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1 Introduction

PCPEquationFit fits parameters for a large variety of equations for pure component properties. Parameters can
be stored in and retrieved from a parameter database, they can be plotted, and they can be used for calculations.

PCPEquationFit normally uses the pure component properties data bank which is a part of the Dortmund Data
Bank. It can also be used to fit data from other data sources since tables can be pasted from the clipboard or
loaded from files.
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2 List of Equations

2018

Property Equation
Liquid Viscosity B
1. Andrade A+?
T [K] n=e
N [mPa s] B
2. Vogel At T+C
n=e
A+BicinT+DTE
3.DIPPR 101 Atpreini+
1 4
C-T \5 C-T \5
4. PPDS 9 =Fexp|l A|—— I +B|———
n=ae (T—D T-D
a+ By cre D124 ET?
5. Extended Andrade o CT +
n=e
6. Pol ial in 1/T 1r]—A+§+£+2+£
. Polynomial in T T
Vapor Viscosity ATE
T[K] LDIPPR1I2 . C D
1+=+=
n [mPa s] T T
2. Polynomial y=A+ B-T+ CT’+ DT+ ET"

DDB Pure Component Equations
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Property Equation
Saturated Vapor Pressure A B

1. Antoine T+C (P Other Units: T [°C], P [mmHg])

T [K]
P [kPa]

P=10
2. Wagner 2.5,5

A(1-T.)+B(1-T,)"+C(1-T,)**+D(1-T,)
P=exp(InP_+

Tr
3. Wagner 3,6
A(1-T )+B(1-T)°+c(1-T,)’+D(1-T,)°
P=exp|(InP _+
c T,
2
A+B(T_)+C(TL) .
4 CoX p_oxp|In101.325+e 5 5 (I_TB
A+BicmT+DrE
5. DIPPR 101 T
P=e
(» Other Units: P [Pa])
6. Extended Antoine (Lonza) P= exp(A+ +DT+ET*+F ID(T))
(» Other Units: P [bar])
7. Extended Antoine (Aspen) P= exp(A+ +DT+E1H(T)+F TG)
G=1 or G=2
8. Extended Antoine (Hysys) P= exp(A+ T+C +DIn(T)+E TF)

F=1 or F=2
(4.1012+.4) [ =2 B~T
9. Rarey2P T,g b
p=pP, 10 —1<4<+1
10. Xiang/Tan PZPC'eXp(ln TR'(A1+A (1 T )189 A3'(1—TR)5'67))

11.PVExpansion: P=exp

A+§+Cln(T)+DT+ET2+£+G o+
T T’ T

12. Hoffman/Florin:
P:exp(A+B(%—7.9151-103+2.6726-103-10g10(T)—0.8625-10G-T))

(» Other Units: P [Pa])

DDB Pure Component Equations
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Property Equation
Saturated Vapor Pressure | 1. Mathias-Copeman Constants for EOS
by EOS 2
. o=(1+m-(1-1T,))
— 2
P [kPa] m=cl+cz-(1—\/Tr)+c3-(1—\/Tr)
2. Twu-Bluck-Cunningham-Coon Constants for EOS
x= T(C-"(Cz_l)).exp c ( 1— T(CZ'%))) (c1, ¢2, ¢3 used in DDB programs)
— r 1 r b & s
x= T&,N'(M -1) -exp (L-(l — Z*,,M‘N))) (L, M, N like original authors)
3. Melhem-Saini-Goodwin Constants for EOS
2
xX=exp (cl-(l—T,)nch-(l—\/T,,) )
4. Stryjek-Vera Constants for EOS
K=K,+X, ( 1 +\/ T_r)(0.7—T,ﬂ)
—\\2
a=(1+x(1-/T )|
5. Stryjek-Vera-2 Constants for EOS
K :K0+[K1+K2(K3—T?'5) (1 —T?’S)]( 1+T?,‘5) (0.7—Tr)
2
OL:(I+K(1—T(:'5))
6. Schwartzentruber/Renon/Watanasiri Constant for EOS
P, =0.37464+1.54226-w—0.26992- o’
2
o= (14P,, (1~ )1~/ T ) e, #¢, T, +e, 7))
Liquid Heat Capacity |1 polynomial ¢,=A+ BT +CT’+DT’+ET*
T [K] 4
¢, [J/mol K] 2.PPDS 15 ¢, =R T—+CT+DT2+ET3+FT4 with T=1 o

DDB Pure Component Equations
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Property Equation

Ideal Gas Heat Capacity ||, polynomial c,=A+ BT +CT*+DT3+ET*

T [K] 2 2

¢, [J/mol K] ) 94

T
2. Aly-Lee, DIPPR 107 ¢, =ay+a,|———| +a,
i ha2 cosh %
sinh — —
T

3.PPDS2 C,=R(B+(C—B)y*[1+(y=1)(D+Ey+ F*+Gy')|) witn
T
YTUsT

E
4. Shomate cp=A+BT+C ’+DT’ —I—F
5. Wilhoit

Cp B —C 2 F 8 T-G
L=A+|= | exp| == |+ Dy’ +{ E-——= | ¥* with y=
R (TJGM% T) Y ( (T—Hf)y vt Y=TIF

Solid Heat Capacity
T[K]
¢p [J/mol K]

Polynomial c,=A+ BT +CT’+DT’+ET*

DDB Pure Component Equations
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Property Equation
Liquid (Saturated) A
Densit P=——"— o

S 1. DIPPR 105 ofT
T [K]

B

P [kg/m’]

2. Polynomial p=A+B-T+CT°+DT’+ET"
3. Tait (pressure-dependent data)
Prefzmax(f(T), 1.01325) MPa (Wagner-Equation)

k;
P, =S (T )—g3 (DIPPR 105-Equation)
‘ m

T

T oo =100  T,=

reduced —
reduced

C=cytc T,
B=by+ b, T+ b, T3+ b, T+ b, T

pref
B+P
B+P,,

p:
1-Cln

4. DIPPR 116 (with additional addend pc, the critical density)
2

4 T
AT+ B +Ct+ D3| With T=1-7

T

c

pL=p.F
5. DIPPR 119

16 43 110

o2 0s o ow owo T
—A+BT+C-T+D T +E 1 +F-1 +G-t 3 With =1 T
p

Surface Tension
T [K]
0 [N/m]

1. Polynomial = A+ BT +CT*+DT’+ET"

N T
2. Short DIPPR 106 0=A(1—T,)" with TR:T—
3. 0=A(T-T,)"
_ T
4. Full DIPPR 106 g:A(l_TV)B“T'*DT'*”“ with  T,=—

) T
5. PPDS 14 O:A.rB-(1+C-1;) with rzl—T

[

DDB Pure Component Equations
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Property Equation
Second Virial Coefficient A B
1. Bi=—=+—
T K] JT T
Bii [cm?/mol] B C D E

2.DIPPR 104 B,=A+—+—+—+
ii T T3 TS Tg

2 3
Bic L )+D(T +E(T
TC TC TC

2. Extended Watson  H , =g (c—T )b-i— d

Heat of Vaporization

LT
T

C

T [K] 1. DIPPR 106 _
H,,=A
Huysp [J/mol]

1 2

Vap c

1 2 T
4. Pitzer/Carruth/Kobayashi H,, —A-t3+B-13+C-g With T= 1——

TC
Elauiccnne) . Polynomial A=A+ BT +CT*+DT’+ET*
Conductivity
T [K] 1 2 . -1 T
2. PPDS 8 ?\:A 1+BT3+CT3+DT with T= T

A [W/mK] ¢
Vapor Thermal NT
Conductivity L PPDS 3 A= 3 rC D ih T T

. t =
T [K] A+ —+—5+— s T,

T, 7 r1

A [W/mK] g g
Isothermal Linear Interpolation
Compressibility
Thermal Expansion Linear Interpolation
Coefficient

Melting Temperature

c

—1.

m

(Pressure Dependency) SimOn-GlatZel Equation Pm =a

m(normal )

Dielectric Constants of | | polynomial A=A+ BT +CT>+ DT +ET"
Liquids, Permittivity

TK], ¢ [.]

DDB Pure Component Equations Page 9 of 43
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3 Using the program

3.1 Initial Dialog
B PCP Equations Fit 2018 - O =
File Help
X Exit ‘ & Count ‘ Archive | EZl| ParamDBOrganizer | 4 Manual ‘ Calculate - ‘ &% About
g ParameterDB Content
i Component & Check Data Availahbility
116 Butylbenzene -
Recommended Value: Yes
@ Component Details $ Database Content
Dataset Mumber: 111
Eguation Location: Public DDB
-- Wagner 2.5-5 Equation ~ Key Value ”
-+ \Wagner 3-5 Equation
- Antoine Equation G plGs
- Cox Equation B 13.8363
-+ DIPPR. 101 Equation -17.5328
- Extended Antoine Equation (Lonza) ey
- Extended Antoine Equation (Hysys) .
- Extended Antoine Equation (Aspen) c1 116
-~ Rarey2P Pc 2887.76
- Xiang-Tan
- PVExpansion L S603
- DIPPR 100 (Polynomial) EQID 2
- Hoffmann,Florin Tmax 455.4
- w
Vapor Pressure (EQS Alpha Funiction) Trmin 243.3 .
::, Fit 4k Delete this parameter set Copy Edit
N ¥ Plot | | K| Details
& Calculate
h Delete archive entry
DDB: DAHADDB'. Private DDB: H:ADDBPRW,. Hint: License server state: Success. (FullVersion)

2018

Figure 1 Main PCPEquationFit Dialog

The program's start dialog contains three major parts:

1.

3.

The components area allows
1.
2.

I3} Component &6 Check Data Availability

selecting components
93 Isoprene K
displaying component details with the

component editor €8 component Details

@ Database Content

. displaying the content of the Dortmund Data

Bank for the selected component

. verifying if enough data sets or points are available (this is only a hint, since there might be further

constraints)

The list of equations. The list is organized hierarchically. The methods are summarized below the property
they describe.

The parameter data set shows the current content of the ParameterDDB.

The toolbar buttons are mainly short cuts for the “File” and “Help” menus.

DDB Pure Component Equations
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3.2 File Menu

«  Open Component Numbers File
This function allows loading a file with a list of DDB
component numbers. Such component files can be created,
for example, in the component selection dialog or in the
main Dortmund Data Bank program from search results.
The data set numbers are shown in a separate window.

Compeonent Numbers @
#0DB Mame it
41 n-Butane e
&0 Decane
74 2,4 Dimethylpentane
758 Dodecane
89 Hexane
91 Heptane
94 2-Methylbutane
a7 2,2, 4-Trimethylpentane
111 2-Methylpentane
112 FMethylpentane
128 Octane
134 Pentane
154 Tetradecane i
1 T&nﬂnq Abmnsmmm
4 1 r

423 components

g 2z W

I

)
£
X

2018

Open Component Mumbers File

Count

Statistics

Database Details (Current Equation)

Database Overview

Archive

ParamDBOrganizer

Build ParameterDB Index

Exit

Figure 2: File menu

A click on a line sets the component number in the main fit window.

«  Count
Count shows the number of
available parameter data sets
for the current model.

Information

o 732 public and 0 private parameter sets.

Figure 3: Parameter Data Set Count

«  Statistics
Statistics creates a table with an
overview over all equations

B Statistics

X Close \ B Copy

DDB Pure Component Equations

Equation ID |Cu||||t ‘Svstems,lcumpunents Equation Short Term | Property

Description

82 82
732 680

RIGIEIEEE
®
=
e

EOS-MR.
WAG25
WAG36
ANT
cox

Vapor

Bl
o0
Gl

Hiquid Equilibria

- Saturated Vapor Pressures
- Saturated Vapor Pressures
- Saturated Vapor Pressures

- Saturated Vapor Pressures

Equation of State
Wagner Equatior
Wagner Equatior
Antoine Equatior

Cox Equation

~

Figure 4: Statistics

Page 11 of 43
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« Database Details (Current
Equation)
This function creates a table
with all data sets available for
the current equation.

- Database Overview
This functions creates a table
with the number of components
for experimental data in the
Pure Component Properties part
of the Dortmund Data Bank are
available for the single
equations.

« Archive

2018

Scanning PCP Database: 33006 of 329390

B Database Details — O b
M Close | Copy | B Savexls [ SaveCSW
Wagner Equation [2.5-5-Form]
Mirimum data paints: |5 s Build List
Minirurn T range: K
# Component | T min T max Sets Points References Paramet
exp. Data |exp.Data |exp.Data |exp.Data |exp.Data available
1 1 175,150 382,900 47 132 45 Yes (PCF)
2 2 358.200 495.150 9 14 9 Yes (PCP)
3— 3 273.150 535.032 184 664 180 Yes (PCP)
4 4 168,400 508.650 410 1282 394 Yes (PCP),
— - - R . i n mﬁ;\
3117 components with zufficient data but without parameters found.
Use Az Component List
] Orly companents where T and P are available
Figure 5: Database Details (Current Equation)
B Database Details - O >
¥ Cloze | Copy | B savexls [ SaveCsv
# Equation |Component |Description ~
2 5501 Wagner Equation PCP - Saturated Vapor Pressures
2 3 5501 Wagner Equation PCP - Saturated Vapor Pressures
3 4 6572 Antoine Equation | PCP - Saturated Vapor Pressures
4 5 5398 Cox Equation PCP - Saturated Vapor Pressures
5 20 5501 DIPPR Equation | PCP - Saturated Vapor Pressures
6 43 5141 Extended PCP - Saturated Vapor Pressures
T AN Eid4 Fwtandad oD - Sahrsted Waner Dracourae 2

Figure 6: Database Overview

See chapter “Fit Archive” on page 27.

«  ParamDBOrganizer

This function call the program for managing the parameter data base. This program is described in a
separate PDF (“ParameterDDBOrganizer.pdf”).

«  Build ParameterDB Index

This will rebuild the component index of the parameter data base. This is normally done automatically
when needed. This function is only needed if changes outside PCPEquationFit have been made.

3.3 Help Menu

The help menu contains a button which brings this PDF help up and an
“About” button which shows some information about the program.

3.4 Component Selection

¥  Manual

? About
Figure 7: Help menu

DDB component numbers can be typed directly in the component field.

DDB Pure Component Equations
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I} Component
47 - |U*3TCHITI =

@ Component Details @ Database Content

After a Return the component name is added.

The buttons | || 4| allow to navigate through the DDB component list.
The button : calls the component selection dialog
I Component
<& Compenent Selection 2018 - O x
File Edit I
MNames: (Substrings combined by &(and), [{or),!(not), typing a number -> switch to DDB number /s selection)
|| w Search <Mames>
Reload Result List from History ?i? m Clear History
Search [tem Search Type Found Components
Hames - Searchin Active List Clear List
Search Complete Database
Mumber | Type |Loc. |MName Formula |CASRN Mal. Weight ~
1 Acetaldehyde
2 C E}J Acetamide C2HSND 68-35-5 59.868
3 C @J Acetonitrile C2H3N 75-85-8 41,853
4 C @J Acetone C3HBD B7-64-1 58.888
5 C @J Ethylenediamine C2HBNZ2 1687-15-3 /8,899
= i~ 7\T B T T o b CAUAD =S 15 [l A AD =] 2
f Select Camponent [C1] DISS::nCaJIp(?g:usmnents Salts Adsorbents 2;?£5;‘;”5
Polymers
[]complete Data PublicDB []Private DB
@ Add Component [C1] to DDB Query [ synonyms Indude DDB Synonyms
¥ cancel

Public Folde D:\H\DDE Private Folder HA\DDEPR\ 61199 components

Figure 8 Component Selection
which is described in details in other documents.

3.5 Check Data Availability

&d Check Data Availability

2018

This button starts a search in the pure component property data bank for experimental data for the currently

selected equation.

When this search is finished the “Check Data Availability” is hidden and information about the availability of

data is shown.

DDB Pure Component Equations
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N Only cor
Iz Component | by e available. |_[“:> O with PO Component Numbers n
iz i 'y
633 Bis(2-ethylhexyl) phthalate s
@ Companent Details @ Database Content =00B Name e
1 Arcetaldehyde
The information lines show for how many components 2 Acetamide
Data are available. 3 Acetonitrile
the Dortmund Data Bank contains experimental data sets. The example 4 Acetone
shows the number of components for the Antoine equation (saturated vapor || 5 Ethylenediamine
pressures). 6 1,2-Dibromoethane
Clicking on the underlined label (“Components 5028) will open a window 7 Ethyl bmmld?
. - 3 1, 2-Ethanediol
with the list of components.
g Ethyl iodide
The “Data are available” line indicates that there are enough data points for || 1 5-Ethyl-2-nonanol
the specific equation. This number is normally set to <number of 11 Ethanal
parameters + 1>. 12 Diethyl ether v
If no data are available this text will be displayed: a data available. - < >

5468 components
Onl ts .
The check box with BCP dats should be used in “walk-through”

mode where a list of components is in work. If checked this will avoid the display of components without
experimental data points.

A detailed description of all component selection features is available in the “Component Management”
documentation.

3.6 Fit
After the component and the equation has been selected and the program indicates that enough
data points are available ( [ata are available. ) the Fit button displays a model specific dialog :3 Flt

with almost the same content for the different models.

The used example for showing a typical fit is the Wagner 2.5-5 equation for saturated vapor pressures.

DDB Pure Component Equations Page 14 of 43
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Vapor Pressure - Wagner 2.5-3 >
M Close

Data Source

Pure Component Properties Database | {3 |= Append PCP File gﬂ: Append Points

Points Refs  Component

14 9 2 Acetamide 4 < oR

Temperature Range Dependent Yalue Range
358.2 435,15 3¢ 0399967 101325 | 3¢ |75} Edit Data Points
Th [K] Tc [K] Pc [kPa] Tm [K] pc [kgfm3]

495,20 (MBP.[| = | 751.00 (STOF | » | 6600.3 (STOF |+ | 353.00 (STOF|w| 274.73 (STCF|

Start parameters:
8. 4. -5. 1.
Fit F=Sum{fyexpycal)/(syabs+syrel+sxabs dyd=)" 2) e
-:.T.|_=D.DlK -:.TP=D.5“J"’n

Figure 9 Fit Dialog for Wager 2.5-5 equation
The dialog displays the data source — which is in most cases the pure component properties data bank. All
possible sources are

Data Source
Pure Component Properties Database «| 1. Database
Pure Component Properties Database 2. Input by hand

3. Reading from file

- 4. Calculated data or stored data points (here marked as '-")
The “Append PCP File” would allow to append data from an external file.

The dialog displays the number of available data points and the number of different references (number of
different authors) and repeats the display of the component name. The two buttons besides the name invoke the
component editor and the Dortmund Data Bank program.

DDB Pure Component Equations Page 15 of 43
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The temperature and pressure range are also displayed. These limits are editable and can be used to cut points
by increasing the lower limit or decreasing the upper limit. The knife button 4 will actually throw the points

outside the given ranges away. The “Edit Data Points” allows to modify the data from the data sources. It uses
the “Input by Hand” dialog.

The normal boiling point (Ty), the critical data (T, P, p.), and the melting point (T,,) are read from pure
component basic files (not from the pure component properties data bank).

The lower part of the dialog is model specific but contains in most cases starting parameters and a selection for
an objective function where appropriate.
3.6.1 Input by Hand

If this input mode is selected a dialog with a data grid is shown where the user can either type or paste or load
data.

B Input by Hand — O x

« fccept |x Discard |Eu:u|:|_l,l T Paste |
= Open E Save | E}g Clear | EE Paste FCP Data

A data points are neceszsarn.
TIK P [ea] | ~

Figure 10 Input by Hand

DDB Pure Component Equations Page 16 of 43
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3.6.2 Fit Results

After pressing the Fit button the fit will start and present a “New Parameters” box when it's finished:

Vapor Pressure - Wagner 2.5-3 *

» Close

Data Source

Pure Component Properties Database = | L3} = Append PCF File gﬂz Append Points
Points Refs  Component

14 = 2 Acetamide @ @ ia
Temperature Range Dependent Value Range

358.2 495.15 37 0.399967 101325 | 3¢ |75} Edit Data Points

Tb [K] Tc [K] Pc [kPa] Tm [K] pc [kafm3]

495,20 (NBP.I| » | 761.00 (STOF | w | 6600.3 (STOF|w | 353.00 (STOF|w| 274.73(STOF|w

Start parameters:
-36.0432 75,8233 -34.1734 60,1515

m F=5um(fyexp-ycal)/(syabs+syrel +sxabs “dydx)"Z) W
GT=D.01K -:JP =0.5%
Mew Parameters
Tc [K] Pc [kPa] Error [%] Limits [K]
751,00 5600.3 107870 358, 7 495,15
Parameters

-36.0432 75,8233 -84, 1734 00,1318

Source Date
PCP 2018-03-26
i) save (Private DDE) 5] save (Public DDE) 5 Plot

Figure 11 Fit Result

2018

This box shows the new parameters, a mean error, the used temperature limits, the data source and the current
date and in some cases additionally used constants like in this example T. and P..

These entries will be stored in the ParameterDDB if one of the “Save” buttons will be pressed.

3.6.3 Plot

For an overview on the fit quality PCPEquationFit provides several plots.

DDB Pure Component Equations
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B Optimization Results Plots — O x

» Ewxit | Refit | @ Copy v| % Print | Table of Dewviations Data Points Edit Chart

T=ruve ¥ 2= 1hve logly] 4 => Relative Deviations [%] 5 =» &bsolute Deviations 6 =3 [pexpycal)/[sye 4 | *

1 Acetaldehyde
Wagner Equation {2.5-5-Form) / PCP - Saturated Vapor Pressures

E,EUU ] [W =— PCP - new Parameters -
5000 | [¥ --- 1PCP
' v # Exp.Poirts
4,500 1 [v — Critical Temperature
— 4,000 | [v — Critical Pressure
[ n )
[v — Mormal Boiling Point
o i
= 3,500 [v — Melting Poirt
; 3,000 -
@ 2,500 -
E 2,000 -
1,500 -
1,000 -
500 |
0
200 300 400
Temperature [K]
Dizcard data measured before (1330 | [Usze context men) Ciagram Limitz
[ ] Color all points from curent reference £ Exact 2 Expenmental Data

[ Color all points from cument data set
[ ] Digplay deviations from stored parameter sets

[3492] Oscarzon J.L.. Lundell 5.0., Cunningham J R, AICHE Symp.Ser, 33[256], 117, 1987

D5# 18379 x 38290 y: 11615 Quality: 2 (poor) Poor data quality
Figure 12 Plot — Fit Result

The list of plots slightly varies from model to model. Always the same is the rubber band drawn from the mouse
cursor to the nearest point. Detailed information of this point are displayed in the status line. Additionally the
reference is shown below the tool bar.

The “Experimental Data” button adjusts the diagram so that the experimental data are filling the chart window.
Criagram Limits

L= Exact l= Expenmental Data

This is useful in the cases where critical data and melting points are shown and the experimental data are
available only for a smaller range. The “Exact” button restores the original diagram so that all data are shown.
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)

----------- —»«-——-—l‘*"".

Figure 13: "Exact”

Figure 14: "Experimental Data"

Through a context menu on the plot it is possible to

Page 19 of 43
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Exclude this point

Exclude points from this reference

Exclude all points except from this reference
Exclude points from this data set

Exclude all points except from this data set
Exclude points with bad quality (<=3}
Exclude points measured before 1930

Include this point
Include points from this reference

Include points from this data set

Exclude points cutside current frame
Exclude points inside current frame

Include all

Display Datasets for Reference 2080
Display Dataset 18482
Display Datasets for Component 47

Edit Dataset 18482

Chart Background Color
Figure 15 Plot Context Menu

1. Exclude points (either single or by criteria)

2. Include formerly excluded points

2018

3. Display data sets shown in the chart (either single or a list of
data sets for the current component or reference)

4. Call the data sets editor

Change the background color

Additionally a complete list of deviations can be created (“Table of Deviations” tool button) and the diagram
can be copied to the Windows clipboard or printed.

B Grid Output

W Close | % Prirat Copy [ Save | =1 Mail

Relative Deviation [%] |Used |~

15578 176.15 0.4
15578 199.15 1
15578 214.15 2.133
15578 225.15 4.4
15578 236.15 7.356

Dataset |Temperature[l(] |Pressure[kPa] (Exp.) |Pressure [kPa](Calc.) |Deviation

Grid Output
0.344182 -0.05581805
1.022618 0.02261302
2.270414 0.1374136
4.101763 -0.2982367
7.337601 -0.52835893

-13.95
2,28
.44
-6.78
-6.72

fes
Yes
Yes
fes

fes

Figure 16 Table of Deviations

The “Data Points” tool button Data Paintz  opens a dialog where all data points are listed. This dialog can be

used to include and exclude data points.

This function has been added because of points occupying exactly the same position (exactly same data) which
makes it impossible to select all these points by mouse.

DDB Pure Component Equations
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B Data Points - O X
» Close | % Update Plot

Use? |x |1r |#Ref |#'Set |Qua|i|:v |Referenoe
176.150 0.4 1243 15578 |2 [32366] Emeleus H. 1., 1.Chem.Soc.l
199.150 |1 1243 15578 |2 [32366] Emeleus H. 1., 1.Chem.Soc.l
214,150 2,133 1243 15578 |2 [32366] Emeleus H. 1., 1.Chem.Soc.l
225.150 4.4 1243 15578 |2 [32366] Emeleus H. 1., 1.Chem. Soc.l
[] 23150 7.866 1243 15578 2 [32366] Emeleus H. 3., 1.Chem.Soc.l
249.000 13.33224 | 13581 89542 O [39916] Gilmour R., 1.5oc.Chemn.Ind
249,250 12.932 9992 7193 |2 [716] de Leeuw H.L., Z.Phys.Chem.
< >

Figure 17: Data Points Selection

2018

If points have been excluded it is necessary to start a new fit by the “Refit” button Refit . This will return us

to the fit dialog allowing to store the modified parameters.

DDB Pure Component Equations
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4 Understanding the ParameterDDB Data Set Display

Key | Value |
A -3,41515
4,65592
-6,26863
1,7655
C1 12
Pc 363757
Tc 466,7
EQID 2
Tmax 406,74
Tmir 250,045
User Cordes
COUNT 1
DateD 16
DateM =
Date 1994
Error 0,092
SETMUM 12
Source PCP
LOCATION 0
ALUTQSELECT | true
SourceFile PARAM.WAG

Figure 18 Parameter Data Set

The ParameterDDB contains key/value pairs. The keys describe the
values. The grid shows the list of keys and the values belonging to them.

1.

The keys “A”, “B”, “C”, “D” and so on are the parameters of the
equations.

“C1” is the DDB component number. Its name can be found in the
component editor.

. “Pc”, “Tc” are critical temperature and pressure. Other possible entries

are e.g. “Tb”.
“EQID” is the internal equation number.

“Tmax” and “Tmin” are the upper and lower temperature limits of the
experimental data used. Please regard these values also as validity
range for the equation.

“User” specifies the person who stored the parameter dataset.

“DateD”, “DateM”, “DateY” specify the date when the dataset has
been stored.

“Error” gives the model and fit specific error.

“Source” specifies the source of the data points which have been used
for the fit.

10. “Location” specifies if the parameter set is stored in the public DDB

(0) or in the private DDB (1) or, if missing or another number, some
other location.

11.“AUTOSELECT” is necessary if more than one dataset is available for

a component and a single equation. It specifies the preferred parameter
set.

12.“SourceFile” is given in some cases and specifies a file from which the set has been imported.

DDB Pure Component Equations

Page 22 of 43



DDBSP — Dortmund Data Bank Software Package

5 Working with a Parameter Data Set

4k Delete this parameter set Copy Edit

Calculate

£ Plot

&| Details

¥ Delete archive entry

5.1 Copy

The data set grid will be copied to the windows clipboard as it is
displayed in Figure 18 (source) and Figure 19 (destination).

Ei:u G % Copy as Table

B Pl Copy as Text (Full)
Copy as Text (Short)

b De

Three formats are supported:

1. “Copy as Table” with key and value separated by tab.
This is useful for pasting the content into a spreadsheet.

2. “Copy as Text (Full)” with key and value separated by
the equation sign (“="). This is a useful format for
pasting into text processors.

3. “Copy as Text (Short) with key and value separated by
the equation sign (“=") but limited to parameters and
validity limits. This is a useful format for pasting into
mails.

The Copy function are also available in a context menu of the
parameter grid.

B 0.28571

C1 459

EQID o |EX CopyasTable
Tmax EEIE Copy as Text (Full)
Trnin ZIII'E Copy as Text (Short)
COUMT 1

DDB Pure Component Equations

6

7 EQID
g Tmax
9 Tmin
10 COUNT

11 |Error

DC#at

17
Figure 19 Data set pasted in

spreadsheet

B
Value

70.136
0.256971
a07
0.28571
459
9
a06
209.15
1
9.16E-05

1
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5.2 Edit

The editor is another view on the parameter data set grid. The
grid is now editable and new values can be typed in the Value
column.

The Key column is not directly editable but new keys (

can be added and keys with empty values will
% Mew Key

be removed automatically when the data set is saved.

The “Recommended Value” check mark should be set if more
than one data set is available for the same component and
equation and the current data set should be preferred over all
others.

5.3 Plot

2018

¥ Edit -
X Close | = save
Dataset Mumber: |1
Location: |Public DDB
Key Value
T -15.3522
B 27,2921
-38.0345
&6,9008
Pc 5572.858
Tc 461
Tmax 352.9
Tmir 272,88
User Cordes
COUNT 1
Datel 16
Piatah 5
R ecommended ¥ alue: Yes
@% Hew Key

Figure 20: Data set editor

This plot shows the stored equation parameters together with points from the pure component properties data
bank. It's the same plot as used in the fit procedure with the exception that some editing functions are not

available — like removal of data points.

DDB Pure Component Equations
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B Optimization Results Plots

o Exit | @ Copy - ‘ &5 Frint

457 Isobutylene

DIPPR Equation 105 / PCP - Liquid Saturated Densities

T able of Deviations [ ata Painks

T=ruwey 2=1fve logly] 3= xvs sqily) 4 = Relative Deviations [%)

— O X

Edit Chart

5 =3 Abzolute Deviations

750 -
F700 |
£ 650 |
g 600 -
£'550 -
5500,
5 450
3400
S350 -

300 -

¥ — [10579 [DIPFR
[v & Exp. Pointz

[v — Critical Temperature
[v — Mormal Boiling Point
[v — Meting Poirt

T T
200 300
Temperature [K]
Dizcard data measured before (1930 | [Use combext men)
[ Color all paintz from current reference

[] Color all points from current data set
[] Display dewiations from stored parameter sets

[42864] Morecroft 0w, J.Inst Petral., 44[420), 433-434, 1958

400

Diagram Limitz

I Exact

DS# 117957 x 32313 y: 55628 Quality: 0 (default check passed)

L2 Experimental Data

Figure 21: Plot output
5.4 Details

2018

This function displays a more detailed and explanatory view on the current parameter set. It is part of the

ParamDDBOrganizer program.

This program is described in detail in the separate document “ParameterDDBOrganizer.pdf”.

DDB Pure Component Equations
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&, Dataset Details [Public 1]
File Edit View

X b 3% W oe By O
i 2 -Wagner Equation [2.5-5-Form) v
Setrumber Location
Sutozelect | pes w

Property | PCF - Saturated Yapor Pressures

D ate | 1996-05-16

Companents |Number |Name

1 Acetaldehyde

S CR R
-16.3922 | 27.2021 -33.0345 |66.9006

Parameters

Enor | 383293 [l Tmin |272.89 K]

Tmax |382.3 [K]

Source Source File |F'AHAM.WAG

Additional | it Press. [kPa] |crit- Temp. [K] |
Values  |5572.33 451

Comrment

Figure 22 Data set details

5.5 Calculate

Stored parameter sets can be used to calculate the property at arbitrary temperatures.

2018

It is either possible to calculate values in a temperature range where start and end temperature as well as a step

Start Temperature End Temperature

Stepwidth

1.00 K Calculate

27565 k32065 K

width can be specified

or single values typed in the data grid.
Temperature |Cal
280
285

DDB Pure Component Equations
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B Calculation - O >
» Exit | Copy | Print
D atazet Information
MNurnber: [1 Location: |Public & Wiew
Start Temperature End Temperature Stepwidth
27288 K 382,490 K 1.00 K l Calculate
4 SetValdity Bange Yalues Calculate Grid Temperatures
Temperature [K] |Calculated Value [kPa] | L]
272.88 44.16295751
273.88 45.90971945
274,88 47. 72367714
275.88 49.60693241
276.88 51.56162612
277.88 53,58993759 e

Figure 23: Calculate properties with stored parameters

6 Fit Archive

PCPEquationFit stores a history of fitted parameters and used data sets. This archive is accessible through the
tool bar button archive

The archive is intended to be the memory of all fits. It should allow to save the data which have been used for
the fit and to restore them and perform a full re-fit under the same conditions as done originally. This goal is
currently not perfectly achieved.

The archive dialog itself (Figure 24) shows a list of of parameter sets identified by component number and
model description separated for the public and private data banks.

The details grid shows the x and y, the reference number and the data set number and in the “Used” column a
“+” if the value has been used in the fit or a ““-” if the point has been excluded.

The “Refit” button creates a fit dialog for the given equation and component with the stored data points (Figure
25).
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i Archived Data

X Exit | [@ ReFi

(®) Public Databaze
() Private Databaze

Location Entry

of 081 entriesl‘I 054

Model: Equation nunber.  Parameters:

Component: Start values:

| [e.00000  1200.00000 23000000

# |Comp. |Model ~

|Ant0ine | |4

| [698336 71153261 26248067

Antoine

FREE"
Jene i | (1602004180728 |
896

3 Antoine
4 17343  Antoine Mumber | x |y |ReF. |Daiaset |Used |
5 7335 Antoine 1 5.034300E+1  1.123900E-3 12101 88925
& 2235  Antoine 2 5.040000E+1 | 1.328000E-3 1430 127096 +
7 15583 Antoine 3 5.090000E+1 | 1.437000E-3 1430 127096 +
5 4230 Antoine 4 5.134000E+1 | 1.546540E-3 1053 14968  +
9 925 MathiasCopemar | |5 9.135000E+1 | 1.333000E-3 13582 127097 +
10 |425  Mathias-Copeman v | |6 9.370000E+1 |2.733109E-3 1053 14968  +
£ > 7 9.445000E+1 | 2,666000E-3 | 13582 127097 +
Figure 24 Fit archive
Vapor Pressure - Antoine it
> Close
Data Source
Archive E| | |= Append PCP File| | 3, Append Paints
Points Refs  Component
[493 | [67 | [1054Ethane | @ <8 H
Temperature Range Dependent Value Range
[0.348307.65 |3 |0.0011233 5086.25 | 3 Edit Data Points
Th [K] Tc [K] Pc [kPa] Tm [K] pc [ka/m3]
184,49 {NBP.[E 305.40 {STOFIE| 43329 {STOFIE| 89,85 {5TOFF|E| 203.1?(5TOF|Z|
*m F=5um({yexp-ycal)/(syabs +syrel +sxabs*dydx) ~2) w
0, =0.0K 6,=0.5%
Eit A,B only Fit A,B, [C=Th/-8] Fit Linear Reg.

MNew Parameters

[ Add Te, Pc to Experimental Data

Error [%:] Limits [2C] Autar

[299876 | [-182.80234.5 | |eordes |

Parameters Th=134.70 K

[6.96936 711.533 262.481 | 7 Plot
Source Date

|Archive | |2018-03F25 | & save (Private DDB) || [5] Save (Public DDB)
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7 T./P. Evaluation

. . . . . . Calculate - | About
PCPEquationFit allows with this function the evaluation of
experimental pure component critical data and saturated vapor | Te/Pe Evaluation

i Iculat: timat lues. : :
pressures together with calculated and estimated values Density Calculation by EOS

For a full investigation it is necessary to have at least a parameter
set for a vapor pressure equation and the Artist program package  : Virial Coefficients (Isotherms)
should also be present since it is used for displaying estimated 1 Virial Coefficients (Simultaneously)
critical data.

@ Volume Translation

Digthyl ether h

£33 180 B Evaluation of Critical Temperature and P...  — O *
3.00 - 160
2504t | 140 ¥ Cloze
2.00
L 120 B
1,50 100 Options  Plat  TcPe fom PCP
= 1004f S :
g || bap T Vapar Pressure Equations | Te Estimation Methods  Pe Estimation Methods
o =
7 0.00 60 % wagner 2.5-5 Equation
@ -0.50 4 40 5 wagner 3-6 Equation
o . .
-1.00 4 [ =20 Antaine Equation
-1.50 E o [Cox Equation
-2.00 - DIFFR 101 E quation
-2.50 1 Estended Antaine Equation [Lonza)
-3.00 F2I Eutended Antoine Equation [Hyses]
-3.50 4 --60 Extended Antoine Equation [Azpen]

PE xpanzion

DIPPR 100

M athias-Copeman [van der Waalz EOS]

M athias-Copeman [Peng-Fobinzon EOS)

M athiaz-Copeman [Soave-Aedich-kwong EOS)

The “Opti 2 i lecti [+] Twu-Bluck-Cunningham-Coon [van der ‘wWaals EDS)
¢ plions ™ page allows scleclng vapor pressure Twu-Bluck-Cunningham-Coon [Peng-Robinson EQS]

equations fI'Ol’Il PCPEquatlonFlt and Tc and Pc estimation Twu-Bluck-Cunningham-Coon [Soave-Redlich-Kiwang EOS]
methods from Artist. Melhem-5 aini-Goodwin [Feng-Faobingan EQS]

Strviek-era [Peng-Robinzon EOS)

Stiviek-era-2 [Peng-Robinzon EQS)
Schwartzentruber-A enon-iw atanasin [van der Waals EOS)
Schwartzentruber-R enon-\w atanasin [Peng-Robinzon EQS)
Schwartzentruber-R enon-w atanasin [Soave-Redlich-Fwong EOS)

Temperature [K]

Figure 26 Critical Data Evaluation - Plot

< >
[] Plat STOFF Te/Pc Plot
Plot PCP Te/Ps ?
T K] P [kPa]: CQuality:
Figure 27 Critical Data Evaluation - Vapor Pressure
Equations
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Diethyl ether

4004f:
390 {}-
380 {}-

IT04-
380 4=
3504 -

340} -

33041 -
3204 -
o 310 -
3004 -
2804F-
280 4}-

2704} -

2804 -
2504} -

ezzure [kPa]l

[ 200
195
190
185
150
175
170
[ 185

- 160

k155

[ 150

Temperature [K]
Figure 28: Zoomed in for Critical Point

145

uoieAa ] |8y

2018

The resulting diagram shows all experimental, calculated, and estimated data points in a Temperature vs.

Pressure plot. Deviations are shown in the same diagram with its scale on the diagram's right side.

The diagram allows switching between “T vs. P and “1000/T vs. logio P” and the display of the deviations can

be switched on and off.

The important point is the end point of the vapor pressure curve. The experimental and estimated critical T. and
P. are shown as horizontal and vertical line. The intersections give a hint where the correct critical point lies.

DDB Pure Component Equations
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8 Density Prediction by Equation of State
Calculate - .-5.I:u:n.|t

/& Te/PeEvaluation
Density Calculation by EQS

Virial Coefficients (lsotherms)
1 Virial Coefficients (Simultaneously)

(= .
% Volume Translation

This dialog
B Density Prediction - O >
» Close

Model
Peng-Robinson + Mathias /Copeman - Calculate

Available Sets | 20316 (Public DDE) ~ | [Juse saturated Vapor Pressures

Temperature [K] |Pressure [kPa] |VaporVolume [m2/meol] | Liguid Volume [m3/mol] |Vapor Density [kg/m3] |Liguid Density [kg/m3] ~

430 400 0.00339994 0.00012461 6.5239 466.0816
475 250 0.01539773 0.01539773 3.7720 3.7720
422 101.325 0.03412317 0.00010874 1.7021 534.1129

<

Figure 29: Density Prediction

can be used to calculate liquid and vapor densities and volumes of pure components by equation of states. The
supported equations of state are the same which can be used to regress a function parameters in the main dialog
and the regressed a function parameters are used also for this density calculation.

Input for the calculation by the equation of state are temperatures and Temperature [K] | Pressure [kPa]
pressures. The pressure can either be given directly or the saturated vapor |agg

1541, 280771
pressure can be used. The saturated vapor pressure would be determined by s L
the equation of state.
422 922.802849
Figure 30: Using saturated vapor

pressures
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9 Virial Coefficients

Original Author: Romana Laznickova
9.1 Isotherms

9.1.1 Rationale

The sub program ISOTHERM calculates second and third virial coefficients from qualified isothermal gas-
phase PVT-data. The program also allows to compare the data sets and judge their quality.

9.1.2 Application Flow

The program allows either to load a pure component properties file containing PVT data or searches the datasets
itself after a component has been selected.

The data from this list are sorted by temperature and data points measured at the same temperatures are
collected and combined in isotherms.

These isotherms are searched for applicable data. For the calculation of virial coefficients only data up to % of
the critical density are used. Near the critical isotherm, at reduced temperatures between T,=0.95 and T,=1.2,
only data with densities up to %2 of the critical density are used. If an isotherm has at least two data points in the
specified range it will be used to regress the second and third virial coefficients.

The virial coefficients are regressed by an optimizing algorithm which minimizes the sum of the squared errors
of the compressibility factor. The quality of the optimization can be judged by the absolute and relative
deviation in the compressibility factor and the density of the regressed virial equation from the experimental
values. The regression quality is also characterized by the numbers square root from the mean squared error of
the compressibility factor and the density. Additionally the program determines a maximum pressure (PmaxB),
which gives a real density value for a virial equation made up only with the second coefficient B.

The results are listed on screen giving an overview over all temperatures. Regression results are given for all
temperatures where experimental data points have been available. The experimental datasets are listed together
with the regressed second and third virial coefficients, the maximum pressure (PmaxB), the absolute and
relative density deviation and both characterization numbers.

9.1.3 Description of the Graphics Output

Compressibility Factor—1

Density
with B and C is a straight line in this case. The axis intercept on the y-axis is the second virial coefficient B and
slope of the straight line is the third virial coefficient C. This projection allows evaluating the quality of the

optimization in a very clear way. For isotherms where B and C have been obtained a calculated line is included.

The main chart is the display of against the density. The virial equation build

There are four other charts which display differences between the experimental values and the correlation:
1. Absolute deviation in the density,

2. Relative deviation in the density,

3. Absolute deviation in the compressibility factor,

4. Relative deviation in the compressibility factor

against the density.
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The chart also includes the critical density.

9.1.4 Mathematical and Physical Relations
9.1.4.1 Display of Compressibility Factor-1 against Density

This presentation is based on the relation for second virial coefficient
. [ z—1
B=lim| ——
ar0\ d

and the third virial coefficient

-1
ol =L
C=Ilim

d>0 od
The equation evolved up to the third virial coefficient
z=1+B*d+Cxd>

Compressibility Factor—1
Density

is a straight line in the presentation of against density.

z—1

o

Because virial coefficients are normally shown in molar units (B [cm**mol™], C[cm®*mol?]) and densities in

Compressibility Factor—1
Density

[kg*m™]. If the third virial coefficient shall be determined graphically from this presentation it is necessary to
convert both units.

9.1.4.2 Optimization

The optimization routine searches for a combination of the second and third virial coefficients where the sum of
squares of errors of the compressibility factor is minimal.

=B+Cp

[kg*m?] the ordinate shows in [em**mol'] and the abscissa shows densities in

F=Y (z—zcale,=Min

1 runs over all experimental data points for a specified isotherm. The compressibility factor z; is
calculated from the measured temperature T, pressure P;, and density p.
P:M
Z=——
" psRT

The virial equation calculates the compressibility factor zcalc; for the experimental density p;

anlc,i: 1+B "pi+C ’plz
with

C

B .
B’ZM and C':F Equation 8
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The minimum of the objective function F=F(B',C’') is determined mathematically exact. The
necessary condition for a minimum is the existence of a combination of the second and third virial

coefficients that the partial derivations of the objective function by B' and C' are zero.

OF _ OF _
6B'_0 and 6C'_0

These conditions lead to linear equation system.

Z —P—B"2p=C 2 p/=0
Pt
> p—p?—B"Zp?—C"pr=

i R'T
This equation system is solved by the GauB-Jordan method. The results are the second and third virial
coefficients B' and C' in mass units. These values are converted by equations (8) into molar units. The
program displays the second virial coefficient in [cm**mol™] and the third in [cm®*mol?].

9.1.4.3 Evaluation of the Optimization Quality

The goodness of the optimization can be evaluated by the difference between the experimental values and the
calculated values.

- absolute deviation in the density
Pi— pcalc, i

« relative deviation in the density

pl pcalc i
0, -100.

- absolute deviation in the compressibility factor
z—Z

calc,i

- relative deviation in the compressibility factor
Z—Z, .
i calc, i 100
Zi

These deviations are determined for all experimental values.

Additional quality numbers are square root from the mean squared error of the compressibility factor

and the square root from the mean squared error of the density
2
\/Z (pi_pcalc,i)
; n

These number are obtained only from the experimental values used in the optimization. n is the number of these
values.
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9.1.4.4 Pressure PmaxB

A virial equation with only B is quadratic against the density. If the second virial coefficient is negative, it
depends on the pressure if the quadratic equation yields real solutions for the density. The pressure PmaxB is
the maximum pressure where the equation with only B yields a real solution.

R-B

PmaxB:—ﬁ

9.1.5 Practical Tips

This program only calculates virial coefficients from measured values in a reasonable range, despite this
statement it is still necessary to carefully evaluate the results.

« Experimental values might be distributed only in a narrow range which might lead to an arbitrary result
depending on scattering.

- If the densities are very small the experimental error will increase.
9.1.6 Gas Constant, Molar Mass, Critical Density

J
This program uses the gas constant R=8.3144 ——— . The molar mass and the critical density are taken

K-mol
from the DDB file STOFF.
9.2 All Data Simultaneously

9.2.1 Rationale

The simultaneous correlation can be used for the evaluation of PVT data sets, especially for non-isothermal data
(see previous chapter 32 “Isotherms® for isothermal data). Additionally the program allows to select data sets
and interpolation between different data. The implemented virial equation regresses the second and third virial
coefficient and uses a two-parameter temperature relation. Therefore the correlation needs at least four points in
a system.

9.2.2 Problem Description

The correlation is a three-dimensional problem. T;, P;, p; are lying on a surface. This surface has to be described
by the virial equation with second and third coefficient and a two-parameter temperature function.Because it is

hard to obtain meaningful three-dimensional graphical displays the program uses a projection of the PpT space
to the Pp (pressure against density) plain. The virial equation is drawn as a series of isothermal P=f(p) curves.

9.2.3 Regression
The objective function is
_ 2 . pi.M
F_Z (Zi_zcalc,i) = Min with z=
i

o' RT;

The virial equation is
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2
Z.a .:1+B.-(&)+C.-(&) with M [kg/mol], B [m*/mol], C [m®*mol~?]
calc,i i i M

M
The two-parameter temperature dependence for the second virial coefficient B is
b, b
B=—gst—
T T;

i
Two-parameter temperature dependence for the third virial coefficient C is

C C
1 2
C=—L+-2
1.2 10

l Ti Ti

0F _0F __0F __0F

The exact mathematical solution ( b =0, b 0, 3 =0, oc =0 ) leads to the linear equation system:
1 2 1 2

A X+ Ay X+t Ay X+ A X, =D,
Ay X+ Ay Xyt Ay X3+ Ayx, =D,
Ay X+ Ay X+ Agy X3+ Ay X, =D,

A X tAy Xt Ay Xt Ay x, =D,

with

by =Xy, by =Xz, €1=X3, C2 = X4
M M s A A

1 0’ 1 o7 1 o 1 P
Anmar L Mt ATyl ATy
3 3 4 !
L VI U oINS B ol /S B ol o/

R T R v M T

3 3 4 4
_ 1 Pi _ 1 P; _ 1 Pi _ 1 P;
R T S R o
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P; Pi
D=2 o Ty
P, 0;
P2\ o T
P pi2
D,= -
’ Z M-RT? T"*M

P, 2
D4:Z i pl

“\MRT" TM

This equation system is solved by the Gau3-Jordan method. The results are

b,[m*mol " -K"?]
b,[m*mol K]
c,[m®mol ™ K"?]

c,[m*-mol K"

On screen the values are multiplied by 10° for b; and b,, and 10" for ¢; and ¢, (m=>cm).

9.2.4 Short Tutorial

i Simultaneous Correlation of P-w-T Data — O

Component 4 (Acetone)
Molecular weight: 0.05808 kg/mol

Total number of points: 740

Possible number of points: 740

Used number of points: 740 (Limited)
Texp[k] Pexp[kPal Dexp[kag,/m3] Ref
3.2e+02 6.9 0.15 [15083]
3.2e+02 &6.89 0.15 [15083]

Ie+02 6.89 0.163 [15083]
£ >

Figure 31: Start Screen

2018

Start Screen, Figure 31, shows the start screen. The PVT data are either obtained from the DDB pure component
properties database if a component is selected or loaded from a PCP interface file which has been created by

another program.

DDB Pure Component Equations
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After selecting a component or loading a file the program display the ranges in density, pressure, and
temperature and allows here to set new limits.

Density Limits:

X

Density Limits:l 0.1499  584.3000

Cancel

Figure 32: Density Limits

Pressure Limits [kPa]:

Pressure Limits [kPa]: 6,8950 36857.9305

Figure 33: Pressure Limits

Temperature Limits:

Temperature Limits:

Figure 34: Temperature Limits

After these dialogs the program immediately regresses the virial coefficients and display a result. The result list
gives

e A T

name of component with its molecular weight,
number of points given and used,

the experimental values either from file or database,
used temperature, pressure, and density limits,

the regressed by, by, ¢2, ¢ values,

examples if the B and C at 353 K,

a table with experimental and calculated data,

error numbers for specifying the quality of the regression.

The plot output displays six charts.

1.

normal plot (no isotherms)

2. Bagainst T
3.
4

. relative compressibility factor deviation

C against T

DDB Pure Component Equations
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5. compressibility factor deviation

6. relative density deviation

7. density deviation

8. normal plot: P against molar density

The plot output has a context menu (see Figure 35) which allows to display the experimental data in the
database retrieval program or all the data coming from a single reference or some component details.

Additionally it allows to select data from a single reference for

Display Dataset correlation. In this case the program re-correlates by, by, ¢y, ¢ only from
Display Reference Daka this reference's data sets.
Display Component Data . .. . . .. .
The chart contains some additional lines which are the critical density, 0.5
Regress Data From Reference 299 and 0.75 of the critical density, a zero line and the critical pressure, if the
Figure 35 ordinate shows pressure values.
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10 Volume Translation

VTPR uses a volume translation based on the difference between the experimental volume and the volume
calculated by the Peng-Robinson equation of state at T=T.*0.7. This temperature is normally quite close to the
normal boiling point. PSRK normally does not use a volume translation for the Redlich-Kwong EOS but it can

use such a correction, in principle.

2018

Yolume Translation 4
» Close
Calculation |ﬁDiagram |
Density Equation Equation of State Vapor Pressure Save (Private DDE)
(® DIPPR 105 (®) Peng-Robinson () DIPPR 101 B
(O DIPPR 116 () soave-Redlich4wong (®) EQS-Alpha Function E Save (Public DDEB)
() Palynomial
ParameterDE Content
#DDB 1051 1
Mame Methane Recommended Value: Yes
Acentric Factor 0.0030000004 Datazet Mumber: 423460
Te [K] 190.60001 Location: Public DOB
TatTr=0.7 [K] 133.42 Key Value &
Pc [kPa] 4500, 155 AUTOSELECT frue
c by Tc,Pc, Ve (Rackett) [cm?/mol] -3.6066437 C1 1051
Psat by EOS [kPa] 45433423 COUMNT 1
Volume by EQS [em2/mol] 37.224772 DateD 14
Volume by EOS + ¢ [cm?fmol] 40,8314154004742 DateM 01
Density by EOS [kg/m?] 430,97003 DateY 2011
Tmin (DIPPR, [K]) 91,69 EOS Peng /Robinson
Tmax (DIPPR, [K]) 189,56 Ses S
Density by DIPPR [ka/m?] 387.85063 i ©
Model 2
Volume by DIPPR. [cm3/maol] 41,363246
L SETNUM 43460
c by density diff. -4, 13847407343225
Source DIPPR. 116 Liguid Density Parameters
Rel, Dev. in c [%] -12.9
Unit cm3maol
Rel. Dev. in V({PR)+c and V(DIPPR) [%:] -1.3
Liser DDBST W
T= Volumes=
Figure 36: Volume Translation - Calculation
In this dialog the volumes calculated by the equations DIPPR 105, DIPPR 116, or Density Equation
Polynomial. The left table shows the calculation result with the volume translation value @DIPPR 105
c in light green. Qorper 1_16
VUIme 0y LDLIFFR [ g b Pt O R I:::I PD'YHDH‘"E'
c by density diff. -4,4146890275163
Rel. Dew. in e 6] 17.1
The right table shows the already stored values in the parameter data bank.
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The “Diagram” page shows the different calculated volume (1/p) curves, a vertical line at T.*0.7 and

experimental values from the pure component property data base.

Yolume Translation

» Close

[ calcuiation |§# Diagram |

Mo P00 Ramn

Methane

Volurme [em3/moal]

100 120 140 160 180
T[K]

— DIPPR 105
DIPPR 116

=— Palynomial

— Tr = 0.7

— EOS (P from EOS)

| 207338 [0]
W 23202 [0]
0 27020 [0]
@ 27022 [0]
W 27024 [0]
0 27026 [0]
0 63818 [0]
W 33924 [0]
o 99768 [0]
m 55770 [0]
m 95772 [0]
W 59364 [0]
W 59865 [0]
W 59366 [0]
0 99867 [0]
@ 99863 [0]
W 99869 [0]
0 93870 [0]
0 99871 [0]
W 53372 [0]
o 99873 [0]

T= 133.42 Volume=  84.0222 Tr=07

Figure 37: Volume Translation - Diagram
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11 Simultaneous Regression of a Function Parameters

A simultaneous fitting tool for o parameters is available for Mathias-Copeman constants for Soave-Redlich-
Kwong (used in PSRK) and for Twu-Bluck-Cunningham-Coon constants (used in VTPR).

The fitting routine supports the simultaneous fit of parameters to vapor pressures, heats of vaporization, second

- Mathias-LCopeman (Soave-Hedich-+wong EUsS) =

Twu-Bluck-Cunningham-Coon (van der Waals EQS) C
| Twu-Bluck-Cunningham-Coon (Peng-Robinson EOS) | AF

Twu-Bluck-Cunningham-Coon (Soave-Redlich-Kwong EQS)

- Melhem-5aini-Goodwin (Peng-Robinsaon EQS) -

- Stryjek-Vera (Peng-Robinson EQS) Pc

- Stryjek-Vera-2 (Peng-Robinson EQS) T

- Schwartzentruber-Renon-Watanasiri (van der Waals EQS)

- Schwartzentruber-Renon-Watanasiri (Feng-Robinson EQS) 2L

- Schwartzentruber-Renon-Watanasiri (Soave-Redlich+won: ¥ Trnax
< >

Trnin
& Fit | < Fit Simultaneously 20
s (
Figure 38: Start simultaneous fit
virial coefficients, and liquid heat capacities.
The calculation dialog allows
1. selecting or editing the appropriate critical temperature and Te [K] Pc [kPa]
pressure 562.90 (STOFF) |+ | 4417.8 (STOFF) |~
2. setting weights for the different properties
3. setting temperature and property ranges (cutting data points)
Vapor Pressure
Points Refs Temperature Range Dependent Value Range  Weight
1101 303 245,02 563.45 % 0.003037 4502, 26 %

4. selecting the objective function with regard to the pressure (logarithmic or not) and with regard to all
properties (quadratic or linear)

5. selecting the optimization routine (Simplex- Fit
Nelder-Mead or Levenberg-Marquardt) 0.583254 0.808032 1.53533 mit
6. plotting the calculated properties together with
experimental data from the PCPDDB.
The found parameters can be stored in the public (from = . .
L thmic P ol dratic OF
DDBST) or private data bank (for custom parameters). b;'gan e Quadratic
() SMM LM
5 save (Private DDE) 5 save {Public DOR)
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Fit MCC Parameters

Logarithmic P Quadratic OF
Fit by
(@) SNM i

i) save (Private DDE)

Settings

Component

|1051 Methane <R U %)

Tc [K] Pc [kPa]

180,60 (STOFF) E 4500.2 (STOFF) E

Vapor Pressure
Points Refs Temperature Range Dependent Value Range Weight
708 | B0 | [B6.3191.05 |3 |5932854667.33 | |1
Heat of Yaporization
Points Refs Temperature Range Dependent Value Range Weight
42 [ | [se.54188.6 |9¢  [22208573.48 3 |o
Second Virial Coeffident
Points Refs Temperature Range Dependent Yalue Range Weight
102 | [27 | [108.61885.19 |3 0134 E |n
Liquid Heat Capacity i
Points Refz  Temperature Range Dependent Value Range  "/EIght
51 |7 | |93.391188.24 | 520276218991 | F |0
Fit ¥ plot
0.583254 -0.808032 1.58638 Fit ﬁ Vapor Pressures

¥ Heat of Vaporization

ﬁ Second Virial Coeffidents

¥  Liguid Heat Capadity

5] save (Public DDE)

Figure 39: Settings for simultaneous fitting
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