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Abstract: SAFT equations of state have been widely used for the determination of
different thermo-physical and phase equilibria properties. In order to use these
equations as predictive models it is necessary to calculate.the.model parameters.
In this work CK-SAFT and PC-SAFT equations of 'state were applied for the
correlation of pure compounds densities in the wide ranges of temperature and
pressure (288.15—413.15 K and 0.1-60 MPa, respectively). The calculations of
densities for n-hexane, n-heptane, n-octane, toluene, dichloromethane and
ethanol, under high pressure conditions; were. performed with the new sets of
parameters determined in this paper by CK-SAFT and PC-SAFT. Very good
agreement between experimental and calculated density values was achieved,
having absolute average percentage deviations lower than 0.5 %.

Keywords: density; modelling; non-associative compounds; SAFT; CK-SAFT;
PC-SAFT.

INTRODUCTION

A wide variety, of molecules are exposed to harsh process conditions, and
their thermodynamic properties have to be known over broad ranges of pressure
and temperature..Inchemical processes, thermo-physical and equilibrium pro-
perties are required in mathematical models related to mass and energy balances.”

Density of a compound is an essential physical property required for solving
the engineering problems.”” To estimate the aforementioned thermo-physical
property many different thermodynamic models have been proposed. In this
paper, we applied the equations of state (EOS) based on the statistical associating
fluid theory (SAFT).®” The development of SAFT EOS started with publication
of Chapman et al.® They used Wertheim’s theory to develop the first SAFT
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mathematical model.”'> This thermodynamic model has been very successful for
predicting phase behaviour of long chains molecules.”” Huang and Radosz
upgraded the original model developed by Chapman et al. by replacing the ori-
ginal dispersion term with the dispersion term proposed by Chen and Kreg-
lewski,*'* !¢ the model was entitled as CK-SAFT." Later, Gross and Sadowski
proposed the novel definition of the dispersion term, and the new model, named
PC-SAFT, was disclosed.®

In the SAFT approach the thermodynamic properties of molecules are def-
ined as a sum of diverse contributions of Helmholtz energy, related to different
interactions between molecule segments. The temperature dependent hard-sphere
and dispersion contributions are related to so-called Lennard—Jones segment,'*'®
The chain contribution refers to chain formation between segments.'*!” In cases
where hydrogen-bonding interactions exist the contribution term related tothese
interactions should be included in the model. Different versions:of described
model have been proposed including the original SAFT or simplified SAFT, e.g.,
the CK-SAFT, the LJ-SAFT, the soft-SAFT, the SAFT-VR ‘and the PC-
-SAFT.'#1*161825 The main difference between them lies primarily in the dis-
persion contribution term, which is shown in Table SI of the Supplementary
material to this work.' The same chain and association terms are utilized in all of
these versions. In case of the association contribution, various SAFT models
assume temperature-dependent or temperature-independent diameter and radial
distribution function. Temperature-dependent diameter is used in original SAFT,
CK-SAFT, but the temperature-independent parameter is applied in other ver-
sions of SAFT.

In this paper, the first step was to.calculate densities for n-hexane, n-heptane,
n-octane, toluene, dichloromethane and ethanol by using parameters of CK-
-SAFT and PC-SAFT equations of state reported in the literature.*'* These two
versions of SAFT EOS'were:selected as the most reliable and commonly used in
the literature. In the second step, new sets of parameters of CK-SAFT and PC-
-SAFT EOS were estimated using the previously published values of density in
the broad ranges of temperature and pressure (288.15-413.15 K and 0.1-60 MPa,
respectively).”** The new sets of parameters considerably improved the density
estimations.

THERMODYNAMIC MODELING

The most used thermodynamic models are defined as so-called equations of state (EOS).5
Cubic EOS are dependent on critical properties of molecules such as critical temperature, cri-
tical pressure, critical volume, critical compressibility factor, etc. These values are very imp-
ortant for the determination of thermodynamic properties. However, it is often difficult to
determine the critical values for some complex molecules, such as polymers, so the non-cubic
EOS are proposed.*'* Non-cubic EOS, such as SAFT-family EOS, require parameters which
can be determined from liquid density and vapour pressure experimental data. These experi-
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mental data can be easily measured. In order to characterize specific molecules using the
SAFT approach, the Helmholtz free energy represents starting point. It is given as a sum of
molecular contributions and can be applied to calculate important thermodynamic properties
such as enthalpy, heat capacity, speed of sound, etc. The Helmholtz free energy strongly
depends on SAFT parameters and molecular density.
SAFT concept

CK-SAFT concept assumes that molecules are formed of hard spherical segments having
equal diameter size which enables the formation of chains.! In PC-SAFT hard chain fluid is
chosen as a reference system rather than hard spherical molecules.*® All of these molecular
interactions can be described by the Helmholtz free energy. The residual Helmholtz energy
involves a sum of molecular contributions: "**'7

ares = ghs 4 gdisp 4 gchain 4 jassoc (1)

assoc indicate residual, hard-sphere, dispersion reference, chain formation and association,
respectively."”
In CK-SAFT the hard-sphere term was proposed by Carnahan and Starling:”
ahs 4n -3n?
=M @
RT ' (1-1)
m; is a number of spherical segments and represents the first parameter of SAFT model which

is the same for both, PC-SAFT and CK-SAFT, models.and 7 denotes the reduced density. 77
can be described by the following equation:*®

n= ‘rpmivo 3)
where 7= 0.74048, p is the molar density and v’is temperature-dependent close-packed seg-

ment molar volume which is described applying the temperature-independent segment volume
v” (the second parameter of CK-SAFT model):14

3
-3u0
VO:v"{l—O.IZeXp{ T :H 4

and u"/k is a temperature-independent energy parameter which represents the third parameter
of CK-SAFT model to be optimized.
In the PC-SAFT the hard-sphere term can be expressed as:

o2 1| 368 & (S n(l —
a* ‘;o[a—;sf;ga—z;s)” gz ~fomd 43)} ®

where
V3
&= < pzx,.m,.d,.n, ne{0,1,2,3} (6)
1

x; denotes mole fraction of chains, and d; is a temperature-dependent segment diameter."*

The chain and association terms are essentially unchanged in almost all SAFT EOS
variants.'

The contribution for chain formation from hard spheres is evaluated according to the
next equation:

- [ Comment [N1]: Check please.
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qchain 1-0.57
110 =(1-m)hn
RTINS %)
111 The association term for pure components can be calculated by the following equation:
112 @ss0¢ In A _ XAl 1 M
=>x n +=M;
RT zl: Z( )M ®
113 where M, is the number of association sites per molecules of component i, XA is the fraction
114 of molecules not bonded at site 4 and A‘ denotes a sum of all associating sites on the
115 molecules.' The mole fraction is determined’ according to the next expression:
-1
116 XA =143 p; X5 AP ©)
7 Bj
117 In Eq. (9) 4*% is the association strength between two sites 4 and B of different

118  molecules i and j. It can be calculated as follows:

AiB;
B, B ey 1
119 A4B; =d’.3.gij(d[/.)53g1(413/ exp[ T ]—l ;djj =E(di +d;) (10)

AiBj L AiBj - L
120 where ¢V is the association energy, x'"/ is the association velume, g;(d;)** represents the

121 radial distribution function, and d;; is the average segment diameter expressed by temperature-
122 dependent diameter for pure component i and j, respectively. The association energy and
123 association volume also represent two parameters that characterize SAFT EOS, but they are
124 needed only in case the molecule is self-associating.” Small differences in the calculation of
125 radial distribution function between CK-SAET and PC-SAFT can be found in literature.'

126 In our work it is assumed that dichloromethane and ethanol are non-associating
127 compounds. So, all the investigated compounds:were observed as pure, non-associated, which
128 further implied that the associative contribution has been neglected.

129 The main difference between CK-SAFT and PC-SAFT is defined with the dispersion
130 term (Supplementary material to this paper, Table S-I). The dispersion term in CK-SAFT can
131 be described using the equation proposed by Alder et al.:*’

adisp J
132 RT -ZZ/ ”(ij( j (1)

15,26

133 where D; are universal‘constants found in literature and u/k is expressed as:

u u e

134 ;:?(1-}-]{7) (12)
135 e/k denotes the energy parameter with the constant value equals 10 with some exceptions.'
136 In PC-SAFT the dispersion contribution can be calculated as follows:

adisp Al AQ

- +-22 — g —0'3 u(x h‘mx x2dx —

TR AR~ I e j()g (misx—)

137 13)

oo

—;zp_,-m,-(1+zh°+p_,-—azhc)-l 2622 9 p,ju(x)z he (5 x = )x2dx
ap; kT dp;
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138 where o is the temperature independent diameter of segment which is the second parameter, x
139 is the reduced radial distance around the segment, d(x) is the reduced potential function, and d
140 denotes the temperature dependent segment diameter. The third parameter for PC-SAFT is ¢/k
141 that denotes the temperature independent energy parameter.

142 Accordingly, the described equations for pure, non-associated molecules are charac-
143 terized by the set of three parameters for both models, the segment number (m;), the segment
144 volume (v°), and the segment energy (u"/k), for CK-SAFT, and for PC-SAFT the segment
145 number (m;), the segment diameter (o), and the segment energy (&/k).

146 Calculations

147 The idea of this work was to calculate new parameters of CK-SAFT and PC-SAFT
148 equations from the experimental density data®* and to compare it with the deviations
149  obtained with the literature parameters.

150 The optimization problem is defined as a search for the parameter vector & that mini-
151 mizes f(k) by scheme:*®

NEXO
152 fk)= 2 el Oe; (14
i=l
153 where k= [kl,kz,...,kp]T is the N,,-dimensional vector of parameters. e =[el,ez,..,,em]T is
154 the m-dimensional vector of residuals where ¢, = [ 3: = f(x;,k)] fand inour work Q;=1/02

155 is the reverse variance. The expanded uncertainty of 0.8 kg-m™ for.density measurements by
156 Anton Paar DMA HP measuring cell was taken as variance o,.** In this investigation, the ini-
157 tial guesses for parameters (k'”), were taken from the literature.* The parameters estimation

158 was carried out from density data taken from the literature.** Also, the objective function was
159 established combining the developed Eq. (1) and the standard thermodynamic relation:*
160 P25 b 15
( 5 )r = 15)
aarcs
161 T = f(p,m;w=,u’/ k) for CK-SAFT (16)
aares
162 B = f(p,m;,0,€/ k) for PC-SAFT 17)
163 The objective function is'defined as:
N (plit _ )2
164 p=y P (18)
: 0,
i=1 £
165 The density using CK-SAFT EOS was estimated by the following expression:

dares
£2cksAFT :P_(W)T =P f(p.mpv=ul [ k) = prg (myv=,u® k) p'* +
+(p13(m,«,v°",u° /k)p13 +¢12(ml»,v"°,u°/k)p12 +(p11(m,«,v°",u° /k)p11 +
166 +¢10(mi,vw,u0/k)p10+(pg(m,-,v"°,u°/k)p9+¢8(m,-,v"°,u°/k)p8+ (19)
+¢)7(m,-,v°°,u0 /k)p7 +(p(,(m,-,v‘”,u0 / k)p6 + s (m,-,v”,uo /k)p5 +
+(p4(m,-,v°°,u0 /k)p4 +go3(m,-,v°°,uo /k)p3 +go2(m,-,v°",u0 /k)p2 +
+go1(m,v,v°°,u0 /k)p+¢)0(m,v,v°°,u0 /k)zO



Send back the proof corrections within next 48 hours!

6 ILIC PAJIC et al.

167 The density using PC-SAFT EOS was estimated by the following expression:

QPCSAFT—P( )T—P f(p,m;,0,6/ k)= (/’24(’”;':0',8/]‘)%724"’
+(P23(mi,0',8/k)/723+(P22(mi70',8/k)/722+(/721(m;90',8/k)/721+
+030 (m;, 0,61 k) p?0 + @9 (m;, 0,61 k) p' + prg(m;, 0,6/ k) p'3 +

) +

168 +oy7 (my, 0,61 k) p'7 + @6 (m;, 0,61 k) p'o + @5 (my, 0,6/ k) p'
+@14 (m, 0,61 k) p'* + @3 (m;, 0,6 1 k) p3 + @y (my, 0,6 1 k) p'2 + @y (my, 0,6 1 k) p't +

(20)

+r0(m;, 0,61 k) p'0 ++gy (m;, 0,6 1 k) p° + 5 (m;, 0,61 k) pB + 1 (m;, 0,6 [ k) p7 +
+@5(m;, 0,61 k) p® + o5 (my, 0,6/ k) p° + @4 (m, 0,61 k) p* + @3 (m;, 0,6 1 k) p> +
+y(m;, 0,61 k) p*+ o (my, 0,6 k) p+@y(m;, 0,6/ k)=

169 In this paper two optimization approaches were applied, the unconstrained least squares
170 trust region (LSQR) and the constrained sequential quadratic programming (SQP).m They
171 were used to minimize the objective function, Eq. (18), by adjusting the values of parameters.
172 Both methods gave results in a good agreement with selected literature density values™* but
173 the results obtained applying LSQR method were slightly better, so they were presented in
174  Tables L and I

175 Once the unknown sets of parameters are evaluated, it iS very important to carry out
176 some additional calculations to establish the estimates of the-standard error in the para-
177 meters.”® Applying the described method to search for the best parameter values, the model
178 equations are linearized, so our parameters data have linear least squares characteristics. In the
179 case of linear least squares, parameters are independent of the initial assumed data:

180 A= Z(ak i(al) (1)

181 where A is NeyXNe, dimensional matrix, A" is matrix A evaluated at ¥ which denotes the
182  optimal values of estimated parameters.

183 The joint confidence region (1-a)x100 % for the parameter vector k is defined and
184  described by next equation:™®

7 ! pf(E")
185 L=k P La ] o=k ]=0 Am—p P (22)

186 a is the probability level in Fisher’s F-distribution and Fy, _, is obtained from the F-dis-
187 tribution tables. Further, the corresponding (1-0)x100 % marginal confidence interval for all
188  parameter leads to the following term:

189 k- t(‘)’.SaOA'k[ <k <ki+ t(‘)’,sg,&ki (23)
190 1, is obtained from tables of Student’s T-distribution. In order to obtain the standard error
191 (0y;) of parameter k; the next relation has been applied:*®

PN w1
192 61 =6, {[A ] } (24)
193 Densities of n-hexane, n-heptane, n-octane, toluene, dichloromethane and ethanol were cal-

194 culated, in wide ranges of temperature between 288.15-413.15 K and pressures up to 60
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195 MPa.>** The tests started from the literature density values and the previously determined
196 parameters." All of these compounds in our investigation were treated as non-associated.
197 The following equations for the absolute average percentage deviation (44D), the per-
198 centage maximum deviation (MD), the average percentage deviation (Bias), and standard
199 deviation (sdev) are used in order to compare the obtained densities with values that were
200  found in the literature:***

N | Hlit _ .
201 AAD =@Z L 25)
NI oA
lit _ .
202 MD:max[IOOpil_tp’j,i:I,...N 26)
o
N Slit _ .
203 Bias = @Z% 27)
NI o
N .
2 (Pt =p; )?
204 sdev =1/ =L (28)

N—-m

205 where p,»m is the density found in literature, p; is the calculation value obtained with the new
206  sets of parameters by CK-SAFT and PC-SAFT, N is a number of experimental data, and m
207  denotes the number of parameters.

208 RESULTS AND DISCUSSIONS

209 The densities of n-hexane, n-heptane, n-octane, toluene, dichloromethane
210  and ethanol were calculated using the parameters reported in literature®'* in CK-
211 -SAFT and PC-SAFT equations of state and compared with the previously pub-
212 lished values of density measured in our laboratory’>* showing not such a good
213 agreement. A4D obtained using CK=SAFT model with the literature parameters'*
214 were 5.42, 6.96, 7.61, 5.68, 1.63-and 23.66 % while for PC-SAFT model using
215 the previously published parametersg’14 they were 0.54, 0.51, 0.57, 0.49, 155.66
216  and 115.71 % for n-hexane, n-heptane, n-octane, toluene, dichloromethane and
217  ethanol, respectively. The results obtained by PC-SAFT equation are rather satis-
218  fying, while the deviations obtained by CK-SAFT model are somewhat higher.
219  The largest deviations occurred predicting the density at pressure around atmo-
220  spheric, while both models gave very poor prediction of densities for dichloro-
221  methane and ethanol at whole studied temperature and pressure ranges.

222 The densities used in CK-SAFT and PC-SAFT models parameters opti-
223 mization were measured under high pressure conditions using Anton Paar DMA
224  HP measuring cell. The expanded uncertainty (k = 2) of 0.8 kg-m~ for density
225  measurements in the temperature interval 288.15-363.15 K and 1.7 kg'm™ at
226  temperatures 373.15-413.15 K, was reported.>** The new sets of parameters for
227  both models were evaluated by applying LSQR and SQP methods.



Send back the proof corrections within next 48 hours!

8 ILIC PAJIC et al.

228 The initial values of CK-SAFT parameters are specified by Radosz for all
229  the components.'* However, PC-SAFT initial parameters values for n-hexane,
230  n-heptane, n-octane and toluene are used from Gross and Sadowski.® Segment
231 numbers for dichloromethane and ethanol are taken from CK-SAFT model,
232 because those values could not be found in literature. Based on the derived values
233 from CK-SAFT, the second two parameters were assumed and expressed by the
234  following expressions:

235 o= (29)
236 & lk=u’[k (30)
237 The results for CK-SAFT and PC-SAFT parameters and its marginal. con-

238  fidence intervals are listed in Tables I and II, respectively. The obtained values of
239  parameters do not depend on initial assumptions.*'* The marginal confidence
240  intervals (ci) of parameters confirm good agreement with the assumed values.

241 TABLE I. Parameters of CK-SAFT equation for pure substances

- 2
Component Calculated values Literature values
0 . 07-1 . 0 07-1
m ci v Clyp uk Ciger| . v uk
! " cm”mol’ cm”mol” K K " cm”mol” K

n-Hexane  3.951 £0.064 17.455 0306 265503 £1:914 4724 12.475 202.720
n-Heptane 4.415 £0.055 17.955  +0.238 278.237 +1.540 5.391 12.282 204.610
n-Octane  4.894 £0.125 18.288  +0.5177 287.493 £3.271 6.045 12.234 206.030
Toluene  3.358 £0.031 18.006  +0.183 340456 £1.573 4373 11.789 245270
Dichloro-» 5/» 10014 13489 £0.078 305261 +0.851 3.114 10341 253.030
methane

Ethanol 1.341 £0.010 24.909” +0:181 453.894 +1.719 2.457 12.000 213.480

242 TABLE II. Parameters of PC-SAFT equation for pure substances

Component Calculated values Literature values™ "
. -1 . -1

. o ci ik Clgig o ek

TR G S S S S

n-Hexane 1.736 +0.023 3.886 +0.018 305.764 +2.115 3.058° 3.798° 236.770°
n-Heptane  2.184°#0.032 3.755 +0.019 290.088 +2.153 3.483° 3.805° 238.400°
n-Hectane  2.583 +0.038 3.692 +0.019 282321 +2.096 3.818°% 3.837° 242.780°

Toluene 1.673 +0.017 3.731 +0.013 356.789 +1.822 2.815° 3.717° 285.690°
ﬁﬁlﬁﬁé’ 1.000 £0.073 3.717 £0.099 389.312 +10.861 3.114" 2.179" 253.030"
Ethanol 1.000 +0.291 3.617 £0.385 416.042 +44.864 2.457'* 2.289'* 213.480"
243 Thus, the optimized parameters were used in the process of density cal-

244 culation. The densities of investigated pure substances were determined in broad

245  ranges of temperature and pressure between 288.15-413.15 K and 0.1-60 MPa,

246  respectively. The comparisons of calculated data with the literature values®** are
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presented by AAD, MD, Bias and sdev in Table III showing very good agreement
between these two data sets. The largest deviations are obtained predicting the
density at pressure around atmospheric and the worst agreement was observed
for dichloromethane and ethanol. The reason for this is the initial assumption that
both components are non-associated so, therefore, the association contribution
term to Helmholtz energy should be included to improve the density prediction
quality for these components.

TABLE III. Comparison of obtained deviations (44D, MD, Bias and sdev) in the temperature
range 288.15-413.15 K and pressure range 0.1-60 MPa

Component CK-SAFT PC-SAFT
AAD MD Bias sdev AAD MD Bias sdev
% % % kgm” % % % . kgm®
n-Hexane 0.185 2.207 -0.001 0.002 0.068 0.339 0.000 0.001
n-Heptane 0.155 1.389 -0.001 0.001 0.075 0.324.0 0.000° 0.001
n-Octane 0.143  1.145 0.000 0.001 0.076 .0.295 .0.001 0.001
Toluene 0.078  0.736 0.000 0.001  0.037 0.186  0.000  0.000
Dichloromethane 0.104  1.099 0.001 0.002 0.179 1.171  0.001  0.003
Ethanol 0.203  0.554 0.007 0.002  0.574-. 1452 0.015 0.005

288.15 K for both models are presented graphically“in Fig. 1. PC-SAFT model
shows slightly better agreement with the-experimental values than CK-SAFT

I )
-2
900 |- T
I
-
B A 7
T
T
T
g 8502
2l T
DB
h ﬁ ﬁ 3 - 3 ol g"__g,_,, 8
W A ..t o
700 AR
650 n L L 1 n 1 n 1 " 1 " 1
0 10 20 30 40 50 60
p/MPa

Fig. 1. The comparison of calculated density data for (B,00, —) n-hexane, (@, O, ---)
n-heptane, (A, A, --+) n-octane and (¥, V, ---) toluene for CK-SAFT, PC-SAFT models
with experimental values at 288.15 K. Full symbols, empty symbols and lines denote
CK-SAFT, PC-SAFT and experimental values, respectively.

B { Comment [N2]: and toluene?



Jovana
Inserted Text
and toluene

mirjana
Cross-Out

mirjana
Inserted Text
,


Send back the proof corrections within next 48 hours!

10 ILIC PAJIC et al.

259  what is also evident by the deviations given in Table III. On the other hand, CK-
260  -SAFT was more successful in predicting densities of both dichloromethane and
261  ethanol (see Fig. 2).

1400 |
o 1300
B p
= R °
o8-
B
88
800 57,,5,.7-5“
I 1 1 | 1 I
0 10 20 30 40 50 60
262 P/MPa
263 Fig. 2. The comparison of calculated density data for (@, O, —) dichloromethane and
264 (M, O, ---) ethanol using CK-SAFT and PC-SAFT-models.with experimental values at
265 temperature of 288.15 K. Full symbols, empty symbols and lines denote CK-SAFT,
266 PC-SAFT and experimental values; respectively.
267 The abovementioned deviations' between densities calculated using CK-

268  -SAFT and PC-SAFT models including the literature parameters™'* and literature
269  density data>* are significantly higher than those obtained using CK-SAFT and
270  PC-SAFT parameters, optimized and presented here (Table III). This justifies the
271  optimization of the new ‘parameters of CK-SAFT and PC-SAFT models for
272  n-hexane, n-heptane, n-octane, toluene, dichloromethane and ethanol performed
273 in this paper.

274 The densities of the examined compounds were fitted to the modified Tam-
275  mann-Tait equation,an empirical equation widely used for high pressure density
276  correlation, and the obtained comparison criteria were somewhat lower that those
277  presented here, as expected.”**' Although the densities calculated using CK-
278  -SAFT and PC-SAFT models, with parameters optimized here, deviate more
279  from the literature data>** than those obtained from the modified Tammann—Tait
280  equation,”*’' 44D values given in Table III are still acceptably low. However,
281  bearing in mind the physical meaning of parameters used in CK-SAFT and PC-
282  -SAFT models, they are preferable to empirical ones. Additionally, the advantage
283  of SAFT models over the modified Tammann—Tait equation is a lower number of
284  required parameters, e.g., the modified Tammann-Tait equation requires nine
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parameters to estimate toluene density, while the CK-SAFT and PC-SAFT
models require only three parameters.

CONCLUSION

CK-SAFT and PC-SAFT EOS were used for the density modelling of six
pure compounds over the temperature range from 288.15—413.15 K and pressure
range from 0.1-60 MPa. New parameters of CK-SAFT and PC-SAFT models
were calculated for n-hexane, n-heptane, n-octane, toluene, dichloromethane and
ethanol. All compounds were treated as non-associating compounds.

The absolute average percentage deviations, obtained by both applied
models for hydrocarbon systems, were excellent. On the other hand the absolute
average percentage deviations for dichloromethane and ethanol were higher
probably because of the assumption that dichloromethane and ethanol are non-
associating compounds, although they are capable to form homoassociates. The
obtained model parameters are of practical importance for‘process industry,
because they could be used to determine various thermodynamic properties.

ABBREVIATIONS

a — molar Helmholtz energy per-mete-ofmeteestes, J/mol® = =~
ci —marginal confidence intervals

d — temperature-dependent segment diameter, A

k — Boltzmann’s constant ~ 1.381x10™ J/K

k" — optimal values of estimated parameters

k; — p dimensional vector of parameters, i =1,...,p

M — molar mass, g/mol

m; —number of spherical segments

N — total number of molecules

P — pressure, MPa

Q; — reverse variance, mS/kg

R — gas constant, J/(mol K)

r—radial distance between two segments, A

sdev — standard deviation, kg/m’

T — temperature, K

u"lk — temperature-independent energy for CK-SAFT, K
u — temperature-dependent energy parameter, K

¥ — molar volume, m*/mol

x; —mole fraction of chains

Greek letters

&/k — temperature-independent energy parameter for PC-SAFT, K
n —reduced density

! — temperature-dependent segment volume, cm’/mol

V" — temperature-independent segment volume, cm’/mol

p — calculated density, kg/m’

p" — literature density, kg/m’

- - [ Comment [N3]: Check please.

- {Comment [N4]: Check please.
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o — temperature-independent segment diameter, A
0, — variance

SUPPLEMENTARY MATERIAL

SAFT equations are available electronically at the pages of journal website: http:/
/Iwww.shd.org.rs/JSCS/, or from the corresponding author on request.

Acknowledgments. This work is supported by Ministry of Education, Science and Tech-
nological Development of the Republic of Serbia, under project OI 172063.

U3BOI
MOJEJ/IOBALE I'YCTUHA YNCTHX KOMIIOHEHATA HA BUCOKHM IMMPUTHUCIIHMMA
[TPUMEHOM CK-SAFT U PC-SAFT JEJTHAUHWHA CTAKBA

JOBAHA M. WIWR [TAJUR', MUPKO 3. CTUJETIOBUR’, TOPHIIA P. UBAHUIII, UBOHA P. PAJOBUR’,
JACHA T. CTAJUR-TPOLINR' u MUPJAHA Jb. KWJEBYAHUH®
"Unctutaym 3a xemujy, wexHonoTujy u Melanypiujy, Yiusepsuwera y Beoipagy, Lienwap 3a matmepujane u
metnanypiujy, Fetowesa 12, 11000 Beoipag u “TexHonowko—memianypuku Gaxynigemd, Ynueep3uiueid y
Beoipagy, Kapneiujesa 4, 11120 Beoipag

SAFT jemHauuHe CTama Ce BeOMa YecTo KOPUCTe 3a ofpehrBame pasiuuuTHX TepMOdH-
3UYKHX CBOjCTaBa, Kao M y ONMCHBAamYy PasHYNTHX paBHOTeka (pasa. [a Ou ce oBu momenu
MOTJIM KODHUCTUTH y mHpefBuhamy TePMOJUHAMHUYKUX BEIMYMHA HEONXOIHO je MPEeTXOJHO
oIpenuTH napamerpe mozena. Y oBom papy cy xopuimrhene CK-SAFT u PC-SAFT jepnaunHe
cTama 3a ogpehuBame IrycTMHa YACTUX KOMIIOHEHAaTa y LIMPOKOM OIICery TeMIeparypa U Ipu-
tucaka (288,15-413,15 K, ognocno 0,1-60 MPa). [IpopauyH IryCTHHA n-XeKCaHa, n-XeNnTaHa,
n-OKTaHa, TOIyeHa, JUXJIOpPMeTaHa U eTaHo/Ia je U3BPIIEeH Ha BUCOKMM IPUTHUCIMMA Ca CETO-
BMMa napameTtapa onpehennx y osom pansy nomohy HaBegeHux CK-SAFT u PC-SAFT mogpena.
Kopuurhewem fodMjeHNX mapamerapa IMOCTUTHYTH Cy Beoma 0OpU pesyiTaTH ca alcoiyT-
HHUM CpefIBHM NPOLEHTyaTHUM rpeliikaMa MawrM of 0,5 %.

(ITpumsbeHo 13.jyHa, pesupupaHo 4. asrycra, npuxsaheno 7. asrycra 2017)
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SUPPLEMENTARY MATERIAL TO
Modelling of pure components high pressures densities using
CK-SAFT and PC-SAFT equations

JOVANA M. ILIC PAJIC', MIRKO Z. STIJEI?OVIC'Z, GORICA R. IVANIS¥, IVONA R.
RADOVIC#, JASNA T. STAJIC-TROSIC' and MIRJANA LJ. KIJEVCANIN?**

!Institute of Chemistry, Technology and Metallurgy, University of Belgrade, Department of
Materials and Metallurgy, Njegoseva 12, 11000 Belgrade, Serbia and *Faculty of Technology
and Metallurgy, University of Belgrade, Karnegijeva 4, 11120 Belgrade, Serbia

J. Serb. Chem. Soc. 83 (0) (2018) 000-000

TABLE S-I. Equations for the dispersion term (a®") used in different SAFT equations
Original SAFT

ER

. disp
a7 == ~(a}? +—”°T2 )iTx = kT J&5pg =6/ (25 7) |
R

07 = pp[ -0.85959 - 4.5424p =2.1268 p> +10.285pz” |

o1
afs? = pr[~1.9075+9.9724 px <22.216 > +15.904p;* |
CK-SAFT
a(c)lisp

dxeyyo[ ]2

u=u0(1+e/kT);e/ k =10;7 =0.74048

* Corresponding author. E-mail: mirjana@tmf.bg.ac.rs
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409 TABLE S-I. Continued

SAFT-VR

adisp = 1+ o)
kT (kT)2

a = _pszzxizxejaVDW HS|:O-x e[fj|

da,
a = ZZ s_] KHsgljpS
i=1 j=1 2 apv

aVDW 27[8 0-3 (213 - 1) / 3 4/6// = clgx + 62§x2 + 03§x3
T
0-3 = szq iXs,j0; 1]5 gpso'%

So(1=83)*
$o(1=83)* +64185(1-83) +985°
PC-SAFT

adisl’ _ Al A2

KIN ~ kIN kTN

Kys =

k;}\/ = —27rpmz(%)o'3 J. u(x)ghe(m;xc,/ d)x2dx

A
2= _zom(1+ 2k + 'm?(-—)%03 -
N mpm( ,0 ) ( )

N P j a2 g (m;xo | d)x2dx
dp

x=rlou(x)=u(x)/ e

410
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