot be compared using enthalpy, entropy or heat capacity functions solely. It must be
done using the Gibbs energy defined by Equation (5). The Gibbs energy of pure zinc has
been calculated using this equation and data in Figs. 2 and 4. The results can be seen in
Fig. 6.

G = H-T-S 5

Experimental Methods: Many experimental and theoretical methods are available for
evaluating the basic thermochemical enthalpy, entropy and heat capacity data than it is
practical to describe in this context. Usually a critical analysis of the values is based on a
thorough simultaneous cross-correlation of thermochemical data from different sources,
measurement methods (calorimetric, spectroscopic, electromotive force, solubility, etc.)
and theoretical calculations. More information of the assessment methods can be found,
for example, in the references mentioned in Chapters 32 and 33.
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S, (mol K) Entropy of
200 |
180 T 298 15K L ieeemmemtmttTITTT gas
160 | PELS B
140 T 97.721
120 T
1001 160.415
80T
60 T
40 T
20T
0
0 200 400 600 800 1000 Temperature’ K 1400
Fig. 4. Entropy of zinc calculated from the experimental heat capacity, by Eq. (3).
Cp, (mol K) Heat Capacity of
35T
[ liquid
30T 298.15K
I solid
mp = 692.7 K bp=1180K
gas
0 200 400 600 800 1000 Temperature, K 1400

Fig. 5. Heat capacity of zinc from 0 K to 1400 K calculated from calorimetric data, by Eq. (1).
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G, k mol Gibbs Energy of
0 T
12412
20 1 solid 33.841
40 7 -74.825
liquid
-60 |
298.15 K
801 692.7 K
gas
-100 | 1180 K
-120
0 200 400 600 800 1000 Temperature, K 1400

Fig. 6. Gibbs energy of zinc at 0 - 1400 K calculated from the enthalpy and entropy values using Equation

(5).

Data Format in the HSC Databases: Traditionally, experimental heat capacity values -
see Fig. 5 - have been fitted using the empirical Equation (4). The coefficients A, B, C and
D provided in HSC are valid in limited temperature ranges only. Usually the temperature
ranges are the same as the stability ranges of solid, liquid and gaseous states of the
substances.

The heat capacity coefficients can be saved in the HSC database as data sets for each
temperature range, together with the enthalpy and entropy values for formation and
transformations. The first data set contains the enthalpy of the formation Hf(298.15),
standard entropy S and the coefficients A, B, C and D for the most stable form of the
substance at room temperature. The second set contains the enthalpy and entropy of
transformation as well as the coefficients for the second temperature range, etc. For
further details, see Chapter 28.11.

Table 1 shows the thermochemical data of zinc as printed from the HSC main database.
The same enthalpy values can be found in Fig. 2, as well as the entropy values in Fig. 4.
The coefficients A, B, C and D have been derived from the experimental heat capacity
values, Fig. 5, using curve fitting and Equation (4), see Chapter 28.12.

Note that the data for gaseous substances as n(g) has been saved separately. Such a
selection allows, for example, equilibrium calculations with the gaseous substances also
below their boiling points.
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Species | State | Enthalpy | Entropy | Heat Capacity Cp Temperature Range
H S A B C D T1 T2
k_mol (mol K) (mol K) K K
n s 0.000 41.631| 20.736| 12510 0.833| 0.000| 298.150( 692.655
n 1 7322 10571 31.380| 0.000| 0.000| 0.000 692.655( 1180.000
n(g g 130415 160.984 | 20.786| 0.000| 0.000| 0.000| 298.150( 2000.000

Table 1. Thermochemical data of zinc as printed from the HSC database.

All thermochemical data required in HSC and its modules, including heat capacity,
enthalpy, entropy and Gibbs energy of the substances, can be calculated from the basic
data in its databases using Equations (1)-(11). HSC Chemistry utilizes the equations
automatically whenever needed.

Chemical Reactions: The thermodynamic enthalpy, entropy and Gibbs energy functions
for a chemical reaction are calculated as the difference between the products and reactants,
using Equations (6) - (9). The commonly needed equilibrium constant K can be calculated
using Equation (11). The physical meaning of these functions and values will be described
in more detail in Chapters 10.1 - 10.4.

Chemical reaction

Enthalpy of reaction

Entropy of reaction

Gibbs energy of reaction

Equilibrium constant

aA

bB

cC

dD

AHr ZviHi(Products) - ZviHi(Reactants)

(¢ HC dHD ..)-(a HA b HB ..

ASr 2viSi(Products) - 2viSi(Reactants)

(cSCc dSp ..)-(aSA b SB ..)

AGr SniGi(Products) - 2viGi(Reactants)

(¢c Gc d Gp
Cc Dd
K
Aa Bb

InK =AGr (-RT)

where the following abbreviations have been used:

A =

Hw< ®

activity or partial pressure of species A, B, C, etc.
stoichiometric coefficient of species A in reaction

.)J-(a GA b GB ..)

stoichiometric coefficient of a species in reaction (a, b, c, ...)

gas constant = 1.987 cal (Kmol) = 8.314 (Kmol)

Temperature in K

10

11
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10. REACTION EQUATIONS

Clicking the Reaction Equations button in the main menu shows the Reaction Equations
Window, see Fig. 1. With this calculation option you can calculate the heat capacity,
enthalpy, entropy and Gibbs energy values of a single species as well as of specified
reactions between pure substances.

See the reference state definitions, valid notations and abbreviations for the description of
the chemical formulae in Chapter 28. Databases, chapter 2.

10.1 One Chemical Substance

Eﬁ- Reaction Equations = =]
Reaction Equation or Chemical Formula:
|a1203
From To Step

Temperature: 0.000 1000.000 100000 C
Temperature Units: Energy Units: Format of Reszults: [ Collect to Sheet
{+ Celzius ' Calories {+ Hormal [+ Show Transitions
" Kelvins " Joules " Delta |+ Crizs-Cobble

Help File Open H5C 2 File B alance Equation Peep Databaze

E xit File Open _.. 1 Calculate

Fig. 1. Reaction Equations Window of HSC Chemistry.
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Eﬁ- Results _|O]
File Edit Format Help
T Cp | H | 5 | G | Reference S
1 Jaoz | Aluminum oxide il
2 T Cp H 5 G Reference
3 C  caliimel*K) keal'mel  calimel*K) keal/mol
4 0.000 17248 -400 247 10614 -405 246 Batin 77, JAWNAF 92
5 100.000 21.600 J30E 993 16671 -A05214 Batin 77, JAWAF 92
6 200.000 24797 -306 A5 22185 -A07 162 Bann 77, JANAF 92
7 300.000 26970 -394 082 27157 -A09 433 Barin 77, JANAF 92
8 400.000 22161 -301.303 31.801 -A412.576 Batin 77, JANAF 92
9 500.000 2B 386 -3EE 463 355247 -415934 Batin 77, JAWAF 93
10 A00.000 20168 -3E5.500 30027 -9 ARG Batin 17
11 T00.000 20705 -3E2 Ada 42219 -423 731 Barin 77
12 200.000 30.166 -379 A51 45148 -422.101 Barin 77
13 Q00.000 30564 37eald 47 853 -432 753 Barin 7
14 1000 000 30916 -373.540 50368 -437 AeG Batin 77
15
16 |Formula FM Cone. Amount Amount YVolume
17 £ mol wi-%o mol g lorml
18 A103 101961 100.000 1.000 101961 25715 ml
19 Z/mel wi-%o nel z lorml
20
1] 4 Help | Print | Clear | Copy All Copy Save

Fig. 2. Thermodynamic data of A1203 (alumina) displayed by the Reaction Equation option of HSC

Chemistry.

By entering a single chemical formula into the Formula box you will get similar tables of
thermochemical data as presented in many thermochemical data books. HSC will,
however, provide the results faster and exactly at those temperatures which you really
want. Please follow these steps:

1.

Write a chemical formula into the box, Fig. 1.
For example: Fe, Na2SO4, A1203, SO4(-a), H( a) or SO2(g).
See the valid notation and syntax of chemical formulae in Chapter 21.2.

Select the lower limit, upper limit and temperature step.

Select the Temperature and Energy Units, by clicking the corresponding buttons.
Select the Format of the results.

Normal (Absolute scale)

H(species), S(species) and C(species)

This format is used for example in the famous I. Barin, O. Knacke, and O.
Kubaschewski data compilation!.

Delta (Formation functions)
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AH = H(species) - XH(elements)
AS = S(species) - 2.S(elements)
AG = G(species) - XG(elements)

AG = G(ions) - XG(elements) z2 G(H2(g)) -z G(H( a))
z = charge.

This format is used for example in the NBS TablesNBS 82,
The Collect to Sheet option will collect several tables on the same spreadsheet.

Select the Show Transitions option if you also want to see the data at the phase
transformation temperatures, such as crystal structure changes and melting.

Select the Criss-Cobble option if you want a Criss-Cobble extrapolation for the
heat capacity of aqueous species, see Chapter 21.4.

Press Calculate (or Enter) to get the results on the screen.

Press Print to print the results, see Fig. 2. Note that you can collect several sets of
results in the same sheet if you have selected the Collect to Sheet option in Fig. 1.
You can clear the whole sheet by pressing Clear.

Press Copy All to get all the results into the Clipboard, then you can easily paste the
results to other Windows applications, for example, to MS-Excel, see Fig. 2. Using
Copy it is possible to copy and paste contents of individual cells to other
applications.

If you want to save the formula and results in an ASCII-file press Save, see Fig. 2.
You can read these files back to the Reaction module using File Open, see Fig. 1.
Note that Save saves all the selections in Fig. 1, so you can return these using File
Open. The File Open HSC 2 File button reads only old HSC 2.0 files which return
only formula, but not the selections nor temperature range.

You can easily check the basic data from the database, which has been used in the
reaction module calculations. In Fig. 1 select the formula in the Reaction Equation
box and press Peep Database. The same procedure can be found in Fig. 2 by
pressing the right mouse button or selecting Edit from the menu.

The table in Fig. 2 has some formatting and Copy - Paste functions as do other
tables in HSC Chemistry. These features help to create a good printed copy of the
results for various purposes.

HSC searches for the species data first from the Own database (OwnDB5.HSC). If
it does not find a species there, it will search from the Main database
(MainDB5.HSC). Therefore HSC always uses data in the Own database if the same
species exists in both Own and Main databases.

If you have selected Delta-format for the results, HSC will also search for data for
the necessary elements and calculate the formation functions of enthalpy, entropy
and Gibbs energy. Usually the original experimental data is in this format: however,
sometimes the comparison of data in this format may be more difficult because the
data sources often use different data for elements.

HSC will make a Criss-Cobble extrapolation for the heat capacity of aqueous
species at elevated temperatures (25 C ) if the Criss-Cobble option is selected.
The extrapolation is not done if A and B of the heat capacity coefficients A, B, C
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and D exist in the HSC Chemistry databases. The extrapolation error increases
rapidly at higher temperatures. More information on extrapolation is given in
Chapter 28.4.

For aqueous species it is recommended to set:

Lower temperature =25 C
Upper temperature =300 C
Step =25 C

10.2 One Chemical Substance Results

After pressing the Calculate button in the previous screen, Fig. 1, you will arrive in the
results window, Fig. 2. From this results screen you can save and print the results:

L.

Press Save if you wish to recalculate the results later. The Save button will also
save the settings used in Fig. 1. You can read these files back to HSC using the File
Open button, see Fig. 1.

Press Print if you want a paper copy. If you have selected the Collect to Sheet
option in Fig. 1, then all results will be collected on the same sheet and can be
printed together. Clear will clear the results sheet.

Press Copy to get the results of selected cells into the Clipboard, then you can
easily paste the results, for example, to MS -Excel, see Fig. 2.

Press Copy All to get all the results of the sheet into the Clipboard, then you can
easily paste the results, for example, to MS -Excel, see Fig. 2.

Press OK to return to the previous Window.
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=10 x|

Reaction Equation or Chemical Formula:

|Ni + 4CO(g) = Ni(CO)4(qg)

From To Step
Temperature: 70 160 10000 ¢
Temperature Units: Energy Units: Format of Results: [~ Collect to Sheet
+ Celzius {+ Calories & Mormal ¥ Show Tranzitions
i Kelvins " Joules " Delta v Crizz-Cobble
Help File Open H5C 2 File Balance Equation Peep Databaze
E xit File Open _.. 1 Calculate

Fig. 3. Input data for Reaction Equation calculations.
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File Edit Format Help
T | Cp | H | 5 | G | Reference S

1 |Ni+4C0(g)= NiCOM(z) i
2 T deltaH delta’ deltac K Log(EK)

3 C keal cal'K keal

4 70.000 -3834 07 B0 -4213 1.163EHI03 3065

5 20.000 S3E 293 97 560 S3EIT 2 3A9EHI0Z 2375

6 Q0.000 -3E 264 SOF 427 -28a1 3274EAHI01 1722

7 100.000 S3B 233 07 404 -1 887 1 274EAH101 1.105

8 110.000 -3E 201 07 318 0913 3319E-H100 0521

9 120.000 -3E 167 SO 232 n.osa 9 26TE-001 -0.033

10 130.000 S3E133 SO 145 1.031 2. TE0E-001 -0.553

11 140.000 -3 097 SOF 057 2002 2 T24E-002 -1.059

12 150,000 -32 0a0 -0 90 2872 2915E-002 -1.535

13 1a0.000 S3B 022 -06 281 3042 1 026E-002 -1.98R

14

15 |Formula FM Cone. Amount Amount YVolume

16 Z/mel wi-%o mel z lorml

17 |Hi 58700 34379 1.000 58700 6.508 ml

18 |COig 22010 62621 4.000 112.042 96541

19 Z/mel wi-%o nel z lorml
20 |\ WyCChd ) 170742 100.000 1.000 170742 224141 .

1] 4 Help Print Clear Copy All Copy Save

Fig. 4. Results of Reaction Equation calculations.

You can write almost any kind of reaction equation into the Reaction Equation box of
HSC, Fig. 3. Here are some examples of valid equation syntax:

2Cu  S=Cu2S

H20=H( a) OH(-a)

H2(g) =2H( a) 2e-

H20=1202(g) 2H( a) 2e-

Ag=Ag( a) e-

3NO2(-a) 2H( a)=2NO(g) H20 NO3(-a)
2Al( 3a) 3S(-2a) 6H20 =2AIl(OH)3 3H2S(g)
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Write the reaction equation into the box, see Fig. 3. If you have not given the
stoichiometric coefficients for the species, you can press Balance Equation for solving
unknown coefficients. The balance button solves the coefficients on the basis of element
balance equations. Therefore it cannot solve unknown coefficients if their number is larger
than the number of elements in the corresponding reaction.

On the right side of the button you may give a multiplier, which will be used to multiply
all the coefficients in the reaction equation. The default value is 1, which means that the
smallest stoichiometric coefficient in the reaction equation is 1.

You can continue in the same way as in the One Chemical Formula option Chapter 10.1.
Note that the Delta Format and Show Transitions options have no effect on the results,
because the enthalpy and Gibbs energy of a reaction are in the Delta format by definition.

HSC calculates the stoichiometry of the reaction given by the user, and points out errors if
the element balance is incorrect.

The example in Fig. 3 refers to the Mond-process for refining impure nickel. In the
process raw impure nickel is first treated with CO gas at 60 C to evaporate the nickel as a
carbonyl gas. In the second stage, the temperature of the gas is increased to 200 C to
decompose the nickel carbonyl gas into pure metallic nickel and CO. This process works
because the equilibrium of this reaction is on the right side (Equilibrium constant K 1) at
lower temperatures and on the left side (K 1) at higher temperatures. The reaction is
exothermic (DH is negative) at all temperatures.

Vapor pressures p can be calculated by writing the reaction equation for the vaporization
reaction concerned. For example, for pure magnesium the equilibrium is Mg = Mg(g), Fig.
5. The activity a of pure magnesium is 1 and thus the vapor pressure in bar is equal to the
equilibrium constant according to Eq. (10) in Chapter &. Introduction and Eq. (1). See
also Fig. 6.

K pMg aMg pMg 1

If a substance vaporizes into several polymers, all of them must be taken into account. The
total vapor pressure is then the sum of all the individual partial pressures, if the gas phase
behaves ideally.

You can also calculate more complicated reactions. First write the reaction as shown in
Fig. 7, then press Balance for the coefficients, see Fig. 8 and finally press Calculate for
the results, see Fig. 9. Note that for aqueous ionic reactions HSC also calculates the
electrode potential versus Standard Hydrogen Electrode if electron (e-) is used in the
formula.

You can calculate mass balances in moles, grams and liters for any reaction. The species
does not need to exist in the HSC databases.
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Eﬁ- Reaction Equations

Reaction Equation or Chemical Formula:

[Mg = Mg(q)
From To Step
Temperature: 500 1500 100 ¢
Temperature Units: Energy Units: Format of Rezults: [~ Collect to Sheet

+ Celzius (' Calories & Mormal v Show Tranzitions
" Kelvins " Joules " Delta [+ Crizz-Cobble
Help File Open H5C 2 File Balance Equation Peep Databaze
Exit File Dpen _.. 1
Fig. 5. Input data for Reaction Equation calculations.
Eﬁ- Results _|O]
File Edit Format Help
T | Cp | H | 5 | G | Reference S
1 Mg - Mg(g) —
2 T deliaH delia5 delia G K Log(E)
3 C keal cal'K keal
4 500,000 34,380 26,290 14056 1 063E-004 -3.974
5 600000 34148 26004 11.441 1 3AEE-003 -2.264
6 700,000 31237 23.492 2064 0 AZ0E-003 -2014
T 200,000 31.503 231748 A 633 4 458E-002 -1.351
8 Q00000 31180 22 BRT 4330 1. 561E-001 -0.z07
9 1000.000 30857 22623 2054 4 439E-001 -0.353
10 1100.000 30533 22378 01935 1.074E-HI00 0.031
11 1200000 30210 2215 S22 2 22TEHI00 0359
12 1300.000 20 2R 21938 -4 626 4 303E-HI00 0.643
13 1400.000 29 563 21.730 -6.210 7.735EHI00 0.&00
14 1500.000 29230 21.331 -2974 1 27FEHI0L 1.106
15
16 |Formula FM Cone. Amount Amount YVolume
17 £ mol wi-%o mol g lorml
18 Mg 24.305 100.000 1.000 24,305 13.968 ml
19 Z/mel wi-%o nel z lorml
20 Maga 24305 100.000 1.000 24305 224141 .
1] 4 Help Print Clear Copy All Copy Save
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Fig. 6. The equilibrium constant K is equal to the vapor pressure in atm according to Equation (1) if the

activity of magnesium is 1. The boiling point of magnesium is about 1100 C beyond which its vapor
pressure exceeds 1 atm.
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%% Reaction Equations |0

Reaction Equation or Chemical Formula:
iFESE + H20 = Fe203 + 504(-2a) + H{+a) + e-

une 28, 2002

Temperature:

From

To

Step

0]

175 2h

Temperature Linits:

Energy Lnits:

Format of Results:

| [~ Caollect to Sheet

' Celzius ' Calories f+ Mormal [+ Show Transzitions

" Kelvins " Joules " Delta |+ Criss-Cobble
Help File Open H5C 2 File B alance Equation %-l Peep Databaze
Exit File Open __. I 1 Calculate

Fig. 7. Write the reaction equation without stoichiometric coefficients and press Balance Equation.

ﬁﬂ- Reaction Equations

=10) x|

Reaction Equation or Chemical Formula:

Temperature:

From

To

[2FeS2 + 19H20 - Fe203 + 4504(-2a) + 38H(+a) + 30e-

Step

0]

175 ] 25

C

Temperature Linits:

Energy Lnits:

Format of Results:

| [~ Caollect to Sheet

' Celzius ' Calories f+ Mormal [+ Show Transzitions

" Kelvins " Joules " Delta |+ Criss-Cobble
Help File Open H5C 2 File B alance Equation Peep Databaze |
Exit File Open .. 1 Calculate ’}J

Fig. 8. Press Calculate to display the results.
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File Edit Format Help
T | Cp | H | 5 | G | Reference S
1 |2FeS2 + 19H20 = Fe203 + 4504(-2a) + 38H(+a) + 30e- i
2 T deltaH delta’ deltac K Evs. SHE
3 C keal cal'K keal WV
4 0.000 354530 315127 268762 2. TE2E-216 -0.389
5 25.000 3130209 1Ad 432 264063 2A3IE-194 0382
6 50.000 301 30949 126758 260 437 TO6TE-177 0377
7 73000 280273 035092 257 AEE 1 674E-162 -0.373
8 100.000 272971 62250 255743 1.583E-150 -0.370
9 125000 266 991 31187 254 574 1.77TAE-140 -0.368
10 150.000 253 203 -0.920 2541932 5050E-132 -0.368
11 175000 238 B34 -352a1 254 A3E 6. 456E-125 -0.368
12
13  |Formula FM Cone. Amount Amount Volume
14 gimel wi- %o mel g lorml
15 |FeZz 119967 41210 2.000 230034 47 796 ml
16 |Ho 12015 58790 19,000 342 220 373370 ml
17 £ mol wi-%o mol g lorml
18 Fe203 1596592 27427 1.000 1596592 30478 ml
19 |30 2 06 058 A3 .902 4.000 324230 0.000 ml
20 |Hi+a 1.008 6578 32.000 32300 0.000 ml .
1] 4 Help Print Clear Copy All Copy Save

Fig. 9. Results for an aqueous ionic reaction.

The data used to calculate the results can be displayed by selecting one substance in the
Reaction Equation box, see Fig. 3 and pressing Peep Database. The same procedure can
be found in the Results window, see Fig. 4, by pressing the right mouse button. The
database content is shown in Fig. 10. Insert is available for inserting a selected formula
into the Reaction Equation box. Remove will remove a selected formula from this same
box. Note that the selections and editing in Fig. 10 do not have any effect on the HSC
databases.
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[E% Peep HSC Database H=1E3
IMﬂinDB File *I Formula: IT":':2
+ [ MainDB 1. e e e B

1:8 g[g] Formula Ti02 ITico -

Ti02(g) Structural Formula (02Ti 02Ti

Ti0Z[g] Chemical Name | Titanion(I¥) o: TitaniomTV) oxide

HSDE[?’?*] e rotile Futile

Ti203 CAN 13463-67-7 | 13463-67-7

Tiz203 Mol Weight 79.90 79.90

Ti205 Melting p. K 2116.00 2116.00

%ggg Boiling p. K 3000.00 3000.00

Tid07 T1K 298 15 214300

Pg':'? TIK 2143.00 5000.00

T:DE:E} State s 1

TiO[+g) H kealimel 225800 16,000

TiOF(g] 8 calimol* K} 12.020 7.512

H[':'DF&][E[]E] A caliimol* K} 16.777 24 000

T B 1.210 0,000

Tis(al C -3.650 0.000

l:g 12-5 D 0364 0.000

Tis2 Denzity kgl 4.230 0.000

Tis3 Color RCB 7.000 0,000

Tizs Solubility 0.000 0.000

l:g zgg Reference Barin 93, Saxen Barin 93

Ti5e Class 1 1 -

Tiselg] R [
Cancel | Print | S | Pl & Eall 7 Remove Insert Find

Fig. 10. The database window.

104 Reaction Equations Results

The operation of the buttons in Fig. 3 are described in the previous chapter. The meaning
of the results can be summarized as the following:

1.
2.
3.

If the equilibrium constant K is 1 (or log(K) 0) the reaction goes to the left.
If the equilibrium constant K is 1 (or log(K) 0) the reaction goes to the right.

Negative Enthalpy H of the reaction means that the reaction is exothermic, i.e. heat
is released, Equation 7 in 8. Introduction.

Positive Enthalpy H of the reaction means that the reaction is endothermic, i.e. heat
is needed, Equation 7 in 8. Introduction.

Delta Format has no effect on the results of reaction equations.

In ionic reactions POTENTIAL E vyields the electrochemical potential (in Volts)
versus the Standard Hydrogen Electrode.

Equilibrium constant K is calculated using Equation 11 in 8. Introduction.
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11. HEAT AND MATERIAL BALANCE

I Heat and Material Balance - D:\H5C5\Balance\Cucon¥1_bal

Eile Edit “iew |nsert Delete Eormat Units Caloulate Target Djagram Option: Help

e EXTE4 HEAT:
INFUT SPECIES (1) Temper. Amount Amount Amount Latent H Total H | |
Formula oC Kol ke Nom? MJ MI ||
1 | GAS: 25000 4386 126 537 99 971 0,000 0000
2 Nug 25.000 3465 07 0éifs 72 020 0.000 0,000
=Ry =) 25.000 0921 20 471 20991 0.000 0,000
4 FLUX 25.000 0215 12018 0005 goon  -195834
5 302 25.000 0215 12.012 0.005 0oon o -195.834
6  MATIE: 1250.000 1040 127046 0024 0 206 27 347
7 Cuzsm 1250000 0.500 79 576 0014 54919 20 360
8 (Fel(D 1250000 0.540 47 470 0010 AL 377 6477
9 | COOLING SCRAP: 25,000 0000 0,000 0,000 0,000 .00
10 Cu 25000 0.000 0.000 0.000 0.000 0,000
| 11 [EXTE& HEAT: | 0,000
12
13
14
15
16
17 v
4| e [oBL A oM AooTn f 4] | r|_‘
lamol kg Nm? M. A

E xit | < | > | BALANCE(1)| -0.807 0.000: -6.020 | 20026 50.74]

Fig. 1. Heat and Material Balance workbook with IN1, OUT1 and BAL sheets.

Heat balance calculations are usually carried out when developing new chemical
processes and improving old ones, because no process can work if too much heat is
released or if there is a lack of thermal energy to maintain the reaction temperature. This
module calculates the real or constrained heat balances, with given mass-balances as the
boundary conditions, but not the theoretical balances at equilibrium conditions.

The heat balance application always contains IN1, OUT1 and BAL sheets. A pair of IN
and OUT sheets is called a a ance area, which may be considered equivalent to a
control volume. A total number of 127 balance areas may be inserted, to create a multiple
balance area workbook. Multiple balance area workbooks are explained in more detail in
chapter . uti e baance areas. For simplicity only the first balance area (IN1,
OUT1) will be described in the following chapters.

The basic idea of the heat balance module is that the user specifies the IN1 and OUT1
species, temperatures and amounts and the Heat Balance module aufo atica  calculates
the heat and material balances using the BAL sheet. The Heat balance module updates the
calculated results on the BALANCE row at the bottom of the form each time the user
changes the input data. Please do not modify the BAL sheet.
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Since the program uses and creates new balance areas according to the name of the
sheets, it is extremely important that ¢ e auto atica created s eet na es, ie. t e ,
I and s eets, s oudnot be odiied.

You can also add new sheets for other spreadsheet calculations using the Insert Sheet
and Insert Excel Sheet selections in the menu. The other sheets work very much like MS
Excel worksheets, for example, you can:

- rename the sheet name by double clicking the sheet tab

- type formulae into the cells

- use similar cell references as in Excel

- use most of the Excel functions

- link the sheet to IN1 sheet using normal Excel cell references, for example, for
converting elemental analysis of the raw material to amounts of the components.

- use the heat balance calculation results in OUT1 sheet as the initial values for other
spreadsheet calculations.

In addition the Heat Balance menu provides a wide range of Excel type features, such as:
number, font, alignment and border formatting, defined names settings and cell
protection. Because they are not necessarily needed in heat balance calculations, these
features are not described here in detail.

The new heat balance module offers several ways to calculate heat and material balances:

1. The user types the input and output species, temperatures and amounts into the IN1
and OUTT sheets respectively. This is a simple way to calculate heat and material
balances and was available already in HSC 2.0. However, the problem with the old
version was that the user had to manually maintain the material balance when the
input feed changed.

2. Materials (species) are given as groups of substances, called strea s. These
streams can be the same as the phases, but they can also be a mixture of phases.

3. The output amounts can be linked with the input amounts with Excel type cell
references, or vice versa.

11.1 Basic Calculation Procedure

The following procedure will describe the most simple way to calculate Heat Balance:

1. Introduce the input substances (raw materials), temperatures and amounts on the
IN1 sheet. It is possible to either type amounts in kmol, kg or Nm3. /¢ is ad ised to
use mol and g because issin densit data a cause inaccurac it
units.

2. Introduce the output substances (products), temperatures and amounts on the OUT 1
sheet. Type amounts in either kmol, kg or Nm3 as preferred.

3. When feeding additional energy (electricity) to the process, enter this amount into
the Total column in the last empty row of the IN1 sheet. You can also type for
example Extra Heat in the first column of this row, see Fig. 20. The Database
module will convert the color of all inert text in the first column to green, if this
text is not identified in the database as a substance. Notice that:

1kWh 3.6M  0.8604 Mcal (th).

However, the Balance module will automatically recalculate green text when
changing units from the menu. If the green text cell contains a formula, it will
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auto atica be ¢ an ed accordin tot e ne unit. For example a change from
CtoKwilladd 273.15 to the end of the formula.

4. If heat loss values are known then type them into the last empty row of the OUT1
sheet in the last column (Total). A first estimate of heat losses for an air-cooled
reactor (natural convection) can easily be calculated using the following formula in
kcal h:

Hloss (6.8 0.046 T,) (T:-T) A 1
Where: A = Outer surface area of the reactor (m2)
T, = Surface temperature of the reactor ( C)
T, = Room temperature ( C)
Please use the Heat Loss module if more accurate heat loss approximations are
needed.

5. HSC automatically and immediately updates the heat balance on the bottom line as
soon as changes to any input data are made.

6. HSC also automatically updates the material amount balances in mol, kg and Nm3
units. Notice that only the mass balance in kg units on the bottom row should be
zero the mole or volume balances can easily change in any chemical process.

7. The element balance can be checked by selecting Element Balance from the
Calculate menu, see Figs. 1 and 2.

8. By selecting Temperature Balance from the Calculate menu it is possible to see
the estimated temperature of the products when the heat balance = 0, see Figs. 1
and 3.

% Element Balance | |Of x|

IH1 ouT1 BALAHCE

ko 1 ko 1 ko 1

cu 1.000 1.000 o.aoo
Fe 0.540 0.540 o.aoo
N f.930 f.930 o.aoo
8 2.272 2.272 o.aoo
=1 1.040 1.040 o.aoo
51 o.215 o.215 o.aoo
kg kg kg

Cu 63 .546 63 .546 o.ooo
Fe 30.157%7 30.157%7 o.ooo
N S7.0a66 S7.0a66 o.ooo
o 36.351 36.351 o.ooo
3 33.342 33.342 o.ooo
a1 o.035 o.035 o.aoo

Fig. 2. Element Balance.
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[&% Temperature Balance S =] |

=

Temperature of products = 1570.8 C
[when Heat Balance = 0]

Fig. 3. Temperature of the products (adiabatic process).

0.

10.

11.

12.
13.
14.

15.

16.

To insert an empty row in the table, select Row from the Insert menu or by
pressing the right mouse button and selecting Insert Row from the popup menu.

Rows can be deleted by selecting Row from the Delete menu or pressing the right
mouse button and selecting Del Row from the popup menu.

You can change the order of the substances by inserting an empty row and using
the Copy - Paste method to insert the substance in the new row. The Drag and Drop
method can also be used. Ho e er it is extremely important to Copy and aste
the hole ro not only the orm la beca se o a Xxiliary data in the hidden
col mns on the right side o the and sheets.

Please keep the Copy Mode selection on in the Edit menu when rearranging the
species, as this will force the program to select the whole row. When formatting the
columns and cells, turn the Copy Mode selection off in the Edit menu.

Temperature units can be changed by selecting the C or K from the Units menu.
Energy units can be changed by selecting Mcal, M or kWh from the Units menu.

If a paper copy is needed, select Print from the File menu. This option will copy
all the data on the same Print sheet and will also print this sheet on paper if the user
presses OK. Notice that you can delete this Print sheet by activating it and then
selecting Sheet from the Delete menu. The Print Sheet selection in the File menu
will print only the active sheet.

To save the sheets, select Save from the File menu. Please save sheets often using
different names, because you may wish to make small changes later or to return to
the original sheet. Saving sheets is important, because the Undo feature is not
available in HSC Chemistry.

It is possible to take into account the water steam pressure compensation by
moving the cursor to an H20 or H20(g) species and selecting Insert ressure
correction 2 from the menu. This will open the Pressure and Temperature
calculator, where it is possible to specify the pressure for the species. This is useful
when calculating for example steam processes.

11.2 Formatting the Worksheet

The heat balance module offers several Excel type formatting possibilities. These may be
selected in the Format menu:

Number, Font, Font Default, Alignment, Border, Pattern, Object (for graphical
objects), Sheet, Options

Column Width, Row Height
Define Names, Refresh Names
Protection On, Off, Lock all Cells, Unlock all Cells
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The window size may also be changed from the View menu. The Normal selection gives
a VGA size window, Full Height selection uses the whole height of the screen and Full
Width fills the whole screen.

11.3 Specification of Substance Groups (Streams)

The new HSC Chemistry 5.0 offers the possibility to specify the input and output
substances in streams. These streams can be made of one or several physical phases or
species which have the same fixed temperature and elemental composition. Although heat
and material balance calculations can be made without using the streams, division into
streams helps considerably when changing temperatures and material amounts. Notice
that when using or wuae in sinte eraturece st ete eraturece s arenotu dated
i t es ecies are not di ided into strea s.

Examples of one-phase streams are, for example:

1. Air feed.
2. Process gas output.
3. Homogenous liquid and solid inputs and outputs.

Examples of multi-phase streams are, for example:

1. Liquid material with solid particles (suspension) as input or output.

2. Solid feed mixture of the process, made of different substances, such as mineral
concentrate, coal and sand.

3. Gas feed with liquid droplets or solid powder.
The species rows in the IN1 and OUT1 sheets are divided into separate groups by special

stream rows. These rows can be inserted in the sheet using the Stream selection in the
Insert menu or using the same selection in the popup menu from the right mouse button.

The heat balance module auto atica  makes the following modifications to the sheet
when you insert a new stream (group) row in the sheet:

1. Asks for a name for the new group, which you can change later if necessary.
2. Inserts a new empty row above the selected cell with a light blue pattern.
3. HSC assumes that all rows under the new group row will belong to the new group

down to the next group row.

4. Inserts Excel type SUM formulae in the new group row for calculating the total
amount in the group using kmol, kg and Nm3 units.

Once the insert procedure is ready, you can edit the group row in the following way:

1. The stream name (label) can be edited directly in the cell.

2. The stream temperature can also be changed directly in the cell and will affect the
temperature of all the species in this group.

3. The total material amount of the group can be changed simply by typing a new
amount in the group row in kmol, kg or Nm3 units. This amount can be typed
directly over the SUM formula and the program will automatically change the
amounts of the species keeping the overall composition constant. The program will
then regenerate the original SUM formula after calculating the new amounts.

4. It is important to note that you are unable to type formulae in the amount and
enthalpy columns of the stream row, because the SUM formulae must be in the
stream row.
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To change the amounts of species in a stream using kmol, kg or Nm3 units, simply type
the new amount in the corresponding cell. The program will automatically update the
amounts in the other columns, total amount of the stream and the total material and heat

balance as well.

An example of the species streams can be seen in Fig. 4. The output species have been
divided into four streams. In this example the species in each stream exist in the same
Process Gas is a gaseous mixture phase, Slag is a molten mixture phase and
White Metal is a pure molten substance.

phase.

I Heat and Material Balance - D:\H5C5\Balance\Cucon¥1_bal

Eile Edit “iew |nsert Delete Eormat Units Caloulate Target Djagram Option: Help
S HEAT LOSSES:
OUTPUT SPECIES (1) Temper. Amount Amount Amount Latent H Total H |~
Formula o kmol ke MNm?® LT LT | BE
1 PROCESS GAS: 1250000 4052 1351341 93 044 174772 5293
2 N¥g 1250.000 34435 o7 NAe & 0E0 135810 135810
3 |Dig 1250.000 0044 1477 1052 S B 18913
4 |30k 1250.000 0571 36 578 13012 36 949 132531
5 |BLAG: 1300000 1283 56733 ons 7874 2741095
6 | FIFe0* 300 1300.000 0215 43812 0.oio a5 549 =247 561
7 Fe304(0) 1300.000 0037 &.490 000z 0.a7d =26 46
8 Cuilh 1300.000 0nz1 4 436 0.001 3949 0088
0 WHITE METAL: 1250 000 04409 T4 feda ootz 51514 19 576
10 |Cu23 1250.000 0469 T4 642 0otz 51514 19 576
11 |METAL: 1250000 a.o0n 0000 a.ann 0000 0,000
12 |[Cul 1250.000 0.000 0.000 0.000 0:0ng 0.000
13 |HEAT LOIZES: ! .000
14
15
16
17 -
A BL AT A ouTt S 4] | rH
kkmol Nm? AT LI
Exit | <|>| BavancEa)  -nsor 0000; 6929  20986]  -074]

Fig. 4. The OUT1 sheet of the Heat Balance module. The species have been divided into three streams,
which are the same as the existing phases.
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11.4

Formulae in the Cells

Excel-type formulae and cell references can be used, for example, in order to link the
input and output amounts with each other and to maintain the material balance
automatically when the input amounts change. The input and output amounts can be
linked using two main methods:

L.

An Excel-type formula can be typed in the kmol column, which expresses the
dependence of the output mole amount on the input mole amount. For example, if
Cu2S in the cell OUTI1 C10 contains 93.8  of copper input then you may type
formula  0.938 IN1 C7 in cell OUT1 C10, see Fig 5.

The Heat balance module automatically calculates input and output mole amounts
for elements. The cell names for input amounts are: InAc, InAg, InAl, InAm and
the equivalent for output elements are called OutAc, OutAg, OutAl, OutAm, etc.
For balance areas with a higher number (for example the IN2 and OUT2 sheets) the
corresponding cell names are simply InAc2, InAc3 and OutAc2, OutAc3, etc.
These names can be used in the formulae. The formula in the previous example can
also be written: =0.938 (InCu-C12) 2 using these defined names, see Fig. 5. The
cells with element amounts are not visible to the user.

Please be very careful when using default input and output names simultaneously,
because it is very easy to end up with circular references. An indication of a
circular reference is that the heat and material balance, which can be seen on the
BALANCE row, changes even after a recalculation (Calculate ReCale from the
menu). By selecting Format Options from the menu and highlighting the
Iteration checkbox under the Calculation tab, it is possible to automatically iterate
the circular references. This is, however, not recommended for very large
worksheets.

Within the IN1 and OUT1 sheets it is recommended to use formulae only in the kmol
column and not in the other Amount columns. You can use the formulae also in other
columns, but please be very careful. In the other sheets there are no special limitations for
the formulae.
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I Heat and Material Balance - D:\H5C5\Balance\Cucon¥1_bal

Eile Edit “iew |nsert Delete Eormat Units Caloulate Target Djagram Option: Help
I ein =038 *InCu-C12)/2
OUTPUT SPECIES (1) Temper. Amount Amount Amount Latent H Total H |~
Formula o kmol ke MNm?® LT LT | B
1 PROCESS GAS: 1250 000 4082 1351321 93044 174772 5293
2 N¥g 1250.000 34435 o7 NAe & 0E0 1358910 135010
3 |Dig 1250.000 0044 1477 1052 133 1913
4 |30k 1250.000 0571 36 578 13012 36949 -132.53
5 |BLAG: 1300000 0283 56738 ana o RT4 274085
6 | FIFe0* 300 1300.000 0215 43812 0.oio a5.549 =247 5al
7 Fe304(0) 1300.000 0037 &.490 000z 9 074 =26 446
8 |Cuilh 1300.000 0031 4 436 0.001 3949 AN 0EE
0 [ WHITE METAL: 1250000 [ 469 74642 0oL 51514 19576
10 |Cu23 1250.000] IZI.469! T4 A2 0otz 51514 19 576
11 METAL: 1250000 0000 000 0000 E518]H]] 000
12 |Cwl) 1250.000 0.000 0.000 0.000 [.noo 0000
13 |HEAT LOZ3ZES: 0000
14
15
16
17 -
A BL AT A ouTt S 4] | LlJ
kkmol Nm? AT LI
Exit | ﬂi_l BALANCE(1)| -0.807 0.000: -6.020 | 20026 50.74]

Fig. 5. The OUT1 sheet of the Heat Balance module. Copper output has been linked with copper input
with a formula and defined name: InCu.
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11.5 Elemental Compositions

The elemental compositions of the species groups may be calculated using the Stream
Compositions selection in the Calculate menu, see Fig. 6. This procedure calculates the
elemental compositions of each group, creates new Inl- and Outl- sheets and prints
results on these new sheets in mol- and wt-  units.

Notice that a procedure to convert elemental analysis back to species analysis is not yet
available in the heat balance module. A general solution to this kind of problem is quite
difficult and in many cases impossible. However, a custom-made solution for an
individual case is possible with a little effort and normal Excel-type formulae:

1. Create a new sheet using the Sheet selection in the Insert menu, see Fig. 6.

2. Rename the new sheet by double clicking the tab, for example to Compositions .
Notice that you can use also the Input- sheet as the starting point as you rename
it.

3. Type the elemental and species compositions on the new sheet.

4. Notice that you can insert Formula Weights in this new sheet by selecting the
chemical formula cells and then selecting Mol Weight from the Insert menu.

5. Create Excel-type formulae, which convert the elemental analysis of a group to
mole amounts of species using formula weights of the elements and species.

6. Type formulae in the kmol columns of the IN1 sheet, which refer to species
amounts in the Compositions sheet.
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I Heat and Material Balance - D:\H5C5\Balance\Cucon¥1_bal

Eile Edit “iew |nsert Delete Eormat Units Caloulate Target Djagram Option: Help

e 0.93%
0OUT1 Temper. Amount Amount Content Content | *
Compositions oC kol ke mel- %0 wi-% | |
1 PROCESS GAS: 1250000 8735 135121 100,000 100,000
2 N 6.930 97 D& 79333 71837
g 1234 19.749 14.130 14.615
4 |3 0.571 18.306 6.537 13.548
5 [BLAG: 1300000 1855 56.738 100000 106,600
6 Cu 0.062 3.940 3343 f.944
T |Fe 0.540 30157 29114 53152
g8 O 1038 16.602 55949 20,261
L 0.215 f.038 11.592 10.643
10 WHITE METAL: 1250.000 1407 74642 100200 100,000
11 [Cu | III.'.;'EE! 58 606 66 66T T8 856
12 = 0.4a9 15.036 33.333 20144
13 | METAL: 1250.000 0000 [0.600 0000 0,000
14
15
16
17
18 -
Al s BL AN A OUTT A Inl-% A Outl-% [

kol kg Nm? M. M

Exit | <|>] BALANCEQ)] 0807 0,000 6029]  am93ef  s074]

Fig. 6. The Outl- sheet of the Heat Balance module. This sheet shows the elemental compositions of
the phases, after the Stream Compositions option has been selected from the Calculate menu.
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11.6

Additional Sheets

The Heat Balance workbook consists at least of the IN1, OUT1 and BAL sheets. The user
may, however, add up to 256 sheets to one workbook. These additional sheets may be
used, for example, to convert the elemental compositions of raw materials to amounts of
species which are needed in the IN1 sheet. These sheets can also be used to collect the
main results from the OUT1 sheet in one summary table. Do not use the reserved names
IN1, OUT1, BAL and Target as sheet names.

To add sheets select Insert Sheet from the menu. This will add one sheet on the selected
location. To rename this new sheet, double click the Tab on the bottom of the form. You
can also import Excel sheets by selecting Insert Excel Sheet from the menu. This
selection allows you first to select the file and then the sheet which you want to insert into
the active Heat Balance workbook.

The example in Fig. 7 shows a FEED sheet, which is used to specify the raw materials
amounts to the IN1 sheet. The user may give the compositions and amounts in column C,
this data will then be used to calculate the amounts of species in column F. The material
amounts in IN1 sheet are given using relevant cell references to column F in the FEED
sheet. This example can be found from your HSCS5 Balance directory under the name
CUCONV2.BAL. The user can construct the layout of the additional sheets freely.

The Red Font Shield property is a useful way to prevent accidental modification of the
data in the cells. If this property is set using menu selection Format, Red Font Shield
then only cells with red font can be edited. However, it is recommended to save the work
regularly using different names, for example, test1.bal, test2.bal, test3.bal, etc. in order to
recover the original situation after harmful modifications.
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EHeat and M aterial Balance - D:AHS5C5\B alance\CuconyZ.bal _ O] x|

Eile Edit “iew Inszert Delete Eormat Units Caloulate: Target Djagram  Option: Help

e [
A i e e e e b e [ e o et e E
1 |Copper Converter Feed o
2 |GAS: Amount: 00 07 WNm3h
3 Mg 79.00 val%  |Ni(g) 72.92 Nm3/h
4 0 21.00/val%  |O2s) 20,99 Nm3/h
& |FLUZX: Amount: 1292 kg'h
6 2402 10000 wt-% 2i02 1292 kg'h
T |MATTE: Amount: 127.05 kg'h
8 Cu S0.02 wt-%a CuZEh 05T kgh
9 Fe 2374 wrt-%a FeldD) 4747 kgih
10 a 2624 wrt-%a kg/h
11 |SCRAP: Amouni: | 0000 kg /M
12 Cu IDD.DD.E% Cu 0.00 kgt
12
14
15
16
17
18 T
1H\MﬁIN1ﬂDUT1hFEED;"\Targetf 4] | L|_‘
Jemol kg Nm? M MJ

E xit | < | > | BALANCE(1)| -0.807 0.000: -6.020 | 20026 50.74]

Fig. 7. Additional sheets can be added to the Heat Balance workbook.

11.7 Target Dialog

The user can iterate manually, for example, the fuel amount which is needed to achieve
zero heat balance by changing the fuel amount until the heat balance is zero. The Target
sheet offers a faster automatic way to carry out these kind of iterations. The following
instructions will explain this procedure in more detail:

1. Select Target Dialog from the menu. This will also automatically create a Target
sheet, which is similar to previous HSC versions.
Select one cell on row 4 in the Target dialog if not selected.

3. Select one cell which will be used as a first variable and select Set variable cell.
This will add the cell reference of this variable to the Target dialog in column B.
oucanasot et ece reerences anua in the Target dialog. Note: Please
use only Stream temperature cells as variables for the temperature iterations, ie. do

not use species temperature cells.

4. Select one cell which will be used as first variable and select Set target cell. This
will add the cell reference of this variable to the Target dialog in column B.

5. Repeat steps 3 and 4 if you want to add more variables and targets.

6. Set valid Min and Max limits in columns D and E as well as the Target Value in
column H. You may also type names in columns A and F.
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7. Usually it is also necessary to give estimated initial Test Values in column C for

the automatic iterations. Iteration ends when the target value (col H) or iteration
number (col I) is reached. Accuracy can be improved by increasing the number of

decimals used in columns G and H with the Format Number selection.

8. Select the rows ( 3) on the Target sheet which you want to iterate and press
Iterate selected rows or F8. If all rows should be iterated, simply press Iterate

All

In the following example, shown in Fig. 8, you can select for example row 4 and press
F8. This will evaluate the copper scrap amount which is needed to maintain the heat
balance in the given conditions. Row 5 can be used to iterate the iron content of the matte

in the same conditions and row 6 to achieve a given FeS amount.

Important note: Please use only Stream temperature cells as variables for the temperature

iterations, ie. do not use species temperature cells.

I%H Target Dialog _ O]
File Edit Inzert Delete lterate
!=BAL!G3
Target Calculation Sheet (Goal seek) e
Variahle Target Tteration | |
blame Cell Ref.i Test value Mlin M ax | ame Cell Ref. Value Blax
SCRAP 0.00 a6.81 Q.00 100.00|HEAT BAL -5III.'?4“ 0.00 10
Fe wt-% 2374 23.74 Q.00 5000 (HEAT BAL -30.74 0.00 10
Fe wt-% 2374 23.74 Q.00 5000 (Fe Amount 0.540 0.540 10
10
10
10 x

Inz Row | Del Row I

Set vanable cell

Set target cell

Set goal value

Iterate Selected Rows |

E it |

Iterate All

Fig. 8. Target dialog specifies the variables and target cell references.
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11.8

Graphics

Occasionally it is useful to see the results, of for example a heat balance calculation, in
graphical format. This can be carried out manually by making step by step changes to one
variable cell and collecting data from interesting cells, for example, to an Excel sheet.
Sometimes further calculations may be required after every step, which can be specified
using the Diagram Dialog. Step by step the procedure is as follows:

1.
2.

Select Diagram Diagram Dialog from the menu.

Select the variable cell and press Set X-cell from the dialog. Select, for example,
cell C11, see Fig. 7.

Select a cell for the y-axis and press Set Y-cell from the dialog. Select, for
example, the Heat Balance cell at the bottom right of the form. You may repeat this
step and collect several cells whose values will be drawn to the diagram.

If other calculations are required between every step, press Target iteration and
the Target sheet will automatically open. Select the calculation rows that should be
iterated before the Y-row and press Set Target rows from the menu. The row data
will now be tranferred to the Diagram dialog into columns 4, 5, etc.

Fill the Diagram Settings as shown in Fig. 9. You must specify the MIN, MAX and
STEP values for the X-Axis. You can also specify the cell references, labels and
units manually in this form.

Press Diagram to create the tabular data for the diagram and Diagram once again
to see the final diagram, Fig 9.

The diagram can be modified, copied and printed in the same manner as other
diagrams in HSC Chemistry.

Show Toolbar shows the drawing menu and Show Ob ect Editor shows the
object editor, which lets you specify the objects manually.

To return to the Heat Balance module, press Exit at the bottom left corner of the
diagram form.

From the diagram shown in Fig. 9 you can see that roughly 68 kg h of scrap is needed to
adjust the heat balance to zero. Notice that the units in the diagram are kg h and kW.
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Eﬂ Diagram Settings I [=]
~¥%-Axis Range: Ing Bow | [n: Col
E 1] b e STEF Del Row [Yelr ol
I 1] I 100 I 2 Clear target cells
Clear all
| A& [BaLIGE
Cell Reference Lahel | Units |Targetrowl| =~
X |FEEDIC1] SCRAF: kg'h gl
Tl |BALIGE BALANCE kW
12 | »
4| | >
Cancel I Set X cell Target iteration Diagram
Set ¥1 cell Set Ilargetbrows
&4 HSC Diagrams =] k3
File  Edit Inzett Delete Format Show  Help
kW Influence of Scrap Feed on Heat Balance
10
5

1}
Heat BalmV
-5
-10 /

-15

-20 Scrap
1] 20 40 (i) 80 100 kg/h

Fig. 9. Simple heat balance diagram.

In the following diagram (Fig. 10) the heat balance is automatically calculated before
each step, which is indicated by the number 4 inthe Target row 1 column. This is done
by pressing the Target iteration button, selecting row 4 on the Target sheet and clicking
the Set Target rows button. The x-axis now gives the Fe wt- and the y-axis the cooling
scrap required. The diagram may then be interpreted as the quantity of cooling scrap
required to make the heat balance zero, when the Fe wt-  varies from 20  to 25
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Eﬂ Diagram Settings I [=]
~¥-Axis Range: Ing Bow | [n: Col
E 1] b e STEF Del Row [Yelr ol
I 20 I 25 I 1 Clear target cells
Clear all
. A2 [FEEDICII
Cell Reference Lahel TUnits | Targetrowl =
X |FEEDICY Fe wi-% gl
¥1 |FEEDIC1] SCRAF: 4
12 | »
4| | >
Cancel I Set X cell Target iteration Diagram [}J
Set ¥1 cell Set Ilargetbrows 2
&4 HSC Diagrams =] k3
File Edit Insett Delete Format Show  Help
Scrap kg'h Influence of Fe wit-%0 on Scrap Feed (Heat Balance = 0)
84
74
64

d

54

scrap Feed

44

34

24

14

/ Fe wt %

4
200 210 220 230 240 250

Fig. 10. Diagram where the heat balance is automatically iterated to zero before every calculation step.

11.9 Multiple balance areas
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The previous Balance modules up to HSC 4.0 were restricted to one balance area (or
control volume) only. Since most processes consist of multiple balance areas, the new
Balance module enables the user to create up to 127 multiple balance areas. A balance
area consists of an INx and an OUTx sheet, where x denotes the number of the balance
area. These can then be connected to each other creating a realistic simulation of a
process. The example file FSF process.BAL contains a highly simplified multibalance
model of an Outokumpu Flash Smelting Furnace process.

A new balance area is created by selecting either Insert Balance Area to Right or
Insert Balance Area to Left from the menu. This will insert a pair of INx and OUTx
sheets to the corresponding position. A balance area may easily be deleted by selecting
Delete Balance Area. Deleting a single sheet of a balance area, for example an INx
sheet, is not possible. The balances are all automatically collected into the BAL sheet so
please do not modify this sheet.

E@-Heat and M aterial Balance - C:AHzc5\B alance\F5F_process BAL

File Edit “iew |nzert Delete Format Units Caloulate Target Diagram  Options Help

| Ad |IN1
BALANCE Tenper. Amount Amount Amount | LatentH TotalH | =
o ol kg Nm? kWh EWh ||
1|1 30966 1885455 534633 09 146451
2 |OUT1 26521 1885.455 477 547 63375 146491
3 |BALANCE -4.445 0.000 -57 086 fid5 66 000
4
5 |IN2 353700 1342 460 U6 286 76.10 27310
6 |OUT2 31314, 1342.469 670,365 437 57 27310
7 |BALANCE 3056 0.000 35921 4006 46 0.00
g
g |IN3 2333 164.337 235,020 17.60 606
10 [OUT3 2819 164.337 24,396 4083 & .06
11 |BALANCE 0.431 0.000 0624 2323 000
12
13 |4 21 262 911 638 477 321 32554 32307
4 |OUT4 21 262 911 638 477 321 .41 32207
15 |BALANCE 0.000 0.000 0,000 -255.13 0.00
16
17 (1N 21.102 281 838 477 315 68,42 “5ET 24
18 [OUTS 21.102 281838 477 315 3842 53734
19 |BALANCE 0.000 0.000 0.000 -10.00 000 -
Al v ] B AT ADUTT AN A DUT2 A N3 A 0073 A N4 A 0uTa AWs A oors A« | a
Lol _ kg ; Nm® EKWh KWh
Exit | sweam | <|>| BALANCEQ@)[ 4445 ool s7ose] 6456 0.00]

Fig. 11. The BAL sheet when the worksheet consists of 5 balance areas.

inin t e baance areas it eac ot er is reco ended to carr out ater eac
indi idua ba ance areas o erate ro er . Linking may be achieved either manually
with formulae or automatically with the Copy - Paste Stream combination. Simply place
the cursor on a stream row in an OUTx sheet, or on a row that belongs to a stream, and
select Edit Copy. Then place the cursor on a row in an INx sheet and select Edit Paste
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Stream. The stream will now be copied here so that the first row of the stream is the
cursor position. The kmol column of the pasted stream will consist of links (formulae) to
the copied stream, so that the material amounts of the streams will remain equal. The
other cells are directly copied as values. If the strea te erature ce in the copied
stream is a formulae then it will not be copied. In this case it is up to the user to decide
how the stream temperature for the pasted stream should be calculated.

It is also possible to create return strea s, i.e. streams that return to a previous part of the
process, thus creating loops in the process. When pasting a stream into an already linked
part, a circu ar re erence might occur. This is the case when links eventually refer back to
each other, i.e. iterations are needed to calculate the worksheet. Automatic iterations may
be done by selecting Format Options from the menu and highlighting the Iteration
checkbox under the Calculation tab. Please be careful when changing the inputs of a
worksheet consisting of circular references. For example if a cell, which is part of a
circular reference, shows the message VALUE , it will not recover unless the links in
the cells are changed thus breaking the circular reference. Saving the worksheet regularly
using different names (Test1, Test2, etc.) is thus always recommended.

@Heat and M aterial Balance - C:AHzc5\B alance\F5F_process BAL

Eile Edit “iew Insert Delete Format Units Caloulate Target Dijagram  Options Help

e =0UTH 1]
INFUT SPECIES (1) Temper. Amount Amount Amount Latent H Total H | |
Formula o kmol kg Nm? kWh KWh J_
1 | Concentrate 25.000 5589 1000000 0.255 0.00 82273
2 |CuFes2 25.000 4091 750,200 0179 0.00 21633
3 |Fes 25.000 0669 52.200 0012 .00 -18.89
4 |Fe3z 25.000 0.253 30.400 0.006 0.00 1207
& |CaQ*ARCI*IZI0Z 25.000 0575 1a0.000 0052 .00 BT84
6 Flux 25000 1573 112.000 0042 {1.00 463 98
7 1502 25.000 1 486 89,264 0.034 .00 37589
8 | *2IFe0*3i02 25.000 0.020 4032 0.001 0.00 813
9 |CaD*AIZO3*2302 25.000 0.067 18,704 0.007 0.00 7896
10 | Air {oxygen enriched) 25,000 23,443 712787 534323 {1.00 0.0
11 |O%(g) 25.000 14067 450114 320 594 0,00 0.00
12 \N2(g 25.000 0377 262673 213.729 0.00 .00
13 Flue dust (Boiler return) 350,000 0.160 29.800 0.006 1.99 -39 86
14 [Cul0 350,000 IZI.EISQ! 12723 0002 0.56 366
15 [Fe3041) 350,000 0.049 11.370 0002 .95 -12.60
16 |02 50,000 0.001 0082 0.000 0.01 034
17 |CaO*AIO3%23i02 330,000 0.020 5625 0.002 0.48 2327
18 Flue dust(ESP return) 305021 0080 14500 0003 {1.85 -2008
19 (Cud 305021 0.044 6.362 0.001 0,24 187
20 |Fe3040 305.021 0025 5685 0.001 0.41 637
_g_;___ 302 305.021 0.001 0.041 0.000 0.00 017
|CalD*41203*23i1032 305.021 0.010 2812 0.001 0.20 1167 =
4_j r]\m AN A DOTT A NE A ouTe AN A 0uTs AN A ouma AWs A outs AT 4] | v[]

lamol kg N KWh KWh
Exit | Steam | <|>| BALANCEQ@) 4445 om0l 57036 645.66] 0.0]
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Fig. 12. The IN1 sheet (Flash Furnace) of the FSF process.BAL example. The stream Flue dust is a
return stream from the boiler (Copy Paste stream), thus creating circu ar re erences in the worksheet.

Automatically updated defined names (input and output kmol amounts) vary according to the
balance area. For example InAl, InC, OutFe for the first balance area will become InAl2,
InC2, OutFe2 for the second etc. Note that the defined names of the first balance area do not
have index numbers.

@Heat and M aterial Balance - C:AHzc5\B alance\F5F_process BAL

Eile Edit “iew Insert Delete Format Units Caloulate Target Dijagram  Options Help

| C5 |=InC'a2* Analysis!L29/100
OUTPUT SPECIES (2) Temper. Amount Amount Amount Latent H Total H | |
Formula o ol kg N kWh kWh J_
1 Slag 1300000 1204 253673 0058 104,89 37170
2 *IFeD*3H02 1300000 0243 171 242 0.040 76 04 6073
| 3 Fe3040 1300000 0204 70 422 0014 2200 6093
4 |Cu2Om 1300000 0017 2415 0.000 0.60 001
5 CaD*AROI*IHN0Z 1300000 luEs) | 10,980 0.004 437 4202
6 White metal 1260.000 0512 21465 0ois 17.40 606
7 lcuzs 12600000 0.512 81465 0015 17.60 .06
8 Flue dust 1260000 0.095 12099 0.003 401 -19.20
9 |Cu0 12600000 0017 2415 0.000 0.77 003
10 Fe304 12600000 0022 402 0.001 193 .64
11 202 12600000 0.049 20932 0.001 1.16 119
12 | Cald*ARO3*ISH02 12600000 0001 0351 0.000 0.13 135
13 Flue gas 12601 000 A9 PRIA34 670287 35204 12194
14 3022 1260.000 2791 172.779 63600 5062 17042
15 Nig 12600000 12393 347165 282477 136,23 136 23
160X 1260000 14225 4551900 324210 16520 163.20
| 17 Flue dust(Conv. 1 return) 12601 000 0095 12,099 0.003 401 -19.20
18 Cuz0 12600000 0017 2415 0.000 0.77 003
19 Fe304 12600000 0028 6 402 0.001 1.5 66
20 (302 12600000 0.049 2032 0.001 1.16 1119
21 | CaD*AI0I*ITOZ 12600000 0001 0351 0.000 0.13 135
| 22 |Heatloss (Converter [): 1000 &
A o[ B AW A OOTT AN A ouTe AN A 0073 A N4 A 0UTa A WS A odTs AT 4] | rj_J
lamol kg Nm? kWh kWh
Esit | Sweam | <|>| BaLANCE@)[ 3956 pooo: 35921 40646 0.00]

Fig. 13. The OUT?2 sheet (Converter I), gives the output from the first part of the converter. The formula
InCa2 Analysis L.29 100 in cell C5 means that the total Ca is distributed as the percentage given in cell
L29 on the Analysis sheet.
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Drawing Flowsheets (Flowcharts)

Additional sheets may be used to collect, for example, all the necessary input for the process
into one sheet. They may also be used to collect calculated process parameters, for example
the amount of Cu in a stream. Figure 14 shows the process layout for the Flash Smelting
Furnace process.

Insert, Graphical Object, ... selection gives possibility to draw lines, rectangles, etc. on the
additional sheets. However, it is recommended to draw flowsheets using Format, Border, ...
and Format, Pattern, ... selection because these properties are more compatible with Excel
95, 97 and 2000. Arrows may be drawn using Insert, Graphical Object, Arrow selection.

HSC graphical objects are compatible only with Excel 95. This means that if you want to get
the graphical objects to Excel-files then you should save using File, Save XLS 5 file, ...

dialog.
Eq Heat and Material Balance - C:\Hsc5\Balance\F5F_process BAL _ O] =]
File Edit “iew |nsert Delete Fomat  rte  Calculate Target Diagram Options Help
| ER [ 1000
T [ T i o i 1 [ o [ o e e [ ek
1 | FSF Process flow g
Z (Fed walues are input wahues)
3 i e Flue dust: 500
4 Jireturm) 208
b Concenirate: 25 °C
6 I lﬂﬂﬂ.ﬂlgﬂl Excess heat:
i Flux: oo B 1751 KW
i} 1120 kg/h
9 Air: 25 °( - -
10 5343 Nmih \
11 FSF (1)
12 Flue gas: 1350
13 4773
14 Matte: 1260 °C Flux: i e B Flue dust: 594
15 3608 I{g.l']l 700 kg'h
16 Adr: 25.0F
17 % 6 TO62 Mmih

18 | [Flue dust: 500 wi-%0

19 | |@etwum) 121 ke/h [ conv.1(2)

20 F - »{Flue gas: 1260 °C |

1 6703 Nm*/h|

22 % [Flue dust: 12.1 kg/h |

23 White metal: 1260 °C -

24 815 kg/h : .
0 R AT A OUTT N A 0T AN A GUT3 A A /o 00T A S A DTS b, Process fow ATid] 4| | L'J

kmol kg Nm? kYWh EWh
Exit | sweam | <3| BALANCE@)] s oo 35031] 406 .46] 0.00]

Fig. 14. Process layout and input sheet for the Flash Smelting Furnace process.
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Figure 15 provides a more detailed analysis of the process. The model is constructed so that
the inputs are given as species analysis and the outputs are calculated. The elemental

distributions are also inputs, in other words the user defines the wt-

for the elemental

distributions into the given species and streams. This is achieved using the automatically
defined names, for example InCa and InO2, and thus always keeping the elemental balance at
zero. The model may then be used to balance the heat balances of the process, which enables
the user to calculate one unknown parameter per balance area. The unknown parameters
calculated in the FSF process.BAL example are indicated by a light blue cell background. The
calculated parameters may be changed using the Target Dialog option, which is described in
further detail in chapter 8. ar et Dia o .

@Heat and M aterial Balance - C:A\Hsch\Balance\F5F_process BAL

File Edit “iew |nsert Delete Fomat  rte  Calculate Target Diagram Options Help
| CIE [75.02
A B | = [ e e | J -
1 | FSF Process analysis —
__%__ (Fed walues are input values)
4 INPUT ANALYSIS OUTPUT ANALYSIS
8| |Flow Species Amount Unit  Amouni Unit Flow Ar
6 Concentrate: CuFed2 I TS.I!\M—% 7508 kg/h | |Liguid Cu:
7 Fed 50 wt- % 588 kg/h | |Slag (otal):
8 Fesz 30 wit-% 304 kgh | [Flue gas ctotal):
9 Callrk s FO3*251032 160 wi-%0 1600 kg'h | |Flue dust (total):

10 | |Total: 1000 wi-% 10000 kg'h

11 Flux =102 797 wi-%0 893 ka'h
ElZs *3F e #3032 3.6 wt-% 40 kg/h

13 Calt s HO3*251032 16.7 wi-%0 18.7 kg'h

14 | |Total: 1000 wi-%o 1120 kg/'h

15 | |Air: Oz G600 vol-%a 3206 Nm®

16 NIz 400 vol-%a 2137 nggﬂ

17 | |Total: 1000 vol-%o 5343 Nm®
B |

19 | |FSF DISTRIBUTION CONVERTER I, DISTRIBUTIOT

20 | |Element Species Flow Amount Unit Element Species Fly

21 Cu Cusih Mlatte 280 wi-%0 Cu Cusih W

22 Cua Slag 4.0 wit-%40 Cul Sl
23 Cu20 Flue dust 8.0 wi-% Cuz0 Fh
24 | |Total: 1000 wi-%o Total:

25 | |Fe Feld(l) Mlatte 105 wi-94o Fe *#IF 03002 Sl
26 *IF s0*2i02 Slag 58.0 wt-% Fe304 Sley
0 [CEL AT A 0071 A Wi A OOTZ A NG A G073 A b 7o OT4 A N5 7o OUT5 A Pracess flow g, ind] 4| | "»_|_I

Janol N EWh EWh
Exit | sweam | <3| BALANCE@)] s ool 35021] 406 .46] 0.00]

Fig. 15. Detailed analysis of the input and output streams and the elemental distributions into different
species. The distributions are given in wt-

(weight percentage).
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11.10

General Considerations

In the Heat Balance module it is possible to use the new add-in functions provided by
HSC 5.0. The functions should be enabled automatically, this may be seen from the File
selection in the menu. A checked HSCS.dll On indicates that the functions are available
and a checked HSCS.dll Off indicates that they are disabled. Sometimes it is necessary to
browse the location of the add-in file manually. This is done by selecting File Add-Ins
from the menu and then browsing to your Windows system directory (for example
c: Windows System in Windows 98) by pressing the Browse... button. Select the file

HSC5.dll . A more detailed description of the functions available may be found in
Chapter 2 .  ce dd Ins. It is, however, not recommended to use add-in functions for
very large worksheets, since a complete recalculation of the worksheet is necessary each
time a change is made in the worksheet. This is the case on when using add-in
functions.

Please do not use temperature formulae that are linked to other temperature values it in
a strea , instead link them to the strea temperature cell or any cell in a user sheet.
Otherwise the temperatures will be updated only after the next change. Notice also that a
change in the temperature value is required for the whole stream to be updated
accordingly.

Simple graphical objects may be inserted by selecting Insert Graphical Ob ect from the
menu. The shapes are: Line, Rectangle, Oval, Arc and Polygon. After inserting, the
objects may be modified by first selecting the object and then selecting Format Ob ect
from the menu.

The Latent H column (= specific heat) is used to describe the energy which may be
released when the compound is cooled down from the given temperature to 298.15 K. In
other words, it contains latent heats (= enthalpies of the possible phase transformations)
but also specific heats. The enthalpies given in the Total H column contain the values of
the Latent H column as well as the heats of formation reactions. These values are used to
calculate heat balances.

In molten mixtures such as oxide slags, substances can exist in liquid state at lower
temperatures than their melting points. In these cases it is possible to use an (I)-suffix at
the end of the formulae, see Fig. 1. This will force HSC to use data of the liquid state for
species with an (1)-suffix.

The Red Font Shield property is sometimes useful if you want to prevent accidental
changes to cells. You can activate this property by selecting Format Red Font Shield
from the menu. After this selection you can edit only those cells which contain red font.

If you have carried out a laboratory or industrial scale experiment or process calculations
you usually know:

1. The raw (input) materials and their amounts and temperatures.
2. The product (output) materials and their amounts, temperatures and analysis.
3. The input heat and heat losses can first be estimated as zero, if not available.

In order to calculate a heat balance you must first convert the (elemental) chemical
analysis of the raw materials and the products into input and output substances (species).
Sometimes this step is the most difficult, so you may choose to carry out this procedure
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using the HSC Mineralogy Iterations module, see Chapter 22. inera o iterations.
When this is completed, simply type the input substances (species) into the IN1 Sheet and
the output substances into the OUT1 sheet. Immediately after that you will see the heat
and material balance on the bottom line. You can also test the procedure described in
chapter 5.

It is important to check the element balance by selecting Calculate Element Balance, in
order to avoid incorrect material and heat balances. This can also be used to check the
validity of the chemical analyses and the other amount measurements of the experiment if
the user input is based on this data.

When creating a multiple balance area model, selecting Calculate Total Balance shows
an overview of all balance areas in one window. This is useful for a quick check where
the material and or heat balance are not zero. It also shows the total (or net) material and
heat balance for all balance areas. It is then easy to see which balance areas produce heat,
which require heat, and indications of how the heat could be tranferred within the
process.

On the basis of the final results, conclusions can be made as to whether extra energy is
needed or increased insulation is required or if the reactor needs cooling on a large scale.
The heat losses may also be determined using the HeatLoss module. Combining the two
modules provides a powerful way of calculating processes.

It is important to note that this is a real heat balance for engineering purposes, which also
takes into account the kinetic aspects if the user input is based on real experimental data.
The heat balance, which can be obtained from the equilibrium calculations, is theoretical
in this respect. It is valid only if the equilibrium is reached in the real process.
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11.11

Heat Balance Examples

See the examples provided by the HSC package by selecting File Open from the menu,
see Fig. 1, and select some of the ready made files in the directory for editing. HSC 5.0
can read the old HSC 2.0 Heat Balance text-files, but it cannot save them in the old
format. The new HSC 5.0 Heat Balance files save all the sheets and formats, not only the
text data.

1.

Preliminary check for a heat balance (CUSMELT.BAL file)

For some processes based on reaction equations or equilibrium calculations, the
heat balance can easily be checked by entering the assumed input and output
substances as well as their temperatures and amounts, see example CUCONV.OHE
and CUSMELT.OHE, Fig. 1.

Adiabatic temperature of the flame (BUTANE.BAL-file)

In an adiabatic process heat losses from and heat input to the system are zero, i.e.
there is no heat exchange with the surroundings through the system boundaries.
Therefore, the adiabatic temperature equals the highest attainable temperature from
a flame or a chemical reaction. By typing the raw materials into the IN1 sheet and
the products into the OUT1 sheet it is possible to see the adiabatic temperature by
selecting Calculate Temperature Balance from the menu, Fig. 3, see example
BUTANE.OHE.

Dimensioning of an evaporator (H2O.BAL-file)

The evaporator dimensions can be optimized manually by typing the input
substances into the IN1 sheet and the desired output substances, amounts and
temperatures into the OUT1 sheet. Once these have been entered, you can start to
change the amount or temperature of the input vapor (input heat if heated by
electricity) manually, in order to find the optimum values. See example H20.OHE.

Net and gross heat value of coal, fuel oil and natural gas.
(Coall-, Coal2-, FuelOill-, FuelOil2-, NatGas]1.bal-files)

The Heat balance module makes it possible to calculate the Heat Values (Calorific
Values) for different fuels. Examples for coal, fuel oil and natural gas are found in
the example files. Notice that the chemical structures of the fuel oil and coal are
very complicated, however, heat values based on the elemental analysis will
usually give sufficiently accurate results for practical applications.

Outokumpu Flash Smelting Furnace process (FSF process.BAL-file).

This highly simplified process case consist of five balance areas linked together.
The balance areas are:

1) Flash Smelting Furnace

2) Converter I

3) Converter 11

4) Boiler

5) ESP

The process input values are provided in the Process flow sheet and in the
Analysis sheet. By pressing F8 or by selecting Iterate All from the Target Dialog,
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the heat balances are calculated. The values calculated are in the Process flow
sheet and indicated by a light blue cell background.

6. Iron production process (Iron process.BAL file).

The example in this file is a very simplified model of an iron production process
consisting of three balance areas:

1) Pelletizing

2) Coking

3) Reduction

The process and its most important parameters are shown in the Process flow
sheet, with a more detailed analysis available in the Analysis sheet. Notice that
only the material balances are zero and iterated according to what is set in the
Target sheet (or Target dialog). The heat balances are not iterated and therefore not
Zero.
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12. HEAT LOSS

The main use of this module is to estimate total heat loss or draw the temperature profile
of a wall or reactor. However, it can also be used to compare different materials and
different setups, for example the use of insulation when a material has a critical maximum
temperature or when the outside air cannot exceed a certain temperature. The conduction,
convection and radiation databases also provide a resource as simple reference tables for
material properties. Figure 1 shows an example of a heat loss wall calculation for a
smelting reactor with the temperature profile shown in rows 9 and 10.

g Heat Transfer Calculations C:\Hsc5%HeatLoss\Smeltingl HTR

Eile Edit Miew Insert Delete Format Calculate  Target  Diagram Help

| 4 1200

Properties | Units 1 | 2 | 3 | 4 | £
Column Type: Surface Layer Surface ]
Material: Molten metal REXAL 25 EXTRA Waiter, Copper elemenits cooling
Surface NMaterial:
Thickness x 1m 1.000
Surface Area A m? 1.000 1.000 1.000
Conduction kk (mean) W/im ") 3042
Surface Comvection he W/im? () 144 000 2400000
Surface Radiation hy | Wim® () 0.000 0.000
Left (innexr) T G IEDD! 1171 22
| Right (outer) T e 1171 22 20
Thermal Resistance  “C/KW .94 270234 0417
Heat Flux WA= 4251 4251 4251
Calculation Grid 10
Distance m 0.000 1.000 1.000 =
4| w [, Smelting 12001 A Smeking 1400° /, Smelting 1600 / lal | 3 ]-J
~Get Data for Column: ——— TOTAL HEAT FLOW: I 1751 Ik‘w’ -:| — Calculate:

LConduction Temperature profile
Convection il L — Heat flow
= + el Diraw l Width 1.0 I =
Radiation [surface) r~ Cibe Length 10 m | ] _not-coo |
Radiation [gaz] € Cylinder
Radiation [particlez] " Sphere
Exit | Fix ¥alue Diagram Table | Draw Diagram I

Figure1 eat osscacuationea eo as etin reactor a .

The basic concept of the module is that the user specifies the system setup by selecting
the geometry of the object, inserting columns, specifying a material for each column,
specifying thicknesses (if any) and entering either one temperature point and a total heat
loss or two arbitary temperature points within the same sheet. From these inputs the
program can calculate either the temperature profile or the total heat loss. The
temperature profile (profiles) can then be plotted graphically.
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The main workbook is very similar to Excel-type worksheets in terms of the properties
that can be found in the menu and also most of the Excel worksheet functions are
available.

The new Heat Loss module may be used, for example, to estimate heat loss values needed
in the Balance module. The user must first specify the column types, which can be Layer,
Layer contact, Surface and Enclosure. The thickness must be specified for Layer and
Enclosure columns, while Layer contact and Surface columns have zero thickness. Two
basic types of calculations may be carried out:

1. Temperature profile with fixed heat loss and one temperature point.
2. Heat Loss with two fixed temperature points. This will return the heat loss but also
the temperature profile.

The calculation routine handles conduction, convection and radiation properties as
functions of temperature but fixed values may also be used by selecting the value and
pressing the Fix Value button. These fixed values are shown in red on the calculation
sheet.

Temperature profile as well as some other user specified values may also be presented in
graphical form. Target dialog may be used to find, for example, minimum layer thickness.
The calculation specifications may be saved to files for later use.

12.1 Basic Calculation Procedure

1. Select geometry.

To select the choice of geometry, click on the desired option button in the frame
Shape and Dimensions. The available options are wall, cube, cylinder and sphere.
Itis i reco ended to startt e ca cu ations it asi e a caseand then
to continue with more complicated shapes later.

2. Select dimension.

When selecting the geometry, appropriate dimension textboxes automatically pop
up. The dimensions are always inner dimensions.

3. Insert new column.

The user may specify the layout of the heat transfer object by selecting Insert from
the menu bar and then the desired column type. There are four types of columns:
Surface, Enclosure, Layer and Layer contact. Surface columns must be inserted
to the left and or to the right of the other columns. Enclosure columns must be
inserted between two Layer columns. Finally Layer contact, Enclosure and
Layer columns must all be inserted between Surface columns.

4. Specify heat transfer type.

You can select the type of heat transfer to study in two ways: either anua or
usin t e database.

Man ally

1. Write the name of the material gas liquid on the second row of the table in the
current column.

2. Select the desired heat transfer factor:
— Layer column: Enter the mean conductivity for the material (k) on row 6.
— Surface column: Enter the convection and or the radiation coefficient
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(he and or hy) on row 7 and or row 8. It is also possible to specify the
emissivities and or absorptivities on rows 20-23, in this case please make
sure that the radiation coefficient is un i ed.

Layer contact column: Enter the thermal resistance on row 11.

Enclosure column: Enter the convection coefficient on row 7 and or the
radiation coefficient on row 8. It is also possible to specify the emissivities
on the ad acent a er cou ns, in this case please make sure that the
radiation coefficient is un i ed.

3. For each value entered press the Fix Value button, unless the value is already
fixed. By doing this the program will use these given values, indicated by a red
font, when calculating instead of the database values.

sing the database
1. Press the corresponding button in the frame Get Data for Column

Layer column: onduction button.

Surface column: on ection or adiation button.

Enclosure column: on ection or adiation button (radiation for adjacent
layer columns).

To specify the desired material gas liquid, place the cursor on top of it and
press Select. Now the data for the material will be transferred automatically
to the column on the main sheet where the cursor is located. Note that
sometimes several database sheets are available, for example the convection
tab e or unction s eet. You will know that the data has been transferred
from the database sheet to the calculation sheet, once the selected material
name appears on the material name rows 2 or 3.

5. Specify thicknesses.

Type the ic ness on row 4 for every Layer and Enclosure column. Surface
and Layer contact columns have zero thickness.

6. Repeat steps 3, 4 and 5 until the desired layout is achieved.

7. Calculate results.

To calculate results for a cylinder or cube, first select whether to calculate all
sheets or just the active sheet, by pressing the appropriate option button in the
Calculate frame. By, for example, calculating only the wall sheet of a cylinder,

pipe calculations can be obtained. The two basic calculation types are:

emperat re ro ile (press the Temperature profile button)

— Specify the total heat loss by selecting the appropriate unit (W, kW or MW) and

by typing the heat loss in the textbox.

Specify one fixed temperature point by the cursor.
For cube or cylinder geometry, specify calculation range by selecting either

Calculate all sheets (calculates all walls) or Calculate active sheet (calculates
active wall) from the option buttons.

Note that when calculating all sheets, the temperature profiles will be iterated so

that the temperatures in the first columns (inside temperatures), as well as the
outside temperatures, are the same for all sheets.
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Heat Flo (press the Heat flow button):
— Specify temperature points using the cursor.
— 0or 1 point selected (by cursor position): The o e ran e will be calculated.

— Cube or cylinder geometry: Specify calculation range by selecting either
Calculate all sheets (calculates all walls) or Calculate active sheet
(calculates active wall).

— sheets will have the same inside and outside temperatures as on the
current sheet, once the calculation is completed.

— 2 points selected (by selection): The range bet een t ese oints will be
calculated.

— Cube or cylinder geometry: The other sheets will not be calculated.

— Theendte erature oints in the selection will remain constant.

8. Press the Dra Diagram button for a graphical plot of the temperature profile.
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12.2 Heat Loss Examples

12.2.1 Examples provided by HSC

See the examples provided by the HSC package by selecting File Open from the menu
and selecting the appropriate file (examples exist in HSCS5 Heatloss -folder).

1.

Simple Case with fixed conduction and convection values (SimpleCase. HTR)

In this example the furnace wall is made of two layers, the inside temperature is
700 C and the outer surface is cooled with air (20 C). The conduction and
convection values are fixed. In this case the heat flow through each layer and
through the surface may easily also be calculated manually:

Firebrick:  1.5m’ (700-418 C) 0.4 W (mK) (0.23 m)=735W
Silica brick: 1.5m> (418-50.63 C) 0.2 W (mK) (0.15m)=735W
Air: 1.5m* (50.63-20 C) 16 W (m’K)="735W

Radiator heat (Radiator.HTR-file)

This example calculates the heat output of a radiator at room temperature (20 C)
and at three different water temperatures, when the water flow to the radiator is
zero. Select the appropriate sheet according to the inside water temperature (40 C,
50 Cor 60 C)and press the Heat flow button to view changes in the output heat.
Adjustments can also be made to the width or length (height for a vertical wall) of
the radiator to examine what influence this has on the result.
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% Heat Transfer Calculations C:\Hsc5\HeatLoss\Radiator HTR

Eile Edit Miew Insert Delete Format  Calculate  Target  Diagram  Help

e

Properties | Units 1 | 2 | 3 | 4
Column Type: Surface Layer Surface s
Material: Water H20 (lit Carhon steel: (02%0 C) Air (gas)
Surface Material: Paint, white (acrylic) (h)
Thickness x 1m 000z
Surface Area A m? 1.000 1.000 1.000
Conduction kk (mean) W/im ") S0.000
Surface Comvection he W/im? () 261.184 3332
Surface Radiation hy | Wim® () 0.000 5674
Left (innexr) T G -’-[I! 30 1]
| Right (outer) T e 39 30 20
Thermal Resistance  “C/KW 3820 0.0a0 111.164
Heat Flux WA= 0.174 0174 0174
Calculation Grid 10
Distance m 0.000 0.003 0.003 =
4| v [, Radistor 4070 A, Fadiator SO A, Radistor 60T 7 lal | 3 ]—‘
—Get Data for Column: - TOTAL HEAT FLOW: I 0174 Ik‘w’ -:| — Calculate:

Conduction Temperature profile
Convection i s imereon:: e — Heat flow
= + wall Dirawe I Width 20 m =
Radiation [surface) ~ ELbe Length 5 m | ] _nor-coo |
Radiation [gaz] £ Cylinder
Radiation [particlez] " Sphere
Exit | Fix ¥alue Diagram Table | Draw Diagram I

Figure 2 adiator ca cu atione a e
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3. Heat loss from uninsulated pipe at constant T (incropera94 503.HTR file)

This is an example taken from Fundamentals of Heat and Mass Transfer by F. P.
Incropera and D. P. DeWitt (page 503 in the 4™ edition) 1. In this example the
heat loss from an uninsulated horizontal pipe is calculated with knowledge of the
surface temperature (165 C) and the air temperature (23 C).

4. Heat loss from insulated pipe at constant T (incropera94 504.HTR file)

Example 3 above is extended by insulating the pipe with a 25 mm thick urethane
layer. Notice how the heat loss decreases significantly.

5. Heat loss from a hot water tank (Hotwatertank. HTR file)

This example is a calculation of heat loss from a hot water tank. By specifying the
materials, dimensions, geometry, water and air temperatures the total heat loss for
the tank can be calculated. The insulation thickness can easily be increased
separately for the top, wall and bottom sides, in order to lower the heat loss from
the tank.

% HS5C Diagrams =] E3

File Edit Insert Delete Format Show  Help
o Total Heat Flow: 1 378 KW
60 I
Water H2O (liguid)
55

Stainless steel

45 BN

= v, _ Urethane foam

&0

40

as

20
N

25

Air (gas)
| ] Distance
1] 10 20 20 40 50 60 mm

20

Figure3 e erature roies ort e ot atertan .

6. Oil furnace (OilFurnace.HTR file)

In this example the heat flow due to hot flue gases and internal convection in a
furnace is calculated. The flue gas composition can be seen from the Gas Mixture
Radiation dialog by pressing the Radiation (gas) button. The gas contains the
following radiating species: H,O(g) 11.08 vol- , COx(g) 11.69 vol- and SOx(g)
0.05 vol- . This is a typical flue gas composition for fuel oils. The gas temperature
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is 1200 C and the wall temperature is 500 C. The wall surface material is  tee
s eet it s in duetoro in  and the convective gas is approximated as  ir
bar . These can both be found from the database. There is a 10 mm thick
ain carbon stee layer surrounding the furnace. It is important to insert a
Layer or a Layer contact column to the 77 ¢ of the Surface column, in order to
calculate interna radiation (or convection), since the program otherwise assumes
outside radiation (or convection). By entering a very low thickness value for the
Layer column (row 4), or by entering zero thermal resistance for the Layer
contact column (row 11), the inside surface temperature may still be used in the
Layer or Layer contact column.

7. Reactor heat loss calculation (Reactorl.HTR and Reactor2. HTR)

In this example the total heat loss of a reactor is estimated. The given input data are
the dimensions of the reactor, the surface temperature and the surrounding
temperature (room temperature). The surface material in the Reactor]l example is

tee s eet it rou o ide a er andin Reactor2 aint, ite acr ic
The convective gas is  ir bar in both examples. Since the surface
emissivity is lower in Reactor2, the heat loss is smaller.

8. Smelting reactor calculation (Smeltingl. HTR, Smelting2. HTR and
Smelting3.HTR files)

In this example the temperature profiles and heat losses of three different types of
smelting reactors are calculated. The default input values given in this example
have not been taken from any specific reactor type, however the input values may
easily be changed in order to achieve a more realistic situation.

12.2.2  Simple Step-by-step Example (creating Smeltingl . HTR)

The following steps describe how to create the Smeltingl . HTR example from the very
beginning. The final example can be used to approximate heat losses through a smelting
reactor wall. The temperature profiles for different inside temperatures can be plotted
using the Draw Diagram button.

1. Select File New from the menu.

2. Select Insert Surface column and press the Convection button.

3. From the Convection window (to the left), select the Function sheet.

4. Select Water, Copper elements cooling by moving the cursor to row 10.

5. Press the Select button.

6. Select Insert Layer column in the main sheet and press the Conduction button.

7. Type REXAL 2S EXTRA in the yellow textbox in the Conduction window and press
the Find button. The cursor will now automatically move to the correct position in the
database.

8. Press the Select button.
9. Type 1 as the layer thickness on row 4 in the main window.
10. Select Insert Surface column and press the Convection button.

11. Select the Function sheet from the Convection window.
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12. Select Molten metal by moving the cursor to row 4.

13. Click the Forced Convection option button and type 0.02 (= 2 cm s) in the speed
textbox.

14. Press the Select button.

15. Type 1200 as the inside temperature in cell C9 and 20 as the outside temperature in
cell E10.

16. Press the Heat loss button.

Heat Loss will now calculate the total heat loss from a 1x1 m square of the reactor wall.
The inside and outside convection coefficients, calculated from the Function sheet, are
based on generalized empirical data. They can, however, be used up to a reasonable
accuracy for smelting reactor walls with corresponding cooling methods. The
temperature profile may be plotted graphically by pressing the Draw Diagram button.
The following procedure describes how it is possible to compare several temperature
profiles within the same diagram.

1. Select Insert Wall sheet from the menu ¢ ice. Two copies of the reactor wall are
created.

2. Select Wall2 sheet and type 1400 as the inside temperature (cell C9).
3. Press the Heat loss button.

4. Select Wall3 sheet and type 1600 as the inside temperature (cell C9).
5. Press the Heat loss button.

6. Press the Draw Diagram button.

Now the temperature profiles for three different inner temperatures (1200 C, 1400 C
and 1600 C) are plotted. After modifying the diagram labels and their positioning, the
final diagram might look similar to the enclosed diagram (Figure 4). The setup should
now also be similar to that of the Smeltingl .HTR example.
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% HS5C Diagrams =] E3

File Edit Insert Delete Format Show  Help

°C Temperature profiles for different inner temperatures
2000

Mlolien metal

1500 |-

smelting 1600°C, Heat Loss=5502 kW

g ™ Smelting 1400°C, Heat Loss=4.836 kKW
S Smelting 1200°C, Heat Loss=4.251 kW

1000

\s . REXAL 25 EXTRA

500 Tl

\H\-\ -HH-'“H
%' . Water, Copper elemenis cooling

m Distance

0 200 400 600 800 1000 mm

Figure4 e erature roies or etin . cacuatione a e
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12.3. Detailed Description of the Program

12.3.1

Using the Fix Value Button and the logic behind it

Once the Fix Value button is activated the user is able to fix values manually to make
these a direct input for the calculation. A fixed value is indicated by red font and the
caption on the button changing to Unfix Value. If, for example, the user wishes to specify
the convection coefficient h, directly, the specified value must be fixed (and the fluid
name typed manually), otherwise the program will iterate the value using the database for
the selected fluid. The program will always irst oo or i ed a ues and if the value is
unfixed then it will use iterative methods and the databases. In the end the iteration result
will be returned to the cell, for example the he-value. Using fixed values significantly
improves the calculation speed, however these values are not always available. As a rule
of thumb, the accuracy of the result will improve if it is possible to accurately specify and
fix values, for example the convection and the radiation coefficients. The cells on rows 6-
8 and 20-23 can be fixed, as well as row 11 if the column is of Layer contact type.
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g Heat Transfer Calculations C:\Hsc5%Heatloss\Hotwatertank HTR

Eile Edit Miew Insert Delete Format  Calculate  Target  Diagram Help
S |20

Properties | Units | | 4 | 5
Column Type: Surface Layer Layer Surface —
Material: 1 Water H20 (liguid) Stainless steel Urethane foam Air (gas)
Surface Material: v Alhuminium (h)
Thickness x 1 0005 0050
Surface Area A m? 37 AP0 37 /59 37919 40156
Conduction kk (mean) "Wiim ") 15 a06 0.0a0
Surface Comvection he |"Wim?*C) 2 ; 171 853 2719
Surface Radiation hy | W/im® ) 0.000 0417
Lefi (innexr) T 25 A0 50 a0 28
| Right (outer) T BE 3‘- A0 50 28 200
Thermal Resistance | *C/kKW 0.154 000z 21 673 7041
Heat Flux KA fm® 4 0027 0027 0027 0025
Calculation Grid 10 10
Distance m .000 0005 0055 0055
Angle of Ohject e 1] 0
Speed of Fluid/ Gas m's 0 1]
Min Temperature E 27315 P& O 17N P&
Max Temperature E 37315 bi& O N bi&
Phase liguid solid solid gas
Surface Emissivity 0.0000 n.or01
Gas Emissivity 8
Gas Ahsorpiivity
Part. Cloud Emissivity -
s AT A Bt 4] W
- Get Data for Column: TOTAL HEAT FLOW: I ?_1.3?8 Ik‘w’ _:] — Calculate:

Conduction Temperature profile
*  Convection sl el L Heat flow
— - Wall Diraw | B —
Radiation (surface)  Cibe : B uor-con |
Hadiation [gaz] v Cylinder Height 4.00 s * Calculate all sheets
Hadiation [particies) " Sphere Diarneter 3.00 i {~ Calculate active sheet
Exit | Fix ¥alue Diagram Table | Draw Diagram I
Figure 5 ain indo a out.

1. Headings area

This is the headings area and it cannot be altered, except for the second and third
row if the material is user-specified.

2. Calculation area

The main inputs are entered in this area, with the thickness of a layer or enclosure
column being mandatory. The surface area row is automatically calculated from the
geometry and layer thicknesses.
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3. Temperature inputs results

In this area the temperature points are entered. In order to calculate the temperature
profile one temperature point must be specified. In order to calculate the heat loss
two points must be specified. For three-dimensional objects (cube and cylinder),
the user can select Calculate all sheets (calculate the whole object simultaneously)
or Calculate active sheet (calculate only the active wall), by selecting the
appropriate option button from the Calculation frame. It is also possible to select a
calculation area by selecting a temperature range with the mouse. In this case on

t eran e it int is se ection will be calculated. An example of this would be to
select the range between C9 and F10 in figure 5.

4. Detailed information

Here you can find more detailed information about the setup. If more precise layer
calculations are required, the Calculation grid (row 13) value may be changed. By
default this is set to 10, i.e. the layer is divided into 10 elements. Note that the
calculation time increases with an increasing grid size. Speed (row 16) indicates
the speed of the fluid for forced convection. If this is zero, free convection is
assumed. The minimum and maximum temperatures (rows 17-18) give the valid
range for a certain material N A indicates that the limit is not available from the
database. If a temperature point in the calculation result exceeds one of these
points, it will be indicated by a warning message box.

5. Available data (frame)

These buttons are enabled disabled depending on the column type the cursor is
placed on.

Conduction a ercou n
Convection wuracecou nor ncosurecou n

Radiation (surface) wuracecou nor a er cou n (adjacent to an Enclosure
column only)

Radiation (gas) ur ace co u n, left of a Layer or Layer contact column (internal
radiation)

Radiation (particles) ur ace cou n, left of a Layer or Layer contact column
(internal radiation)

6. Geometry input

The option box selects the geometry and the appropriate dimension textboxes. Note
that when changing from a wall or sphere (one sheet calculations) to a cube or
cylinder (one or multiple sheets calculations) the wall sheet will be copied to the
joining sheets of the cube or cylinder. This is useful if all walls consist of the same
materials, since the user thus only has to specify the layout of one wall and then
change to the correct geometry. The Draw button draws a simple drawing of the
current geometry.

7. Heat loss input result

This can be used both as input or output data. If calculating the temperature profile
the total heat loss must be entered here, but when calculating heat loss, this can
also be used as a starting approximation to achieve faster calculations. The starting
approximation has a maximum value of 10 MW. If a higher value is specified, the
maximum value is simply inserted in the textbox by default.
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8. Radiation inputs results

Rows 30-349 consist of Convection and Conduction data and rows 350- of
Radiation data. These are automatically collected from the database sheet when
pressing the Select button and these should not be changed.

12.3.3 Conduction Database

1% Conduction C:\HSC5\Databaze\HeatCond XLS
File Edit Insert Delete  Format  Wiew
| &tuminium A1
B C [ i s e o s, bt
1 Thermal Data L
2 Conduction
3 Datahase Property Tnits T1 T2 T3
4 |Aluminium Al I Temperature K 100 200 300
5 |(pute) Thermal conductivity | "Wim I 302 237 257
6 | Aluminium 2024-T6 Temperature K 100 200 300
7 [(4.5%Cu, 1.53%M g, 06300 Thermal conductivity | "Wim I W] 163 177
. 8 | Aluminium 195, casi Temperature K 300 400 G00
D [(4.5%0Cw Thermal conductivity | "Wim I 168 174 125
10 | Antimony Sh Temperature K 20315
11 Thermal conductivity | Wim I 21
| 12 |Beryllium Be Temperature K 100 200 300
13 Thermal conductivity | "Wim I aa0 30 200
| 14 | Bismuih Bi Temperature K 100 200 300
S Thermal conductivity | "Wim I 16.5 949 726
16 BoronB Temperature K 100 200 300
17 Thermal conductivity | "Wim I 190 355 27
18 | Cadwmium Cd Temperature K 100 200 300
19 Thermal conductivity | "Wim I 203 993 962
20 | Chromium Cr Temperature K 100 200 300
21 Thermal conductivity | "Wim I 159 111 037 i
T N [l | o[
| <| Eind > |
Exit | Viewl | Seleat |

Figure 6 er a onduction database indo .

The conduction database can be edited by selecting Edit Conduction Database from the
menu bar. Since the files are of XLS type you can also edit them directly from Excel. It is
important to notice that when editing or adding new materials it is very important to
follow the same pattern and syntax as the rest of the table. Temperature units can be
entered in either K or C and the program will automatically calculate accordingly. The
maximum and minimum temperatures are available in column A and are always given in
Kelvin. This window is used when selecting the layer material by pressing the
Conduction button.
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12.3.4 Convection Database, Table sheet

1% Convection C:\HSC5\Databaze\HeatCony XLS
File  Edit Insert Delete Format  Wiew
Im'x {gas)
B C e ]
1 Thermal Data —
2 Convection
3 Database Property Units T1
4 |Air(zas) “Temperature E 100
5 |(p=1han Density kgfm? 3.5562
| 6 |Ref IncroperafDe'Witt Thermal conductivity*10"2 Wb 034
7 Thermal diffusivity*10"6 s 254
8 Kinematic viscosity*106 mz 2
0 Prandil number fiote 0.787
10 Volum. therm.exp. Coefficient*10"6 1/K
11 |Air(gas) Temperature “C -150
12 lip=15hah) Density kgfm? 1504
13 |Ref VDI Heat Atlas Thermal conductivity*10"2 Wb 1209
14 Thermal diffusivity*10"6 s 07oe7
*lj Eb_i‘\.' Tahle _.-“I\ Function _f’ £ 3 |r4fi11r£ ne o h_l_‘
Angle of object [0 or 90] IEI 2 :
% Free Convection S
" Forced Convection
<| Find | >
Yiew | Select |

Figure 7 er a on ection database indo , abes eet.

The convection database can be edited by selecting Edit Convection Database from the
menu bar. Since the files are of XLS type you can also edit them directly from Excel.
Temperature units available are K and C. The density is not a key requirement, although
it can be used in order to calculate the other properties. If the thermal expansion
coefficient is not given, the program will assume that the material is an ideal gas and
calculate the coefficient as 3 = 1 T,. The maximum and minimum temperatures are in
the hidden column A and are always given in Kelvins. This window is used when
selecting the surface or enclosure material and pressing the Convection button.
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12.3.5

M Convection C:A\H5CH\D atabaze\HeatCony XL5

Convection Database, Function sheet

File Edit Inzert Delete Format  Wiew
II'u'I oltet metal
B C | D . E =~
1 Thermal Convection (test result) Speed (testinput)  Funetic—
i Convection A
3 Function he(0.01)= V= a
4  |Molien meial oo 1] 100
5 |(inside furnace) 1]
|6 |Waier, Spray cooling 1200 0 1200
T |(outside furnace) 1]
. 8 |Waier, Iron elements cooling 2400 0 2400
0 |(outside furnace) 1]
10 Water, Copper elements cooling 2400 0 2400
11 |{outside furnace)
5 2P
13
14 -
| ¥ [T, Fundion 4] | b rJ

fingle of object [0 or 90] |n = :

' Free Convection
™ Forced Corvection

Cald
side

Exit

<| Find |>|

Wiew 1 | Helect |

Figure 8

er

a on ection database indo , unctions eet.

The function sheet can be used for special cases of forced convection. For example, the
Molten metal selection is an approximation of h, based on a polynomial function of the
speed of the molten metal inside a smelting reactor. The database uses a function of the
type he (v)=Av a Bv b Gv g where vis ms . The coefficients (A-G) are located
between column E and K and the exponents (a-g) in the cells directly underneath these.
This sheet can also be used if the convection coefficient is considered constant: simply

type the constant value in column E and a zero underneath. This is shown in rows 6, 8
and 10.

For a wall or cylinder it is possible to specify an angle of 0 or 90 , which means either a
hori ontal or a vertical object. When selecting the Forced Convection option button, a
textbox for the fluid gas speed appears under the option buttons.
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12.3.6 Surface Radiation Database

1% Surface Radiation C:\HSC5\D atabaze\HeatRadi XLS
File Edit Ingert Delete Format Wiew
IIdeal black suface
B C 5 il e e ek
1 Thermal Data {h)=hermispherical emissivity, (n)=nonmal ermissivity E:
2 Radiation
3 Database Property Units T1 T2 T3 T4
4 |Ideal black surface I Temperature E 27315
& |(gbsotbs all radiation) Emissivity fioe 1
6 | Alwminium (h) Temperature K 100 200 300 400
T |thighly polished, film) Emissivity fiote 0.0z 0.0z 0.04 0.05
8 | Aluminium (h) Temperature E 100 200 300
0 |(foil bright) Emissivity tfiofe 0.0 0.0 0.7
10 | Aluminium (h) Temperature E 300 400
11 |(anodized) Emissivity fiote 0.2 0.74
12 | Chromium (n) Temperature E 100 200 300 400
13 |(polished or plated) Emissivity fiote 0.05 0.07 0.1 0.1z
14 | Copper(h) Temperature E 300 400 a0 200
15 |(highly polished) Emissivity fiote 0.03 0.0z 0.04 0.04
16 | Copper (h) Temperature E @00 200 1000
17 |(stably oxidized) Emissivity fiote 0.5 0.52 02
18 | Gold(h) Temperature K 100 200 300 400
19 |(highly polished or filim) Emissivity fiote 0.m 0.0z 0.0z 0.0z
20 | Gold (k) Temperature 100 200 300
1 Iifnil hrighty Emissihihr ] 1.1 M Mnv o
D g fa
| <| Eind >
Exit | Viewi | Seleat |

Figure9  er a adiation database indo .

The radiation database can be edited by selecting Edit Radiation Database from the
menu bar. Since the files are of XLS type you can also edit them directly from Excel.
Temperature units available are K and C. An (n) after the material indicates that the
emissivities are normal emissivities and an (h) indicates that they are hemispherical
emissivities. Note that the emissivity for a material can vary a lot depending on the
surface, for example, a polished surface emits much less radiation than an unpolished
one. This window is used when selecting the surface material and pressing the Radiation
button.
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12.3.7 Gas Mixture Radiation Calculator
M Gas Mixture Radiation Calculator - Tapio Ahokainen
! User Input | Resulis
Species vwl% ||| Nyy-Low | NyyUpp | FLow | FUpp | DF | SumDF
HiOrg 500
COrE 10.00 1 414 1.0000 09907 0.0093 00093
Cog 0.00 a3 731 09744 09577 0.01a6 00259
Hoig 0.00 Q59 261 09171 09167 0.0004 00263
=028 0.00 1059 1061 02952 02047 0.00035 00268
CHA 0.00 1542 1652 0760z 07383 0.0325 00593
2243 2410 05452 04877 00575 01162
‘ I b‘_i_\‘\"'.\E.«;I‘-:.CII#I‘lI Ilua" f"'.\'?i‘li‘l o T e | o e B ' L oo I I L |
Gas Properties
Temperature [T} 700 Gas Emissivity at Gas Temperature 01420
Pressure [harl i Gas Abzorptivity at Surface Temperature 01562
Optical Depth [m: 0.45 Heat Flux [kK'W/m?] h.28
Surface Properties
Temperature [°I:]: A00 [ [EeEnc AR e ey i e A I ey R A R I: I ........ I ..................
k
Emissivity 0.25 R
E xit Select at fixed T Select iterative
Figure 10 er a radiation ro a as i ture.

Using this window it is possible to calculate the gas emissivity and absorptivity by
specifying the volume fractions (indicated by a red font), pressure, gas temperature
and surface (wall) temperature. If the object is a cube, cylinder or sphere the optical
depth is auto atica calculated accordingly, although it can still be changed in the
textbox. See Table 1 for examples of optical depths for simple geometries.

The Calculate button calculates using the specified inputs. The Gas sheet shows the
detailed results for the gas emissivity at the gas temperature and the Wall sheet shows the
detailed results for the gas absorptivity at the wall temperature.

There are two ways of using the results from the calculation in the main sheet:

Select at fixed T: By selecting this the gas temperature, surface temperature and surface
emissivity will be used directly in the main sheet. This is a fast way of calculating if the
as and sur ace te  eratures are no n.

Select iterative: By selecting this the program iterates emissivity and absorptivity values
in the range 0 C — 3000 C for every 50 C step. The results are transferred to the main
sheet for use in iterative calculations. Outside this range the values will be extrapolated.
This is useful when the as te erature and or sur ace te  erature are un no n.
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12.3.8 Particle Radiation Calculator
I Particle Suspension Radiation Calculator
l User Input: Results:
Property | Unit Value Property Unit Value
Gas Amount Hmifh 24100 |Gas mh 23861
Particle Amount th 69| |Paxrticles mih 16.0
Particle Density aiml 43| |Gas + Particles mih BIRTT
Particle Diameter it 0050 (Particles gl 203
Particle Emissivity 0.148] |Particles mlim? 1269
Cube Widih & Height m 0002] |Particles vol- %0 00187
Cube Thickness 1 0.100] |Particle Radius it 0.02500
Tuhe diameter 1 4200) |P. Cross-sectional Area  mun® 0.00196
Particle Volume run’ 0.00007
Particle Weight a 281E-07
Particles/m? 225EHI9
Cube Volume e 4E-007
Particles in Cube 1142
Particle Distances mm 0.70
Gas Speed mifzec 2385
Gas Speed in Tube ftigec 1.72
zaz Properties
Temperature ['C]; 700 Particle cloud Emissivity I 0.0736
Gas emissivity at gas temp: 0.1420
Gas absorphivity at surface temps | 01562 Heat Flux [kK'w/mZ] I 8.0e
Surface Properties
Temperature [*Cl; 400 LCalculate
E rizsivity 085
E xit | Diagram Select at fixed T Select iterative
Figure 11 artic e radiation indo .

Using this window it is possible to calculate a particle cloud emissivity when some
detailed data about the particles and the geometry of the container are known. The results
can also be used at a fixed T or iteratively as in the Gas Mixture Radiation dialog. The
Diagram button shows a simple drawing of a particle distribution in the container. The
Gas emissivity at gas temperature and the gas absorptivity at surface temperature are
automatically taken from the Gas Mixture Radiation dialog when available.
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12.3.9 Target Calculations (Target Dialog)
M Target Dialog _ O]
File Edit Inzert Delete lterate
|n.5
Target Calculation Sheet (Goal seek)
Variahle Target Tieration
Mame Cell Ref i Test value it Il | Fame Cell Ref. Value Il
Width Hid 200 0.0 10.00|Heat flowr  iH/& IZI.5IZI“ 10
10
10
10
10
10
10 =
—Wariable value: - T arget value: Iteration:

I'W'idth ;i l Heat flow __"_'I Il:alculate Heat flows ;i
Inz Row | Del Row | Set vanable | et target i Iterate Selected Rows
Exit | Iterate All
Figure 12 ar et Diao indo .

The Target Dialog extends the calculation possibilities of Heat Loss. For example it is
possible to calculate the required insulation thickness to achieve a certain heat loss or, as
the example in Figure 12, the required width of a radiator to achieve a heat loss (in this
case heat output) of 0.5 kW. The following step-by-step procedure describes how the
Target dialog can be used for this iteration.

1.

2
3
4.
5
6

Open the file Radiator.HTR from the HscS HeatLoss directory.

Select Target Target Dialog from the menu.

Choose Width from the drop-down box in the Variable value frame.

Press Set variable, which sets the width of the radiator as the variable value.
Choose Heat flow from the drop-down box in the Target value frame.

Press Set target, which sets the Heat loss of the radiator (heat output) as the target
value.

Choose Calculate Heat flow (calculation method) from the drop-down box in the
Iteration frame.

Write 1 in the Min column, 10 in the Max column and 0.5 in the Value column. This
specifies the minimum and maximum widths and the goal value for the heat loss
(heat output).

Press Iterate Selected Rows, which calculates the required width for a heat output of
0.5 kW. The required width of the radiator is 5.747 m, as can be seen from the main
window.

If the Worksheet cell option in a drop-down box is selected, any worksheet cells in the
main window may be used as either a variable or target value. An example of this could
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be to iterate the required thickness of a layer (row 4) in order to achieve a certain heat
loss.

12.3.10 User-specified Diagrams (Diagram Dialog)

Instead of only iterating a certain goal value, the Diagram Dialog may be used for
graphically plotting the whole range. In the example below (Figure 13), the influence of
the inside water temperature on the heat flow (in this case the radiator heat output), is
shown. Step-by-step the diagram may be achieved in the following manner:

1.

2
3.
4

&% Diagram Settings i =]

dialog box.

value.

Open Radiator.HTR from the Hsc5 HeatLoss directory.

Select Diagram Diagram Dialog from the menu.

Select Worksheet cell from the drop-down box in the X-value frame.

Move to cell C9 in the main window (inner temperature) and press Set X value in the
Select Heat loss from the drop-down box in the Y-value frame and press Set Y1

Select Calculate Heat loss from the drop-down box in the Diagram frame.

Type 90 in the MAX textbox and 5 in the STEP textbox. This means that the inner

temperature will range from 30 C to 90 C calculated every 5 C. The dialog box
should now look similar to Figure 13.

rx-value:
Cancel I

~#-Axis Range: Ins Row
MIN Mg STEP Del Row
I =0.000 I 20 I q Clear all |
e
Cell Reference Lahel | Units |
= |Radiatorl!C9 Left T 2L =
Y1 Texthox Heat loss KA
Y2 I =
| LIJ
Y-walue: Diagram:

!Wnrksheet cell j
Set & value |

I Heat losz :_I

Set Y2 value |

lEaIcuIate Heat lozs j

Diagram ’\J

Figure 13 Dia ra diao

Press Diagram.

indo .

eci in tediara .

In the Diagram Table window, it is possible to specify properties in detail. However,
if this is not necessary just press Diagram here too. The resulting diagram is shown
in Figure 14.
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& HSC Diagrams = 10Of x|

Inzert Delete Format  Show  Help

File  Edit
kW

Radiator heat output

08

0.7

0.6

0s

04

Heat output

03

02

0.1

Twater

30

40 =0 60 T0 80 Oy S

Figure 14 Dia ra s o in t ein uenceo t einsidete eratureont e radiator eatout ut.

Another useful diagram would be to study the optimum insulation thickness of a cylinder
geometry (for example a pipe or a cylindrical tank). An optimum thickness is available
due to an increasing outside surface area, thus increasing convective and radiative heat
loss. The following step-by-step instructions show how this diagram may be created:

1. Open Hotwatertank.HTR from the HscS HeatLoss directory.
2. Select Diagram Diagram Dialog from the menu.
3. Select Worksheet cell from the drop-down box in the X-value frame.

4. Move to cell E4 in the main window (urethane insulation thickness) and press Set X
value in the dialog box.

5. Select Heat loss from the drop-down box in the Y-value frame and press Set Y1
value.

6. Select Calculate Heat loss from the drop-down box in the Diagram frame.

7. Type 0.2 in the MIN textbox, 0.5 in the MAX textbox and 0.02 in the STEP textbox.
This means that the insulation thickness varies from 0.2 m to 0.5 m and is calculated
every 0.02 m.

8. Press Diagram. Notice that the calculation time may be significant on slow computers.

9. Press Diagram again in the Diagram table window. The final diagram should look
similar to Figure 15. The theoretical optimum insulation thickness is now roughly 33 cm.
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Optimum insulation thickness

0.79

0.78

0.77

0.76

0.75

0.74

0.73

N

0.72

N

0.71

Heat loss

0.70

I

Thickness

020

025 030 03s 040 045 050 m

Figure 15 Dia ra
ater tan .
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12.3.11 Limitations

The current version of Heat Loss has some limitations, some of which are listed below.

The maximum number of ca cu ation sheets for the wall and the sphere is ten, for
the cube four and the cylinder three. It is possible to insert up to 255 o n sheets.

Inaccuracy increases with thick walls for the cube and cylinder, since the roof and
bottom layers are stretched to overlap the walls. Please use surface columns only
if the outer surface temperature is known, see examples Reactorl.HTR and
Reactor2. HTR.

If minimum and or maximum temperatures are not entered into the database, or
directly on the sheet on rows 17 and or 18, then the extrapolated heat transfer
coefficients (k, he and h ) may be inaccurate.

The convection correlations are not valid for all ranges and the results cannot be
trusted outside these ranges. Detailed specifications of the valid ranges are given in
Chapter 12.4.

Inaccuracy increases with convection for small geometries.

Forced convection cannot be used for internal calculations (gas liquid to surface)
with a cube, cylinder and sphere, since the correlations are only valid for forced



Peter B orklund

HSC Chemistry® 5.0 12 - 24

une 28, 2002 02103-ORC-T

external convection. Instead the heat convection coefficient he must be specified
manually or using the Function sheet in the Conduction Database.

If only surface columns are given for a cube, cylinder or sphere, then e terna
convection is assumed.

If the speed of a fluid is very low and the Table sheet is selected as input, the
combined free and forced convection plays an important role, however this is not
taken into account in this module.

Radiation from a surface to the surroundings (or vice versa): the surface is
considered gray and diffuse, that is o(T) = &(T) only, this is however a valid
approximation for most cases.

Radiation emissivities for surfaces in the database are given as either normal (n) or
hemispherical (h).

The minimum temperature is —200 C and the maximum is 8000 C, however data
for extreme temperatures such as these are seldom available.

Sometimes the program is not able to iterate the answer correctly. If this happens
try using a different starting heat loss (better starting approximation) and
recalculate. Make sure that the minimum or maximum temperature is not exceeded.

When calculating temperature profiles it is advised to fix the outer (cooler)
temperature and let the program calculate the inner temperature. The reverse
selection may easily lead to temperatures lower than 0 K if the heat loss specified
is too high.
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12.4.

Basic Theory behind Heat Transfer

This chapter explains the basic theory of heat transfer used by the module. The equations
and theory given are utilized within the program.

The tota eat o inone dimension (x) is

where is the heat flux and A is the unit area. It is often practical to use an analogy

between heat transfer and Ohm’s law in electricity. The ¢ er a resistance is defined as

where T and Tp are the temperature points and qx is the heat flow. The ¢t er a
conductance is then

where R is the thermal resistance.

i e de endent heat flows, where qx = q(X, t), and stead state non-time-dependent heat
flows qx = q(x) are two basic ways of identifying heat transfer problems. This program is

concerned only with steady-state non-time-dependent conditions, which means that the
condition is valid for infinite t.

A number of dimensionless parameters are used in this chapter. Some of them are only
material-specific and can be listed in a table, while others are geometry-specific or

directly related. Equations 4 to 7 show the most important ones.

Thet er a di usi it is defined as

oa=—), 4
cp

where k is the thermal conductivity, Cp is the heat capacity at constant pressure and p is
the density.

The ine atic iscosit is defined as

where L is the dynamic viscosity.
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The randt nu ber describes the ratio of the momentum and thermal diffusivities. This
1s defined as

Pr:K, 6
a

where v is the kinematic viscosity and o is the thermal diffusivity.
Thet er a e ansion coe icient is defined as
_ Ifop) _ 14
p==il &) =5 ’
where p denotes the derivative at constant pressure.
In order to calculate the heat flux, it must be separated into the three main forms:

conduction, con ection and radiation. A more detailed description of these forms will be
given in the following chapters.
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12.4.1

Conduction

Heat transfer due to conduction occurs between points inside a material or materials
connected to each other. Thermal conductivity is very dependent on the phase the
material is in and on the temperature of the material materials. Therefore accurate
calculations with a simple non-iterative formula are sometimes impossible. The use of a
numerical technique such as an element method can be applied in order to achieve more
accurate results.

The conduction heat flux for one dimension (Fourier’s law) is calculated as
d
=— — 8
d

where dT dx is the temperature derivative in x-direction. The function k = k(T) is
generally not expressed the same way as the heat capacity function ¢, = c,(T), which is a
fitted equation in other parts of HSC, i.e. the Kelley equation. Instead the values of k are
known at certain temperature points and linear interpolation and extrapolation may be
used for temperatures outside these points. When calculating the heat flux (or flow) the
distance between the two temperature points is divided into a rid. Hence we can
calculate the heat flux by using the following approximate equation that calculates the
average heat flux through a layer

_z n.( n+l 27 nel 2)
_ n=1

, 9
n=1

where k, = k, (T,) is the heat conduction coefficient at T, (middle of the grid), m is a grid
step (the amount of steps the distance x is divided into), n is the point in the middle of one
grid step, T, 12 is the temperature point between grid n and grid n 1, Ty, is the
temperature point between grid n and grid n-1 and Axy, is the thickness of the grid.

In order to be able to calculate other geometries, the s a e actor S in the total heat rate

equation = A is defined for different geometries according to equations 10

to 12 .

For one-dimensional plane « s and for cube walls, S is defined as

= , 10
where A is the unit area for the layer and x is the thickness of the layer.
For ¢ indrica a s (cylindrical coordinates), S is defined as
2z

_ 11
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where h is the height of the cylinder, x, the outer radius of the layer and x. the inner
radius of the layer.

Fors erica a s (spherical coordinates), S is defined as

e 12
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12.4.2

Convection

Heat transfer due to convection occurs between two points, where one is on a surface and
the other in a fluid gas. Convection cannot normally be solved mathematically except for
some laminar cases. Therefore convection calculations are mostly based on empirical
equations or correlations and the uncertainty, or the margin of error in these calculations
can be as high as £20 . In the literature these correlations can also vary and the validity
of the result is mostly limited to some range of one or more thermophysical properties of
the fluid gas. The correlation equations used in the program are taken from references 1
and 2.

The heat flux due to convection is calculated as

= c( s w)’ 13

where hc is the convection coefficient, T, is the surface temperature and T is the

fluid gas temperature. The mathematical models for h., based on experimental data, are
given in dimensionless form using the Nusselt number, which is defined as

o=, 14

where L is the ¢ aracteristic en t for the prescribed geometry.

The Nusselt number can be related through empirical data to other properties of the
convective gas fluid. These properties are normally temperature and pressure dependent,
hence the film temperature, Ty = (Ts Too) 2, should be used when determining these
properties. The task is then simply to describe the problem as accurately as possible and
to select the appropriate correlation. Using equation 14 and the appropriate correlation
equation the value of h, can be calculated. The correlations depend on whether orced or
ree natura con ection is studied. In forced convection the motion of the fluid is due to
an external pressure gradient caused by a fan or a pump. In free convection the fluid
motion is due to buoyancy forces only, such as gravitational or centrifugal forces. In
some forced convection cases when the speed of the fluid is low there is a mixture of
forced and free convection called i ed con ection, however this is not taken into
account in this work. See . i itations for a more detailed description of when mixed
convection conditions are noticeable.

Convection can also be subdivided into interna and e terna flow, which means that the
fluid is either contained inside an enclosure or flowing freely outside a geometry. Flow in
pipes is an example of a forced internal flow that has been studied thoroughly. Forced
internal flow is more difficult to examine due to, for instance, the influence of centrifugal
forces inside reactors. The convection coefficient are also dependent on the way the fluid
is put into motion, for example, different types of propellers give different coefficients. In
some cases simple experimental correlations for the convection coefficient in the form
h, = h(us) may be used. External flow has also been studied extensively and listed below
are the different correlations, which may be used for different cases. Note that for a plane
wall the internal convection is equivalent to the external convection.
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Free con ection

The correlation describing the nature of the flow for free convection is called the
a ei nu berand is defined according to

3
B s
va

where g is the acceleration due to gravity and 3 the thermal expansion coefficient.

Sometimes the ras o nu ber, which describes the ratio of buoyancy forces to viscous
forces, is used in correlations and is defined as

r = ‘2 = 16

A description of how to calculate the free convection Nusselt number, defined in equation
14, for different geometries is explained below.

Wall vertical position 6y 0 1

e Surface:
e Characteristic length: L = z
e Laminar flow (Ra,  10°):

— 0.670 a'*

u =0.68+ 5
1+(0.492 )"
o Turbulent flow (Rap 109):

2

o 16

u =10.825 + 0387 a ~ 18
[1+(0.492 Pr)® ]

17

e Enclosure:
e Characteristic length: L = thickness of wall enclosure
e H = z (height of enclosure)

e HL 2:
o p 0.29
u =018 — a 19
02+ r
e Valid when:
1 HL 2
10° Pr 10°

10° (Ra.Pr) (0.2 Pr)
e 2 HL 10:

o p 0.28 -1 4
u =022 — a — 20
02+ r

e Valid when:
2 HL 10
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Pr 10°
10° Ra. 10"
e HL 10:
o -0.3
u =042 o'* r°~°‘2(—j 21
e Valid when:
10 HL 40
1 Pr 210*
10* Ra. 107

Wall, hori ontal position 6y 90 1, 2

e Surface:
o Characteristic length: L = A P, i.e. the surface area divided by the perimeter
e Hot upper surface or cold lower surface:

u =027 a'* 22
e Cold upper surface or hot upper surface:
e Ra, 10"
“u =054 4! 3
e Ra, 10"
“u =015 @'’ 24

e Enclosure:
e Characteristic length: L = thickness of wall enclosure
e Hot lower surface:

e Ra; 1708:
~u  =1(pure conduction)
e Ra; 1708:
“u =0069 a'’ oM 25

e Valid when:
310° Ra, 710°
e Cold lower surface:

e u =1(pure conduction)
Cube 1

e Surface:
e Internal flow:
e Characteristic length: L = z;
e Nusselt number according to equation 17 or 18 for all walls
e The flow is assumed to cool down at the walls (downflow), thus creating
a circulating flow with an upflow through the center of the cube.
e Not valid for small cubes
e External flow:
e Cube walls:
e Characteristic length: L = zg
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e Nusselt number according to equation 17 or 18
e Roof and bottom:
o Characteristic length: L = AP, i.e. the roof bottom surface area
divided by the perimeter
e  Nurgof and Nupottom according to equation 22 , 23 or 24
e Enclosure:
e Same as for wall depending on horizontal or vertical cube enclosure

Cylinder, vertical 9, 0 1

e Surface:
e Internal flow:
e Characteristic length: L = z;
e Nusselt number according to equation 17 or 18 for wall, roof and
bottom
e The flow is assumed to cool down at the walls (downflow), thus creating
a circulating flow with an upflow through the center of the cylinder
e Not valid for small cylinders
o External flow:
e Cylinder wall:
e Characteristic length: L = zg
e Nusselt number according to equation 17 or 18
e Valid when:

D =>35(a Pr)*

e Roof and bottom:

o Characteristic length: L = A P = D 4, i.e. the surface area divided by
the perimeter

e Nuwall according to equation 17 or 18
e Nurgof and Nupottom according to equation 22 , 23 or 24
e Enclosure:
. ro i ated as vertical wall enclosure

Cylinder, hori ontal 6, 90 1

e Surface:
e Internal flow:
e Characteristic length: L = Dj

e Nusselt number calculated according to equation 17 or 18
o The flow is assumed to cool down at the walls (downflow), thus creating
a circulating flow with an upflow through the center of the cylinder
e Not valid for small cylinders
e External flow:
e Cylinder wall:
e Characteristic length: L = Dg
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2

L 16

up=10604 28T A 26
[1+(0.559 Pr) ']

e Valid when:
Rap < 1012
e Roof and bottom:
e Characteristic length: L =1, \/; , 1.e. square with same area
e Nurgof and Nupottom according to equation 17 or 18
e Enclosure:

e Characteristic length L = thickness of cylinder enclosure
e |, calculated directly, not through the Nusselt number (Nuy)

__[nlp, D)
de = 3(D_73 5D 5)5 4 27
e Ra. 100:
= 28
“ n(D, D)-D, 2
e Ra. 100:
1 4 y
) :0.386(—rj (a)* 29
0.861+ r
= © 30

“ n(D, D)-D, 2
e valid when:
10> Ra, 10’

Sphere 1

e Surface:

e Internal flow:
e Characteristic length: L = z;
e Nusselt number according to equation 17 or 18
o The flow is assumed to cool down at the walls (downflow), thus creating

a circulating flow with an upflow through the center of the sphere

e Not valid for small spheres

e External flow:
e Characteristic length: L = Dg

0.589 a)*

_MD =2+ 79
1+ (0.469 Py ']

31

e Valid when:
Rap < 1011
Pr>0.7
e Enclosure:
e Characteristic length: L = thickness of the sphere enclosure
e h.calculated directly, not through the Nusselt number (Nuy)
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Ra;  100:
D.D,

a =

= T

c

Ra;  100:

1 4
r 14
oMgg) ()

D.D,

= T

c e

e Valid when:
10> Ra, 10
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Forced con ection
Forced convection is here assumed to be e terna only. The correlation number

describing the nature of the flow for forced convection is called the e no ds nu ber,
which describes the ratio of inertia forces to viscous forces of a flow and is defined as

Re = 36

where uq is the speed of the fluid gas. Note that the direction of the flow is assumed to be

ori onta in this program and that forced convection inside enclosures is not taken into
consideration.

Wall 1

Laminar flow, Re, <5- 103:

u =0.664Re' *Pr'’ 37

e Valid when:
Pr>0.6

Turbulent flow (flow separation), Re, > 5- 109:

u =(0.037Re* *-871)Pr' "’ 38
e Valid when:

0.6< Pr< 60

5109 <Rep < 108

Cube 1

Tangential horizontal flow on a sides assumed
Cube walls:
e Characteristic length front and back wall: L = xq

e Characteristic length left and right wall: L =y

e Nusselt number calculated as 37 or 38
Roof and bottom:
e Characteristic length: L = yq

e Nusselt number calculated as 37 or 38
Cylinder 1

e Cylinder wall:
e Characteristic length: L = Dg

— 0.62 e r'? e A
up =03+ D " 1+( D j 39
[1+(0.4 r) 3]' 282000
e Valid when:
Rep-Pr>0.2
e Roof and bottom:
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e Characteristic length: L =1, \/; , 1.e. square with same area
e Nusselt number calculated as 37 or 38

Sphere 1, 2

e Characteristic length: L = Dg

14
Up =2+(0.4Re‘Dz+o.%mﬁm““(ﬁj , 40
H
where L is the dynamic viscosity at the fluid gas temperature and p is the
dynamic viscosity at the surface temperature.
e valid when:
0.71 < Pr< 380
3.5< Rep<7.6:10%

1.0 < (too pg) < 3.2
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12.4.3

Radiation

Heat transfer due to radiation occurs in the range of approximately 0.4 um to 1000 pm of
the electromagnetic wavelength spectrum 3 . This spectrum includes both visible light as
well as infrared radiation. Radiation heat transfer between two points occurs when waves
are e itted at one point and absorbed at another. Sometimes the wave is re ected or
trans itted and thus there is no radiation heat transfer between these two points.
However, the wave can be absorbed at another point thus creating a heat flow between
these new points instead. Since radiation consists of electromagnetic waves it is therefore
not dependent on the medium, in fact radiation heat transfer through a vacuum is higher
than through other mediums since almost no radiation is absorbed there. Radiation plays a
significant role at high temperatures and radiation heat transfer is in this instance much
higher than convection heat transfer. This can be seen from equations 41, 44 and 52,
with temperatures raised to a power of four.

Radiation heat transfer can be subdivided into three types: Sur ace radiation, as
radiation and co bined as and artic e radiation. These are described more closely
below.

S r ace radiation

Surface radiation means that the heat flux is due to a surface (at temperature T;) that
radiates to the outside environment (at temperature T..), which is assumed to be very large
compared to the radiating surface. A typical case could be the walls of a big room. The
net heat flux is calculated according to

= 8‘0-( s4 - o:)’ 41
where & is the surface emissivity, which is a function of the surface temperature,

& = & (Ts) and o is the Stefan-Boltzmann constant. The surface is assumed to be gray,
which means that the surface absorptivity is equal to the surface emissivity

(0(T) = & (T)).

For easier comparison with the convection heat rate, we can define the heat radiation
coefficient as

28_0'( o+ w)( Sz + 2) 42

= (.- 4

which is of the same form as equation 13 . The surface emissivity can be found from
tables in the literature. The nor a e issi it (g,) orthe e is erica or tota e issi it
(en) may be listed depending on the material. The normal emissivity is the normal
directional emissivity while the hemispherical emissivity is the averaged value for all
solid angles passing through a hemisphere centered over the surface element 3 .
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Gas radiation

The heat flux due to radiation from a gas to a surface is calculated as 4

:g“+la(€ N f), 44

where & is the surface emissivity, €, = €, (T,) is the gas emissivity at the as temperature
and a, = o, (T, ,T) is the gas absorptivity as a function of both the as and sur ace
temperatures. It is natural that a, also depends on T as this defines the spectrum of
incoming radiation and this is clear because T, defines the state of the gas and therefore
its thermal properties. The surface is also here assumed to be gray. The coefficient
(s 1) 2 is an approximation for the effective emissivity of the solid.

The heat radiation coefficient is now

B (gs +1)a(€ f_a f)
= A =) . 45

In order to calculate ¢, and o, the e onentia ide band ode proposed in 5 can be
used. This model has been optimized and made more efficient computationally in 6 . The
model can treat mixtures containing H,O, CO,, CO, NO, SO, and CHy in, for example, a
non-radiating nitrogen gas. The model also takes into account the pressure and the optical
depth of the geometry. The gas emissivity function is

& :8( s 9 2 29 9 9 29 4)’ 46

where p is the pressure, L is the optical depth and x is the molar fraction of the individual
gas species. Note that the sum of the radiating gases can be smaller than one, 2x, < 1,
since the rest of the mixture can consist of non-radiating gases.

This model is applicable for the temperature range T = 300 K to 2500-3000 K and the
pressure range p = 0.5 to 20 bar. The optical depth L depends on the geometry and is
listed in the following table for the most common geometries 7. All surfaces are
assumed to be able to absorb radiation.

Geometry Characteristic dimension Optical depth (L)
1. Sphere Diameter (D) 0.63D

2.1 Cylinder (h = 0.5D) Diameter (D) 0.45D

2.2 Cylinder (h=D) Diameter (D) 0.6D

2.3 Cylinder (h =2D) Diameter (D) 0.73D

3.1 Cube (1x1x1) Any side (x) 0.6x

3.2 Cube (1x1x4) Shortest side (x) 0.81x

3.3 Cube (1x2x6) Shortest side (x) 1.06x

Table 1 a eso o ticadets orsi e eo etries

For dimensions not listed in Table 1 the optical depth coefficient can be interpolated or
extrapolated. A simple example is:
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Calculate the optical depth for a cube with the dimensions 1x4x7.

1. Extrapolated as a 1x1x7 cube using geometries 3.1 and 3.2 gives
Lix1x7=0.6 (0.81-0.6)- (7-1) (4-1) =1.02

2. Extrapolated as a 1x2.5x7 cube using geometries 3.2 and 3.3 gives
L1x2.5x7=0.81 (1.06-0.81) - (2.5-1) (2-1) =1.185.

3. These two results can then be used again to extrapolate into the 1x4x7 cube which
gives Lixax7=1.02 (1.185-1.02)- (4-1) (2.5-1) = 1.35. This is the answer since the
shortest side is x = 1.

The gas absorptivity at the surface temperature can be calculated using the same model if
two temperature correction factors are introduced. The function then becomes

1.5 0.5
a :8( s s {_‘J » 2 29 5 » 2 4)(_j 47

and as seen from the correction factors, the surface temperature T, is now also needed as

an input. For further information and detail on this model references 5 and 6 should be

consulted. The gas radiation calculation code used by HSC is based on code made by
a io o ainen.

Combined gas and particle radiation

A particle cloud emissivity can be calculated when the mean size of the particles and the
particle cloud geometry are known, according to 4

e =1-e , 48

where ¢, is the emissivity of a single particle, n, is the number of particles per unit
volume of cloud, L is the thickness of the cloud and A, is the average cross-sectional area
of the particle. If the particles in the cloud are not uniform in size, then the surface mean
diameter can be used according to

n
2
2.,
i=1

2
.  w

4 4inl_

i=1

) 49

where d; is the surface mean diameter and n; is the number of particles of the same
diameter d; The total gas and particle cloud emissivity can then be approximated as 7

£, =€ +&,-¢¢&,, 50

where ¢, is the particle cloud emissivity and €, is the gas emissivity calculated according
to the model behind equation 46 . The total gas and particle cloud absorptivity can be
approximated as

a . .=a +¢&,—-a &, 51
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where a, is the gas absorptivity calculated according to the model behind equation 47 .

Finally, the heat flux due to radiation from a gas and particle cloud to a surface is then
calculated according to 7

_ gs ( _ 4) 52
- o\¢ +c a +c s
Q. té —a &

and the heat radiation coefficient as

4 4
é‘SO'(é‘ +c - . )
= . 53
(CZ e TE +c€sx - s)
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13. EQUILIBRIUM MODULE

%4 E quilibrium Calculations

Equilibrium Compaosition, Main Menu

new Input File (give Elements)
Create new Input File (give Species)
Edit old Input File

Calculate Equilibrium Composition

Draw Ficture from Results
Print Input File

Print Results File

Help

Exit

Fig. 1. Equilibrium Module Menu.

This module enables you to calculate multi-component equilibrium compositions in
heterogeneous systems easily. The user simply needs to specify the reaction system, with
its phases and species, and gives the amounts of the raw materials. The program
calculates the amounts of products at equilibrium in isothermal and isobaric conditions.

The user must specify the substances and potentially stable phases to be taken into
account in the calculations as well as the amounts and temperatures of raw materials.
Note that if a stable substance or phase is missing in the system definition, the results will
be incorrect. The specification can easily be made in the HSC program interface, and the
input data file must be saved before the final calculations are made.

The equilibrium composition is calculated using the GIBBS or SOLGASMIX solvers,
which use the Gibbs energy minimization method. The results are saved in .OGI or

.OSG text files respectively. The post-processing PIC-program reads the result files and
draws pictures of the equilibrium configurations if several equilibria have been
calculated. The user can toggle between the equilibrium and graphics programs by
pressing the buttons shown in Figs. 1,4, 6 and 7.

The Equilibrium module reads and writes the following file formats:
L. .GEM-File Format

This file format contains all the data and formatting settings of each definition
sheet as well as the phase names, etc. The equilibrium module always saves this
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file regardless of which file format is selected for saving the actual input file for
equilibrium calculations. If you want to use formatting settings, please use the
Open Normal selection from File menu, see Fig. 4.

JGI-file Format

This file format contains the data for calculations for the GIBBS-solver only and it
can read these files.

JSG-file Format

This file format contains the data for calculations with the Solgasmix-solver only
and it can read these files.

DA2-file Format

This file format contains the data for calculations for the ChemSAGE 2.0 only. The
equilibrium module also reads .DA2-files, but not if solution model parameters
have been added to the file manually. ote ¢t at t is e ui ibriu so er is not
inc uded in

DAT-file Format

This file format contains the data for calculations for ChemSAGE 3.0 and 4.0 only.

The equilibrium module also reads .DAT-files, but not if solution model

parameters have been added to the file manually. ote ¢ at ¢ is e uiibriu
ro ra is not inc uded in

The equilibrium solvers GIBBS, Solgasmix and ChemSAGE deliver their results in
ASCII text-files. The PIC-module reads these files and generates graphics and tables as
described in Chapter 13.7.

There are three ways of creating an input file ( .IGI, .ISG):

L.

Press the top button in the menu, see Fig. 1. Then specify the elements which are
present in your system, see Fig. 2. The HSC-program will search for all the
available species in the database and divide them, as default, into gas, condensed
and aqueous phases. The user can then edit this preliminary input table.

Press the second button of the menu if you already know for sure the possible
substances and the phases of the system, see Fig. 1.

Press Edit Old Input File if you already have an input file which can be used as a
starting file. Edit the input table and save it using a different name, see Fig. 1.

If you only want to calculate the equilibrium compositions with the existing .IGI-files
press Calculate, see Fig. 1. If you want to draw pictures from the existing .OGI files
made by the GIBBS-solver press Draw, see Fig. 1. Using Print you can get a paper copy
of the .IGIand .OGI files.
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13.1 Starting from defining the Elements

GEE Elements of the System =]

1A Please zelect Elements: gA
H |24 [NICO 3A 4A 5A bBA 7A He
Li | Be B ‘ C | M I] F | He

Al Si‘F S | O &

Na Mo |38 48 5B 6B 7B 8B 8B 8B 1B 2B

K. | Ca Sc  Ti L) Cr Mn Fe | Co| Ni Cu Zn Ga Ge| As 5e Br K

Bb St Y Zi | Nb Mo | Tc Ru BRh Pd Ag | Cd In Sn Sh| Te | Xe

At | Bn

Cz | Ba  La| HF | Ta | W | He | 0Oz Ir Pt | Au | Hg| Tl Pb | Bi | Po

Fr | Ha  Ac

Ce | Pr Hd |Pm S5m | Eu Gd | Th | Dy | Ho| Er | Tm "r'h‘Lul

Th | Pa U |MHp Pu|Am Cm | Bk | CfF | Ez | Fm 1

Search Mode:
[+ Gases [+ Condensed [T Agqueous ions [T Organic [> 2 C). Carbon Limits:
[ Gas lons [ | Ligquids [~ Aqueous neutral l

Exit Help M aximum number I 4000 1.4

Fig. 2. Specifying the elements of the system.

If you do not know the substances of the system you may also start by specifying its
elements, i.e. a selection of the system components. The elements selected will be
displayed in the Elements Window, see Fig. 2. After pressing Elements in the
Equilibrium Menu, see Fig. 1, you can continue with the following steps:

1. Select one or more elements: Press buttons or type the elements directly into the
box. Try for example Ni, C, O, as given in Fig. 2. Do not select too many elements,
to avoid a large number of species. In practice 1 - 5 elements is OK

2. Select the form of species from Search Mode in which you are interested. You
may specify up to 9 carbon limits for the organic species, for example 4, 6, 7.

3. Press OK and you will see the species found, see Fig. 3. The HSC-program will
search for all species which contain one or more of the elements given, first from
the Own database and, if not found there, from the Main database.

By decreasing the number of species you may increase the calculation speed and make
the solution easier. Therefore select only those species, which you are sure to be unstable
in your system and press Delete Selected. Be careful, because if you delete the stable
ones the calculated equilibrium results will be incorrect. If you are not sure of some
substance then do not delete it.
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If you want to use only some of the species in the calculations then select only these and
press Delete Unselected, which will remove the unnecessary species.

Especially if you have selected C and or H among the other elements you will get a very
large number of species for the calculation and you are advised to decrease the number of
species. See Chapter 13.4 for selection criteria for phases and species.

B4 Database Path: C:\AH5C5\Databazes\MainDB5 HSC

Nickel oxide, Barin 83, SGTE 99, Landolt 01 I 298 K I 4000 K

iz 4+ |55

Species 4000 max
I 27

Delete Selected

Delete Unzelected

Select Class 1

Peep Databaze

Print Species

Help |

~Sort Species To: ——
f* Phaszes

b e e - Gas. Aqua. Pure
with sorting

~ Gas. Aqua. Pure
with no sorting

Return Continue

Fig. 3. Deleting undesired species.

If there are some odd species in the list then you can double click that formula in the list
or press the Peep Database button and see the whole data set of the species in the
database. If you want to remove it press Remove in the Database Window. This will
remove the species from the list but not from the database.

When making first time calculations it may be a good idea to take a paper copy of the
species selected by pressing Print. Then you can also easily add or delete species in the
following window, see Fig. 4.

The species have been divided into rough reliability classes in the database you may
select the species available in the most reliable class 1 by pressing Select Class 1.

You may also set the sorting order for the species using the option buttons above the
Continue button. The sorting order will determine the order of species in the Equilibrium
Editor, see Fig. 4.
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When you have finished deleting the species, press Continue and you will return to the
Equilibrium Editor window, see Fig. 4.



HSC Chemistry® 5.0 13-6

A. Roine une 28, 2002 02103-ORC-T

13.2 Giving Input Data for Equilibrium Calculations

EEquilihrium Calculations C:AHsch\GibbzAMico igi

File Edt “iew Ingert Delete Fommat Uitz Calculate Help

b R

SPECIES Temper. Amount Amount Step Step Activity | 1%
Formula C lemol L] kol L4 Coeff. L

1 [GASES 4000 100,000

2 [COE) 25,000 4,000 100.000 1.000

3 (COZE 23000 1.000

4 |[C200E 23000 1.000

5 |C3030a 25000 1.000

6 [Nig 25000 1.000

7 |N{CONM(E) 25.000 1000

g [NiD(g 25000 1.000

0 |0g 25000 1.000

10 ELEMENTS 1000 106000

11 Hi 25 .EIEIEII 1 .EIDEI! 100.000 1.000

12

13

14

15

16

17 -

4 1[\ Species /A Opfions / [4] | LI_‘

E xit | Inz Phaze | DelF‘hase| InsFi-:uw| DE|HDWI Open I C:hHzecBhGibbs Mico.igi | Sarve | Gibbs |

Fig. 4. Specification of the species and phases for the reaction system.



HSC Chemistry® 5.0 13-7

A. Roine une 28, 2002 02103-ORC-T

EEquilihrium Calculations C:AHsch\GibbzAMico igi

File Edt “iew Ingert Delete Fommat Uitz Calculate Help

S R

Header:
|

Equilibrium Calculation Mode:

™ Increase Amount Mumber of Steps: III
in b aw

M| Increase Temperature Temperature Range: | 0.000 " 300.000 "I:
alls] b am

™ Increase Pressure E quilibrium Pressure | 1.000 | 1.000 |I:|ar

Other Options:

[T Pure Substances in the Last Phaze [Irveariant Phazes)

¥ Mixing Entropy Conversion for Agqueous Species

M| Criss-Cobble File Farrat: IGihh5 j

4| v [\ Species A Options 4 |

Exit | Inz Phaze | DelF‘hase| InsFi-:uw| DE|HDWI Open I C:hHecBhGibbs Mico.igi | Sarve | Gibbs |

Fig. 5. Specification of the calculation mode.
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The Equilibrium Editor consists of two sheets for determining the conditions of the
equilibrium calculations. In Species and Options sheets, Figs. 4 and 5, you give all the
data required to create an input file for the equilibrium solvers and for calculating the
equilibrium compositions. Equilibrium calculations are made in three steps:

1. The user gives the necessary input data using the Species and Options sheets in the
Equilibrium Editor Window, Fig. 4, and saves this data as a text file.

2. The equilibrium compositions will be calculated using the equilibrium solvers,
which read the input-files and save the results in corresponding output-files.

3. Theresults in the output-file can be further processed to graphical form by pressing
Draw in Fig. 1 or 6 if several successive equilibria have been calculated.

he most demanding step is the selection o the species and phases ie the de inition o
the chemical system This is done in the Species sheet of the Equilibrium Editor, Fig. 4.
You can move around the table using the mouse, or Tab and Arrow keys. The other
things which you should consider are:

1. Species (substances, elements, ions...)

2. Phases

You may write the names of the species directly into the Species column, without a
preliminary search in the Elements window. If you have made the search on the basis of
the elements you already have the species in the Species column.

You can check the names and the data of the species by pressing the right mouse button
and selecting Peep Database from the popup menu. If you press the Insert button you can
collect species for the equilibrium calculations sheet. Pressing Remove will remove an
active species from the equilibrium calculations.

You can insert an empty row in the table by selecting Row from the Insert menu or
pressing the right mouse button and selecting Ins Row from the popup menu.

Rows can be deleted by selecting Row from the Insert menu or by pressing the right
mouse button and then electing Del Row from the popup menu.

You can change the order of the substances by inserting an empty row and using the copy
- paste method to insert substance in the new row. The drag and drop method can also be
used. Ho e er it is extremely important to mo e the hole ro beca se there is a lot
o a Xxiliary data in the hidden col mns on the right side o the sheet.

Please keep the Copy Mode selection on in the Edit menu when rearranging species.
This will force the program to select the whole row. When formatting the columns and
cells, turn off the Copy Mode selection in the Edit menu.

Use the (1)-suffix for a species only if you want to use the data of liquid phases at tempe-
ratures below its melting point. For example, type SiO2(l) if SiO2 is present in a liquid
oxide phase at temperatures below the melting point of pure SiO2. See Chapter 28.2.

The species selected in the previous step must be divided into physically meaningful
phases as determined by the phase rows. This finally defines the chemical reaction system
for the equilibrium calculation routines. Definition of the phases is necessary because the
behavior of a substance in a mixture phase is different from that in pure form. For
example, if we have one mole of pure magnesium at 1000 C, its vapor pressure is 0.45
bar. However, the magnesium vapor pressure is much smaller if the same amount has
been dissolved into another metal.
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The phase rows must be inserted in the sheet using Phase selection in Insert menu or
using the same selection in the popup menu of the right mouse button. The Equilibrium
module makes the following modifications to the sheet auto atica  when you insert a
new phase row in the sheet and:

1. Asks a name for the new phase, which you can change later, if necessary.

2. Inserts a new empty row above the selected cell of the sheet with a light blue
pattern.

3. Assumes that all rows under the new row will belong to the new phase down to the

next phase row.

4. Inserts new Excel type SUM formulae in the new phase row. These formulae
calculate the total species amount in the phase using kmol, kg or Nm’ units.

When the insert procedure is ready, you may edit the phase row in the following way:
1. The phase name can be edited directly in the cell.

2. The phase temperature can also be changed directly in the cell and it will change
the temperatures of all the species within the phase.

3. Note that you can not type formulae to the amount column of the phase row,
because the SUM formulae are located there.
You can change the amount of species in a phase using kmol, kg or Nm’ units,
simply by typing the new amount to the corresponding cell. The program will
automatically update the total amount and the composition of the phase.

The first phase to be defined is always the gas phase, and all gaseous species must exist
under the gas phase row. Species of the same phase must be given consecutively one after
another in the table. As default, HSC Chemistry automatically relocates all the gaseous
species, condensed oxides, metals, aqueous species, etc. into their own phases if you start
from the give Elements option, see Fig. 1. The final allocation, however, must be done
by the user.

If there is no aqueous phase, all aqueous species must be deleted. Note that if you have an
aqueous phase with aqueous ions, you must also have water in the phase

If you expect pure substances (invariant phases) to exist in the equilibrium configuration,
insert them as their own phases by giving them their own phase rows or insert all these
species under the last phase row and select the Pure Substances in the Last Phase
option, see Fig. 5. Formation of pure substances is possible especially in the solid state at
low temperatures. For example, carbon C, iron sulfide FeS2, calcium carbonate CaCO3,
etc. might form their own pure phases.

One of the most common mistakes is to insert a large amount of relatively inert subs-
tance to the mixture phase. For example, large amounts of solid carbon at 1500 C do not
dissolve into molten iron. However, if these both species are inserted into the same phase
then the equilibrium program assumes that iron and carbon form an ideal mixture at 1500

C. This will, for example, cause much too low vapor pressure for the iron. Therefore
carbon should nearly always be inserted into its own phase at low temperatures.

3. Input Temperatures of the Species

Input temperatures for the raw material species are essential only in the equilibrium heat
balance calculations, i.e. if you provide some input amount for a species you should also
give its temperature. The input temperature does not affect the equilibrium composition.
You may select the temperature unit by selecting C from the Units menu, see Fig. 4.
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4. Amount of the Species

In this column you give the input amounts of the raw material species. The most
important thing for the equilibrium composition is to give the correct amounts of
elements to the system. You may divide these amounts between the species as you like. If
the correct heat balance is required, you must divide the amounts of elements exactly
into the same phases and in a similar manner as in the real physical world.

You may choose between kmol or kg Nm?3 units by selecting mol or kg from the Units
menu. Note that kilograms refer to condensed substances and standard cubic meters

(Nrn3) to gaseous substances, see Fig. 4.

5. Amount Step for Raw Materials

If you wish to calculate several successive equilibria you give an incremental step for one
or more raw material species. Then the programs automatically calculate several
equilibria by increasing the amount of this species by the given step. Please remember to
select the Increase Amount option, see Fig. 5, and give also the number of steps. The
maximum number of steps which can be drawn is 251 for the GIBBS solver and 50 for
Solgasmix solver. Some 21 - 51 steps are usually enough to give smooth curves to the
equilibrium diagram.

You may give step values for several species simultaneously. For example, if you want to
add air to the system give a step value for both O2(g) and N2(g). Please do not forget to
specify the number of steps, if a diagram is to be drawn from the results.

6. Activity Coefficients (in Gibbs-solver)

The simple definition of Raoultian activity is the ratio between vapor pressure of the
substance over the solution and vapor pressure of the pure substance at the same
temperature.

a p(over solution) p(pure) 1

Activity coefficient describes the deviation of a real solution from an ideal mixture.
Activity coefficient f is defined as the ratio between activity a and mole fraction x of the
species in the mixture.

f a x 2

In an ideal solution they are therefore defined as a x and f 1. As a default in
GIBBS and SOLGASMIX, the activity coefficient of a species in the mixture phases
is always 1. However, if non-ideal activity coefficients are available they may be
introduced in the right column. Only simple binary or ternary expressions can be utilized
directly by the GIBBS solver within HSC, such as:

Ln(f) = 8495 T-2.653

Ln(f) = 0.69 56.8 X24 5.45 X25

Ln(f) = -3926 T

Ln(f) = -1.21 X7 2-2.44 X8 2

where:

T = Temperature in K

X24 = Mole fraction of the species with a row number 24 in the sheet.
f = Activity coefficient.

Formulae are written using the same syntax as in Excel, the defined names T and P are
available for temperature and pressure. Mole fractions are given as cell references to
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column X. Please note that the returning values of the formulae are insignificant, because
the mole fraction values in column X are zero, see Figs. 16 - 17.

You may add any kind of heading for the input file, see Fig. 5. The maximum number of
characters allowed in the heading is 80. The PIC post-processing program automatically
adds the heading to the diagrams, see Figs. 11 and 17.

8. Equilibrium Temperature

Equilibrium will be calculated at this temperature, and each equilibrium is isothermal and
thus has a constant temperature throughout the system, see Fig. 5. You may also give the
temperature range if you wish to calculate several sequential equilibria. Please remember
to also select the Increase Temperature option and give the Number of Steps, sce Fig.
5. Several equilibria are needed in order to create graphics from the results.

Temperatures in the Species Sheet, Fig. 4, have no effect on the equilibrium
compositions. They are only needed if the reaction enthalpy is necessary to calculate
correctly, see Chapter 13.7.1, Fig. 10 and Y-Axis selections.

9. Equilibrium Pressure

Equilibrium calculations are always made in constant pressure or in isobaric conditions.
Normally a total pressure of 1 bar is used, and it is also given as default in HSC. In
autoclave or vacuum furnace applications you may need to change the pressure. You can
also increase pressure incrementally by giving a Pressure Range, please remember to
also define the Increase Pressure option for this selection, see Fig. 5

The total pressure P has effect on gas phase activity values aj in formula 3. The fugacity
Fi of gas species i may be calculated from this value with formula 4.

aj P xi 3
Fi ai 1bar 4

10. Number of Steps

If you have defined increments (steps) for raw material species or specified a temperature
or a pressure range then you should also give the Number of Steps required, see Fig. 5
The maximum number of steps in Gibbs solver is 251 and for Solgasmix the maximum
available is 51. Usually 21 - 51 steps give quite smooth curves in the equilibrium
diagram. A large number will only give more points to the picture and a longer
calculation time.

If you have given an amount step for a raw material species, the calculations should be
made using an increasing species amount. If you have given a temperature or pressure
range, then the calculations should be made by increasing the temperature or pressure. No
simultaneous increments in composition, temperature and pressure are allowed. Please do
not forget to select the correct increase option, see Fig. 5

11. Criss-Cobble and Mixing Entropy of Aqueous Species
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HSC will utilize Criss-Cobble extrapolation for the heat capacity of aqueous species at
elevated temperatures (25 C) if the Criss-Cobble option is selected, Fig. 5 Refer to the
details in Chapter 28.4. Note that:

A) It is necessary to select the Mixing Entropy option for the GIBBS and
SOLGASMIX routines. In this case, the activities of the results will be presented
on the Raoultian scale which is based on mole fractions, see Chapter 13.3.

B) It is not recommended to select the Mixing Entropy option for the ChemSAGE or
for the SOLGASMIX if the conventional activity coefficients of aqueous species
are to be given in the FACTOR subprogram.

If the Criss-Cobble and Mixing Entropy options are not selected for the GIBBS or
SOLGASMIX programs, then the activity coefficients of aqueous species may be set to
55.509 X(H20), which will convert the Raoultian activity scale to the aqueous activity
scale. This trick will also give the activities of the results on an aqueous scale, where the
concentrations units are expressed as moles per liter of H20 (mol 1).

12. GIBBS, SOLGASMIX and ChemSAGE File Format

With this option you can select the input file formats accepted by the GIBBS,
SOLGASMIX3 or ChemSAGE?* Gibbs energy minimization routines, Fig. 5

If you save the file in GIBBS format you can carry out the calculations in HSC Chemistry
with the GIBBS-solver by pressing Gibbs. If you have selected SOLGASMIX format
you can carry out the calculations with a modified SOLGASMIX-solver by pressing
SGM, see Fig. 5 ChemSAGE is a separate software product, which is not included in the
HSC Chemistry package.

Note: the activity coefficients and formulae specifications, see Fig. 4 are valid only in the
GIBBS-solver. Non-ideal mixtures for SOLGASMIX and ChemSAGE must be defined
separately.

13. Pure Substances ( Invariant phases )

The SOLGASMIX and ChemSAGE solvers require information on the number of pure
substances defined in the system. The internal name for pure substances in the programs
is the invariant phase, referring to the fixed or invariant composition of a pure substance.
All species in the last substance group can be set to be pure substances with the Pure
Substances in the Last Phase option, see Fig. 5

14. File Save and File Open

15. Exit

You must first save the input data for the calculations, see Figs. 4 and 5. When this is
done you may activate the equilibrium program and carry out the calculations. With
File Open you can read an old input file for editing. Note that from File menu you can
easily select file types for Open and Save. Note also that the .IGI, .ISGand .DAT file
types do not save edited phase names and formatting settings. The Equilibrium module
always saves automatically a .GEM file which can be used to return these settings.

If you want to return to the previous menu press Exit. Remember, however, to save your
input data first
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13.3 Aqueous Equilibria

Equilibrium calculations of aqueous solutions can be made in a similar manner as
presented previously for non-electrolyte solutions. However, some points need special
attention (see also Chapter 28.4 for information of aqueous species):

L.

Always remember to add water to the aqueous phase. For example, 55.509 mol (=
1 kg) is a good selection if the amount of ions is some 0.01 - 5 moles.

Add some charged species (electrons) to the system, for example, by 0.001 mol
OH(-a) and the same amount of H( a). Be sure to maintain the electronic neutrality
of the system if you will carry out the calculations with the Gibbs solver.

If you are calculating, for example, the dissolution of 1 mole of CaCO3 into water
and you have stoichiometric raw material amounts, please also add a small amount
of O2(g) to the gas phase, for example, 1E-5 moles. If you have stoichiometric
NaCl in the system please add a minor amount of CI2(g) to the gas phase (1E-5
mol). These tricks help the GIBBS and SOLGASMIX solvers to find the
equilibrium composition in cases of fully stoichiometric overall compositions.

HSC converts the entropy values of aqueous components from the _o a it sca e to

o0 e raction scale if the Mixing Entropy option is selected, Fig. 33. Therefore,
the entropy values in the input files are not the same as in the HSC database.
Identical results will be achieved if the Raoultian activity coefficients of the
aqueous species are changed to 55.509 X(H20) which converts the Raoultian
activity scale to the aqueous activity scale.

For some aqueous species only G values are available at 25 C. These can be saved
in the database as H values if S = 0. Note, however, that these can only be used in
the calculations at 25 C.

You may check the equilibrium results by doing simple element balance checks or
comparing the equilibrium constants. For example, you can calculate the
equilibrium constant for reaction 18 using the Reaction Equations option at 25 C,
see Fig. 12:

H20 H( a) OH(-a) K 1.020E-14 5

You may also calculate the same equilibrium constant from the equilibrium results
of the GIBBS program using equation 10 in Chapter 8. Introduction. You can read
the necessary molal concentrations, for example, from the equilibrium results
HSC3 CaC03.0dl file, see Table 1. This calculation should give nearly the same
results as the Reaction Equation option.

H( a) OH(-a) 4.735E-13  2.159E-2
K = = 1.023E-14 6
H20 55.468 55.509

INPUT AMOUNT E UIL AMOUNT MOLE FRACT ACTIVITY ACTIVITY

PHASE 1: mol mol COEFFICI

N2(g)
H20(g)
02()
CO2(g)

1.0000E 00 1.0000E 000 9.683E-01 1.00E 00 9.683E-01
0.0000E 00 3.2678E-002 3.164E-02 1.00E 00 3.164E-02
1.0000E-05 1.0000E-005 9.683E-06 1.00E 00 9.683E-06
1.0000E-03 1.5986E-013 1.548E-13 1.00E 00 1.548E-13
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Total :

PHASE 2 :

H20
CO3(-2a)
C204(-2a)
Ca( 2a)
CaOH( a)
H( a)
HCO2(-a)
HCO3(-a)
HO2(-a)
OH(-a)
Total :

1.0010E

5.5500E
0.0000E
0.0000E
1.0000E
0.0000E
0.0000E
0.0000E
0.0000E
0.0000E
2.0000E
5.8500E
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00
00
00
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1.0327E 000 1.000E 00

MOLE FRACT

5.5468E 001 9.994E-01 1.00E 00 9.994E-01
4.7507E-007 8.560E-09 1.00E 00 8.560E-09
8.0560E-061 0.000E 00 1.00E 00 0.000E 00
1.0797E-002 1.945E-04 1.00E 00 1.945E-04
1.4656E-010 2.641E-12 1.00E 00 2.641E-12
4.7348E-013 8.531E-15 1.00E 00 8.531E-15
8.1514E-048 0.000E 00 1.00E 00 0.000E 00
4.9071E-009 8.842E-11 1.00E 00 8.842E-11
1.1549E-020 2.081E-22 1.00E 00 2.081E-22
2.1593E-002 3.890E-04 1.00E 00 3.890E-04
5.5501E 001 1.000E 00

Table 1. A part of the equilibrium result file HSC5 GIBBS CaCO3.0GL
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13.4 General Considerations

Although equilibrium calculations are easy to carry out with HSC Chemistry, previous
experience and knowledge of the fundamental principles of thermodynamics is also
needed. Otherwise, the probability of making serious errors in basic assumptions is high.

There are several aspects, which should be taken into account, because these may have
considerable effects on the results and can also save a great deal of work. For example:

L.

Before any calculations are made, the system components (elements in HSC
Chemistry) and substances must be carefully defined in order to build up all the
species and substances as well as mixture phases which may be stable in the
system. Phase diagrams and solubility data as well as other experimental
observations are often useful when evaluating possible stable substances and
phases.

Defining all the phases for the calculation, which may stabilize in the system, is as
important as the selection of system components. You may also select a large
number of potential phases just to be sure of the equilibrium configuration, but it
increases the calculation time and may also cause problems in finding the
equilibrium.

The definition of mixtures is necessary because the behavior of a substance
(species) in a mixture phase is different from that in the pure form. The
microstructure or activity data available often determines the selection of species
for each mixture. Many alternatives are available even for a single system,
depending on the solution model used for correlating the thermochemical data.

ote the same species may exist in several phases simultaneously their chemical
characters in such a case are essentially controlled by the mixture and not by the
individual species.

If you expect a substance to exist in the pure form or precipitate from a mixture as
a pure substance, define such a species in the system also as a pure (in ariant
phase. This is often a valid approximation although pure substances often contain
some impurities in real processes. All species in the last phase can be set to be pure
substances using the Pure Substances in the Last Phase option, see Fig. 5

The raw materials must be given in their actual state (s, I, g, a) and temperature if
the correct enthalpy and entropy values for equilibrium heat balance calculations
are required. These do not affect the equilibrium compositions.

Gibbs energy minimization routines do not always find the -equilibrium
configuration. You may check the results by a known equilibrium coefficient or
mass balance tests. SOLGASMIX provides a note on error in such cases. It is
evident that results are in error if you get random scatter in the curves of the
diagram, see Figs. 11, 17 and 19. You can then try to change species and their
amounts as described in Chapter 13.2 (2. Phases, 4. Amount of Species).

Sometimes when calculating equilibria in completely condensed systems it is also
necessary to add small amounts of an inert gas as the gas phase, for example, Ar(g)
or N2(g). This makes calculations easier for the equilibrium programs.

It may also be necessary to avoid stoichiometric raw material atom ratios by
inserting an additional substance, which does not interfere with the existing
equilibrium. For example, if you have given 1 mol Na and 1 mol Cl as the raw
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materials and you have NaCl as the pure substance, all raw materials may fit into
NaCl due its high stability. The routines meet difficulties in calculations, because
the amounts of all the other phases and species, except the stoichiometric one, go to
zero. You can avoid this situation by giving an additional 1E-5 mol CI2(g) to the
gas phase, see Fig. 46.

9. uite often the most simple examples are the most difficult ones for the Gibbs
energy minimization routines due to matrix operations. However, the new GIBBS
4.0 version usually finds the solution for the simple systems too, such as the two
phase H20(g) - H20 -system between 0 - 200 C.

10. Sometimes a substance is very stable thermodynamically, but its amount in
experiments remains quite low, obviously due to kinetic reasons. You may try to
eliminate such a substance in the calculations in order to simulate the kinetic
(rate) phenomena, which have been proven experimentally.

11. It is also important to note that different basic thermochemical data may cause
differences to the calculation results. For example, use of HSC MainDB4.HSC or
MainDB5.HSC database files may lead to different results.

The definition of phases and their species is the crucial step in the equilibrium
calculations and it must be done carefully by the user. The program is able to remove
unstable phases and substances, but it can not invent those stable phases or species which
have not been specified by the user. The definition of phases is often a problem,
especially if working with an unknown system.

Usually it is wise, as a first approximation, to insert all gas, liquid and aqueous species in
their own mixture phases, as well as such substances which do not dissolve into them, for
example, carbon, metals, sulfides, oxides, etc. in their own invariant phases (one species
per phase), according to basic chemistry. If working with a known system it is, of course,
clear to select the same phase combinations and structural units for the system as found
experimentally. These kinds of simplifications make the calculations much easier and
faster.

The user should give some amount for all the components (elements) which exist in the
system for Gibbs solver. However, Solgasmix solver is also able to reduce the number of
components (elements) automatically if a component is absent in the raw materials.

It is also important to understand that due to simplifications (ideal solutions, pure phases,
etc.) the calculations do not always give the same amounts of species and substances as
found experimentally. However, the trends and tendencies of the calculations are usually
correct. In many cases, when developing chemical processes, a very precise description of
the system is not necessary and the problems are often much simpler than, for example,
calculation of phase diagrams.

For example, the user might only want to know at which temperature Na2SO4 can be
reduced by coal to Na2S, or how much oxygen is needed to sulfatize zinc sulfide, etc.:

The Na2SO4.IGI example in the HSCS5 GIBBS directory shows the effect of temperature
on Na2S04 reduction with coal the same example can be seen also in the HSC color
brochure, page 3. The calculated compositions are not exactly the same as found
experimentally, but from these results we can easily see that at least 900 C will be needed
to reduce the Na2SO4 to Na2S, which has also been verified experimentally.
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The real Na-S-O-C-system is quite complicated. In order to describe this system precisely
from 0 to 1000 C, solution models for each mixture phase would be needed to describe
the activities of the species. Kinetic models would also be necessary at least for low
temperatures. To find the correct parameters from the literature for all these models might
take several months. However, with HSC Chemistry the user can get preliminary results
in just minutes. This information is often enough to design laboratory and industrial scale
experiments.
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Limitations

The present version of the GIBBS program has no limitations as to numbers of substances
and phases because it uses dynamic arrays. However in practice, 3 - 250 speciesand 1 - 5
phases are suitable numbers to carry out the calculations within a reasonable time.

Although the maximum number of rows in the spreadsheet editor used in Fig. 4 is 16384,
the practical maximum number of species is much smaller. The maximum number of
equilibrium points, which can be drawn on the Equilibrium diagram, is 251. However, a
much smaller number of equilibrium points usually give smooth curves to the diagram.

The modified SOLGASMIX provided in the HSC package has the following limitations:

- maximum number of components 20
- maximum number of mixtures 31
- maximum number of pure substances ( invariant phases ) 30
- maximum number of species in the mixture phases 150
- maximum number of Cp ranges in input files 7

- SGM neglect phase transitions 298.15 K

The most important limitation of the old GIBBS 2.0 was that, in some cases, only one
pure substance was allowed. Otherwise the program provided unpredictable results. If
pure substances (invariant phases) do not, however, contain the same elements, several of
them are usually accepted. You can avoid this limitation by putting a minor amount of
dissolving species into such a pure substance and defining it as a solution phase. In any
case, the new GIBBS 5.0 is much more reliable in these situations.

At least a tiny amount for all elements defined in the system must be given as input if you
use the GIBBS routine. For example, if you have any Fe-containing species in the system,
you must also give some Fe to the raw materials.

SOLGASMIX can handle systems with several pure substances usually without
difficulty. It also can calculate equilibria in systems smaller than originally defined in
HSC. The SOLGASMIX routine can therefore treat systems with less components than
defined in its input file and thus a certain system component may be absent in the raw
materials.

The SOLGASMIX provided with the HSC package is a modified version of the original
code from the University of Ume , Sweden. The modification allows the use of grams as
input and in this case the result is given both in molar fractions and moles as well as in
weight percentages and grams. The input file has therefore additional rows for each
system components (elements). The locations and contents of these rows can be found in
the input file listing in Chapter .  wiibriu sa  es.

If you have an aqueous phase with ionic species you should also be sure to maintain
electric neutrality in the system, because the GIBBS solver treats electrons in the same
way as elements. SOLGASMIX can usually handle a small deviation from the electron
neutrality.
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13.6 Calculation Routines
13.6.1 GIBBS Equilibrium Solver

T GIBBS - 10| x|

Calculation of Equilibrium Composition ¥. 5.0

Copyright Outokumpu Research Oy, Pori, Finland. 1974 - 2002
Talonen T. Eskelinen J. Syvajarvi T and Roine A

Press Calculate Button |

Calculating I 0 equilibrium composition of I 1

Input and output Files:
IE:\HSEE\Eihhs‘\Nicu.igi

IE:'\HSEE‘\Eihhs‘\N ico.0GI

[ Use previous results az initial guess

I~ Fast calculations ¥ Dampen achivity

Advanced I

Exit I Help Calculate I Draw Diagram

Fig. 6. GIBBS equilibrium solver.

Equilibrium calculations in the GIBBS routine are made using the Gibbs energy
minimization method. The GIBBS program finds the most stable phase combination and
seeks the phase compositions where the Gibbs energy of the system reaches its minimum
at a fixed mass balance (a constraint minimization problem), constant pressure and

temperature. This method has been described in detail elsewhere?.

Operation Instructions

1. Select .IGI file for calculations by pressing File Open, if the file is not already
selected.

2. Use previous results as the initial guess option will slightly speed up calculations,
but it is recommended to disable this option, because sometimes GIBBS does not
give valid results with this option. The default setting is off.

3 Fast calculations option will speed up the calculations - the default value is on.
4 Press Calculate and wait for the All Calculated message.

5. Press Draw Diagram if you want the results in graphical form.
6

Press Exit to return to HSC.

Advanced options belong to properties not supported yet, these may be available in the
next HSC version as tested and supported form.
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13.6.2 SOLGASMIX Equilibrium Solver

&Y SolG asMix =]

SolGasMix

Gunnar Erikzson. Osmo Teppo. 1985

SGM File C:AHSCHASGM.EXE

Input File C:3\Hsch\GibbsANICO 156G

Output File C:%\HscH5\Gibbs\NICO.0SG|

Help Prezs Calculate Button |

Exit Calculate M Draw Diagram
k4]

Fig. 7. Message box of the SOLGASMIX program.

The SOLGASMIX equilibrium routine has been integrated in the HSC Chemistry
package in a different way to the GIBBS routine, because it is not a Windows-based
program. No own icon is provided, but the program has been connected with the HSC
interface through a direct data link using files.

The SOLGASMIX routine uses a similar Gibbs energy minimization calculation method
as the GIBBS program. All its mixture phases can be defined as non-ideal mixtures in the
FACTOR subroutine, but this option is not supported by HSC interface. For further
reference, the original input guide and the thesis of Gunnar Eriksson should be

consulted®.

The original SOLGASMIX code has been modified to accept grams instead of moles as
input amounts. The equilibrium composition in the gram mode is given both as a
conventional table with moles and mole fractions and also as grams and weight
percentages. The alterations in the input files due to this modification can be found in
Chapter . wiibriu sa es.

SOLGASMIX can also be activated in the HSC directory as an independent, stand-alone
equilibrium solver. In this case, its input file name created in HSC must be defined as
INPUT. The equilibrium calculations results will be stored with the file name RESULT.
Equilibria calculated as a function of temperature, pressure or other process variables can
be later post-processed to graphics using the PIC-module by HSC Chemistry.

You may run SOLGASMIX by pressing SGM when SGM format has been selected, see
Fig. 5, or by selecting Solgasmix in the Calculate menu. Wait for the calculations until
Draw Diagram is activated, see Fig. 7. After calculations you can draw a diagram from
the results by pressing Draw Diagram or return to Equilibrium Window by pressing
Exit.
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13.7 Drawing Equilibrium Diagrams

Eﬂ-ﬁpecies of the System _ O] x|
Select one Species for X - axis Species: | 9 Help

Ni[CO)4([g)
NiO(qg)

02[q]
2 Mi

Exit File Dpen C:A\Hzch\Gibbz\Mico. OGI oK |

Fig. 8. Selecting the x-axis for an Equilibrium Diagram.
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Eﬂ-ﬁpecies of the System _ O] =]
Select Species for Y - axis Species: | 9 Help |

Os TI
P Tm
Pa U

CO[g)
CD2(q)
C20(g)

Ni(g)

Ni[CO)4[qg) Pm Xe
Nil|[g

1
1
1
1
1
1
1
1
£ 2

Cancel File Open C:AHsch\Gibbz\Mico 0GI (0] 4 |

Fig. 9. Selecting the x-axis for an Equilibrium Diagram.
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The PIC post-processor draws diagrams on the basis of the output files of the GIBBS
program ( .OGl-files), as well as from the SOLGASMIX ( .OSG) and ChemSAGE
( .RES) result files. These diagrams can be drawn, for example, as a function of a
specified reactant amount or equilibrium temperature. Start the PIC program by pressing
Draw in Fig. 6 or 7 and follow these instructions:

L.

Select the .OGI file for diagram by pressing File Open if not yet selected, see Fig.
8. This file contains the results of the equilibrium program.

Select the species or temperature for the x-axis by clicking the desired item in the
list box using the mouse. The program shows the recommended selection with an
arrow, which is the variable used in the calculations, see Fig. 8.

Press OK.

Select the species for the y-axis by keeping Ctrl Key down and clicking with the
mouse. Sometimes it is convenient to select only those species, which contain the
same element, for example Ni, for one diagram. This can easily be done using the
element list, see Fig. 9. In standard cases you can get more illustrative diagrams by
drawing all gaseous species on one diagram and all other species on another.

The number of selected species is not limited. All species included in the
calculation can be selected to the diagram.

Press OK.
Note: You can return to HSC by pressing Cancel or Exit.
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" Achivity Coefficient

" Input Amount

i+ Equilibrium Amount
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- Sorting Order of Species — Temperature —— — Amount-
&+ Largest Amount First ~ C *  kmol
= DOriginal f Bk " kg

Mumber of Species in Diagram: I 4
Species Help | Table

Fig. 10. Selecting data type for the x- and y-axis.

In this menu you can select the data type for the diagram. Usually you may accept the
default selections by pressing Diagram, but the output may be modified. For example,
you can draw the composition of a gas phase by clicking Equilibrium Compositions
option for the y-axis instead of Equilibrium Amount. All the species in one phase must
be selected if composition of this phase will be drawn to the diagram.

If you are working with an aqueous system you will get a pH option for the X - Axis.
This option will draw the results as a function of pH.

By pressing Species you will return to the previous window, see Fig. 9.
If you only want the results in tabular format, press Table.

You can also sort the species in descending order, or leave them in the original order
using Sorting Order of Species option. This selection will determine the order of species
in the results table.

Temperature and amount units may be selected using the Temperature and Amount
options.

The number of species is not limited, and all the species included in the equilibrium
calculations can be selected to the diagram.
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13.7.2 Result Graphics (Equilibrium Diagram)

Bl Equilibrium Picture

File Edit Inzert Delete Fommat Show  Help
kmol File: C:\Hsc5'Gibhs'\Mico .OGI
4.0

is

30 /
25

20 /

15

s WCOM(g - / MNi
0s /

o0 ] Temperature
] 50 100 150 200 250 300 C

Effect of temperature on the stahility of Ni(C OM (=)

COGg)

E xit | Axis | Table | Font | Draw |Save Yec. | Save Has_I Copy | Print Eull Print B'w'l

Fig. 11. Equilibrium Diagram.

When you press Diagram in the Axis menu, Fig. 10, then the PIC post-processor module
reads the equilibrium results from the file and draws the diagram using default scale, font,
line width, etc. selections, see Fig. 11. Note that the program inserts the species labels
automatically above the maximum point of the curve using the same color for the curve
and label. If the line is not within the selected x- and y-range or it is on the border then
the program will not draw the line or the label.

You can edit the diagram, Fig. 11, by using several formatting options:

1. Double click the x- or y-scale numbers or select X-Axis or Y-Axis from the
Format menu to change, for example, the minimum and maximum values of the
X- and Y-axis, see Fig. 12. In some cases it is also advantageous to change the y-
axis to logarithmic scale in order to display the large variations in amounts or
concentrations.
From the same window you can change the number format of x- and y-axis
numbers as well as their font size, color, etc.

2. When the scales are OK, you can relocate any label (species, x- and y-axis
heading, etc.) by mouse using the drag and drop method. First select the label, keep
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the left mouse button down and drag the label to a new location, release the mouse
button and the label will drop.

3. The line width of curves, species label font, etc. may be changed by double
clicking the species labels or selecting the label with mouse and selecting Format
Label from the menu. You cannot do this by double clicking the line. The label and
curve editing window is shown in Fig. 13. Note that other line styles than solid are
available only for line widths smaller than 0.3 mm.

B Format Y - Asis =]

- - Axis Scale
Max I 4.0 & Linear
Min ! 0.0 ™ Loganthmic

- Number Format

buto f#0.0 =l

-Label

Fart IT imez Mew Foman

Size | 9.75

1<

Cancel | oK

Fig. 12. Changing scales, scale number format and font settings.

G} Format Label and Line =] E3

-Label

Eold v
[talic [
"Yizible v I B
~Line
Color |
Linewidth |05 ~] mm
Line Style  [Solid | width< 025

Cancel | 1] 4

Fig. 13. Changing label and line specifications.
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You can edit any label and heading on the screen by simply clicking the text in the
label by mouse and starting to edit. For example you can change the label Ni to a
non-abbreviated form Nickel .

You can create new labels by selecting Label from the Insert menu. These new
labels can be deleted using the Label selection in the Delete menu. Default labels
cannot be deleted, and the only possibility is to remove all text from them.

The first time you use HSC Chemistry it may be necessary to change the default
fonts by selecting the Default Font from the Format menu, because the available
fonts vary from one computer to another. Usually Times New Roman, bold, size 11
font is a good selection. The selection will be automatically saved in the HSC.INI-
file in your Windows directory.

When you are satisfied with the diagram you can print it by pressing Print B 'W.
If you have a color printer press Print Col. The print dialog gives several useful
options for a hard copy, see Fig. 14.

Eﬂ Page Settings

=10] x|

— Marginals [cm]: - Diagram Size [cm]:
Top: Width: 1265
Left: I 3 Right: Scale %: 100
I 3 l 1
|-1_- Height: 3.90
Scale %: 100
Bottom:
—Orientation:
Portrait > ¥
Landscape i -
Printer Setup Printer: hp_lazerjet_4_Termodynamiikka: HPPCL5G
Cancel ¥ Fiirk Faw Material:  Copies: I 1 Print

Fig. 14. HSC print dialog for graphics.

If you want to see the diagram in a tabular format or use the data of the diagram in

You can copy the diagram to the Clipboard by pressing Copy, and paste the
diagram to other Windows programs. The Copy command uses the Windows
Metafile format, which enables you to resize the diagram in other Windows

With Save you can save the diagram into a file using the Windows Metafile format.

Press Axis to return to the previous Axis menu, Fig 10.

> other programs, such as MS Excel, press Table.
9.
applications in full resolution.
10.
11.
12.

Press Exit to return the Species window, Fig. 8, or to exit the PIC program.
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13.7.3 Equilibrium Diagram Table

Bl Equilibrium Results =]
File Edit “iew Inzert Delete  Format Help
PR
A | e R F 6 | B
1 it
2 | C)Hse5'\Gibhs'\Mice .0 GI Data:
3 Phase TUnits RMW z/mol Rlin Rhlax
4 0000 4000 1 2
5 | Temperaiure 1] [ 0000 0000 300,000 0.00E-01 2.14
6 (COg) 1 kol 28010 0005 4,000 4. a6E-03 1.7C
T |Ni 2 kmol 2E.700 0001 1.000 1.17E-03 43z
8 (NiCOhd s 1 kmol 170742 0000 TR o 99E-01 Q3¢
L Ly 1 kmnol 44010 0000 0.0ao £ 24E-09 400z
10 |C30202 1 kmol fE 032 0.0o0 0.0ao £ 24E-09 40z
11 |C200g 1 kmal 40021 0000 0.0ao 1.00E-36 1.0C
12 Nig 1 kmal 38700 0000 0.0ao 1.00E-36 1.0C
13 |NiCig) 1 kmol T4.a90 0.000 0,000 1.00E-3a 1.0C
14 Qg 1 kmol 31990 0000 0000 1.00E-26 1.0C
15 -
4| » [\ Species A Format / [ | "J_‘

Axis I Prnt Copy All Diagram l

Fig. 15. Equilibrium Diagram Table.

You can display the equilibrium results in a tabular format by pressing Table the Axis
menu, Fig. 10, or in the Diagram window, Fig. 11. The Table window has several Excel
type features in a similar way to the other spreadsheets in HSC. The most important
features are:

L. With Copy All you can get the whole table into the Clipboard, and paste this table,
for example, to MS Excel. You can also copy and paste smaller cell ranges using
the Copy and Paste selections in the Edit menu, see Fig. 15.

2. You can also save the table using different formats, such as ASCII text and Excel
by selecting Save from the File menu.

3. The Table window has two sheets. The Species sheet contains the data of the
diagram the figures in this sheet can be edited, if you are not satisfied with the
results. The Format sheet contains the format specifications of the diagram. It is
not recommended to edit the Format sheet.

There are several formatting options in the Format menu, which can be used to create
representative tables for printing. The table can be printed using the Print selection in the
File menu, Fig. 15. There are also available options Setup and Preview for printing.

The Axis button will open the Axis menu, Fig. 10, and Diagram will draw the diagram,
Fig. 11.
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Non-ideal mixture GaAs Example with Activity formulae

File Edit “iew Ingert Delete Format Uitz Calculate Help

| e [=(01- 2273 *(-25503 6-4. 31004 T+5174.T(1-4¥32))/(3 31431 *T)
SPECIES Temper. Amount Amount Step Step Activity
Formula C kol B kol 0 Coeff,

1 [PHASRE 1: 1.0 100000

2 |&sd) 25000 0000 nnio 0025 I -2.964!

3 |Gal) 25000 1.001 Q9 290 0025 0000

4 |PHASE 2:

& |Gads 25.000 1.000

[i]

T

8

L

10

11

12

132

14

15

14

17

18 -
4 nL[‘\ Species A Options /£ 4] | LH

Exit | InsF'hase| DeIF'hasel [z Hl:uwl DelRow Dpen I C:AHzchhGibbe\Gaas.igi | Save | Gibbs |

Fig. 16. Input data of an activity formula example.

LOGf(1) =((1-X1) 2) (-25503.6-4.3109 T 5174.7 (1-4 X1)) (831431 T)
LOGf(2) =((X1) 2) (25503.6-4.3109 T 5174.7 (3-4 X1)) (8.31431 T)
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Bl Equilibrium Picture
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1.0

0.9 As(l)

08 \
I /
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Fig. 17. Results as a function of arsenic amount. Different colors have been used for species, but these do
not show up well in this B W copy.
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File Edit “iew Insert Delete Format Uitz Calculate  Help
e 1E-003
SPECIES Temper. Amount Amount Step Step Activity | =
Formula C lamel O kmol O Coeff,

1 |PHASE 1: 1001 100200 oo

2 |Hag 25000 1.000 Q0 800 1.000

3 [HiOE 25000 1.000

4 |Cdg 25.EIEIEII 1 .IZIEIE-EIj_I 0001 1.000

5 [CO2E 25000 0.001 0.100 0.100 1.000

6 |(PHASRE 2: 58500 100000

7 |Hz2O 25000 553500 04 872 1.000

8 [CO3-2a) 25000 1.000
9 |CR04-24) 25000 1.000

10 | Ca+2a) 25000 1.000 1702 1.000

11 |[CaOHi+a) 25000 1.000

12 [Hi+a) 25000 1.000

123 HCOZ-a) 25000 1.000
14 |HCOOG(-a) 25000 1.000

15 [HOX(-a) 25000 1.000

16 |OH(-=) 25000 2000 3419 1.000

17 |PHASE 3:

18 |CalO3 25000 1.000 .
ﬂl[\ugphegilgs";ﬂ Options / la] | ’]J

Exit | InsF'hase| DeIF'hasel [z Hl:uwl DelRow Dpen l C:4HzcBhGibbshCacod.ig | Save | Gibbs |

Fig. 18. Input data of example CaCO3.IGI.
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Bl Equilibrium Picture

File Edit Inzert Delete Fommat Show  Help
kmol File: C:\Hsc5'Gibhs'\Caco2 .0 GI
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0o

N /
f ./
e\ |/
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Fig. 19. Results as a function of added CO2(g). Different colors have been used for the species, but these
do not show up well in this B W copy.
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Bl Equilibrium Picture
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1
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Fig. 20. Results on logarithmic scale, the default example is shown in Fig. 19.
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Bl Equilibrium Picture
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Fig. 21. Results as a function of pH, the default example is shown in Fig. 19.
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13.10 Vapor Pressures

HSC Equilibrium module may be used to calculate vapor pressures for substances.
VaporPressurePbS.igi sample case is available in your HSCS5 Gibbs- folder, see Fig.
22. It is made for PbS vapor pressure calculation. This case has been created with the
same procedure as described in Chapter 13.1. Note that:

1. Nearly all Pb- and S-containing species have been selected to the chemical system.

2. Some nitrogen has been added to stabilize the gas phase.

3. Some extra sulfur has been added to make the case easier to solve for Gibbs.exe.
Usually this trick is not needed but it may be used just to be safe.

4. Calculations are made from 0 to 2000 C .

5. Selection of 100 bar total pressure makes possible calculation of vapor pressure up to
100 bar. Total pressure 1 bar would give vapor pressures up to 1 bar.

6. The equilibrium module calculates the equilibrium composition of the phases. In this
case, the equilibrium composition of the gas phase.

7. All gas species have been selected to the diagram in the species dialog, see Fig. 9.
Do not select PbS

8. Equilibrium Composition has been selected to Y-axis in the Axis dialog, see Fig.
10.

9. The calculation results are shown in Fig. 23. The default Y-scale of the diagram is 0
- 100 mol- , but is has been changed to 0 - 2 mol-

10. PbS(g) composition at 1330 C is 1 mol- . PbS(g) partial pressure is then 0.01, this
means that PbS(g) vapor pressure is 0.01 100 bar = 1 bar, see Fig. 23.

11. The total pressure of PbS is the sum of all the partial pressures of the gas species
formed of PbS, ie. sum of: PbS(g), Pb(g), S2(g), Pb2S2(g), Pb2(g), etc.

HSC 5.0 can not calculate the total vapor pressures automatically. However, this may be
carried out, for example, in MS Excel. Press the Table button in the diagram menu (see
Fig. 23) to see the diagram data in tabular form and use the Copy - Paste procedure to
transfer this data to MS Excel. You may also save this table in Excel format. In Excel you
may calculate the sum of all the partial pressures, see the VaporPressurePbS.XLS
example in your HSCS5 Gibbs-folder.

HSC database reference Knacke 91 gives 1314 C for PbS boiling point and anaf 98
gives 1320 - 1344 C depending on the measurement or calculation method. These values
are in reasonable agreement with the calculated PbS boiling point of 1327 C in
VaporPressurePbS. XLS.

The gas phase above PbS contains mainly PbS(g). However, in many cases the gas above
pure substances may be composed of many different species. In these cases it is important
to note that the total vapor pressure is the sum of the partial pressures of all the different
gas species formed of the evaporating susbstance (not N2(g)).
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File Edit “iew Ingert Delete Format Units Caloulate Help
I e 1
SPECIES Temper. Amount Amount Atep Step Activity
Formula C kol O kmol O Coeff.
1 PHASE 1: f.100 100000
2 |Nig 25000 0.100 100,000 1.000
3 |Fhig 25000 1.000
4 |Fbiig 25000 1.000
5 |Pb3ig 25000 1.000
6 |Ph3iig 25.000 1.000
7 |PhI3iE 25000 1.000
8 33 25000 1 O0E-20 0.000 1.000
L =y 25000 1.000
10 332 25000 1.000
11 |34z 25000 1.000
12 3502 25000 1.000
13 [3a8i2 25.000 1.000
14 (372 25000 1.000
15 382 25000 1.000
16 |FURE STUBSTANCES: 3 [ ] 106000
17 |Ph3 25.IZIEIEI| 1 .IZIIZIEI! 100.000 1.000
18
19
1] Bt
4| ¥ [\ species A Cptions / (4] | LH

Exit | Inz Phaze | Dl F'hase| Inz Fow | DelRow  Open "|5E5"'-|3ihhSWaDDTPTESSUTEPhq Save I Gibbs I

Fig. 22. Chemical system specification for PbS vapor pressure calculations.
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nol- %o File: C:\HS C5\Gibhs' VaporPressurePh5.0GI

20
PhS(g) Phiz) |
15
10
0=
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"_/ _ﬂ_,_/"'-'_’-
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Fig. 23. Results of PbS vapor pressure calculations.
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14. HSC EQUILIBRIUM MODULE SAMPLES
Contents of an Input File for GIBBS Program

SCopper Smelting at 1300 C ' Heading
1 ' 0 = results to screen, 1= results to file
6 4 0 3 3 2 1 ' Elements, phases, inv. phases, and
' ~ number of components / phase 1., etc.
'N2 (9g) ' 2.00 0.00 0.00 0.00 0.00 0.00 ' stoichiomet.
'02 (9) ' 0.00 2.00 0.00 0.00 0.00 0.00 ' matrix
'S02 (9) ' 0.00 2.00 1.00 0.00 0.00 ©0.00
'*2Fe0*S102 (1) ' 0.00 4.00 0.00 2.00 1.00 0.00
'Si02 (1) ' 0.00 2.00 0.00 0.00 1.00 0.00
'Cu20 (1) ' 0.00 1.00 0.00 0.00 0.00 2.00
'Cu2s ' 0.00 0.00 1.00 0.00 0.00 2.00
'FeS ' 0.00 0.00 1.00 1.00 0.00 ©0.00
'Cu ' 0.00 0.00 0.00 0.00 0.00 1.00
4
1573.150 ' Equilibrium temperature (K)
0.000000E+00 .916105E+02 3 ' H, S, number of temperature intervals

2.919177E+01 .121312E-03 0.000000E+00 4.091976E-06 0.000000E+00 0.000000E+00

400.000 .000000E+00 ~A, B, C, D, E, F (J/(mol*K))
2.255176E+01 .320889E-02 3.129632E+05 -3.389040E-06 0.000000E+00 0.000000E+00
1600.000 .000000E+00 ' Temperature (K), H (J/mol)
3.684012E+01 .594080E-04 -5.478948E+06 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 .051470E+02 1 ' H (J/mol), S (J/(mol*K)), ()

3.132312E+01
-2.968130E+05
1.734500E+01

.893657E-03 -3.105337E+05 -3.349854E-07 0.000000E+00 0.000000E+00
.482210E+02 3
.922700E-02 2.646000E+05 -4.563100E-05 0.000000E+00 0.000000E+00

700.000 .000000E+00
5.164756E+01 .297887E-03 -2.158751E+06 -1.367747E-06 0.000000E+00 0.000000E+00
2000.000 .000000E+00
6.665800E+01 -4.478000E-03 -1.128930E+07 8.430000E-07 0.000000E+00 0.000000E+00
-1.458188E+06 .729792E+01 1
2.405800E+02 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-9.275245E+05 .310607E+00 1
8.577200E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-1.302203E+05 .640145E+01 1
9.991399E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-8.117000E+04 .161520E+02 4
4.793800E+01 .717300E-02 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
376.000 .619000E+03
1.184100E+02 -5.818200E-02 7.920001E+04 2.231700E-05 0.000000E+00 0.000000E+00
720.000 .172000E+03
8.372372E+01 -1.253259E-03 2.450114E+05 -6.180060E-07 0.000000E+00 0.000000E+00
1400.000 .284500E+04
8.966300E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-1.016710E+05 .032100E+01 4
-2.732690E+02 .791840E-01 8.124200E+06 0.000000E+00 0.000000E+00 0.000000E+00
411.000 .665000E+03
7.235800E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
598.000 .970000E+02
9.458400E+01 -8.366901E-02 1.411000E+05 4.794300E-05 0.000000E+00 0.000000E+00
1465.000 .246400E+04

6.255100E+01
0.000000E+00
4.057800E+01
1358.000
3.284400E+01
5 1 2 5 7
298.150 29

.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

.316400E+01 2

.132500E-02 -3.284000E+05 9.800000E-06 0.000000E+00 0.000000E+00

.313800E+04

.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
' Raw materials, and their serial numbers

.150 298.150 298.150 298.150

0V 0O FF WOWWWOR JOORRFRFRUWWOUROWOWOUWUIPRMOONHNO JINWNDNNOR OF

2 ' ~ Temperatures of the raw materials (K)
13 ' Number of equilibria to be calculated
33322 ' 2 = constant input amount, 3 = increases
1.0000000E-03 1.8850000E+00 ' Amount of raw material 1., step (mol)
1.0000000E-03 5.0000000E-01 ' Amount of raw material 2., step (mol)
1.0000000E-03 1.2500000E-01 ' Amount of raw material 5., step (mol)
1.0000000E+00 ' Amount of raw material 7. (mol)
2.0000000E+00 ' Amount of raw material 8. (mol)

10 ' Exit

' 9 = Activity Coefficients if values other than 1



HSC Chemistry® 5.0 14-2

A. Roine une 28, 2002 02103-ORC-T
Input File for SOLGASMIX Program (Amounts in moles)

SCopper Smelting at 1300 C Heading
0 ' 0 = mole mode, 1= gram mode
6 4 1 3 3 2 Elements, phases, inv. phases, and
' ~ number of components / phase 1., etc.

'N2 (9g) ' 2.00 0.00 0.00 0.00 0.00 0.00 ' stoichiomet.
'02(9) ' 0.00 2.00 0.00 0.00 0.00 0.00 ' matrix
'S02(9) ' 0.00 2.00 1.00 0.00 0.00 ©0.00
'*2Fe0*S102 (1) ' 0.00 4.00 0.00 2.00 1.00 0.00
'Si02 (1) ' 0.00 2.00 0.00 0.00 1.00 0.00
'Cu20 (1) ' 0.00 1.00 0.00 0.00 0.00 2.00
'Cu2s ' 0.00 0.00 1.00 0.00 0.00 2.00
'FeS ' 0.00 0.00 1.00 1.00 0.00 ©0.00
'Cu ' 0.00 0.00 0.00 0.00 0.00 1.00
4
1573.150 ' Equilibrium temperature (K)
0.000000E+00 .916105E+02 3 ' H, S, number of temperature intervals

2.919177E+01

.121312E-03 0.000000E+00 4.091976E-06 0.000000E+00 0.000000E+00

400.000 .000000E+00 ~A, B, C, D, E, F (J/(mol*K))
2.255176E+01 .320889E-02 3.129632E+05 -3.389040E-06 0.000000E+00 0.000000E+00
1600.000 .000000E+00 ' Temperature (K), H (J/mol)
3.684012E+01 .594080E-04 -5.478948E+06 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 .051470E+02 1 ' H (J/mol), S (J/(mol*K)), ()

3.132312E+01
-2.968130E+05
1.734500E+01

.893657E-03 -3.105337E+05 -3.349854E-07 0.000000E+00 0.000000E+00
.482210E+02 3
.922700E-02 2.646000E+05 -4.563100E-05 0.000000E+00 0.000000E+00

700.000 .000000E+00
5.164756E+01 .297887E-03 -2.158751E+06 -1.367747E-06 0.000000E+00 0.000000E+00
2000.000 .000000E+00
6.665800E+01 -4.478000E-03 -1.128930E+07 8.430000E-07 0.000000E+00 0.000000E+00
-1.458188E+06 .729792E+01 1
2.405800E+02 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-9.275245E+05 .310607E+00 1
8.577200E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-1.302203E+05 .640145E+01 1
9.991399E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-8.117000E+04 .161520E+02 4
4.793800E+01 .717300E-02 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
376.000 .619000E+03
1.184100E+02 -5.818200E-02 7.920001E+04 2.231700E-05 0.000000E+00 0.000000E+00
720.000 .172000E+03
8.372372E+01 -1.253259E-03 2.450114E+05 -6.180060E-07 0.000000E+00 0.000000E+00
1400.000 .284500E+04

8.966300E+01
-1.016710E+05
-2.732690E+02

.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
.032100E+01 4
.791840E-01 8.124200E+06 0.000000E+00 0.000000E+00 0.000000E+00

411.000 .665000E+03
7.235800E+01 .000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
598.000 .970000E+02
9.458400E+01 -8.366901E-02 1.411000E+05 4.794300E-05 0.000000E+00 0.000000E+00
1465.000 .246400E+04

6.255100E+01
0.000000E+00
4.057800E+01
1358.000
3.284400E+01
5 1 2 5 7
298.150 29

.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

.316400E+01 2

.132500E-02 -3.284000E+05 9.800000E-06 0.000000E+00 0.000000E+00

.313800E+04

.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
' Raw materials, and their row numbers in the stoichiometry matrix

.150 298.150 298.150 298.150

0V 0O FRF WOWWWORF JOOR R UWOUREOWOWOUWOUIRMOONO JINWNDNNOR OF

2 ' ~ Temperatures of the raw materials (K)
13 ' Number of equilibria to be calculated
33322 ' 2 = constant input amount, 3 = increases
1.0000000E-03 1.8850000E+00 ' Amount of raw material 1., step (mol)
1.0000000E-03 5.0000000E-01 ' Amount of raw material 2., step (mol)
1.0000000E-03 1.2500000E-01 ' Amount of raw material 5., step (mol)
1.0000000E+00 ' Amount of raw material 7. (mol)
2.0000000E+00 ' Amount of raw material 8. (mol)

10 ' Exit
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Input File for SOLGASMIX (Input amounts in grams)
SCopper Smelting at 1300 C ' Heading
1 ' 0 = mole mode, 1= gram mode
6 4 1 3 3 2 ' Elements, phases, inv. phases, and number of components phase 1...
'N2 (g) ' 2.00 0.00 0.00 0.00 0.00 0.00 ' stoichiomet.
'02(9) ' 0.00 2.00 0.00 0.00 0.00 0.00 ' matrix
'S02 (g) ' 0.00 2.00 1.00 0.00 0.00 ©0.00
'*2Fe0*S102 (1) ' 0.00 4.00 0.00 2.00 1.00 0.00
'Si02 (1) ' 0.00 2.00 0.00 0.00 1.00 0.00
'Cu20 (1) ' 0.00 1.00 0.00 0.00 0.00 2.00
'Cu2s ' 0.00 0.00 1.00 0.00 0.00 2.00
'FeS ' 0.00 0.00 1.00 1.00 0.00 ©0.00
'Cu ' 0.00 0.00 0.00 0.00 0.00 1.00
14.007 ' N Mol. Weight g/mol
15.999 ''0
32.060 '8
55.847 ' Fe
28.086 ' Ssi
63.546 ' Cu
4
1573.150 ' Equilibrium temperature (K)
0.000000E+00 1.916105E+02 3 ' H, S, number of temperature intervals
2.919177E+01 -1.121312E-03 0.000000E+00 4.091976E-06 0.000000E+00 0.000000E+00
400.000 0.000000E+00 ' ~“A, B, C, D, E, F (J/(mol*K))
2.255176E+01 1.320889E-02 3.129632E+05 -3.389040E-06 0.000000E+00 0.000000E+00
1600.000 0.000000E+00 ' Temperature (K), H (J/mol)
3.684012E+01 2.594080E-04 -5.478948E+06 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 2.051470E+02 1 ' H (J/mol), S (J/(mol*K)), ()
3.132312E+01 3.893657E-03 -3.105337E+05 -3.349854E-07 0.000000E+00 0.000000E+00
-2.968130E+05 2.482210E+02 3
1.734500E+01 7.922700E-02 2.646000E+05 -4.563100E-05 0.000000E+00 0.000000E+00
700.000 0.000000E+00
5.164756E+01 6.297887E-03 -2.158751E+06 -1.367747E-06 0.000000E+00 0.000000E+00
2000.000 0.000000E+00
6.665800E+01 -4.478000E-03 -1.128930E+07 8.430000E-07 0.000000E+00 0.000000E+00
-1.458188E+06 9.729792E+01 1
2.405800E+02 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-9.275245E+05 9.310607E+00 1
8.577200E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-1.302203E+05 9.640145E+01 1
9.991399E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-8.117000E+04 1.161520E+02 4
4.793800E+01 9.717300E-02 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
376.000 3.619000E+03
1.184100E+02 -5.818200E-02 7.920001E+04 2.231700E-05 0.000000E+00 0.000000E+00
720.000 1.172000E+03
8.372372E+01 -1.253259E-03 2.450114E+05 -6.180060E-07 0.000000E+00 0.000000E+00
1400.000 1.284500E+04
8.966300E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
-1.016710E+05 6.032100E+01 4
-2.732690E+02 7.791840E-01 8.124200E+06 0.000000E+00 0.000000E+00 0.000000E+00
411.000 1.665000E+03
7.235800E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
598.000 3.970000E+02
9.458400E+01 -8.366901E-02 1.411000E+05 4.794300E-05 0.000000E+00 0.000000E+00
1465.000 3.246400E+04
6.255100E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 3.316400E+01 2
4.057800E+01 -1.132500E-02 -3.284000E+05 9.800000E-06 0.000000E+00 0.000000E+00
1358.000 1.313800E+04
3.284400E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
5 1 2 5 7 8 ' Raw materials, and their row numbers in the stoichiometry matrix
298.150 298.150 298.150 298.150 298.150
2 ' ~ Temperatures of the raw materials (K)
13 ' Number of equilibria to be calculated
33322 ' 2 = constant input amount, 3 = increases
2.8013401E-02 5.2805256E+01 ' Amount of raw material 1., step (g)
3.1998802E-02 1.5999400E+01 ' Amount of raw material 2., step (g)
6.0084306E-02 7.5105376E+00 ' Amount of raw material 5., step (g)
1.5915201E+02 ' Amount of raw material 7. (g)
1.7581400E+02 ' Amount of raw material 8. (g)
10 ' Exit
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Case 1 Hydration of Magnesia Chrome Bricks

Magnesia chrome bricks are widely used as a lining material in pyrometallurgical
applications because of their stability in process conditions. However, at room
temperatures they easily react with moisture and crumble due to hydration reactions. HSC
software can be used to estimate the lowest temperature, which must be exceeded to
prevent such reactions and to specify these reactions.

Magnesia chrome bricks contain magnesium, chromium, iron and oxygen. All species,
which contain these elements and hydrogen, can easily be collected to the Equilibrium
module from the database. The following ideas were used to specify the system (see Fig
2):

- Metallic substances were removed, as they are not needed in these conditions.

- Gas species (16) were inserted in the gas phase.

- Other species (25) were assumed to exist as pure substances (invariant phases),
because of the low temperatures where molten mixtures do not exist.

- MgO, Cr203 and Fe203 raw materials were added according to their amount in
the brick: MgO 60, Cr203 18 and Fe203 14 kg.

- Water gas was added to the gas phase. The amount was set slightly higher than
needed to hydrate all species in the brick.

- A small amount of nitrogen was added to the gas phase.

The results of the calculations are shown in Fig. 1. This diagram shows that hydration of
the bricks is possible if the temperature of the lining is lower than 270 C. Hydration
damage is caused only due to the formation of magnesium hydroxide the chromium and
iron do not take part in hydration reactions. Magnesium oxide (periclase) forms the
matrix of the brick, therefore hydration of magnesium oxide crumbles the whole
construction.
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B Equilibrium Picture

File Edit Inset Delete Format Show  Help

kg File: C:'\Hsc5\ Gibhs' Ankrom01 .0 GI
80 T
Q
—_— Mgomz | /
70 ‘\
60
S0
40 \ -
30 \
20 IJ :I
I MgFe204 \ ' \ Fe203
o / [
02(z) I /‘\ ; \
0 i I Temperature
400 350 300 250 200 150 100 =50 1] C
Hydration of Magnesia Chromite Brick
Exit | Axis | T able | Font | Draw | Save Yec. I Save Rasz. i Copy | Print Col I Print B'w |

Figure 1. Calculation results for hydration of magnesia chrome brick.
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Hvdration of Magnesia Chromite Brick

File Format GIBBS C: Hsc5 Gibbs Ankrom01.igi

Pure Substances in the Last Phase YES

Increase Temperature 101 Steps Criss-Cobble On

Temperature Range 1000.000 0.000 C

Pressure Range 1.000 1.000 bar

SPECIES Temper. Amount Amount Step Step Activity
[Formula C Kmol Kmol Coeff,
PHASE 1 5.000 100.000

N2(g) 25.000 1.000 20.000 1.000
H20(g) 25.000 4.000 80.000 1.000
H2(g) 25.000 1.000
02(g) 25.000 1.000
Cr(g) 25.000 1.000
CrO(g) 25.000 1.000
CrO2(g) 25.000 1.000
CrO3(g) 25.000 1.000
Fe(g) 25.000 1.000
FeO(g) 25.000 1.000
Fe(OH)2(g) 25.000 1.000
Mg(g) 25.000 1.000
Mg2(g) 25.000 1.000
MgH(g) 25.000 1.000
MgO(g) 25.000 1.000
MgOH(g) 25.000 1.000
Mg(OH)2(2) 25.000 1.000
PURE SUBSTANCES 1.695 100.000

Cr2FeO4 25.000 1.000
Cr2MgO4 25.000 1.000
CrO2 25.000 1.000
CrO3 25.000 1.000
Cr203 25.000 0.118 6.988 1.000
Cr5012 25.000 1.000
Cr8021 25.000 1.000
Cr(OH)2 25.000 1.000
Cr(OH)3 25.000 1.000
Fe2MgO4 25.000 1.000
Fe0.9450 25.000 1.000
Fe0.9470 25.000 1.000
FeO 25.000 1.000
FeO1.056 25.000 1.000
Fe203 25.000 0.088 5.173 1.000
Fe304 25.000 1.000
Fe(OH)2 25.000 1.000
Fe(OH)3 25.000 1.000
Fe203 H20 25.000 1.000
H20 25.000 1.000
MgCr203 25.000 1.000
MgFe204 25.000 1.000
MgO 25.000 1.489 87.839 1.000
MgO2 25.000 1.000
Mg(OH)2 25.000 1.000

Figure 2. Specification of phases and species in the Magnesia Chrome brick example.
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Case 2 Ammonia Synthesis (by Panu Talonen)

Ammonia was expensive to produce before the current process, which uses high pressure
and iron catalyst, was invented. The synthesis is usually made at temperature of 370 —
540 C. The effect of pressure on the ammonia formation can easily be evaluated with
HSC Equilibrium module. The formation reaction can be written as follows:

Na(g) 3 Ha(g)- 2NH;(g)

The number of gas moles decreases in this reaction and therefore high pressure may be
assumed to favor the synthesis. The equilibrium calculation may be carried out as
described in Chapter 13. The chemical system specification and other calculation
parameters are shown in Fig. 2. The calculations are carried out by increasing the
pressure from 0.001 to 1000 bar at a constant temperature of 480 C.

The calculated results are shown in Fig. 3. It is easy to see that at normal 1 bar pressure it
is quite impossible to produce high amounts of ammonia. It also seems that synthesis
should be done at the highest possible pressure. However, modern ammonia plants
operate at about 150 bar pressure for economic reasons. The ammonia is condensed from
the gas mixture and the unreacted hydrogen and nitrogen are recycled back to the reactor.

B Equilibrium Picture
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Figure 3. Calculation results for ammonia synthesis example.
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Ammonia Svnthesis at 480 C
File Format GIBBS C: Hsc5 Gibbs Ammonia.igi
Pure Substances in the Last Phase YES
Increase Pressure 51 Steps Criss-Cobble On
Temperature Range 480.000 480.000 |C
Pressure Range 0.001 1000.001 |bar
SPECIES Temper. Amount Amount Step Step Activity
[ Formula C kmol kmol Coeff,
PHASE 1 4.001 100.000
H(g) 25.000 1.000
H2(g) 25.000 3.000 74.981 1.000
HN3(g) 25.000 1.000
N(g) 25.000 1.000
N2(g) 25.000 1.001 25.019 1.000
N3(g) 25.000 1.000
NH(g) 25.000 1.000
NH2(g) 25.000 1.000
NH3(g) 25.000 1.000
N2H2(g) 25.000 1.000
N2H4(g) 25.000 1.000
N3H(g) 25.000 1.000
NH(H3)2(g) 25.000 1.000
PURE SUBSTANCES
NH4N3 25.000 1.000

Figure 4. Specification of phases and species in ammonia synthesis example.
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Case 3 Decomposition of MgCl, 6H,O

All compounds will decompose if the temperature is high enough. Especially substances
with combined water will decompose at quite low temperatures. The decomposition
temperatures may be found from many different handbooks, but they may also be
calculated with the HSC Equilibrium module if the basic data is available in the HSC
database. Magnesium chloride forms a MgCl, 6H,O compound which decomposes
according to the reaction:

MgClL 6H,0- MgCl, 4H,0 2H,0(g)
MgC12 4H20 - MgC12 2H20 2H20(g), etc.

The decomposition temperature as well as the decomposition vapor pressure may be
calculated using the chemical system specification shown in Fig. 5. The user must specify
all possible condensed phases as well as a gas phase. Please note: A) Small nitrogen
amount stabilize the gas phase, B) small Cl,(g) and O,(g) amounts shift the material
balance out from stoichiometric one and C) Mg(g) allows magnesium to enter the gas
phase also.

The results of the calculations are shown in Figs. 6 and 7. The decomposition seems to
start at 100 C, see Fig. 6. The vapor composition is drawn in Fig. 7 by selecting the
Equilibrium Composition option. This diagram shows that the vapor pressure of water is
0.67 bar at 175 C and 1 bar total pressure. To calculate vapor pressure at higher
temperatures, the total pressure must be increased, for example, to 10 bar.

Decomposition of MoClI2 6H20 at 1 bar

File Format GIBBS C: Hsc5 Gibbs Mgcl2.igi

Pure Substances in the Last Phase YES

Increase Temperature 81 Steps Criss-Cobble On

Temperature Range 0.000 400.000 IC

Pressure Range 1.000 1.000 bar

SPECIES Temper. Amount Amount Step Step Activity
Formula C Kkmol kmol Coeff.
PHASE 1 0.100 100.000

N2(g) 25.000 0.100 99.980 1.000
Cl2(g) 25.000 0.000 0.010 1.000
HCl(g) 25.000 1.000
H20(g) 25.000 1.000
02(g) 25.000 0.000 0.010 1.000
H2(g) 25.000 1.000
Mg(g) 25.000 1.000
PURE SUBSTANCES 1.000 100.000

MgCl12 6H20 25.000 1.000 100.000 1.000
MgCl12 4H20 25.000 1.000
MgCl12 2H20 25.000 1.000
MgC12 H20 25.000 1.000
MgCl12 25.000 1.000
Mg(OH)CI 25.000 1.000
MgO 25.000 1.000
H20 25.000 1.000

Figure 5. Specification of phases and species in MgCl, 6H,0 example.
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Bl Equilibrium Picture
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Figure 6. Calculation results for MgCl, 6H,O decomposition example.
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Case 4 Decomposition of FeSO4 7H,0O (by Ben Karlemo)

Thermal decomposition of a chemical compound will sometimes give valuable
information of its behaviour in a real chemical process. This evaluation may be carried
out with the HSC Equilibrium module and with a thermo-gravimetric analyzer. These
evaluations have been made in this example for FeSO, 7H,O. The chemical system
specifications for the HSC equilibrium module are shown in Fig. 8. Please note (see
Chapter 13.4): A) The small amount of nitrogen stabilizes the gas phase, B) the small
amount 1E-5 kmol of O2(g) shifts the material balance away from the stoichiometric one,
C) Fe(g) allows iron to enter the gas phase also, and D) Solgasmix routine has been used.
The results are shown in Fig. 9.

The hydrates gradually decompose at 50 to 200 C and sulfates at 400 to 650 C.
Hematite will reduce to magnetite at 1250 C. These results may be used to explain the
experimental thermo-gravimetric results shown in Fig. 10. The TG curve shows the actual
weight change and the DSC curve shows the enthalpy change compared to the reference

test.
Decomposition of I 4 7H20 at 1 bar
File Format GIBBS C: Hsc5 Gibbs Feso4.igi
Pure Substances in the Last Phase YES
Increase Temperature 100 Steps Criss-Cobble On
Temperature Range 0.000 1600.038 |C
Pressure Range 1.000 1.000 bar
SPECIES Temper. Amount Amount Step Step Activity
Formula C kmol kmol Coeff,
PHASE 1 0.004 100.000
N2(g) 25.000 0.004 99.990 1.000
02(g) 25.000 0.000 0.010 1.000
SO2(g) 25.000 1.000
S2(g) 25.000 1.000
H2S(g) 25.000 1.000
H20(g) 25.000 1.000
H2(g) 25.000 1.000
Fe(g) 25.000 1.000
PURE SUBSTANCES 0.360 100.000
FeSO4 7H20 25.000 0.360 100.000 1.000
FeSO4 4H20 25.000 1.000
FeSO4 H20 25.000 1.000
Fe2(S04)3 25.000 1.000
FeSO4 25.000 1.000
FeO OH 25.000 1.000
FeO 25.000 1.000
Fe203 25.000 1.000
Fe304 25.000 1.000
H20 25.000 1.000

Figure 8. The specification of phases and species for the equilibrium calculations.
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Figure 9. The result of the calculated decomposition of FeSO, 7H,0.

The theoretical and experimental weight change curves are compared in Fig. 11, which is
calculated in MS Excel. Both curves are in quite good correlation with each other. The
decomposition occurs at slightly higher temperatures in the experimental results than in
the calculated ones, but this may be explained by some kinetic effects. The final weight of
the sample was nearly the same in the experimental and theoretical results at high
temperatures. The decomposition reactions may also be verified by comparing the
analyzed and the calculated gas composition with each other.
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EENETZSCH Thermal Analysis

Figure 10. Results of FeSO, 7H,0 run on NETSCH TG-DSC analyzer under nitrogen atmosphere
showing TG and DSC curves. Heating rate was 5 C min.
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Figure 11. The comparison of the measured and calculated mass change of FeSO, 7H,0.
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Case 5: Alkali circulation in Blast Furnace (by Riku Sarkkinen)

Alkali metals tend to enrich in the iron blast furnace. The alkali content in raw materials
(pellets, sinter and coke) is not so high, but they evaporate at the bottom part of the
furnace ( 1500 C) and do not exit with the products (slag, iron) easily. Neither do they
exit with the process gas, which goes upward, because the temperature is quite low at the
top of the furnace ( 100 C). This problem may be evaluated with the HSC Equilibrium
module.

The chemical system specification is shown in Fig. 13. The raw material amounts are
based on the following assumptions: Coke ash analysis (main components): SiO, 53, CaO
3, MgO 2, and ALL,O5; 27 wt . Process gas is formed by air reaction with coke, the main
components in the gas phase are CO(g), CO,(g) and N,(g). The alkali elements are K and
Na. The calculations are carried out as described in Chapter 13 by increasing the
temperature from 500 to 2000 C. Iron has not been taken into account because the alkali
circulation occurs above the liquid iron zone. Equilibrium calculations were made as
described in Chapter 13.

The calculation results are shown in Fig. 12. At high temperatures almost all the sodium
and most of the potassium seems to be in elemental form in the gas phase. These gas
species flow with the main process gases upward where cold charge materials decrease
the temperature and alkalis react with the slag components. The reaction products are
mainly sodium and potassium carbonates, sodium silicates and potassium alumina
silicates. These solid compounds flow downwards with the blast furnace charge materials
to the high temperature zone at the bottom of the furnace, where the alkali components
vaporize again, which leads to the alkali circulation.
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Bl Equilibrium Picture
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Figure 12. Equilibrium results of alkalis and slag components as a function of temperature.
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File Format GIBBS C: Hsc5 Gibbs Alkall.igi
Pure Substances in the Last Phase YES
Increase Temperature 200 Steps Criss-Cobble On
Temperature Range 500.000 2000.062 |C
Pressure Range 1.000 1.000 bar
SPECIES Temper. Amount Amount Step Step Activity
Formula C Kkmol Kkmol Coeff,
PHASE 1 197000.000 100.000
AlO(g) 25.000 1.000
CO(g) 25.000 1.000
CO2(g) 25.000 1.000
Ca(g) 25.000 1.000
K(g) 25.000 4000.000 2.030 1.000
K2(g) 25.000 1.000
K2CO3(g) 25.000 1.000
KNa(g) 25.000 1.000
KO(g) 25.000 1.000
Mg(g) 25.000 1.000
MgO(g) 25.000 1.000
N2(g) 25.000 150000.000 76.142 1.000
Na(g) 25.000 3000.000 1.523 1.000
Na2(g) 25.000 1.000
NaO(g) 25.000 1.000
0O(g) 25.000 1.000
02(g) 25.000  40000.000 20.305 1.000
SiO(g) 25.000 1.000
PHASE 2 1417.000 100.000
AlO 25.000 1.000
A1203 25.000 300.000 21.171 1.000
A1203 SiO2(D) 25.000 1.000
Ca2Al128i07 25.000 1.000
Ca3Al128i3012 25.000 1.000
CaO 25.000 60.000 4.234 1.000
Ca2SiO4(A) 25.000 1.000
KAlO2 25.000 1.000
KAISiO4 25.000 1.000
K2CO3 25.000 1.000
K20 25.000 1.000
K20 AI203 2Si02 25.000 1.000
K20 SiO2 25.000 1.000
K20 28Si02 25.000 1.000
MgO 25.000 57.000 4.023 1.000
MgSiO3 25.000 1.000
Na2CO3 25.000 1.000
Na20 25.000 1.000
Na20 Al203 25.000 1.000
2Na20 SiO2 25.000 1.000
Na2SiO3 25.000 1.000
Si02 25.000 1000.000 70.572 1.000
PHASE 3
Al 25.000 1.000
Ca 25.000 1.000
K 25.000 1.000
Mg 25.000 1.000
Na 25.000 1.000
Si 25.000 1.000
PURE SUBSTANCES 70000.000 100.000
C 25.000  70000.000 100.000 1.000
Al4C3 25.000 1.000
Na2C2 25.000 1.000
SiC 25.000 1.000

Figure 13. Specification of phases and species in the Blast Furnace example.
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15. CELL EQUILIBRIA
&% Cell E quilibrium E =
File Edit “iew Ingert Delete Format Units  Calculate Help
| Ad [Pt Phase Data
SPECIES Tenger, | onowr 'a| |Header:  [Platinum
Formula ce kmol %o _| | Capacitance: |  100000.000
1 |Hydrogen 25000 22.400 Type: Metal j
£ HEEE}] =i 2o bt Electiode: Cathode 3
3 (Platinum 25000 1,000
4 [rt | 25.000 1.000 Heading:
o Lat) 23000 This is input file for the CELL _« |
6 |(PHASE 3: 25000 a2 500 program
7 |HO 25000 55500 :I
8 |Hi+a) 25.000 Extra Balances:
9 |OH(-a) 25000 7.000 13 1 :_I
10 |Ei+a) 25000 7.000 17 -4
11 |Platinum 25000 1.000 @ o
12 Pt 25000 1.000
13 |e-(F1) 25000
14 |Air 25000 105400
15 |Hig 25000 23.000
16 (HiOig) 25000 d
17 |0ig 25000 22.400 ——
18 Temperature: ﬂ C
Pressure: 1.000 bar
19
f? +|[ C:\Hsc5\CellFucellice
Exit Inz Row | Del Row Inz Phasze Del Phasze I Save I Cell I

Fig. 1. Input data for the Cell program.

The CELL module calculates the equilibrium composition of an electrochemical cell
using the same calculation method as the GIBBS-solver. However, the CELL module is
especially designed for electrochemical cell calculations.

In addition to the phase compositions it also gives the electrochemical potentials of the
electrodes. The user gives input data for the CELL program in the Cell Equilibrium

window, see Fig. 1.

Brief Instructions

In the Cell Equilibrium window you can give the input data required for the calculations
and save the input data for the CELL program. You can see examples of the data by
selecting Open from the File menu. Please do this before making your own input files for

CELL.

1. You can move in the spreadsheet using the mouse or arrow keys.
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If you want to edit the cell double click with the mouse or simply start typing. Use
Esc key to undo typing.

When you are satisfied with the formula or number, press Enter, Down or Up
keys. You can also click another cell with the mouse.

Type the name of the first species into the Species column. Note that you must start
filling in the spreadsheet from the first row.

You can first type all species and then edit the temperature and amount values, or
you can give these values after every species name input.

You can toggle between degrees Celsius and Kelvins by selecting C or K from the
Units menu and from moles to kilograms (or Nm? for gases) by the mol selection.

You must divide the species into phases in the same way as described in normal
equilibrium calculations, see examples in Chapter 15.2.

Every phase must have its own phase row. All species under this phase row until
the next phase row belong to this same phase.

For every phase you must at least specify its Type (Gas, Liquid, ...). You must also
specify the Anode and Cathode phases. You can also give a name and capacitance
for the phases.

If you want to change the order of species, simply use Insert Row, Copy and Paste
or the Drag and Drop technique described in Chapter 2 . Dia ra  ra ics.

You can also insert and delete rows by pressing Ins Row and Del Row.

You can give Extra Balances as a table or matrix in the Extra Balances Box. For
example:

13 1 Species 13: Oxidation number of e-(Pt)
17 4 Species 17: Oxidation number of O2(g)
Q 0 Discharge amount: F (mol)
Extra Balances makes it possible to calculate potentials of electrodes and

chemical compositions of phases at different discharge states of an electrochemical
cell.

You must first define the species numbers, which react at the anode or cathode, as
well as their oxidation numbers. In the example oxygen gas O2(g) is decomposed
on a cathode, its oxidation number is 2  (-2) = -4. The oxidation number of an
electron is always 1.

The discharge amount defines the amount of electricity, which is transferred from
anode to cathode in the equilibrium. By changing the discharge amount you can
calculate potentials and compositions at different discharge states of the cell. Note:

= Amount of electricity in As (charge)
F = Faradays constant, 96487 As mol
When you are satisfied with the data, save it by pressing Save.

After saving you can go to the CELL-program by pressing Cell.
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Additional Information
You can obtain more information on the CELL program and the thermodynamics in the
background using Help as well as from the original publications of the authors’-8.
Cell Module
BT Cell for Windows 1.0 B [=1
Eile Bun Help

N —

File name: C:A\Hsch\Cell\Fucell.ice
QOutput file name: CAHscb\Cell\Fucell.oce

| | | Maximum rounds: 200 |

| | |Limit: D < 5E-36 |

Fig. 2. Cell program.

The CELL-program calculates the equilibrium configuration of chemical and
electrochemical systems and cells, half cells, fuel cells, as well as secondary and primary
batteries.

For a complete cell with two or more electrodes, the total charge and the amount of atoms
present in the system are not sufficient conditions of equilibrium. The additional
constraint used in the CELL routine is the so-called DISCHARGE E UATION. This
describes how much charge can be transferred from the cathode to the anode due to the
redox reactions taking place in the cell before the equilibrium state is reached from the
initial equilibrium state, see the example fucell.ice. These constraints can be defined in
the Extra Balances box, see Fig. 1.

Running the program

Open input data file with the option File Open...

Select the option Run Calculate . The program will then calculate the
equilibrium state. If you want to change the number of iterations, choose the
Run Maximum rounds option which gives the new number of iterations. The
default value is 200. You may interrupt the calculation by pressing any key or the
mouse button.
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3. Answer YES to the question Do you want to save equilibrium data if you want
to save results in input data file format on the file Equil.ice . Otherwise select NO.
4. You can return to the HSC Main menu by selecting File Exit .

With the options File View input file and File View output file you can view the
input file and output file, respectively. You may also send files to the printer with the
Print option in the viewing window.
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I Formula Weight Calculations _ O]
Please enter Formula: Fractions [ mol =
MNaz504 1.0
A E | & Far [ E [
1 =
2 Na2ls804
3
4 Formula Weight: I IEZ QE ; I! gimol
5 Ion Weight: gitmol
&
7 | Elements: wit-%0 at-%o mol
2 Ha 223714 28.59714 02857
g o 45 0569 27.1429 0.5714
10 ) 225716 14 2857 0.142%
11
12
13
14
15 -
E xit ‘ Help | Print ‘ Clear | Copy ‘ Paste | Calculate

Fig. 1. Formula Weights.

This simplest calculation option of HSC Chemistry is a versatile routine for calculating
formula weights. As input, it accepts almost any form of chemical formula using
conventional organic or inorganic expressions. Typical entries may be:

NaBO3 4H20, H2Sn(OH)6, (C2H5)20, Fe0.9980, etc.

You can collect several results on the sheet. Clear will clear the whole sheet. You can
print the results using Print. The Formula Weight option uses the same routine for
calculating the formula weights and elemental composition as all other calculation options
in the HSC. Therefore you can test the correct formula formats in this option. Copy will
copy the results into the clipboard. Note that you can copy and paste cell ranges also.

You can select mol or kg units for column E as well as the total amount from the box at
top right corner of the form. By pressing mouse right button you can, for example, modify
number format.

1. Superscripts and subscripts are not allowed.
Inner parentheses are not allowed, for example:
H2(Sn(OH)6) is not a valid formula. Use H2Sn(OH)6 instead.

3. Last parentheses are always reserved for species type declarations, for example:
As(g) Arsenic gas C Carbon
02(g) Oxygen gas C(D) Diamond
Fe(l) Liquid iron FeS2 Pyrite

OH(-a) Aqueous OH ion FeS2(M)  Marcasite
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If you want to write the following formula
please write it in one of the following ways:
(Last parenthesis are reserved for suffix)

AlO(OH)
AlO2H
AlO (OH)
AlO OH

16 -2

02103-ORC-T

Not valid
Valid
Valid
Valid
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17. Eh - pH - DIAGRAMS (Pourbaix-diagrams)

17.1

Eh-pH-diagrams show the thermodynamic stability areas of different species in an aqueous
solution. Stability areas are presented as a function of pH and electrochemical potential
scales. Usually the upper and lower stability limits of water are also shown in the diagrams
with dotted lines. Traditionally these diagrams have been taken from different
handbooks!2. However, in most handbooks these diagrams are available only for a limited
number of temperatures, concentrations and element combinations.

The Eh-pH module of HSC Chemistry allows the construction of diagrams in a highly
flexible and fast way, because the user can draw the diagrams exactly at the selected
temperature and concentration.

The Eh-pH-module is based on STABCAL - Stability Calculations for Aqueous Systems -
developed by H.H. Haung, at Montana Tech., USA%10.

Introduction

Eh-pH-diagrams are also known as Pourbaix Diagrams according to author of the famous
Pourbaix diagram handbook!2. The most simple type of these diagrams is based on a
chemical system consisting of one element and water solution, for example, the Mn-H20-
system. The system can contain several types of species, such as dissolved ions, condensed
oxides, hydroxides, oxides, etc. The Eh-pH-diagram shows the stability areas of these
species in the redox potential-pH-coordinates.

Usually the redox potential axis is based on the Standart Hydrogen Electrode (SHE) scale
designated Eh, but other scales can also be used. The redox potential of the system
represents its ability to change electrons. The system tends to remove electrons from the
species when the potential is high (Eh  0). These conditions may exist near the anode in
the electrochemical cell, but can also be generated with some oxidizing agents (Cu H202
= CuO H20). In reducing conditions, when potential is low (Eh  0), the system is able
to supply electrons to the species, for example, with a cathode electrode or with some
reducing agents.

The pH of the system describes its ability to supply protons (H( a)) to the species. In acid
conditions (pH 7) the concentration of the protons is high and in caustic conditions (pH
7) the concentration of protons is low.

Usually a large amount of different species exist simultaneously in the aqueous mixtures in
fixed Eh-pH-conditions. The Pourbaix diagrams simplify this situation a lot by showing
only the predominant species which content is highest in each stability areas. The lines in
the diagrams represent the Eh-pH-conditions where the content of the adjacent species is
the same in the equilibrium state. However, these species always exist in small amounts on
both sides of these lines and may have an effect on practical applications.

The lines in the diagrams can also be represented with chemical reaction equations. These
reactions may be divided into three groups according to reaction types:

1. Hori ontal lines. These lines represent reactions that are involved with electrons,
but are independent of pH. Neither H( a)-ions nor OH(-a)-ions participate to these
reactions.

2. Diagonal lines with either positive or negative slope. These lines represent reactions

that are involved with both electrons and H( a)-and OH(-a)-ions.
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3. Vertical lines. These lines represent reactions that are involved either with H( a)- or
OH(-a)-ions, but are independent of Eh. In other words, electrons do not participate
with these reactions.

The chemical stability area of the water is shown in the Eh-pH-diagrams with dotted
lines. The upper stability limit of water is based on the potential when the oxygen
generation starts on the anode. It is specified by the reaction:

2H20=02(g) 4H( a) 4¢

The lower stability limit is based on hydrogen formation on the cathode. It is specified by
the reaction:

2H( a) 2e =Ha(g)

The construction of the diagrams with HSC Chemistry EpH module is quite a simple task.
However, several aspects must be taken into account when specifying the chemical system
and analyzing the calculation results, for example:

1. A basic knowledge of chemistry, aqueous systems and electrochemistry or
hydrometallurgy is always needed in order to draw the correct conclusions.

2. The EpH module carries out the calculations using pure stoichiometric substances.
In practice minerals may contain impurity elements and the composition may deviate
slightly from the stoichiometric one.

3. There are always some errors in the basic thermochemical data of the species. This
may have significant effect on the results, especially if the chemical driving force of
the reaction is small. Usually small differences between Pourbaix diagrams from
different sources can be explained by the slightly different basic data used.

4. Sometimes data for all existing species is not available from the HSC database or
from the other sources. This will distort the results if the missing species are stable in
given conditions. The missing unstable species will have no effect on the results.

5. The EpH module does not take into account the non-ideal behavior of aqueous
solutions. However, in many cases these ideal diagrams give a quite good idea of the
possible reactions in aqueous solutions, especially if the driving force of the
reactions is high.

6. Thermochemical calculations do not take into account the speed of the reactions
(kinetics). For example, the formation of the SO4(-2a) ion may be a slow reaction. In
these cases metastable diagrams created by removing such species from the system
may give more consistent results with the experimental laboratory results.

The HSC user must be very careful when drawing conclusions from Eh-pH-diagrams due
to these limitations and assumptions. However, these diagrams may offer extremely
valuable information when combining the results with the experimental work and with a
good knowledge of aqueous chemistry. There is no universal kinetic or thermochemical
theory available, which could entirely substitute traditional experimental laboratory work
with pure theoretical calculation models.

More information on Eh-pH-diagrams, calculation methods and applications can be found
from different handbooks, for example, from the Pourbaix Atlas!2.
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Chemical System Specifications

Eﬂ Eh-pH Diagram. Authors: H-H Haung. K Anttila and A Roine
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Fig. 1. Selecting elements and species for the Eh - pH - diagram.

The EpH Diagram selection in the HSC main menu will show the EpH-form, Fig. 1. The
user must specify the chemical system, which will be used to calculate the diagram in this
form. Assume that system contains Cu, S and H20. The following steps should be

specified in order to create the diagram:

1. Select Main Element: Select one element from the list. This element will be used as
the main element in the first diagram, i.e. all species, which are shown in the
diagram, will contain this element. The user can easily change the main element
selection later on in the diagram form, see Fig. 3. The Cu has been selected in this
example, but S may be selected to main element by pressing S button in Fig. 3.

2. Select Other Elements: Select other elements to the system. Up to 7 elements can
be selected but it is recommended to use less, because large amount of elements and
species increase calculation time and could cause some other problems. S has been
selected in this example. Note: It is not necessary to select H and O, because these
are always automatically included.

3. Search Mode: This selection specifies the type of species, which will be collected
from the database. It is recommended to use default selections. Note: ondensed =
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solid substances, wueous eutra s =dissolved species without charge, ueous lons
= dissolved ions, ases = gaseous species without charge, as lons = gaseous ions,
and i uids = liquid species.

OK: Press OK to start the search from the database.

Select Species: Usually you can select all species to the diagram by pressing All. In
some cases, however, it is useful to remove unnecessary species from the system.
This will decrease calculation time and simplify diagrams. Note: A) By pressing
simultaneously Ctrl-key and clicking with the mouse it is easy to make any kind of
selection. B) By double clicking the species it is possible to see more information of
the species. Load CUS25.1EP file to see the selected species of this example.

The selection of the species is the most critical step of the EpH calculation
specifications. Due to the kinetic reasons the formation especially of large molecules
may be take quite a long time in aqueous solutions. For example, the formation of
large polysulfide, sulfate, etc. molecules (S406(-2a), HS206(-a), HS703(-a), ...)
may take quite a while. If these are included into the chemical system then they may
easily consume all the sulfur and the formation of simple sulfides (AgS, Cu2Ss, ...)
decreases due to lack of sulfur. Therefore in some cases the large molecules should
be rejected from the chemical system.

The data of some species may also be unreliable, especially if the reliability class of
the species is not 1 in the database. Such species may be rejected from the chemical
system. Note also that species with (ia) suffix are not recommended to use, see
Chapter 28.4 for details.

Temperature: The user must specify at least one temperature for the diagram. Up to
four temperatures may be specified in order to draw combined diagrams, which
show the effect of temperature. The temperatures 25, 50, 75 and 100 C have been
selected in this example, Figs. 1 and 2.

Criss-Cobble: This option enables HSC to extrapolate the heat capacity function of
the aqueous species if this data is not given in the databasell, see Chapter 28.4.

EpH: Press EpH to start the File Save dialog and Calculation of the diagram. You
can also press File Save in order to save the data for later use without running the
calculation procedure.

Diagram: Pressing the EpH button will show the Diagram specification form, see
Chapter 17.3 and Fig 2. By pressing Diagram in Fig. 2 you will see the default
diagram.
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17.3 Eh - pH - Diagram Menu

ZEE - pH Diagram of the HSC =] k3
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22 (CuOH(Ha) -30.209 -=| [ Show Fredominance Areas of lons
1 Il\.. Species A Labels A, lines / ||4_‘ _I 3 I_.
File Open CAHSCHAEpHACUS 25 5ep Combine Diagram

Fig. 2. Default values for the Eh - pH - diagram.

The EpH-diagram menu shows a summary of the chemical system specifications as well as
selected default values for the diagram. The fastest way to go forward is to accept all the
default values and press Diagram for simple EpH diagrams or Combine for combined
diagrams. Usually at the begining, there is no need for modifications to the default values.
However, it is important to understand the meaning of these settings because they may
have strong effect on the diagram. The details of the diagram menu options are explained in
the following paragraphs.

1. File Open

The EpH module can also be used as an independent application, in these cases the data for
the diagram may be read from .IEP files by pressing File Open. or a ¢t e s ste
s eci ications are auto atica trans erred ro t e s ste s eciication s eet to t e
dia ra enu, 1 .2.
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The diagram specifications can be modified in the diagram menu. The selections can be
saved for later use with File Save IEP selection from the menu. The IEP-files may also be
edited by any text editor like Windows Notepad. Please be careful as any mistake may
cause unpredictable results. The calculation results may be saved to .EPH file with File
Save EpH selection and loaded back with File Open EPH selection which causes the
diagram to be automatically recalculated.

2. Species and AG-data workbook

The selected species and calculated AG-data based on the enthalpy, entropy and heat
capacity values of the HSC database is shown on the Species sheet of the diagram
workbook, Fig. 2. The species are arranged according to elements and species type. The
user can modify the AG-data as well as add or remove species in this sheet. The Species
sheet makes it possible to use data and species which cannot be found in the HSC database,
for example:

A.  The published Pourbaix diagrams are often based on AG-data which is given in the
original papers. This AG-data can be used in the Species sheet to replace the default
values based on the HSC database if necessary. Note that these AG-values can also
be calculated from the standard potential values using equation 1

A =-n- -E, 1

where n is the charge transferred in the cell reaction, F is the Faraday constant
(23045 cal (V mol)) and E is the standard electrode potential in volts. Note: Give

AG-data for the selected temperatures, usually these values are only available at 25
C.

B.  Sometimes all necessary species are not available in the HSC database. These
missing species can be added to the chemical system specification if the user has the
AG-values or chemical potential data for these species. The new species may be
added by inserting empty row with Insert Row selection and typing formula and
AG-values to this row.

The new species can be inserted into any location, but it is recommended to add the
same type of species sequentially, because it makes the list easier to read and update.
Note: A) Do not insert any new elements, new elements must be added in the EpH-
element selection window, Fig. 1. B) Do not create empty ro s.

C. Insome cases it is necessary to remove certain species from the system, e.g. if some
kinetic barriers are found to slow down the reaction rate in the experiments. Such
species can be removed by Delete Row selection.

The Labels and Lines sheets are in the programs internal use and it is not necessary to
make any modifications to these sheets. The Labels sheet contains format data for the
labels such as text, area number, coordinates, font name and properties, and labels
visibility and orientation. The Lines sheet contains format data of the equilibrium lines of
the diagram: Species names, line area numbers, line endpoint coordinates, and line
properties.

3. Temperature

The Pourbaix-diagrams are drawn at a constant temperature. The user must select one
temperature for the diagram from the list of temperatures, Fig. 2. The actual temperature
values can only be changed from the system specification form, Fig. 1. No temperature
selection is needed here for the Combined diagrams.
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The default AG-values in the Species sheet in columns 2 — 5 are calculated at the given
temperatures. The AG-values at column 2 are calculated using the first temperature, column
2 using the second temperature, etc.

4. Other parameters

The default values for Dielectric Constant and AG of H20 are automatically calculated
on the basis of the selected temperature and pressure. The calculation of Dielectric
Constant is based on experimental values!> and water vapor pressurel®, which are valid
from 0 to 373 C, and from 1 to 5000 bar. Outside this range the Dielectric Constant will be
extrapolated.

The Ion Strength and Correction Factor constants are automatically calculated by the
program and usually they do not need to be modified by the user.

5. Potential and pH scale ranges

The user may change the default range (Max Eh and Min Eh) for the potential scale as
well as the range of pH scale (Max pH and Min pH). The scale settings can also be
changed by clicking the x- or y-axis on the diagram form. The minimum difference
between Min and Max values is 0.2 and there is no upper limit for the difference.

6. Molality and Pressure

The diagrams are calculated using constant molalities (concentrations) for all the elements.
The default values may be changed in the table in the bottom right corner of the diagram
menu, see Fig. 2. Molality values are given in mol kg H2O units.

The total pressure of the system is also given in the Molality table. The EpH module uses
maximum value given in the Pressure column as the chemical system total pressure. It is
not possible to select a smaller pressure value than water vapor pressure at the selected
temperature. In other words, the total pressure must always be bigger than the water vapor
pressure at the selected temperature. The default value for the pressure is 1 bar.

7. Show Predominance Areas of Ions

The Show Predominance Areas of Ions selection causes the EpH-module to calculate
two diagrams for the same system. The first one is a normal Eh-pH-diagram with all
species, and the second one is the predominance diagram with only aqueous species. Both
diagrams are drawn into the same figure the first diagram in black and the second one in
blue. This option is recommended for use only with normal Eh-pH-diagrams (see Chapter
17.4).

8. Diagram and Combine Buttons

Diagram starts the calculations and automatically shows the normal Pourbaix-diagram.
Combine will show still one more menu for combined diagram specifications, see Chapter
17.5 for more details.

9. Other options

The active worksheet may be printed using File Print selection. You can make changes to
the setting using normal Page Setup, Print Setup, and Preview dialogs in the File menu.
The File Print All selection prints all three sheets.

The Edit Copy selection provides normal copy and paste operations, the Edit Copy All
selection copies all three sheets to the clipboard. The worksheet layout may be changed by
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the Format menu, which contains dialogs for column width, row height, font, alignment
and number formats.

Press Exit or select File Exit when you want to return back to the system specifications
form, Fig. 1. The Help menu opens the HSC Help dialog.

10. Example of Normal Pourbaix-Diagrams (Cu-S-H20O-system)

Accept all the default values and press Diagram. Continue from Chapter 17.4.

Normal Eh-pH-Diagrams

The calculated Eh-pH-diagrams are shown in Fig. 3. In the Diagram window it is possible,
for example, to modify the layout and format of the diagram. The solid black lines show
the stability areas of the most stable species on the pH- and Eh-scales. The dotted cyan
lines show the upper and lower stability areas of water, see Chapter 17.1. The stability
areas of ions are shown with blue dotted lines if the Show Predominance Areas of
Ions option has been selected, see Fig. 2.

1. Main Elements

he Eh pH diagrams sho only those species  hich contain the selected main element.
The default main element (Cu) must be selected in the system specification form, Fig. 1.
However, the active main element can easily be changed in the diagram form by pressing
Element buttons on the upper right side of the diagram form, see Fig. 3 for the Cu-S-H20
diagram and Fig. 4 for the S-Cu-H2O-diagram. Usually it is useful to check all the
diagrams with different main elements to get a better idea of the equilibria.

2. Labels and Lines

The EpH-module locates the area labels automatically on the widest point of the stability
areas. You can easily relocate the labels by dragging with the mouse cursor if necessary.
The text of the labels and headings can be modified by inserting the cursor into the correct
location within the text row and then by starting to type. You can start the Label Format
dialog by double clicking the label or by the Format Label selection. This dialog makes it
possible to change text and lines properties, such as font, type, size, line width, color, etc.

You can insert new labels using the Insert Label selection. You can delete these labels
using the Delete Label selection. Note that you cannot delete the default labels, but you
can hide these labels by removing all text from the label.
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Fig. 3. Eh-pH-diagram of Cu-S-H20O-system at 25 C using Cu as the main element. The molalities of Cu

and S are 1 mol kg H20.
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Fig. 4. Eh-pH-diagram of S-Cu-H20-system at 25 C using S as the main element. The molalities of Cu

and S are 1 mol kg H20.

The Format H20 Stability Lines selection opens the format dialog, which makes it
possible to modify the water stability lines formats and properties. This dialog can not be
opened by double clicking the water stability lines.
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Cancel | oK

Fig. 5. Menu for formatting y-axis, note the different potential scale options.

The scale format dialog can be opened by double clicking the axis numbers, see Fig. 3, or
by the Format Scale selection, see Fig. 5. A special feature of the Eh-pH-diagram scale
dialog is the scale unit option. You can select between the Hydrogen, Saturated Calomel
and Ag AgCl scales. The default scale is Hydrogen, which is used in the calculations. The
difference between the Min and Max values must be at least 0.2 units.
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4. Printing
BH Page Settings = E
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¥ Frint Baw Materials Copies: I 1 Print |

Fig. 6. EpH-Diagram Print Dialog.

Cancel

You may open the Print dialog by pressing Print BW or Print Col or by selecting File
Print Special, see Fig. 3. This dialog allows the user to select margins and size of the
diagram as well as the orientation, see Fig. 6. If you have a color printer you can select the
Color option. Print will print a hard copy of the diagram.

5. Other Options

The default diagram font dialog can be opened by pressing Font or with the Format
Default Font selection from the menu. This dialog allows the user to set the default font,
which is saved into HSC.INI file.

Copy as well as Edit Copy selection will copy the diagram into the Windows Clipboard,
which makes it possible to paste the diagram into other Windows applications in Windows
Metafile format. Edit Copy All selection will also copy the molality and pressure values
into the diagram. Edit Copy Special will copy scaled diagrams.

The Save or File Save selection will save the Eh-pH-diagram in Windows Metafile format
( .WMF). These diagrams cannot be read back to HSC.

The Menu or the File Exit selection will reactivate the Diagram Menu form, see Fig. 3.
The Help selection will open the HSC Help dialog.

6. Example Cu-S-H;O-System

The Cu-S- and S-Cu-H20-diagrams are shown in Figs. 3 and 4. These diagrams may give a
lot of valuable information. For example, the dissolution behavior of copper can easily be
estimated from Fig. 3. It is easy to see that in neutral and caustic solutions metallic copper
is stable near zero potential values. It will form oxides in anode conditions (Eh  0) and
sulfides in cathode conditions (Eh  0). However, it will dissolve as Cu( 2a) in acid
conditions at anode (Eh  0) and precipitate on a cathode (Eh  0) in metallic form.
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Specifications for Combined Diagrams

The normal Eh-pH-diagrams show the effect of pH and potential on the stability areas of
different species. The Combine option, see Fig. 2, enables you to see the effect of other
variables on the same diagram. Basically, these combined diagrams are made by
superimposing up to four normal diagrams together. These separate diagrams can be
calculated using the main element, temperature, molality (concentration) or pressure as
a variable. The traditional Pourbaix-diagrams!2 usually show the effect of molality on the
same diagram. These combined diagrams make it easy to compare the effect of the main
process variables on the chemical system behavior.

The Combine option only draws combined diagrams for the same chemical system. Other
limitations are the same as for the normal Eh-pH diagrams. Note that the user may select
different variables to be used simultaneously in the same combined diagram. However, it is
stron  reco ended to use on one ariab e, such as molality or temperature, because
multivariable combined diagrams will be difficult to read. The combined diagram may
become extremely complicated if more than two different main elements are selected in
one diagram.

1. Chemical System Specifications

The chemical system specifications for the combined diagrams are made exactly in the
same manner as for normal diagrams, see Chapter 17.2. The Fe-S-H20-system is used here
as an example when the combined diagrams approach and properties are described. The
selections are shown in Fig. 7. The available temperatures must be specified in the system
specifications form, Fig 1.

2. Eh-pH-Diagram Menu

The modification of the chemical system as well as other settings are made in Diagram
Menu in the same way as for the normal diagrams described in Chapter 17.3. In this
example no changes were made into the default selections. The only action was to press
Combine, see Fig. 2.

3. Combine Menu

The variable, which is used to draw the combined diagrams, is selected in the Combine
Menu, see Fig. 8. The user may select up to four data sets to be used in the calculations
with the Select option. Each data set specifies settings for one normal diagram, which will
be included in the combined diagram.

The basic idea is that all values must originally be the same in each data set. Reset Values
will restore the original values. The user may then give different values for one variable in
each data set. The molality of iron has been selected for the variable in Fig. 8 by giving the
value 1.00E 00 for Data Set 1, 1.00E-03 for Data Set 2 and 1.00E-06 for Data Set 3. The
Select option and Line Text are usually automatically selected whenever a data set is
modified.

A combined diagram can be drawn by pressing Diagram when the variable values for the
data sets have been given.

Different variables can be used simultaneously in each data set. However, it is
recommended to use only one variable because multivariable diagrams are difficult to read.
Note also that only the Hydrogen electrode potential is available if more than one
temperature is used for the combined Eh-pH-diagram.
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Fig. 7. Specification of an Fe-S-H20-system for an Eh-pH-diagram.
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Fig. 8. Specification of a combined diagram layout for an Fe-S-H20 system.
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The Line Text options specify which variable values are used as line labels. Usually the
combined diagrams are so complicated that labels on the lines are needed to distinguish the
lines of different data sets from each other. The line labels are automatically located in the
middle point of the lines. The Line Text option is automatically selected on the basis of the
last changed variable. However, the user can change this selection just before starting the
final calculations with Diagram.

The following Line Text options may be used:

- Main Element

- Temperature (all numbers rounded to integers)

- Molality and Pressure Only the last three characters of the numbers are used. For
example, 1.00E-03 is shortened to -03 .

- Data Set Number

- None: Line labels are not used.

The Source option refers to the element which is used for the Molality and Pressure line
labels. It is automatically selected according to the last edited variable. However the user
can change this before pressing Diagram. The line label format dialog can be opened by
pressing Line Text Font, see Fig. 8.

The Edit Copy and Paste selections may be used to edit the Molality and Pressure values.
Table shows all the calculation results, which are used to draw the final diagram, see
Chapter 17.7.

Diagram calculates all the selected data sets and shows the combined diagram, see Chapter
17.6. Exit returns the control to the Diagram Menu form, Fig. 1.

4. Brief Instructions to create a Combined Eh-pH-diagram

L. Specify chemical system and press EpH, see Fig. 7.
2. Accept default settings and press Combine, see Fig. 2.

3. Give values for one variable, for example, molality 1.00E 00 for Data Set 1, 1.00E-
03 for Data Set 2 and 1.00E-06 for Data Set 3. Press Diagram to calculate the
combined diagram, see Fig. 8 and Fig. 9.

Combined Eh-pH-Diagrams

The calculation basis and appearance of the combined diagrams is the same as for the
normal Eh-pH-diagrams discussed in previous chapters. The combined diagrams are
reduced to normal diagrams if only one data set is selected, see Fig. 8. However, there are
some differences which will be discussed in this chapter. The combined diagram of the Fe-
S-H20 example is shown in Fig. 9.

The main element selection of the combined diagrams is made in the four Data Sets
options, Fig. 8. The selected main element can be seen from the heading of the diagram.
The first element in the heading Fe-S-H20-system at 25 C is always the main element.
Table shows all the calculation results, which are used to draw the final diagram, see
Chapter 17.7 for details.
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Fig. 9. Combined Eh-pH-diagram for an Fe-S-H20-system at 25 C. The Fe molality values 1, 10-3, and

10-6 have been used as parameter.
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Fig. 10. Calculation results used to draw the final diagram. This form can be opened by pressing Table on
Diagram form, see Fig. 9.
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Calculation Results of Combined Diagrams

The EpH module automatically carries out all the calculations needed to draw the diagram.
The result workbook may be seen by pressing Table in the Diagram form, see Fig. 9.
Normally you do not need to worry about these sheets at all. You may utilize this
information, for example, to see the exact numerical coordinates of the lines or to identify
some very small and complex stability areas, etc. The modification of this worksheet has
no effect on the diagram.

The result workbook contains six sheets. The first four sheets (DS1, DS2, DS3, DS4) are
for the line coordinates based on data sets 1 to 4. These sheets contain the species names,
area numbers, line coordinates and line properties.

The Label sheet contains the label names and label coordinates as well as the area
numbers, which connect the label to the final lines specified in the Lines sheet. This sheet
gives the calculated coordinates of the lines in the final diagram. These two sheets also
show all the format properties used to draw the labels and lines on the diagram. The area
number is calculated using the formula

D =z4:2<”'“, 2
n=1

where n is the data set number.

For example, 6 = 2(2-1)  2(3-1) means that label is combined from data in sets 2 and 3.

You can print the active sheet (or all sheets) by pressing Print. Exit closes the result
workbook and returns you to the previous form.

Eh - pH - Diagrams in Practice

The HSC EpH module enables fast and easy creation of Pourbaix diagrams for the required
chemical system in user-specified conditions. These diagrams contain the basic information
of the aqueous system in a compact and illustrative form. These diagrams have found many
applications in corrosion engineering, geochemistry and hydrometallurgy since the

publication of the famous Pourbaix Atlas handbook!2.

In hydrometallurgy, the Eh-pH-diagrams may be used, for example, to specify the
conditions for selective leaching or precipitation. In corrosion engineering, they may be
used to analyze the dissolution and passivation behavior of different metals in aqueous
environments. These diagrams may also be used to illustrate the chemical behavior of
different ions in aqueous solutions.

Geochemists use the Pourbaix diagrams quite commonly to study the weathering process
and chemical sedimentation. The weathering process is used to predict what will happen to
a mineral, which is exposed to acid oxidizing conditions at high temperature and pressure.
Pourbaix diagrams can also be used to estimate the conditions, which were needed to form

certain sediments and other minerals!7 in the geological past.

Some application examples of EpH module and Pourbaix diagrams are given in Chapter
18, as well as an example of the EpH file format.
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18. Ep pH - Samples
EpH module: Input File for EpH Module

E - p - iagram 4.0 ' iagram t pe ' Heading
2 ' Number of Elements
Cu ' Name of a Element
1.0000 1.0000 ' Molality and pressure of this Element
S
1.0000 1.0000
2 ' Number of temperatures
25.000 75.000 ' alues of Temperatures in C
N ' Show stability areas of ions ( /N)

-56.6781 -54.7567
1.0000 1.0000

0
-2 2 0 14

A values of H20 for all temperatures
Dielectric Constant

on strenght

imits of the diagram

Cu 0.0000 0.0000 'Name of a species and AG values for all temperatures
Cu 3 67.7313 68.0470
Cu0 -30.6627 -29.5533
Cu20 -35.3446 -34.4294
CuO*Cus04 -189.3533 -183.9282
Cu(0 )2 -85.8077 -82.4437
Cus -12.7800 -12.7952
Cu2s -20.6662 -20.8844
Cuso4 -158.2417 -153.8574
Cu2s504 -156.4294 -152.5214
Cus04*3 20 -334.5808 -323.1528
CusS04*5 20 -449.2635 -433.1954
2504 -164.8848 -159.9397
2504*3 20 -345.1000 -334.0907
2504*4 20 -402.9123 -389.9613
S 0.0000 0.0000
S() 0.0190 0.0068
SO3( ) -89.4025 -86.2283
SO3( ) -89.7786 -86.7094
Cu (+2a) 15.6300 15.7317
Cu (+a) 11.9450 11.0901
Cu (0 )2 (a) -59.5596 -53.6263
Cuso4 (a) -162.3104 -155.5767
Cu2S03 (a) -92.2243 -87.8581
2s (a) -6.5160 -6.1670
S(-a) 2.9113 4.2276
2503 (a) -128.5529 -125.6145
2504 (a) -177.9474 -171.0575
S03 (-a) -126.1208 -122.2317
S03 (-2a) -121.3430 -116.7342
S04 (-a) -180.6580 -175.4083
S04 (-2a) -175.2501 -169.3171
S05 (-a) -152.3532 -147.0925
S(-2a) 20.5471 22.6438
52 (-2a) 19.0406 21.0895
S3(-2a) 17.6446 19.6504
502 (a) -71.8354 -71.1981
S03 (a) -125.6315 -121.1608
S03 (-2a) -116.2971 -110.0146
S04 (-2a) -177.9474 -171.1338
5203 (-2a) -123.9775 -118.6055
5204 (-2a) -143.5482 -137.2786
5205 (-2a) -188.0263 -180.6896
5206 (-2a) -231.6077 -223.3179
5208 (-2a) -266.4866 -257.3452
5306 (-2a) -244.8178 -236.2948
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EpH Case 1: Metal Corrosion in Fe-H,O-system

Eh-pH-diagrams may be used to estimate corrosion behavior of different metals in aqueous
solutions. The most common corrosion phenomenon is rust formation on the iron surfaces.
The corrosion rates and types depend on the chemical conditions in the aqueous solution.
The Eh-pH-diagram of an Fe-H,0O-system may easily be created as described in Chapter 17.
The chemical system specification is shown in Fig.1 and the calculated diagram in Fig. 2.

The stability areas may be divided into three groups'’:

1. Corrosion area: Formation of ions means that metal dissolves into an aqueous
solution. For example, Fe( 3a), Fe( 2a), FeO,(-a) and HFeO,(-a)-ions in an Fe-H,0-
system.

2.  Passive area: Formation of oxides or some other condensed compounds may create
tight film (impermeable) on the metal surface which passivates the surface, good
examples are AL,O; on aluminium or TiO, on titanium surfaces. If the oxide layer is
not tight enough (porous) to prevent oxygen diffusion into the metal surface, corrosion
may continue. This is the case with the most of the iron oxides but they may also
cause passivation in favourable conditions.

3. Immunity area: All metals are stable if the electrochemical potential is low enough.
Most noble metals are stable even at zero potential, but at least —0.6 volts are needed
at the cathode for iron to precipitate, see Fig. 2.

The stability areas of water are shown by dotted blue lines in Eh-pH-diagrams, see Fig. 2,
the colors can not be seen in this B W copy. Usually it is difficult to exceed these limits due
to the formation of oxygen at the upper limit and hydrogen at the lower limit. In some
solutions these limits may be exceeded due the necessary overpotential of hydrogen and
oxygen formation. On the basis of Fig. 2 it seems that hydrogen formation occurs on cathode
before the metallic iron comes stable.

The Eh-pH-diagrams may be used in several ways, for example,

- to find pH, potential and temperature regions which prevent corrosion.
- to find out which compounds are the corrosion reaction products.
- to find immune materials which can be used as protective coating.

- to find out a metal which may corrode instead of the constructive material. For
example, the zinc layer on a steel surface.
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ﬁﬂ Eh-pH Diagram. Authors: H-H Haung. K Anttila and A Roine
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Fig. 1. Specification of Fe-H,O-system for EpH-diagram at 25 C.
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Fig. 2. Eh-pH Diagram of Fe-H,O-system at 25 C. Molality of Fe is 10° M.
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EpH Case 2 Corrosion Inhibitors in Fe-Cr-H,O-system

Some elements or compounds may prevent corrosion even at very low content in the
chemical system. These substances are called corrosion inhibitors and they can be divided
into anodic and cathodic inhibitors. The anodic inhibitors primarily prevent the anodic
reaction and passivate metals in this way, the latter ones suppress the corrosion rate by
preventing the cathodic reaction or by reducing the cathodic area .

Chromate and dichromate ions are well known anodic corrosion inhibitors. Small amounts of
chromates will create a tight complex oxide film on the steel surface which prevents
corrosion. The oxide film is mainly formed of magnetite (Fe;O,), hematite (Fe,O;) and
chromic oxide (Cr,03).

The inhibitor behavior of chromates may be illustrated with Eh-pH-diagrams. The Fe-Cr-
H,O-system specifications are shown in Fig. 3. The calculation results for Fe-H,O and Fe-
Cr-H,O-systems are shown in Figs 4 and 5. As shown in the diagrams, a large area in the
corrosion region of iron Fe( 2a), Fig. 4, is covered by the Cr,0; and Cr,FeQy; stability areas
and thus protected from corrosion, Fig. 5.

It is easy to create Eh-pH-diagrams with the EpH module. However, you should remember
that this type diagram greatly simplifies the real situation. They do not take into account, for
example, the kinetic aspects or non-ideality of real solutions. Small errors in the basic
thermochemical data may also have a visible effect on the location of the stability areas. In
any case, these diagrams give valuable qualitative information of the chemical reactions in
aqueous systems in brief and illustrative form.

Eﬂ Eh-pH Diagram. Authors: H-H Haung. K Anttila and A Roine
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Fig. 3. Specification of Fe-H,O-system for EpH-diagram at 100 and 300 C.
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Fig. 4. Fe-H,0-system at 100 C. Molality: Fe 10* M, pressure 1 bar.
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Fig. 5. Fe-Cr-H,0-system at 100 C. Molalities: Fe and Cr 10* M, pressure 1 bar.
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Selection of Leaching Conditions

The first step in a hydrometallurgical process is usually leaching or dissolution of the raw
materials in aqueous solution. The aim is to select the most suitable leaching conditions so
that the valuable metals dissolve and the rest remain in the solid residue. The leaching
conditions may easily be estimated with Eh-pH-diagrams. In favorable leaching conditions
the valuable metals must prevail in solution as aqueous species and the others in solid state.

Roasted zinc calcine is the most common raw material for the hydrometallurgical zinc
process. It contains mainly zinc oxide. An example of Eh-pH-diagrams application in zinc
oxide leaching is shown in Fig. 7, see Fig. 6 for chemical system specifications. It can be
seen from the diagram that acid or caustic conditions are needed to dissolve the nO into
solution"’.

In acid conditions the pH of the solution must be lowered below a value of 5.5. In practical
processes the pH must be even lower because the relative amount of zinc in the solution
increases if the pH is adjusted farther from the equilibrium line between the nO and

n( 2a) areas. The dissolution of the nO consumes hydrogen ions as can be seen from
reaction (1). Therefore acid must continuously be added to the solution in order to maintain
favorable leaching conditions.

nO 2H(a) = n(2a) HO 1

In caustic conditions zinc may be obtained in solution by the formation of the anion complex
nO2(-2a). The leaching reaction may be described by equation (2).

n0 H,0 = nOy(-2a) 2H( a) 2

The leaching conditions change, for example, if sulfur is included in the chemical system.
The effect of sulfur can be seen in Fig. 10. Much smaller pH values are need to dissolve nS
which has wide stability area. This will lead to the formation of hydrogen sulfide gas and
ions according to reaction (3).

nS 2H( a) = n( 2a) H,S(g) 3

In oxidizing conditions a number of different aqueous species may result from the leaching
reactions such as (4), (5) and (6), see Fig. 6. In these reactions it is important to note that the
consumption of reagents as well as generation of reaction products continuously change the
solution conditions. These conditions must be regulated by feeding more acid and or
removing reaction products in order to the maintain optimum conditions.

nS = n( 2a) S 2e- 4
nS 4H,O = n( 2a) HSO4(-a) 7H( a) 8e- 5
nS 4H,O = n( 2a) SOs-2a) 8H( a) 8e- 6

The HSC database contains a lot of species which may have a long formation time.

or a itis iseto seecton suc s ecies ic are identiied in rea so utions or
c e ica s ste s eciications. A system specification with only common species included
is shown in Fig. 8 and another one with all the species in Fig. 9. The selected species may
have a visible effect on the diagrams as can be seen by comparing Figs. 10 and 12 as well as
Figs. 11 and 13. In some cases, diagrams with all the species selected into the calculation
system may give also valuable information, Figs. 12 and 13.
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Fig. 6.

n-H,O-system specifications.
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Fig. 7.

n-H,O-system at 25 C. Diagram is based on specifications in Fig. 6.
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Fig. 8. n-S-H,O-system specifications, only identified species included
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Fig. 9. n-S-H,O-system specifications, all species included.
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Fig. 10.

n-S-H,0-system at 25 C based on specifications in Fig. 8.
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Fig. 11. S- n-H,O-system at 25 C based on specifications in Fig. 8.
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Fig. 12. n-S-H,O-system at 25 C based on specifications in Fig. 9.
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Fig. 13. S- n-H,O-system at 25 C based on specifications in Fig. 9.
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19. H, S, C AND G DIAGRAMS

The diagram module presents the basic thermochemical data for the given species in
graphical format. Eight different diagram types can be drawn as a function of temperature:

- H Enthalpy (total)

- H Enthalpy (latent)

- S Entropy

- Cp Heat Capacity

- G Gibbs Energy

- DH

- DS

- DG (Ellingham diagrams)

The basic steps for drawing a diagram for all types is quite the same, except the small
difference with the DG-diagrams. These steps are described in more detail in following lines,
see example in Fig. 1:

1. Type the species formulae to the first column of the X-data sheet. There is no need to
open the other sheets, because these are in the programs internal use only.

2. Select the diagram type from Diagram Type list, in this example H Enthalpy (latent)
has been selected, see Fig. 1.

3. DG-diagrams only: Select an element from the list (for example: O for oxides, S for
sulfides, CI for chlorides, etc.) and press Balance Element Amount.

4, Press Read Data from Database. This will search the data from the database for the
given ranges. You can force the HSC to use its own or main database by setting 1 or 2
to the Database No column. Without this setting, the diagram module looks for the
data first from HSC own database and then from the main database.

5. Press Diagram to draw the diagram. You can also modify all the default settings such
as x- and y-axis ranges and units. However, you must always press Read Data from
Database after these modifications before you can press the Diagram.

An example of a diagram is shown in Fig. 2. The solid lines show the values, which are
based on data in the database, and the dotted lines show the extrapolated values. Sometimes
the extrapolated data may behave irregularly because the Cp-function extrapolates
incorrectly outside the given range. The scales, lines and labels can be edited in the same
manner as in the other graphics routines.

The DG-diagrams (Ellingham) show the relative stability of various oxides, sulfates,
chlorides etc. These diagrams must contain only the same type of substances, such as
oxides, sulfides, chlorides, etc. The species amounts must be balanced to contain exactly the
same amount of the main element, such as oxygen in oxides and sulfur in sulfides.

An example of Ellingham diagram settings is given in Fig. 3. The results in Fig. 4 show, for
example, that iron oxides can be reduced with carbon at higher temperatures than 700 C, i.e.
FeO C- Fe CO(g). Metals whose oxide DG is smaller at a selected temperature, Fig. 4,
can be used to reduce those oxides where the DG is higher. The most stable oxides (Cr203,

MgO) are located at the bottom of the diagram.
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Fig. 1. The diagram menu. Enthalpy diagram type selected.
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Fig. 2. The Enthalpy (latent) diagram based on the settings in Fig. 1.
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Fig. 3. Diagram settings of the Ellingham diagram for oxides.
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Fig. 4. Ellingham diagram of oxides based on the settings in Fig. 3.
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20.
20.1

DIAGRAM GRAPHICS
Graphical Ob ects

The new Drawing Toolbar can be used to draw basic graphical objects (lines, arrows,
rectangles, ellipses) in HSC diagrams. These shapes may be used, for example, to illustrate
experimental conditions. Versatile formatting options enable the user to edit lines, fill
color, line widths and styles.

Drawing Objects can be created and edited with the mouse or the Object Editor, which
enables very precise editing using numerical values as inputs. Drawing Objects can also be
fixed so that they can be used in all diagrams or saved for later use.

User-specified graphics may be added to diagrams in two ways:
1. Using the Toolbar (Show Toolbar from the Diagram menu)
2. Using the Object Editor (Show Ob ect Editor from the Diagram menu)

1. Using the Toolbar

The Toolbar provides a standard drawing interface for drawing simple shapes and for
inserting text. The same functions are also available from a popup menu by clicking the
right mouse button. In Figure 1 the example file incropera 92 494.HTR in the Heat
Loss module has been used to compare the convection and radiation coefficients, when the
characteristic length (vertical length) varies from 0.2m to 0.8m.
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Figure 1 edra in toobar,s o n ere ro t e eat oss odue.

The first five buttons are used for drawing lines, arrows, rectangles, ellipses and text. The
next eight buttons are used for modifying the objects, for example the line thickness. These
options are also available from the Options drop-down box. The x- and y-coordinates for
the mouse cursor are shown on the toolbar. In Figure 2 a simple arrow is inserted and
moved around using the mouse. All objects can be moved around the diagram using the
drag-and-drop technique.
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2. Using the Ob ect Editor

Another method of creating and modifying objects is to use the Object Editor
(Show Ob ect Editor from the menu). The Object Editor consists of three sheets: ines,

a es and abe s. The Lines sheet contains all lines and arrows, the Shapes sheet contains
all rectangles and ellipses and the Labels sheet contains all the labels.

The cells with a b ue ore round co or, may be changed manually by typing directly in the
cell, for example, the coordinates of a rectangle. The cells with a b ac  ore round co or,
may be changed by double-clicking on the cell. The appropriate property window for the
cell will then appear. For example, by double-clicking on the Color column, the color
property window appears. In Figure 3 the color of a rectangle, which demonstrates the
approximate transition region in the diagram, is changed using the object editor.
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A created graphical layout may be useful in future diagrams too, therefore HSC 5.0 allows
the user to save the layout as an ob ect i e (.OBE file), which may be imported to any
diagram within HSC 5.0. By selecting File Save from the object editor menu, all the
current objects in the diagram will be saved in a file for later use, see Figure 4.

Notice that the objects in the HSC Object editor use the same coordinate system as the
diagram, i.e. the same x- and y-scales. Therefore the location of the objects will be changed
on the screen if the x- or y-scale minimum or maximum values are changed. For example,
in MS Excel charts the objects use screen coordinates.
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20.2 Formatting the Diagram

Most of the diagram formatting options are available within all HSC diagram routines. The
following paragraphs give a summary of these options:

1. Calculation points will be drawn on the graph if the menu option Show Markers is
checked. If the menu option Show Lines is unchecked, the connecting lines between
the calculation points will not be drawn. The markers are not drawn by default and the
connecting lines are drawn by default.

2. X- and y-scales may be formatted by double clicking the x- or y-scale numbers or by
selecting X-Axis or Y-Axis from the Format menu. For example, the minimum and
maximum values may be changed, see Figure 5. In some cases it is also advantageous
to change the y-axis to logarithmic scale in order to display the large variations in
amounts or concentrations. Notice that the logarithmic y-axis is not available in all
modules. From the same window you can also change the number format of x- and y-
axis numbers as well as their font size, color, etc.
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3.

Gridlines can be edited by selecting Format Gridlines from the diagram menu and
different settings can be specified for the x- and the y-axis. The gridline properties
include: color, line width, line style and disabled. Depending on the type of printer in
use, different gridline settings may be required in order to produce a desirable printout.
An example of a gridline setting is shown in Figure 6, where three different
temperature profiles are drawn using the example file Smelting2.HTR from the
HeatLoss module.
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4. The line width of curves, species label font and other graphical properties may be
changed by either double clicking on the species labels or by selecting the label with
the mouse and choosing Format Label from the menu. This function is not possible
by double clicking on the curve. In the label and curve editing window, shown in
Figure 7, the thickness of the curve named Smelting 1200 C is changed. Notice that
alternative line styles to solid are available only for line widths smaller than 0.3 mm.
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The Plot Area can be modified by selecting

Format Plot Area from the menu. The

background and border colors can be changed, as well as the border line style and

thickness. Changing the border line properti
curve that is on a border line.

es may be necessary in order to view a
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To edit any label and heading on the screen, simply click the text in the label with the
mouse and start to edit.

To create new labels, select Label from the Insert menu. New labels can be deleted
using the Label selection in the Delete menu. Default labels cannot be deleted, it is
only possible to remove the text from them.

When using HSC Chemistry for the first time it may be necessary to change the
default fonts, because the available fonts vary from one computer to another. This is
achieved by selecting the Default Font from the Format menu. Usually Times New
Roman, bold, size 11 font is the recommended selection. The selection made will
automatically be saved in the HSC.INI-file in your Windows directory.

Once satisfied with the diagram, you can print it by pressing Print BW. If a color
printer is available press Print Col. The print dialog provides several useful options
for a hard copy, see Figure 9.
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10. To view the diagram in a tabular format or use the data of the diagram in other
programs, such as MS Excel, press Table. Press Diagram to return back to the
diagram.

11. To copy the diagram to the Clipboard press Copy, and paste the diagram to other
Windows programs. The Copy command uses the Windows Metafile format, which
enables you to resize the diagram in other Windows applications in full resolution.

12. The Save Vec. button saves the diagram using the Windows Metafile format ( WMF).

13. The Save Ras. button saves the diagram in raster format. There are a number of
formats available as well as several editing possibilities. See Chapter 2 .

o binin Dia ra s for a more detailed description.

14. Press Exit to return the main module.

ditin and
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20.3 Editing and Combining Diagrams

Whereas the previous HSC Chemistry 4 was only able to save diagrams using a WMF
format, now more than 30 file formats are available, such as PG and BMP. HSC diagrams
can now be saved in ector (WMF Windows Meta File) and raster formats. The image
dialog may be opened by pressing the Save Ras. button or by selecting File Save as
Raster File from the diagram menu.

R aster Image Properties - Jarkko Mansikka-aho |

Yiew Combine Editor | ¥iew Image Editor

— Haster Image Size

Height: R3E

Bitmap zize: 1256 Kb

Cancel | Save

Figure 10 asteri a e ro ertiesdiao .

It is now also possible to co bine dia ra s (press View Combine Editor) using the new
HSC Image Combiner, if the same x- and y-scales have been used. Another new feature is
the possibility to edit dia ra s (press View Image Editor) using the new HSC Image
Editor.

1. Editing diagrams (HSC Image Editor)

There are a number of functions in the edit mode, for example filtering techniques,
rotating, scaling, tilting, copy paste etc. Once the changes have been made it is easy to save
the picture in a number of different formats by selecting File Save from the menu. Any
saved pictures can be used in other programs. Figure 11 shows the editing of a phase
stability diagram created with the Lpp module.
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2. Combining diagrams (HSC Combine Editor)

Several diagrams can be combined with the new HSC Image Combiner if the same x- and
y-scales have been used. It is also possible to open the Image Combiner from the Image
Editor by selecting Combine from the Image Editor menu. Figure 12 shows the
combination of two phase stability diagrams created with the Lpp module.
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21. PHASE STABILITY DIAGRAMS

The phase stability diagrams show stability ( redo inance) areas of condensed phases in
a ternary system as a function of temperature or in isothermal conditions, with the
remaining constraints as the other axis. These diagrams are very useful when a fast
estimation of the prevailing phases is needed. It is assumed that all phases are pure
substances. Mixture phases are not taken into account in basic phase stability diagrams.

The new HSC Chemistry 5.0 can draw two types of phase stability diagrams. The new
Tpp Diagram module calculates the diagrams on the basis of minimum Gibbs energy
(area graphics) and the old Lpp Diagram module calculates the phase stability
boundaries as lines based on the reaction equations (vector graphics). These two modules
have their own option buttons in the HSC main menu, i.e. Tpp and Lpp Diagram buttons.

The Tpp diagram module draws temperature partial pressure diagrams (T-p-diagrams) as
well as p-p-diagrams with partial pressures on both axes. The old Lpp module draws only
diagrams with selected partial pressures on both axes. These both modules offer slightly
different benefits and limitations for example, the old Lpp module gives exact
coordinates for the phase boundaries but the new Tpp module gives illustrative painted
area diagrams and also a versatile T-p-axis option.

A common limitation for both the diagram modules is that only three elements can be
selected simultaneously in the calculation system. Another basic feature is that only two
variables can be selected for the diagram, i.e.:

1. Ifpartial pressures are selected for both axes then the temperature must be fixed.

2. If the temperature is selected for the x-axis and partial pressure for the y-axis, then
one partial pressure must be fixed. The partial pressure species may not contain
more elements than the species selected for the y-axis.

The partial pressure pj of gas i in a gas mixture is defined by equation (1):
pi xi P 1

where xj is the mole fraction of i in the mixture and P is the total pressure. The HSC

phase stability diagrams use logarithmic scales for partial pressures, which are expressed
in bar units (1 bar = 100 kPa = 0.987 atm).
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21.1 Tpp Diagram Module
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Fig. 1. Input data for Tpp phase stability diagrams.

The Tpp Diagram module calculates phase stability diagrams using partial pressures on
both axis or temperature on the x-axis and partial pressure on the y-axis. This module
calculates the diagram on the basis of minimum Gibbs energy. However, it does not
check each x- and y-point in order to decrease calculation time. The calculation is made
recursively using the preset resolution and a specific logout algorithm.

The user interface of the Tpp module is shown in Fig. 1 with an example of a Cu-S-O-
system. The diagram may be drawn using the following steps:

1. Select three elements from the element list and press OK.

2. Select the species to diagram one by one or by pressing Select All. Keep the Ctrl-
key down if you want to remove some species from the selection.

3. Select the x-axis species and the range for the x-axis. This selection will always
reset the default x-range settings.

4. Select the y-axis species and the range for the y-axis. This selection will always
reset the default y-range settings.
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5. Set one variable, either temperature in p-p-diagrams or one partial pressure in T-p-
diagrams. Please also remember to give a value for temperature or a selected partial
pressure. The default value for partial pressure is 1E-20 and for temperature 25 C.

Both

C and K units can be used.

6. Make a selection for the diagram lay-out options if needed:

Show: Show calculation progress.

Grid: Show grid on diagram

Color: Paint areas with colors

Resolution: Low - coarse resolution diagram, fast calculations. High -
high resolution diagram, long calculation time. This setting sets the size of
the smallest calculated detail. Each step into a higher resolution will halve
the size of the smallest visible detail.

7. Press Diagram.

The system specifications can be saved using the File Save TPP selection for later use.
These files can be read back to the Tpp module using File Open TPP selection.

The Tpp module uses different colors for each stability area if the Color option is
selected. The user can modify the default color palette with the Format Color Palette
selection. This will open the color palette dialog, see Fig. 2. The colors can be modified
by double clicking the colors in the Color column or by typing the corresponding RGB
values to the Color Code column.

This modified palette can be saved for later use by pressing Save Palette. The Tpp
automatically loads the palette file, which is named PPTCOL.PAL, but you can also use

other names.

These palettes can be reloaded by the File Load User Palette selection.

%% Default Color Palette Editor _ O] =]
e [Cu
Species Color | Color Code =
Cu - 133B8385 =
Cully aBE929
Cu(FCC) BE0G436
Culd 14979044
CuZo 2923509
Cu200 £230314
Cul*CuS0d 7204050
Cus 4120555
Cu2s 161097385
Cu2sih 2956760
Cus0d 11923935
Cu2s04 2E0R451
111 -
4| | LlJ
Cancel | ]S Save Palette

Fig. 2. The color palette dialog for the Tpp module.

21.2 Tpp Diagrams
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Cu0*Cus04

Fig. 3. Tpp phase stability diagrams based on data in Fig. 1.

The Tpp phase stability diagram is shown in Fig. 3, and the corresponding calculation
system specifications are shown on the previous page. In this diagram we can see, for
example, that copper oxide flue dust in a hot process gas tends to sulfatize, when the flue
dust temperature decreases. It is also very easy to see that when the oxygen pressure
decreases, the sulfates are reduced first into oxides and finally into metal form.

These diagrams can be modified in the same way as other HSC diagrams:

1.  X- and y-axis scales and formats can be edited by double clicking the axes with the
mouse.

2. The labels and headings can be edited by double clicking the labels.
The diagrams can be copied to the Clipboard by pressing Copy.

4.  Diagrams can be printed by pressing Print. The printing dialog gives several
options for hard copies. The new resize option is very useful if there are several
small stability areas in the diagram.

21.3 Lpp Diagram Module
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Fig. 4. Input data for phase stability diagrams.

The Lpp Diagram module draws isothermal phase stability diagrams of three element
systems, also known as predominance area diagrams or Kellogg-diagrams. An example,
shown in Figs. 4-6, is a diagram of the Ti-CI-O-system, which shows the stability areas of
titanium containing substances as a function of Cl2(g)- and Op(g)-pressures in the

atmosphere. Follow these steps to draw the diagram:

1.
2.

Select three elements with the mouse and press OK, in this case Ti, Cl and O.

Wait a while until HSC displays the substances from the databases. Press All or
select at least three substances (species) for the diagram. Please select only Ti-
containing substances.

Select one gas species for the x-axis, for example CIp(g). You may select any
species for the x-axis except those which contain Ti.

Select one gas species for the y-axis, for example O2(g). You may select any
species for the y-axis except those which contain Ti.

Change the temperature if needed, in this example 300 C. You may choose
between C and K by pressing the button.

Press File Save and accept the name (TiClO700.IPS) for the input file. The PSD
program draws the diagram on the basis of this file. It may be a good idea to save
all .IPS-files in a separate HSC PSD directory if available.
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7. Press PSD and wait a minute to see the diagram. You can return to HSC by
pressing Exit.

8. You can check the name and data of the species by double clicking the list.

PSD diagrams offer an easy way to evaluate stabilities of different condensed substances
as a function of gas pressures, typically O2(g), S2(g), SO2(g), Cla(g), etc. These
diagrams can be used, for example, to find the best conditions for oxidizing or sulfatizing
reactions, etc.

Limitations

Note that all selected substances must contain the main element, for example Ti in
the Ti-Cl-O system, but the species selected for the x- and y-axis should not contain
this main element (T'i)

If you have more than one substance with the same overall composition (stoichiometry)
in the species list, for example NaS and Na2S2, FeO and FeO(l), etc., please select only
one such substance for the diagram. In any case HSC will automatically omit substances
with identical stoichiometry. The user can make this selection himself in order to select
exactly those substances which he wants to be taken into account.
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Fig. 5. Changing the default settings of the Phase Stability Diagram.

On the Data sheet of the PSD Menu you can see the calculated data of the PSD diagram
in a tabular form. The Format sheet contains formatting settings of the diagram. It is not

recommended to change these. HSC evaluates the default values automatically for Max
Y, Min Y, Max X and Min X for the axes.

You can calculate and display the diagram in the following way
1. Select the .IPS file for the diagram by pressing File Open if not already selected.
This file contains the DG values for the selected species at a given temperature.

2. You will automatically get the diagram on the screen.
Change the default settings of the diagram in the following way

1. You may change the minimum and maximum values for the x- and y-axis simply
by clicking the value using the mouse and by starting to edit.

Press Diagram to display the diagram.

3. Press Print to get a paper copy of the tabular results. HSC will draw the diagram at
the best resolution of any MS Windows - supported printer.

Press Copy to paste the data onto other Windows programs.
5. Press Exit to return to HSC or to exit the PSD program.
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File: C:\HS CS'\Lpp\TiC10300 ips log pCL2(z)
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Lpp Module Diagram

Fig. 6. Phase Stability Diagram of the Ti - CI - O - system at 300 C.

The phase stability diagram window shows the results of the PSD program in graphical
form. In this diagram it is easy to see the stability areas of different pure substances under
the prevailing conditions.

You can edit this diagram in the following ways

1.
2.

Press Menu to change the scales of the axes.

When you are satisfied with the scales, you can relocate all the labels by mouse
with the drag and drop method. First select the label, keep the left mouse button
down and drag the label to the right location, release the mouse button and the label
will drop into the new location.

You can edit the text in the labels by simply clicking the text using the mouse and
typing the new text. You can edit the format of the labels and lines by double-
clicking the label, see Fig. 6.

The x- and y-scales can be changed by double clicking the axis numbers.

The first time you use HSC Chemistry it may be necessary to change the fonts by
pressing Font, because the fonts available vary from one computer to another.
Usually Times New Roman, bold, size 11 points is a good selection. The selection
will be automatically saved in the HSC.INI-file.
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When you are satisfied with the diagram you may print it by pressing Print at the
best resolution of your printer.

Using Copy you may paste the diagram into other Windows programs using the
Windows Metafile format.

Press Menu to return to HSC or to exit the PSD program.
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22. MINERALOGY ITERATIONS

Composition conversions, between substance (mineralogy) and elemental analyzes, are
often needed in chemical R D work. e inerao odu e easi con erts inera
o ica co ositions into ee enta ones, but is not a as abe to a e re erse
con ersion. Conversion can be made using the following procedure, see Fig. 1:

1. Type the species formulae into column A, use rows 4. The species do not need to
exist in the HSC database. However, you must use the HSC formula syntax.

2. Type the compositions in column D.

3. The elemental composition can be seen on row 4.

You can also give the total amount for the material in cell C4 as well as name in cell Al.
Note that the user may edit only the cells with red fonts if Format Red Font Shield has
been selected.

The conversion of the elemental composition of a substance into a mineralogical one is a
more difficult task, for example due to small analytical errors. This module offers three
tools for converting elemental analyzes into mineralogical ones.

1. Solve Method

The Solve method uses matrix-algebra to solve the mineralogy. It is useful if the given
amounts of elements fit exactly to the given substances. The number of unknown
compositions must also be the same as or less than the number of element balance
columns.

An example of the Solve method is shown in Fig. 2 (file Examplel.mnr). You can create
this example from the previous one with the following procedure:

1. Press Copy Row 4 to 3 button to copy elemental compositions from row 4 to 3.
2. Type 1 to cells D5-DS, in order to wipe out the original compositions.
3. Press Solve. The results will be shown in column D. Usually the elements do not fit

exactly to the given species, in these cases the Solve method may add some
element rows to the system. These rows can be deleted by Delete Row selection.

2. Automatic Iterative Method

The Automatic iterative method fits the given elements to the given substances by
changing the species contents in order to reach the given element compositions. To carry
out this conversion follow these steps, see Fig. 4:

1. Type species formulae to column A, use rows 4.
2. Type elemental analyze to row 3, use columns D.
3. Type the target elements, which will be used to iterate the species, into column B.

Please do not use the same element for several species, otherwise manual iteration
may be needed.

4. Press Iterate All to start iterations. Sometimes it is necessary to press this button
several times in order to reach sufficient accuracy.

3. Manual Iterative Method

Sometimes the given elemental analysis does not fit with the given elements. In this case
the user may search the approximate composition manually by changing the contents in
column D, in order to reach a satisfactory match with the elemental analyzes in rows 3
and 4. Iterate Sel can be used to iterate individual rows.
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Eﬂ Elemental and Mineralogical Composition Conversions

File Edit “iew Inzert Delete Fommat Calculate  Help

e [15
A B C D e T R [T Tt [y £ P [ i o e e
1 | Substance MName Target | Amount| Comient Ca Cl Cu Na 0 5 Zn |
2 | Species Element kg wi-%0) fat-% et Hwt-% fet-%h #Hut% et et
3 |Target=> ¥oOol 1oof 1000 1000 1000 1o00) 1000 100
4 |Resuli== 2000 10000 543 958 3304 1al® 2351 1733 402
5 [Mai30d 100 A0.00 la19 2253 1129
6 |[Cudd all 30.00 2394 f.04
T |Zn0 10 5.00 092 4.02
8 |CaCL s_isonl 54z 953
L)
10
11
12
13
14
15
16
17
18
19
20
21 -
4| »]s, substance / T4l | v[]
Exit | Help | Set Last Row Copy Row 4 to 3 | Solve I Iterate Sel. I 10 Iterate All |

Fig. 1. Calculation of the elemental composition of a material mixture. The user has given the species
names in column A and the contents in column D. The calculated result is shown on row 4.
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Eﬂ- Mineralogy Converzions C:\Hzch\ContentAExamplel_mnr

File Edit “iew Inzert Delete Fomrmat Calculate Help
| A9 [c1
A B C D ] T R [Tt Tt [y P [ i e e e

1 |Substance Mame Target | Amount| Content Ca C1 Cu Ma 0 5 Zn |
2 | Species Element ko wi-%o] wt-% wit-%%  wt-% wt-% wi-% owt-% w3

3 | Target=> 10000O) 543 9.58| 2396 1619 2351 1733] 402
4 Resuli=> 200 onoop 542 958 2396 1al® 2351 1733 402
5 Ma230d 100 000 1419 2253 1129

6 |CuZd Al 3000 23 94 f.04

T 200D 10 500 09z 402
8 |Call2 30 15000 542 958

o I I 1] 000 0.00

10

11

12

13

14

15

16

17

18

19

20

21 -
4| »]s, substance 4] | pJJ

Exit | Help | Set Last Row

Copy Row 4 to 3

Solve I Iterate Sel. i 10 Iterate All |

Fig. 2. Calculation of the species composition in column D using the elemental composition in row 3 by

Solve.
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Eﬂ- Mineralogy Converzions C:\Hzch\ContentAExamplel_mnr

File Edit “iew Inzert Delete Fomrmat Calculate Help
| A9 [c1
A B C D ] T R [Tt Tt [y P [ i e e e

1 |Substance Mame Target | Amount| Content Ca C1 Cu Ma 0 5 Zn |
2 | Species Element ko wi-%o] wt-% wit-%%  wt-% wt-% wi-% owt-% w3

3 | Target=> 10000O) 543 9.58| 2396 1619 2351 1733] 402
4 Resuli=> 200 onoop 542 958 2396 1al® 2351 1733 402
5 Ma230d 100 000 1419 2253 1129

6 |CuZd Al 3000 23 94 f.04

T 200D 10 500 09z 402
8 |Call2 30 15000 542 958

o I I 1] 000 0.00

10

11

12

13

14

15

16

17

18

19

20

21 -
4| »]s, substance 4] | pJJ

Exit | Help | Set Last Row

Copy Row 4 to 3

Solve I Iterate Sel. i 10 Iterate All |

Fig. 3. Calculation of the elemental composition of a sulfide material. The user has given the species
names in column A and the contents in column D. The result is on row 4.
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E Mineralogy Converzions C:\Hzch\ContentAExample2 mnr
File Edit “iew Insert

Delete  Format

Calculate  Help

[ o]
A B C D T T i [T ot [y £ P [ i o e e
1 | Substance MName Target | Amount| Comient Al As Ca Co Cu Fe Ni
2 | Species Element kg wi-%%] wt-% wt-% wt% o wt-%h wt%h wt-%h wt-%
3 |Target=> opol 318 061 214 032 2231 ZT66 032
4 | Resuli=> 200  1oooof S1s 061 204 033 23451 2766 083
& CuFedl Cu 130 65,00 2251 1978
6 |Fed Ee 16 a.01 5.09
7 |Fedd a 124 309 279
8 N33 Hi 3 1.50 052
9 Cod Co 1 0.50 0.32
10 48253 &s 2 1.00 0.1
11 |Zn3 2 4 200
12 [Cal Ca & 3.00 2.14
13 |ALOS &l 124 a.00] 312
14 [53i02 =i 14 7.00
15
16
17
18
19
20
21 =
4| [\ Substance / [l | o]

Exit | Help | Set Last Row

Copy Row 4 to 3

Solve | Iterate Sel. I 10 Iterate All |

Fig. 4. Iteration of species compositions in column D on the basis of the elemental compositions in row 3
with Iterate All. The target elements in column B must be specified by the user.
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Set Last Row

Pressing Set Last Row will set the last row which is used in the calculations. All
compositions below this row are kept constant. This property can be used, for example, if
the contents of some species, such as SiO2, Al2O3, etc., are available.

Calculate Mixture Composition

The user can insert new sheets into the mineralogy workbook with the Insert Sheet
selection. This will create an identical sheet on the right side of the selected sheet. The
new sheet can be cleared with the Edit Clear All selection. These identical sheets may
also be used for mixture calculations.

uite often the feed of a chemical process consists of several raw materials. The
compositions of these materials are fixed, but the ratios change from time to time. The
total composition of the mixture may be calculated with the Mineralogy module and by
following these steps, see Fig. 5 (file name of this example is Example3.mnr):

1. Start from Example 2, shown in Fig. 4 and Select Insert Sheet.

2. Double click the sheet 1 tab and rename the sheet as Rawl. Rename sheet 2 in the
same way as Raw2, you can also use real names for the materials.

3. Type or solve the compositions for each individual sheet as described before in this
chapter. Do not add or remove species from the list, the species list must be
identical in each sheet. Give the amounts for each material in the C4 cells.

4. Select Calculate Mixture Composition. This will add a mixture sheet and
calculate the mixture composition for all the raw materials and give the total
amount of the feed in cell C4.
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E Mineralogy Converzions C:\Hzch\ContentAExample3.mnr

File Edit “iew Ingett Delste Fomat Calculate Help
RE [psz
A B C D T T i [T ot [y £ P [ i o e e

1 |Mixiure Target | Amount| Comient Al As Ca Co Cu Fe Ni
2 | Species Element kg wi-%%] wt-% wt-% owt¥ o wt-%%h wt%h wt-%h wt-%

3 |Target=> onoo) 318 0410 241 032 1403 34237 082

4 Resuli=> Pagll 10000 3.8 061 da6l 033 1403 3437 083

5 |CuFedl 1 ) 40 52 1403 1233

6 |Fed Fe 246 2544 16.17

7 |Fedz il 120 1238 5.76

8 (Miz33 Hi 15 1.50 052

9 Cod Co 5 0.0 03z

10 |As2E3 X 10 1.00 061

11 |[Zn3 2 19 200

12 |CaD Ca 35 363 261

13 | A1ZO3 &1 58 a0d] 318

Last 3102 ai it 700

15

16

17

18

19

20

21 =
4| v [ Rawd A Rawz A Rawa A Midure Tl | ]

E xit | Help | Set Last Huwl Copy Row 4 to 3 | Solve | Iterate Sel. I 10 Iterate All |

Fig. 5. Calculation of the mixture composition of three raw materials.
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Copy Row 4 to 3

This button will copy all the elemental composition values from row 4 to row 3.

Number of Iterations

The default number of iterations is 10, but it can be changed in the cell left of the Iterate
All button. The program carries out a maximum of 10 iterations each time Iterate All is
pressed. You can decrease the number of necessary iterations by giving some preliminary
guess values into column D. /n so e cases rei inar uess a ues are needed to e

t e iteration routine to indt e correct ans er.

Other Properties

The same type of formatting properties as in other HSC modules are available, such as
Format Number, Insert Row, Edit Copy, etc.

The user can also save the workbook for later use by selecting File Save and read it back
with the File Open selection. It is recommended to save the files quite often with
different names such as Feedl, Feed2, etc. in order to recover the original settings in case
of mistakes. The files can also be saved and opened using Excel 5 format.
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23. COMPOSITION CONVERSIONS

The Composition Conversion module is a simplified version of the Mineralogy iteration
module. It is included in HSC Chemistry because the Composition Conversion module
easily gives the compositions and amounts of the species in wt- and kg units.

The user may type the names of the species into the first column and the compositions
into the second column. You can use also other species than those in the HSC database,
however, you must use HSC formula syntax. The module automatically calculates the
elemental compositions of the species and the total composition of the mixture by
pressing Convert to Elements. The reverse conversion is made by pressing Convert to
Species.

The Composition Conversion is made using the same program routines, which are used in
the Mineralogy routine. Therefore the limitations are also the same.

An example is shown in Fig. 1. The same results can be obtained with the Mineralogy
module, see Fig.1. in Chapter 22. inera o  lIterations.

E Composzition Conversions

File Edit Inzet Delete Format Help

| BY 15

SUBSTANCE Total Ca C1 Cu Ma O 5 Zn Total =
wi- %0 wi- %0 wi- %0 wi- %o wi- %o wi- %o wi-%o wi- %0 wi- %0
100,00 542 058 23.96 16.19 2351 1733 4.02 100,00

SPECIES Total Ca C1 Cu Ma 0 5 Zn Total

100.00 wi- %0 wi- %0 wi- %0 wi- %o wi- %o wi-%0 wi- %0 wi- %0

M azicd 5000 3237 45 06 2257 10000

Cuza 30.00 T R 2014 10000

Znl 5.0 19 A 034 10000

Call? I 1500 .l 3611 i3580 10000

4 |

o[ ]

Convert to Elements Amount kg: 100 Convert to Species &,

1t

Exit

[z Fow Del Row k- | kg | Ing Col | Ll Col | Print

Fig. 1. Composition conversions.
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24. ELEMENTS MODULE

The basic chemical and physical properties of the elements have a decisive effect on the
thermochemical properties of compounds. For example, the electronegativity values of the
elements have a strong effect on the chemical bonds between the elements in all chemical
compounds. Therefore the periodic system of elements sets the base for thermochemistry.

The Elements module offers an element database in spreadsheet format with some 56
different properties of the elements. The user may easily add his own data to this table in
the same way as in MS Excel applications. This data may be saved for later use by the
File Save selection. The default name of the workbook is Element4.ele.

Diagram enables the user to draw illustrative diagrams on the basis of the selected
property row. Density row 7 has been selected in the example of Fig. 1 and the diagram,
shown in Fig. 2, may be drawn by pressing Diagram.

The diagram shows at a glance the greatest and smallest values in the periodic system. The
exact number values behind the spheres may be shown by double clicking the element
square or label in the diagram. The diameter of the sphere shows the magnitude of the
value compared to the maximum value. The maximum value creates a sphere, which fits
exactly to the element box in Fig. 2.

The Fix Left 2 Columns selection, Fig. 1, fixes the two left columns. This makes it
possible to see the property headings and units for all the elements, when scrolling the
element sheet.

The normal copy and paste properties as well as format and printing functions are
available as in other HSC modules. The workbook form may be resized by dragging the
form boundaries using the mouse or from the icons at the top right corner of the form.
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&% Elements C:\HSCS\DATABASE \Element4 ELE _ O] x|
File Edit Inzett Delete Format Help
By [.0209
Property | Units e e e e P
1 | Atomic Number 1 2 3 4150
2 | Symbol H He Li Be
3 [Mame Hydrogen Helium Lithivm|  Beryllivm
4 | Atomic Weight g/mol 1.007% 40026 6.5410 p0122
8 | Oxidaiion States, Most Siahle 1 - 1 2
6 | Oxidation States 1 - 1 2
_f  |Densiiy z/ml III.EIEQQ! 0.1787 0.53 185
§ |Eectron Conficuration 151 152 153251 152352
9 [ Melting Point K 14025 095 4537 1560
10 Melting Point Pressure atm 1 26 1 1
11 | Boiling Point E 20268 4315 1615 2745
12 |Elecironegaiivity 22 - 0.9z 1.57
13 |Heat of Vaporization kJ/mol 044934 00845 14592 024
14 | Heat of Fusion kJ/mol 005268 - 3 1232
15 |Elecirical Conductivity E6/(ohm*c) : - 0.10% 0313
16 | Thermal Conductivity Wiem*K) 0001815 0.00152 0.247 2
17 | Specific Heat Capacity Jiz*K) 14304 5193 36 182
18 | Firsi Ionization Poiential ¥ 15508 24587 5392 9322
19 | Atomic Volume milimol 144 - 151 5
20 | Atomic Radius A 0.y 0.49 205 14
21 | Covalent Radius A 0.2 093 1.23 08
22 | Crystal Struciure hexagonal hexagonal ady centered  hexagonal
23 | Arid-Base Properiies amphoteric bagic, amphoteric

« |

N

Exit | ¥ Fiz Left 2 Columns

Diagram |

Fig. 1. The Elements module contains several basic properties of the elements. The selected property may
be illustrated in graphical format by pressing Diagram.
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'® |0 |'®|'®|'® | |'®

Bk |Cf |Es  [Fm

® ("o "& |"® B "%

900D ®

G CEG

HOTE: Double Chck element cell to see the data.

Clear | Print |

Fig. 2. The properties of the elements may be illustrated in graphical format. The values of the properties
may be shown by double clicking the element.
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25. WATER

@Pressure and Temperature Calculator: Peter Bjorklund. Antti Hoine

File Edt Format Show  Help
500
Water } Steam Calculator H20 T
= L Wb -C
Amount I 1.0 lkg _‘:_i Dl o Ccl Critical
T =20 2000°C it || i
Mw [ 120150 kgskmol P =0.007 ... 1000 bar - :
Cras
Pointl | Point2 Delta |  Unit Steam
Temperature 1su.nnn§ 0.010 179.990]°C =l 200 :
Pressure ID.EIﬁEE 0.00a 10057 { bar -
Phase Gas (g) ¥||Liquid (1 *]
Moonize, 0 200
H (131938521 159708250 2776973 1k) =]
5 10,099 3516 -6.583 kIeC
H specific 35296 104,599 440 496 KT Liquid
G ATTI0063 (16931 235 832 828 K L Water
Cp 2712 4220 1 508 Klfke"C i
e e [ERL ]
Density 51600 1000.000 004240 ka/m |
0
' Solid
S Ice L
- SO | O o n A ]
_ Eat | Lalculate 0001 0.01 01 1 10 100 1000 P [bar]

Figure 1

ressure e

erature ca cu ator or ater.

The Pressure and Temperature calculator enables a complete thermodynamic description
for a species, by allowing the user to specify not only the temperature, but also the pressure
(partial). This calculator is currently only available for water, since the properties of steam
in particular, deviate significantly from those of the ideal gas, i.e. the heat capacity is
purely a temperature-dependent function. In letting the user specify water steam pressure,
cases where pressure is of extreme importance can easily be calculated.

This calculator is a very useful replacement for steam table books and Mollier diagrams.
By directly typing the pressure and temperature of the process points, or by simply
clicking on the diagram, the process enthalpy and entropy are calculated along with several
other useful thermodynamic data. The module is also available through the Heat and
Material Balances module (Chapter eat and ateria  a ance), where the pressure
correction may be inserted into the worksheet as a cell formula.
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25.1

Basic Calculation Procedure

The calculator lets the user specify two rocess oints point 1 being the starting point and
point 2 the end point. The calculator then calculates the abso ute a ues for the two points
and then the di erence between them. The absolute values are mostly useful for density
and heat capacity data, whereas the difference or delta values are useful for enthalpy and
entropy data. A line between the two points may be drawn by selecting o  ine from the
menu. However, this line does not necessari re resentt e actua rocess at ,instead it
makes the visualization of the two points easier. There are two basic ways, which may also
be combined, of specifying the process points:

Specifying points using the mouse

1. Specify the appropriate units from the comboboxes and the amount (kmol or kg) in the
textbox.

2. Activate one of the points by clicking on the appropriate box in the diagram. A yellow
box indicates the active point and a white box the inactive point.

3. Click on a position in the diagram and the selected point will move to that position and
the data will automatically be recalculated. Note that if a saturated state is selected, the
point will jump to the appropriate saturated curve if possible. It is also possible to use
the drag-and-drop technique to move the selected point.

4. Repeat steps 2 and 3 for the other point.

5. If a point is on a saturated curve, the user may specify the Mixture , i.e. the percentage
of the irst of the two phases in the mixture shown in the combobox on row 3 of the
worksheet. The default value is 50

Specifying points manually

1. Specify the appropriate units from the comboboxes and the amount (kmol or kg) in the
textbox.

2. Specify pressures and temperatures for the two points by simply typing them into the
cells on columns 1 and 2. Note that if a saturated state is selected, the temperature or
pressure will automatically be calculated. The values that are automatically calculated
are indicated in a black font.

3. If a point is on a saturated curve, the user has to specify the Mixture , i.e. the
percentage of the irst of the two phases in the mixture given in the combobox on row 3.
The default value is 50

4. If a point is on a saturated curve, the user may specify the Mixture , i.e. the percentage
of the irst of the two phases in the mixture shown in the combobox on row 3 of the
worksheet. The default value is 50

Explanation of the p,T-diagram

The p,T-diagram to the right of the window contains a few labels. These are explained in
the following points:

1. Triple Point
The triple point refers to the point where all three phases of water may exist
simultaneously. This point is at T = 0.01 C and p = 0.0061 bar. Most steam tables use
this as the reference point, i.e. the absolute enthalpy and absolute entropy are set to zero.
By selecting dit oint 2 ri e oint from the menu, the second process point will
automatically be set to the triple point, which is also the default setting. This means that
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the enthalpy and entropy differences will have the same values as those found in most
steam tables if the phase is set to i wuid at the triple point.

2. Critical Point
When the temperature rises above the critical point, it is no longer possible to clearly
distinguish between the liquid and the gaseous phase. Such a condition is referred to as
su ercritica . The critical point for water is at T = 373.946 C and p = 220.64 bar. It is
important to know that above this point the program still specifies the phase of the
point, although there are no longer any actual phase transitions between the phases.

3. Saturated Curves
There are three saturated curves in the diagram. These are as i uid, as so id and
i uid so id. A point located on any one of these curves indicates that the two phases are
in equilibrium. The three curves join at the #7i e oint, which is where all three phases
can exist simultaneously. The user may force a point onto the saturated curve by
selecting either Sat. (g,l), Sat. (g,s) or Sat. (L,s) from one of the phase comboboxes on
row 3.

4. Solid Ice
A stability area consisting of several solid ice phases, with different crystal structures,
of which some are shown on the diagram. Data is not, however, available for
the high pressure solid phases.

Calculation worksheet

The calculation worksheet is to the left of the window. The first four rows are input rows
and the last six rows show the results. The input rows are explained in the following points:

1. Temperature
The temperature unit may be either in C or in K, depending on the temperature unit
combobox. The temperature is automatically calculatad when the Sat. (l,s) state is
selected.

2. Pressure
The pressure unit may be either in bar or in MPa, depending on the pressure unit
combobox. The pressure is automatically calculatad when the Sat. (g,l) or the Sat. (g,s)
state is selected.

3. Phase

There are three different pure phases available for water: Solid (s), Liquid (I) and Gas
(g). These three phases may be combined on the saturated cur es and they are specified
as: Sat. (g,l), Sat. (g,s) and Sat. (Lis). At the triple point a mixture of all of these is
possible, however, only a mixture of two is possible in this module. When a ure ase
is selected, the actual phase is automatically selected according to the user input
(manually or with the mouse). When a saturated state is selected, the temperature or
pressure is automatically calculated, which is then indicated in a black font. For the
gas liquid and gas solid mixtures the pressure is automatically calculated and for the
liquid solid mixture the temperature is automatically calculated. Note that when moving
outside the limits of the saturation curve, the phase will automatically change into the
corresponding pure phase of the specified point.

4. Mixture
It is possible here to enter the mixture percentage of the saturated state. This is the same
as the dr ness ercenta e of steam when the point is on the saturated gas liquid curve.
The percentage always refers to the amount of the first phase in the total mixture, e.g.
the gas percentage in a gas liquid mixture. This is set to 50 by default and only
visible when a saturated state is specified.
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25.2

The results of the calculation are shown in the same table below the input. The data
calculated includes:

1. Enthalpy (H) and Entropy (S)

The enthalpies and entropies for the two process points are calculated using the
reference point T =25 C and p = 1 bar. This differs from what is normally found in
steam tables, where the reference point is T = 0.01 C and p = 0.0061 bar (triple point
for water). This means that only the di erences in ent a  and entro are o
i ortance, since they are independent of the choice of reference points. Point 2 is
therefore b de au t set to t e tri e oint, which means that the enthalpy and entropy
differences, indicated by a yellow background, give the values normally found in steam
tables.

2. Specific Enthalpy (H specific)
The specific enthalpies are the enthalpies when the phase transformations are ignored.
In other words the enthalpy released gained when water is cooled heated to 25 C at
constant pressure. Therefore the specific enthalpy is zero at 25 C.

3. Gibbs Energy (G)
These cells show the Gibbs Energy for the two points.

4. Heat Capacity (Cp)
These cells show the specific heat capacity at constant pressure for the two points.

5. Density
These cells give the densities for the two points. The densities are interpolated or
extrapolated from the Excel file H20.XLS located in the . HSC5 PTCalc directory.
Please do not modify this file.

Other important terms

1. Isentropic process
If the entropy is constant through a process, i.e. the entropy difference is zero, the
process is called isentro ic. An isentropic process is an ideal process and real processes
are often compared to the corresponding isentropic process.

2. Isentropic efficiency
An isentropic process generates no entropy and may therefore be considered an ideal
process. It is useful to compare real processes to that of the isentropic through the
isentropic efficiency. The isentropic efficiency foraco ressor or u  is defined as

where Ah is the rea ent a  di erence and Ak, is the isentro ic ent a  di erence.
The isentropic efficiency for a turbine is defined as

A

ns,t :A_ 2

N

An isentropic process is always adiabatic, however, an adiabatic process is not
necessarily isentropic.

Calculation examples
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25.2.1 Ice melting at high pressure

I,._T}_ﬂPressure and Temperature Calculator: Peter Bjorklund and Antti Boine

File Edt Format Show  Help
500
Water } Steam Calculator H20 R |
dirin "‘C | i
Amount [ 10 [ke x| R ey Critical
T = 270,15 ... 2000 ol —1 ! b
Mw [ 150752 ke/kmol P = 0007 .. 1000 bar i .
Cras
Point 1 Point 2 Delta Unit Steam
Temperature -4.490 -4.450 o.oo0d-c =l 200 ’
Pressure 500,000 500,000 0,000 bar -]
Phase Sat. [Ls] =||5at (.s) =]
Mixture % 0.0 500 _E i
H 162583220 (159634260 2898961 kJ =]
5 2362 3342 1.079 KI~C
H specific _A37 G 147 762 220 296 kI
G 16266121 -16362.941 2220 108 |
Cp 2081 5,324 1743 KIfke"C .r;:f:.lf
Density 917000 1012 387 05837 kgt 7] ' :
_ ool '-' Sl e
Exit | ey Lalculate 0.001 0.01 0.1 1 10 100 1000 P [bar]

Figure2 etin o iceata ressureo bar.

The example in Figure 2 shows the enthalpy and entropy change of 1 kg solid ice melting
at a constant pressure of 500 bar, until 90  of the fofa mixture is liquid water. The
enthalpy difference is 290 k and the process therefore endothermic. The entropy
difference is 1.079 k C and the process therefore generates entropy. The melting point
of ice at 500 bar is automatically calculated, since the point is on the saturated liquid solid
curve, and it is roughly —4.5 C. This pressure is achieved, for example, when pressing a
sharp object against an icy surface, which then melts due to the decreased melting point

temperature.
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EPressure and Temperature Calculator: Peter Bjorklund. Antti Hoine

File Edt Format Show  Help
Water / Steam Calculator H20
[rata Limits
Amount | 500000 [k x| S
Mw I 180152 kgfkmol P =0.001 ... 1000 bar
Point 1 Point 2 Delta Unit
Temperature 285.000 285.000 00004 c j
Pressure a9 400 a9 400 0.000 { bar j
Phase Sat. (0.0 =]|sat. (a.n 7]
Mixture %o 0o 100
R
H 2042 74 20321794 20954 {Mwh j
5 0921 0958 0038 MWh'~C
H specific 150975 154066 -5 910 MWW h
G -2550 737 -2556.719 0.007 MWW h
Cp 0.ooo 0.000 0000 W Whike®C
Density Tda 185 G753 128 -71.057 | kofm? j
Exit | Lalculate

500

['Cl
400

300

200

100

100 L =
0.001 0.07 0.1 1 10 100 10

Cratieal
T = | 1 Ell'liﬂl -

Triple
point

=IRE

0 F [bar]

Figure 3

a oration rocess.

The example in Figure 3 shows the evaporation process in a heat recovery boiler, when the
mass flow is 500 t h (Amount: 500000 kg, Unit: MWh). The temperature is 285 C and the
pressures are automatically calculated, since the saturated gas liquid state is selected. The

transferred heat is

21 MW, when 10
equivalent to a water steam ratio of 90

10

MW C indicates that the process is not isentropic.

of the fota water flow evaporates. This is
= 9. The entropy generation of 0.038
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File Edt Format Show  Help
Water { Steam Calculator H20
[rata Limits
Amount | 10 [kg ] T=.20.2000°C
Mw I 120152 kgfkmol P =0.001 ... 1000 bar
Point 1 Point 2 Delta Unit
Tenperature 420,000 30.000 4500004 *C j
Pressure 40,000 0.043 39957 1bar ;I
Phase Gas [g] j Sat. [g.1] ;l
Mixture %o 1.0 _E
H -125706.5 1363307 106332 9k j
5 105.5 1130 TSR
H specific 116619 1054 11556 4T
G -205149.5 -170605 .2 34546 3 T
Cp 2295 2113 01832 kg T
Density 11519 2076 77 207 { kgfm? j
Exit | Lalculate

500

['Cl
400

300

200

100

-100
0001 001 01

Tl'iplé‘

prvint

1

Cratieal
1 point

Figure 4 tea

turbine rocess.

A simple steam turbine process is shown in Figure 4. The calculation shows that the net
enthalpy for a mass flow of 10 kg s is —10633 kW and thus exothermic, i.e. the enthalpy is
released in the form of work on the shaft. The entropy generation is 7.5 kW C and the
(in this case 81.7 ) the
process may be compared with the ideal isentropic process for which there is no entropy
generation. The enthalpy released in the isentropic process is —12903 kW and the isentropic
efficiency is therefore, according to equation 2, ns,=-10633 kW -12903 kW A 0.82.

process is therefore not isentropic. By decreasing the Mixture
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25.3 Detailed Description

25.3.1

Pressure correction in the database

The pressure-corrected calculations are based on new pressure-specific species in the
database. They are of the form S( bar ), where § denotes the species, the pressure
(partial) in bars and  the phase. The phase is only specified for gaseous species. The only
currently available species is H,O (water), and the pressure-corrected species are found in
the database as H20(0.01bar), H20(0.01barg), H20(100bar), H20(100barg), etc. Note that
if the phase is not specified, it may be either solid or liquid depending on the temperature.
For su ercritica stea ,thatis for T p 373.946 C, a gaseous phase is used for p 220.64
bar and a liquid phase for p p 220.64 bar, although the two phases are impossible to
separate in reality.

Table 1 shows the pressure-corrected water species currently found in the HSC database.

Pressure bar Solid liquid species (ice water) Gaseous species (steam)
0.01 H20(0.01bar) H20(0.01 barg)
0.05 H20(0.05bar) H20(0.05 barg)
0.1 H20(0.1bar) H20(0.1 barg)
0.5 H20(0.5bar) H20(0.5 barg)
1 H20(1bar) H20(1 barg)

5 H20O(5bar) H20(5 barg)

10 H20(10bar) H20(10 barg)
20 H20(20bar) H20(20barg)
30 H20(30bar) H20(30barg)
40 H20(40bar) H20(40barg)
50 H20(50bar) H20(50barg)
60 H20(60bar) H20(60barg)
70 H20(70bar) H20(70barg)
80 H20(80bar) H20(80barg)
90 H20(90bar) H20(90barg)
100 H20(100bar) H20(100barg)
200 H20(200bar) H20(200barg)
300 H20(300bar)

400 H20(400bar)

500 H20(500bar)

600 H20(600bar)

700 H20(700bar)

800 H20(800bar)

900 H20(900bar)

1000 H20(1000bar)

Supercritical pressures

Table 1 ressure corrected s ecies current a aiabeint edatabase.

Since water is in a liquid form at the reference temperature of 25 C for pressures higher
than 0.032 bar, the Cp functions for steam follow the saturated stea cur e below the
boiling point. This means that ¢ e ressure is not e t constant be o t is oint and thus
the pressure value in the species name, i.e. X in H20O(Xbarg), is no longer valid for these
temperatures. This may be seen from Figure 5, where the Cp functions of steam at different
pressures are shown. When the temperature drops below the boiling point the Cp functions
follow the saturation curve, where the partial pressure also reduces with the temperature.
This also means that the tofa ent a  and entro  curves below the boiling point will not
join as expected and therefore these curves are co arabe it eac ot eron or aues
abo eore ua tot eboiin oint. This is, however, not an issue when studying only one



HSC Chemistry® 5.0 25-9

Peter B orklund une 28, 2002 02103-ORC-T

pressure-corrected species at a time since the enthalpy entropy differences are then still
valid. Naturally this is never a problem in the Pressure and Temperature calculator, since it
automatically chooses the liquid phase when the temperature drops below the boiling point
for a constant pressure.

For the solid liquid phases, i.e. H20(Xbar), this reference point does not cause any
problems, since at least one of the two phases (liquid and or solid) exist below 25 C and at
pressure X. They can therefore easily be extrapolated up to 25 C when necessary.
Extrapolation above the boiling sublimation points at different pressures are shown as
dotted curves in diagrams, which also means that the liquid solid phase does not exist at
these temperatures.

Figure 5 also shows that the ideal gas approximation, indicated by the label H20(g), is
generally more accurate for low pressures and high temperatures. The ideal gas curve can
be seen below the constant pressure curves. The rule of thumb is that the accuracy of the
ideal gas approximation increases the further away you move from the critical point.

ﬁﬂ HS5C Diagrams =] E3
File Edit Inset Delete Format Show  Help
Jikeg *K) Cp Heat Capacity
4000
H2O0(30BARg)
H2020BARg)
3500 "Al 2O(EB AR,
H2O({1BARg)
H20(0.1BARg)
H20(z)
3000
Saturation Curve
2500 7
_.-"'"'"-F-' i ———
2000 — =
Tt
1500 Temperature
0 50 100 150 200 250 300 isn °C
File: C:\HzeS'Diagram DIA
Exit | Table I Draw | Font | Save Yec. Save Has. | Copy | FPrint Col Print B'w

Figure 5

unctions or stea atdi erent ressures.




HSC Chemistry® 5.0 25-10

Peter B orklund une 28, 2002 02103-ORC-T

25.3.2

Basic theory

In order to calculate the enthalpy and entropy at different pressures, slight modifications
have to be made to the enthalpy of formation and standard entropy at 25 C, i.e. the H;-
term of equations 1 and 3 in Chapter 8. Introduction. Most steam tables use the #7i e oint
of water (T =0.01 C, p=0.0061 bar), instead of the standard reference point used in HSC
(T =25 C, p =1 bar), therefore the abso ute enthalpies and entropies will be different
from those found in steam tables. However, since point 2 is by default set to the triple
point, the enthalpy and entropy differences (cells C5 and C6) are the same as the absolute
values found in steam tables and diagrams. This is achieved by selecting dit oint 2
ri e oint from the menu and choosing the i uid phase.

The pressure corrected enthalpy at temperature T and pressure p is calculated as
co= 29805, o+ [ (L) +Y 3
298.15
where H’; (298.15K, p) is the modified enthalpy of formation at pressure p and Hy, is the

enthalpy of a phase transformation. The entropy at pressure p may be calculated in a
similar manner as

, =, 29815, + j—(’)d >, 4
298.15 tr

where S’ (298.15K, p) is the modified standard entropy at pressure p and H, is the
enthalpy of a phase transformation at temperature T,.

The Cp function still utilizes the Kelley equation, but the coefficients are now pressure-
dependent according to

(, )= ()+ ()10°+ ()10°- 2+D( )10°- 2, 5

where A(p), B(p), C(p) and D(p) are the coefficients fitted at different pressures p. See
Table 1 for a list of the current pressures available.

The temperature or pressure of a saturated curve is calculated through either one of the
equations 6-8. The pressure for a saturated as i wid i tureis

=0.1-e (11.78( —372.79) ( —-43.15)), 6

where T is the temperature in K and p the pressure in MPa. The pressure for a saturated
as so id i tureis

:10105380997-2663‘91 (T 0.01) 10000 7

where T is the temperature in K and p the pressure in MPa. The temperature for a saturated
i uid soid i tureis

=-0.009 +273.16, 8
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where T is the temperature in K and p the pressure in MPa. These equations correspond to
the saturated curves in the p,T-diagram and are utilized in the module whenever a saturated
state is selected.

In order to calculate the influence of pressure on the enthalpy and entropy below the
freezing point, a pressure correction term is used. The correction term is

A —const — (1 - o Jice )Vice( 0 )’ 9

where T is the temperature at the freezing point, pr is the pressure at the freezing point,
o . 1s the coefficient of thermal expansion and v,

Jice

is the specific volume.

e

25.4 Limitations

- The current pressure range is —200 C to 2000 C and 0.001 bar to 1000 bar.

- Accuracy in c,-values and density values decreases close to the critical point.

- Accuracy in saturated liquid gas pressure decreases close to the critical point.

- Uncertainties in c-values for ice at different pressures.

- The high temperature and pressure region (800 C -2000 C and 100 bar - 1000 bar) is
extrapolated.

- The low pressure region (0.001 bar - 0.01 bar) is extrapolated.
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26. UNITS MODULE

Traditionally, several types of energy, temperature, mass and volume units have been used
in thermochemical calculations. Therefore, some inconvenient conversions are needed to
compare the results from different sources. The new Units Conversion module is an easy
tool for fast unit conversions in thermochemistry as well as in other engineering fields.
The specifications of this module can be summarized as follows.

1. Some 90 different quantities and 444 units are available. The user can easily add
own units and coefficients into the conversion calculator database.
2. The Units Module also offers data sheets for chemical constants, particle mesh

sizes, air humidity and water pressure tables. These tables can be modified by the
user according to personal requirements.

Units Conversions (Convert Sheet)

% Units Conversions C:\HSC5\Database\Units4 UNI
File Edit Fomat Help
Energy. work -
k IE+03kio. ~] K =] ][ caltth) =]
| AB [2
Data 1 | Uniis 1 I Data 2 | Units 2 =

el 1.000 | calith 4.184 ] diisd

2 0.239 calith) 10001

3 25000 =C 77.000 °F

4 17778 08 0.000 °F

5 378501 1.000° zal(TlE)

G 22.EIEIEI!1<J 5258125 callth)

T

8

9

10

11

12

13

14

15 e
] v ][5, convert A Units A Constants A WMesh A 4] | FJJ

Exit i Menu i Clear

Fig. 1. Units Conversion module.

The user interface of the Units module is shown in Fig. 1. All the data is given in the
workbook, which consists of six sheets. The first Convert sheet works as a simple units
conversion calculator, which is used in the following manner:

1. Select the quantity you are interested in, for example, Energy.

2. Select the unit and prefix to be used in columns 1 and 2.

3. Select the unit and prefix to be used in columns 3 and 4.
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4. Type the values into column 1 or 3. This will automatically show the converted
value using the selected units. You can change the quantities, units and prefixes
whenever you want, as seen in Fig. 1.

Units Database (Units Sheet)

B4 Units Conversions C:\HSC5\Database\Units4 UNI
Fil= Edit Format Help
Energy, work LI
k 1E+D3kic  v]| kd Rl ~[[ caltth) =]
AR IEnerg.r, wotk
Daia 1 Units 1 | Data 2 | Units 2 | E *
76  |Energy,work 1 joule British thertmal unit(TT) British thermal unit(T3T ) British thermal ur
S| b I BtuwIT) BtuI3T) B
T8 mlkgs-2 1.0000 9. 4781E-04 0.000947831 0.0
70 |Energy demsity joule per cubic meter rmal unit per cubic foot nermal unit per gallon'B ) hermal unit per ge
80 Im3 Btuft-3 Btu zal(B -1 Btug |
81 Im3 1.0000 2.62E-05 4.31E-06
82 Entropy joule per Kelvin
83 = JTE-1
84 |JE-1 1.0000
85 Force newton dhye grain force kiloge
86 F N dyn gif’
87 kgms2 1.0000 1 O0E+HDS 15738632
88 Frequency hertz
8 |f Hz
o sl 1.0000
91 | Heat capacity joule per Kelvin
oz |C JTE-1
03 |JK-1 1.0000 -
4| » [}, Convert A Units A Constants & Mesh A Air A H20] «] | 3
Exit | Menu | Clear I

Fig. 2. Database sheet for unit coefficients.

The unit calculator on the Convert sheet reads all the quantities and unit coefficients from
the Units sheet, see Fig. 2. Three rows are reserved for one quantity, and up to 255 units in
the columns can be used for one quantity. The name of the quantity is given in the first
column, the quantity first row gives the name of the unit, the second one the abbreviation
and the third one the conversion coefficient.

The user may easily add own quantities and units to this sheet. However, remember to
save the worksheet if you want to use this new data later on.

Other Sheets

The Units workbook also contains other sheets:
Constants sheet: Chemical and physical constants.
Mesh sheet: Particle sizes in mesh and mm units.

1
2
3. Air sheet: Air composition and humidity tables.
4 H2O sheet: Water vapor pressure tables.
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The user may also modify these sheets as well as add new sheets. The workbook must be
saved with the File Save selection in order to use the new data later on.

Nearly all the same format, edit and printing properties, as well as resizing of the form, are
available in the Units module.
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27. Excel Add-In Functions

27.1 Getting started

With HSC 5.0 Add-In Functions it is possible to use the HSC 5.0 database directly under
MS Excel 2000 and in that way carry out several thermochemical calculations. In order to
use these functions in Excel they must, however, first be activated. Three stages may be
needed to activate HSC functions in Excel. The number of stages needed depends on the
computer settings and Windows and Excel versions.

Activation Stage 1

1. Open Excel 2000 (NOTE: dd Ins do not or under earier ce ersions )

2. Select Tools, Add-Ins... from the menu.

3. Select Browse and locate HSCS5.xla from your HSC5 AddlIns folder.

4. Select HSC 5.0 Functions and press OK , see Figure 1. It may be necessary to
restart Excel in order for the add-in functions to work.

hdiins |

add-Ins available:

Access Links
[T analysis ToolPak
[T analysis ToolPak - vBA
I Autosave add-in
™ Conditional Sum YWizard
[ Euro Currency Tools

Cancel

Pl

Browse, .,

nkernet Assistant YEA
[T Lookup Wizard
™ M5 Query Add-in _‘ﬂ

~H5C 5.0 Functions

H=C 5.0 AddIn Funckions For Excel 2000,
HSCS Ewxcel DLL must be in vour Windows Syskem directarsy,

Figurel ddin re o in . unctions under ce.

Activation Stage 2

If the installation is unsuccessful, the following steps may help:
1. Start the VBA Editor by pressing Alt F11.
(or select Tools, Macro, Visual Basic Editor, ...)

2. Select Tools, References from the menu.

3. Select Browse andlocate HSC5 Excel.dll from your Windows System
directory (for example C: Windows System HSC5 Excel.dll). It may be necessary to
restart Excel in order for the add-in functions to work.

4. See also stage 3 in Chapter 27.2 if needed.

The HSC installation routine automatically takes care of the DLL registration.
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27.2  Opening and Moving Files that use HSC 5.0 Functions

Once installed, as above, you are ready to start using the add-in functions. Sometimes it
may be essential to change the links of a worksheet in order for Excel to find the
HSC5 xla file. This may be the case if opening a file that uses HSC 5.0 functions for the
first time or when moving these files from one computer to another. These steps should
then be carried out:

Activation Stage 3

1. During opening, answer No when prompted by Excel to update all linked
information (automatic link updates do not work due to some bug in MS Excel).

2. Select Edit, Links from the menu.

3. Choose the path containing HSCS.xla from the listbox and press Change Source .

4. Browse to your HSCS AddlIns folder and choose HSC5.xla.

Alternatively, it is also possible to first remove HSC 5.0 Functions under Tools,
AddIns , see Figure 1, and then by adding them again, to force an update of the
worksheet links. If the cells conatining the functions returna  VALUE  error message,
please save the file and restart Excel in order to make the functions work. Try opening
the test example AddInSample.xls , where all available functions are demonstrated. To
turn the add-in feature off, simply deselect it using the Tools, Add-Ins... dialog from
the main menu.

27.3 Brief Description of the Functions

The add-in functions are used the same way as functions in general under MS Excel. For
example by writing  H(A1 A2) the enthalpy for the species in cell Al and at the
temperature in cell A2, is returned. To view all existing functions simply select Insert,
Function from the main menu and then choose User Defined from the left listbox.
The right listbox will now give show all available HSC functions and their arguments. A
complete description of the functions is given in the following table (Table 1).

General Functions

UNITS(T E) Changes the current units, T= C K and E= Mcal M kWh .
Sheet NOT recalculated

BAL(Equation) Balances given equation.

SPECIES(DBNo, Position) Returns species in database DBNo and given position.

Species Functions

H(Species T)
S(Species T)
CP(Species T)
G(Species T)
HKG(Species T)

Returns the enthalpy (per mol) of the species at T (temperature).

Returns the entropy (per mol) of the species at T.

Returns the heat capacity at constant pressure (per mol) of the species at T.
Returns the Gibbs energy (per mol) of the species at T.

Returns the enthalpy (per kg) of the species at T.

HNM3 or HCM(Species T) Returns the enthalpy (per Nm ) of the species at T.
HLAT((Species T) Returns the latent enthalpy (per mol) of the species at T.

Reaction Equation Functions

H(Equation T)
S(Equation T)
CP(Equation T)
G(Equation T)

Returns the enthalpy (per mol) of the reaction equation at T.

Returns the entropy (per mol) of the reaction equation at T.

Returns the heat capacity difference (per mol) of the reaction equation at T.
Returns the Gibbs energy (per mol) of the reaction equation at T.
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HKG(Equation T)
K(Equation T)

Returns the enthalpy (per kg) of the reaction equation at T.
Returns the equilibrium constant of the reaction equation at T.

Iteration (reverse) Functions

TATH(Species H)
TATS(Species S)
TATCP(Species CP)
TATG(Species G)

Returns the temperature of the species with given enthalpy (per mol).
Returns the temperature of the species with given entropy (per mol).
Returns the temperature of the species with given heat capacity (per mol).
Returns the temperature of the species with given Gibbs energy (per mol).

Flow Functions

FLOWH(Species Amount T)
FLOWS(Species Amount T)
FLOWCP(Species Amount T)
FLOWG(Species Amount T)

Returns the enthalpy of a flow (Species and Amount as ranges) at T.
Returns the entropy of a flow (Species and Amount as ranges) at T.
Returns the heat capacity of a flow (Species and Amount as ranges) at T.
Returns the Gibbs energy of a flow (Species and Amount as ranges) at T.

Temperature-independent Functions

STRUCT (Species) Returns the structural formula of the species.
CHNAME(Species) Returns the chemical name of the species.
CONAME(Species) Returns the common name of the species.
CAN(Species) Returns the chemical abstract number of the species.
MW(Species) Returns the molecular weight of the species.
DE(Species) Returns the density of the species.
MP(Species) Returns the melting point of the species.
BP(Species) Returns the boiling point of the species.
PHASE(Species) Returns the phase of the species.
RGBCOLOR(Species) Returns the RGB color of the species.
REF(Species) Returns the database reference of the species.
REL(Species) Returns the reliability class of the species.

Percentage Functions

MOLP(Speciesl Species2)
WTP(Speciesl Species2)

Cp Data Functions

Returns the mol-  of Speciesl in Species2.
Returns the wt-  of Species] in Species2.

CPFUNCTION(Species) Returns the complete heat capacity (c,) polynomial function (as a string) of the
given species.
CPA(Species) Returns the A-coefficient (as a number) of the c,-function.
CPB(Species) Returns the B-coefficient (as a number) of the c,-function.
CPC(Species) Returns the C-coefficient (as a number) of the c,-function.
CPD(Species) Returns the D-coefficient (as a number) of the c,-function.
TMIN(Species) Returns the minimum valid temperature of the c,-function.
TMAX(Species) Returns the maximum valid temperature of the c,-function.

Table 1 Descri tiono a current a ai abe

add in unctions.

A useful Excel example file is located in the catalogue Addlns in your HSC
installation directory. The example, called AddInSample.xls , can be viewed after the
add-ins have been made available (described in Chapter 27.1). Figure 2 shows what the
example file should look like using MS Excel 2000.
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E'_} Microzoft Excel - AddinS ample_xls (O]
|@ File Edit Wiew Insert Format Tools Data  Window  Help _,_!_ﬁ’_iﬁ!
DEEL SRy | siad| o - | @slmB 2o |70
E11 | =| 100
& E | C | D [ e [ E
HSC Chemistry 5.0 add-in functions in M8 Excel 2000
3 | Examples Red walues are argumert (input) values,
5 Functions Return Values |Arguments Descrip
6 | General Return Value Argument 1 Arg.2 Arg. 3 |Descripti
T | UNITS(T;E) C and Mcal C Ilcal Chatiges
g | BAL(Eguation) 2H2(z)+ 02(g)=2H2O(H g+ 2=H200 ) Balaneed
8 | SPECIES(DBMo Position) ANCHICOO0)2(+a) 2 200 Species fi
10 |Species Return Value Argument 1 .2 Arg. 3|Descripti
11 | H(Species;T) 93357 CO2(E) 100¢ Enthalpy
12 | B(Species;T) 20.766 H200T 100 Entropy ([
13 | CP(Species;T) 44 245 CH4( =) 100 Heat cap:
14 | | G{Species;T) -11.294 He(g) 100 Gibbs et
15 | HEG{Species;T) -0264 Fel 100 Enthalpy
16 | HMNMS3 or HCM(Species;T) 0023 O 100 Enthalpy
17 | HLAT(Species;T) 0.000 H20D 5 Enthalpy
1&8 |Reaction equation Return Value Argument 1 Arg.2 Arg. 3 |[Descripti
|19 | HiEquation;T) -115952 2HI(g) + 02(g) = 2H20(g) 100 Enthalpy
20 |  S(Equation;T) -22209 2H2(g) + 02(g) = 2H20(g) 100 Entropy ¢
21 | | CP(Equation;T) -4.744 2H2(g) + 02(g) = 2HI0(2) 100 Heat cap:
22 | | G{Equation;T) -107 631 2H2(g) + 0(g) = 2HIO(g) 100 Tibbs et
253 | HEXEguation;T) -3.218 2Hag) + 022 = 2H2O(g) 100 Enthalpsy
24 | E(Equation;T) 1.106EH3 2Ha(g) + 022 = 2H2O(g) 100 Equilibaiy
| 23 |Iteration (reverse) Heturn Value Argument 1 Arg.2 Arg. 3 |Descripti
26 | TATH(Species;H) 410037 COZg -90 Temparat
27 | TATS(Species;s) 430915 CO2(a) a0 Returns t
22 | TATCP(Species;CF) 144.756 CO2(g) 10 Temparat
29 | TATG(Species; ) 224503 CO2(E) -120 Temparat
30 {Flow Return Value Argument 1 Arg.2 Arg. 3 |Descripti
3l | FLOWH(Species;Amount;T) 0524 N2(g 0.7 100 |Enthalpy |
14 ] 4 » [ ¥} 5Sheetl / Sheetz f Sheetd / 14| | [
ID[&W*D@G}|#£DS|‘IEDES'\\DD4@|&'£'£*E§Elﬁ],
Ready | | R LI | et il s
Figure2 a eincudin a a aiabe ce addin unctions ddln a e s.

The functions are all collected in the column Function and their return values under
Return value . A red font indicates the input values with a short description of every
function shown to the right. This example provides an easy method for testing the
functions and also provides practice in learning how to use them.
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27.4 More about registering DLL Files

The HSC 5.0 installation routine should take care of all necessary DLL registrations.
When selecting deselecting the HSC 5.0 add-in using Excel, HSC5 Excel.dll is
automatically registered unregistered. However, it is also possible to register unregister
the HSCS5 Excel.dll and HSC5.dll (used by the Heat and Material Balances module) files

manually. The program to achieve this is called Regsvr32.exe ) and registration is
completed using the following method:

1. Seclect Start, Run... from the Windows menu.
2. Type regsvr32 HSCS Excel.dll for registering Excel 2000 add-in functions.
3. Type regsvr32 HSCS.dll for registering HSC 5.0 add-in functions.

Alternatively it can be achieved using the following method:

1. Double-click the file HSCS Excel.dll in your Windows System directory.

2. [If the file is not registered automatically, which is indicated by an Open With -
dialog box, choose Other in the dialog window.

3. Select Regsvr32.exe from your Windows System directory. Now double-click the
file again and it should register automatically.

When unregistering files follow the same procedure, but add the u switch before the file
name, i.e. regsvr32 u HSCS Excel.dll for unregistering HSC5 Excel.dll

Description of Regsvr32.exe

To add .ocx and certain .dll files, it will be necessary to run REGSVR32.EXE from the
Run option in the Start menu. The following are the commands and switches needed:
resr2 u s n 1:mdline d na eoroc na e

u (unregistered server)

s (silent display no message boxes)

¢ (console output)

i Call dll or ocx install passing it an optional cmdline
when used with u calls dll or ocx uninstall

n Do not call dll RegisterServer this option must be used with 1

27.5 Unactivation of Excel Add-In Functions

To remove HSC 5.1 Functions completely from the Add-Ins list, simply highlight the
checkbox again and Excel will ask whether you want to remove the Add-Ins from the list.



