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Introduction
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7 of possible
2 Chemical Formula Temp °C Species Type SRIARHeR kJimol Jimol*K Jimol*K kJ/mol
3 numbets glmol Estimate Database Estimate  Database | Estimate Database | Estimate Database
4 |AgCl 25Inorganic 143,32 -127,68 -127,07 97,37 96,23 5354 5298 [ -110,73 -109,78
5 |FeMnO4 25 |Inorganic Setl .17478 | -103685 N/A | 129,90 N/A | 122,67 N/A | 935,51 N/A
6 |Ba(OH)2 25|Inorganic 171,34 -934,11 -939,38 103,60 107,28 | 83,37 89,08 | -864,88 -871,24
7 |caalzsios 25|inorganic 218,12 327361 -3310,14 137,04 13500 164,39 165,97 |-3096,10 -3132,02
8 |Cc8H18(g) 25|Organic, ALKANES, NONE 114,23 -216,90 N/A 455,06 N/A 188,15 N/A 11,77 N/A
9 |Mgs04 25|Inarganic 120,37 -1281,54 -1261,80 95,88 91,60 | 9671 96,40 |[-116853 -1147,52
10 |MgSO4*2H20 25 |Inorganic 156,40 -1906,20 -1854,90 168,56 167,36 175,02 175,73 | -1675,78 -1664,12
11 |K20 25 |Inorganic 94,20 -242,78 -363,20 107,20 9410 | 7569 72,00 | -20559 -322,10
12 |K2504 25|Inorganic 174,26 -1296,66 -1437,79 17512 17556 | 133,83 130,77 [-117841 -1319,67
13 |KHCO3 25|Not Specified 100,12 -958,57 -964,84 116,34 115,50 | 9554 9036 | -861,03 -867,05
14 |NaCOOH 25|Not Specified 68,01 -640,11 N/A 93,36 N/A 76,16 N/A | 570,29 N/A
15 |NaCOOH(g) 25|Not Specified 68,01 -497,62 N/A 290,55 N/A 59,99 N/A | -486,59 N/A
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Fig. 1. Estimates and HSC main database H, S, and Cp data.

The HSC database contains more than 29000 species with data on enthalpy H, entropy
S, and heat capacity C,; these data are usually based on experimental measurements.
The data have been collected from more than 3000 different sources, which may
contain typos and misprints. The H, S, C, Estimate module may be used to identify and
filter these errors, because it gives a rough estimate of the H, S, and C, values based
purely on chemical formula.

The H, S, C, Estimate module gives rough estimates of H, S, and C, values for the
chemical species that exist in the HSC database, and also for those that do not exist in
this database. The estimates are based on statistical data mining methods, which

utilize stoichiometric element amounts, oxidation states, interactions, etc., which may
be calculated automatically from the chemical formula.

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.

To improve the estimated values, the user can define whether the species is inorganic
or organic. In addition, if the species is defined as organic, the user can specify more
accurately the form of the species depending on which kinds of functional groups it is

formed of.
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Basic use
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Fig. 2. Specifying additional properties for organic species (C2Ha(g) in this example).

Using the HSC Estimate module is fairly simple. First select the Species Type from the
ribbon bar, and then type the chemical formula in the spreadsheet. Species can be also
imported from the database to provide comparison cases for the estimates.
Temperature parameter is used only for the Cp estimation.

For some species the solution provides different combinations of oxidation states,
which result in slightly different estimated values. When available, the active set can be
selected from the cell in the column D.

55 HSC Estimate
Spedies Type Organic Group Hgﬁ ‘ @ °C \
File NotSpedfied v | | Functional Group ShowType | Freeze Freeze Celsius
- Coumn | ColumnA  Title Rows

Main Estimation Settings

Not Specified

Fig. 3. Changing the active set of oxidation numbers.

The oxidation numbers can be seen in the columns after the estimated values.

1
2
g
4 |FeVO4 v 1 5] 29,83 16,67 Fe 1 3 32,70 16,67 [e] 4 -2 37,47 66,67
5
6

Fig. 4. Information about the elements found in the chemical formula.
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16.3. Limitations
1. Superscripts and subscripts are not allowed.
2. The last parentheses are always reserved for species-type declarations, for
example:
As(9) 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
Example cases of the use of the last parentheses are shown below. Please note that
incorrect use of the parentheses may result in estimations that are not carried out for
the correct chemical formula.
Chemical formula: AIO(OH) - aluminium oxide hydroxide
AlIO(OH) Valid species, but estimated as AlO not as AIO(OH)
AlIO2H Valid species
AIO*(OH) Invalid species
AlO*OH Valid species
AIOOH Valid species
16.4. Charts

Metso reserves the right to modify these specifications at any time without prior notice. Copyright © 2023

Database and estimated values can be plotted to facilitate comparison. To plot the
values, select the rows that you want to include in the chart and select the chart type

from the ribbon bar or from the right-click menu.
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Fig. 5. Plotting species in HSC Estimates.
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16.5. Adding estimated species to own database

Estimated values can be utilized in other HSC modules, if the species are saved to the
own database. Species can be saved either with a constant Cp value, estimated at 25
°C, or with a temperature range, specified by the user.

To add a species to the own database select a row and click “Save to HSC Database”
from the ribbon bar or from the right-click menu. Selecting the “Cp at 25 °C” will open
the Database editor allowing to review the species before saving. With the “Cp Range”
option the Fit Cp Data window is shown with the estimated range.

Example

Estimate Na2WO4(g) and add it to the own database with the Cp estimated in the
temperature range of 298.15 K — 600 K.

1. Estimate Na2WO4(g)
Type the formula to the first column in the spreadsheet.

A ' B ' C
2 Chemical Formula Temp °C Species Type
3
4 |Na2WOdlg) 25|Not Specified
5

2. Save with a Cp range
Right-click the species and select “Save to HSC Database > Cp Range”.

L] -
4 |Na2wo4i(g) % cut 25 Not Specifie
5
[e| — |0 ©m 1
7 _: Paste
8 == Insert Row (-
| £l | - == Delete Row | —
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j 1 3 Browse HSC Database... T
[z .| il Graphics... g
(13 L& Saveto HSCDatabase * | [g Cpat25°C
14 i
I 15" e - I === &2 CpRange

3. Specify range parameters
Change the Max temperature to 600 and click “OK”.

Cp Range Data »

Parameters

Speces  Na2wo4{g)

Trmim () 298,15

Tmax (k) 600

Steps 50 3
oK Cancel
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4. Fit the values to the Cp equation
Click the “Fit Cp” button to get the equation coefficients for the specified
temperature range. If necessary, the range can be divided into several records
for a better fit to the equation.

HSC Cp Data — (o] x
Experimental Data Fitted Dats
=] : o B < 5
\,@ Import from Equation Co(T)= A+ BT =107 +CT 2 10%+ DT* =« 107° - au Update Species
[ A B c D E 2 A 8 C D E F
1 Species Na2W0d(g) 1 Range 0 2 3 4 5
| 2 Molecular Weij 293.817 2 Tmin (K) 298.15
3 Temperature CpExperimental  Cp Fitting Error Cp Estimate 3 Tmax (K) 600
4 K 1/ (mol*K) J/{mol*K) 3/{mol*K) 4 cp Alf(mal*K)| 193371
5 238. 15! 121.043 121,408 0302 5 Cp B -104.887]
| 6| 304.187 122.958 123.084  -0.102 6 Cp coefficient € -44.022
7 310.224 124.678 124651  0.022 7 Cp coefficient D 99.354
| 8 316261 126,237 126,124  0.090 8 Cp coefficient E 0.000
9 322.298 127.664 127.508 0.123 3 Cp coefficient F 0.000
|10 328.335 128.979 128.807 0.134 | 10 |Average Error .
11 334372 130.199 130033 0127 4 ¢ v W Fitted | ;
12 340,409 131.336 131,190 0.112 STy et
|13 346,446 132.401 132281 0.091 @ mo | G oo NotSpecfied  + L =
|14 352.483 133.403 133312 0.068 —
15 358.52 134,348 134289 0044 !
16 364,557 135.243 135215 0021 ‘ Cp Heat Capacity
17| 370.594 136.093 136.092  0.001
| 18 376,631 136.901 136926  -0.018 B
19 382,668 137,673 137721 0,035
| 20| 388.705 138.410 138476  -0.047 1503
21| 394.742 139.117 139.197  -0.058 i
| 22 400.779 139.795 139.886  -0.065
23 406.816 140.447 140545  -0.070 T a0 ] i
| 24| 412,853 141.075 141175 0071 5 Experimentd
25 418.89 141.679 141780  -0.071 Ere
| 26 424927 142.263 142361  -0.069 -
27| 430.964 142,828 142919  -0.064 130 |
| 28| 437.001 143.373 143457  -0.058
29 443.038 143.502 143976  -0.051 125
30 449.075 144.415 144476  -0.042
31 455.112 144.912 144961  -0.033 120 4
| 32 461.149 145.395 145430  -0.024 |
33 467,186 145,865 145885  -0.014 i d 3‘5{’ _w‘m 4;0 5:‘10 ss‘ﬂ oo
| 24 473773 146372 146327 nona Temperature K
4 4 ¥ M| Experimental < m | b
Outotec

5. After fitting, save the coefficients
Click “Update Species” to save the coefficients to the Database and close the
Cp Fit dialog.

Fitt=d Data

C(T)= A+BT«1073 + (T2« 10%+ DT% « 107% - 4if  Undate Spedes
[ 1 A B[ ¢ [ o [ E [

| 1 Range 1 2 3

| 2 Tmin (K) 298.15

| 3 Tmax (K) 600

| 4 | Cp coefficient A J/{mal*K) 193.371

| 5 Cp coefficient B -134.88?!

| & |Cp coefficient C -44.022

| 7 Cp coefficient D 99.354

| & Cp coefficient E 0.000

| 9 Cp coefficient F 0.000

| 10 |Average Error B

|4 4 » M| Fitted, 4 |l '

Spedes Type Structure

@ FitCp L%,Cj\) Caloulate Cp e ———— |»  EstimateCp
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6. Save the species
Finally, review the data for the new species and click “Save”.

S Database Editor =

r (& H X K| °c| B > | a x @ ©

[ ®
= | save Cancel a tabase 5 g 2 FitCp About
E Data
Y
/
7 7
V! o
v Ee v
Basic Data - [Updated on 14.2.2017]
Na2wo4(qg) Formula Na2wO4(a) cas H® formation at 238.15K  -1248.563 ijmal
Structural Formula Molecular Weight |293.817 afmal 5°at298.15K 412,671 ] If{mal™)
Chemical Name Melting Point | 0,000 K Cpat298.15K | 121.408 If(mol)
Common Name Boiling Paint D‘.DDD K AG®at 298.15K -i 182,404 K3/mal
Temperatre Ranges  C,(7) = A+ BT« 1073 +CT~7+ 105+ DT? 1078
Al ~ Range
Range L 2 3 4 5 & 7 8 U~
Tmin (K) 298.15 |
Tmax (K) €00.00
Phase [
Hkl/ mal -1248.564
51/ {mol *k) 412.671
Cp coefficient A 1/(mol*K) 193371 =
Co coefficient B -104.887
Cp coefficient C -44.022
Cp coefficient D 99.354
Density g/l (0 °C, 1 atm) 0.000
Color 0
Solubility in H20 g/l 0.000 m
Reference HSC Estimate
Reliability Class 4

Qutote¢  Databasssinuse... ~
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