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An overview of prediction methods for thermophysical properties in chemical engineering is presented. As thermophysical
properties, molar enthalpy, enthalpy of vaporization, and thermal conductivity are selected. The author categorized the
prediction methods into three categories shown as follows:

I. Method based on principle of physical chemistry,

II. Method based on group contribution of molecular structure,

II1. Method based on corresponding state principle.
Almost all the prediction methods are empirical modifications of the theory of physical chemistry. Empirical extension of
theory can often lead to a method useful for prediction purposes. Prediction of enthalpy of vaporization from vapor pressure
has been examined by using Antoine constants determined by the author for toluene with satisfactory results. Thermal
conductivity of toluene is important, since toluene is standard substance for thermal conductivity observation. One of the
latest group contribution method by Miiller and Arlt (2014)*” is adopted for the prdiction of thermal conductivity of toluene.
It is useful prediction method which can predict gas as well as liquid thermal conductivity. The result of prediction is
satisfactory with error of -7.18%.

Keywords: prediction, thermo physical properties, group contribution method, corresponding state principle, molar enthalpy,
enthalpy of vaporization.
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Table 1 Results by Physical Properties Prediction.”

Propanol
Physical properties
Predicted Observed
Critical temperature 537.6 K (536.7K)
Critical pressure 5.78 MPa (5.17MPa)
Liquid density at boiling point 738 kg m? (733 kg m?)
Gas specific heat capacity i R
(673 K) 270k kg' K (2.59 kI kg' K1)
Liquid specific heat capacity P gl
(o3 k) 2MKk'K (232K kg'KT)
Heat of vaporization R 1
(373 K) 660.1 kJ kg (674.8 kJ kg)
Vapor pressure (373 K) 112.4 kPa (112.7 kPa)
Gas viscosity (673) K 0.01712 mPas  (0.01847 mPa s)
Liquid viscosity (333K) 0.765 mPa s (0.938 mPass)
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Table 2 Categories of prediction methods for thermo-physical properties.

B il (R0 5y TS R RS ER
HAESE  DEIG Joback, Benson”,
RIS Rihani-Doraiswamy”
B FIERE REHREX Lee-Kesler”
NIZUN _ Chueh-Swanson”, Rowlinson-Bondi
Missenard ”
RIS Clausius-Clapeyron, (Trouton) Sannier”, Ducros ” Katinus-Danner ”
RN HETF/F 4y FE®h# | Roy-Thodos”, Eucken® Stiel-Thodos”
EFRERS R ITIRAT Miiller-Arlt*”
NiEEN (e ™)y, Sastri”?, Latini®) Lenoir ”
(Robinson-Kingrea ") Miiller-Arlt*” Misenard”
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(Fig. 1 ),

Z Dz J513 Pitzer (195512 & » T &h, 5 F DIk
2% & U CHEOK T (acentric factor) w 73, BRIES 7 Clt
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Fig.1 Concept of acentric factor.”
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Z, (9) AEMLTHELRD
AH = RBT? (11)
(T+C)°

&Y, MEOREIZBIT AABEEAH 23 HETLHZ L
MNTE D, V) KRFET —FHEIZEH O Antoine EH V%
FHWCHER L 7= toluene DGR %, Table 3 12/ d, HHL
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log,, P=A-B/(T +C) 12)
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Table 3 Results predicted by Antoine parameters.'>

Enthalpy of vaporization kJ/mol at 298.15K

Antoine B Antoine C AH Error (%)
1426.448 227.193 38.16 0.0
1377.578 222.643 38.21 0.1
1346.382 219.642 38.27 0.3
1351.272 220.191 38.24 0.2
Enthalpy of vaporization kJ/mol at boiling point 383.75K
Antoine B Antoine C AH Error (%)
1426.448 227.193 35.23 1.7
1377.578 222.643 34.96 1.0
1346.382 219.642 34.79 0.5
1351.272 220.191 34.80 0.5

Table 3 2265305 K 912, HApFEAMEICH LTS
AH ORI B LR & 72> T D AH D 298.15K
IZH T 5 ERMEIT 38.16 kI mol?, WhAICIHIT HENIT
34.63kImol' ThH 5,
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RLEEO—HERLELOTHD, KT DOAIZIR
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Alkenes, Alkines, Aromatics, Glycols,
Aldehydes, Sulphides, Thiols, Amines,
Chloroalkanes, Nitriles
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-
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Esters, Ketones,
Bromoalkanes,

3.2.1 #ZEHI1  2,3-dimethylhexane 0 7EFEEEL
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Thd, FERTHOEIL C-(C)(H;) 4 18, C-(C)x(H) 2 1A,
C-(Cn(H), 2 H & 72 D5

AH=4[C-(C)(H3)]F2[C-(C)s(H) ]+ 2[C-(C)a(H),]
=4-5.65 +2-3.01 +2:4.98=38.58 kJ mol’'

FEHEIL 38.78 kI mol! TH B 5, FAMFAZEIT-0.5 %L 7
ZDO

3.2.2 #HEHBI2
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CH,—CH—CH,
H

Th 5, BEFHOEIL C-(C)(Hs) 2 1, C-(C)(0)(H) 1 1,
O-(O)H) 1 @E D5

AH=2[CACYH3)[FC-(C(O)H) ]+ 1[O-(C)(H)]
=2-5.65+1-1.97 + 1-31.80=45.07 kJ mol’

FERMEIL 45.48 kI mol! TH L5, FHFEEIT-09 %L 7
%,

Table 4 Group contributions for standard enthalpy of
vaporization by Ducros et al.
Contribution (kﬁgiol)
Alkanes
C—(C)(H); 5.65
C—(C),(H), 498
C—(Ch(H) 3.01
C—(C), 0.00
cyclopentane ring correction 2.76
cyclohexane ring correction 1.88
Ethers and alcohols
C—O)(H}, 5.65
C—C)(O)(H), 4.60
C—(C),(0)(H) 1.97
C—(C);(0) -1.80
O—{C;(H) 31.80
0—(C), 8.79
correction for surroundings:
-1.09 NC, - 0.7] NCy - 042 NC,
correction for branching:
C.(3) 0.84
C.(4) 2.93

FREBEOIREZ(LE Fig2 (TRT, RIBIEEL A
T L ORIz

Ly=L{ (1-T) /(1-Tp)}" (13)
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ZemTcxn, ?

— 12000
o
£
X 10000
-
L 8000
[
N F
5 6000
X
= 4000t
§ 2000
o
ik

) 1 L 1
200 250 300 350 400

B OE [

1C|)O 150

Fig.2 Enthalpy of vaporization.”
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3= 2 Gomiry> S5 310 T (16)

32 o8, o' Q,
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¥ /LR )LX (Lennard-Jones Potential Energy) 75t
RCEDMHETH D, 3 FHIOIER DN DV T,
Q=1%&715,
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RETEDHMETHD, T*EHELIBREL VY, (18)
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ELTLIODfEE LTHEXDZ EmSu,

B LV (19 ROFHFIZLE T —¥ 2 REHREMRIC
DT Table 5 128 LTz, CpIXERBAEETH S,

TEZR T 2 2 HER T E O BLK
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X
T T,
Al = Aas| =5 _
gas(Kj gdb(Kj ‘ T/K 1788 3)
wWom - K' wem'-K' \T,/K
AR DEVRE R
T T,
D) A
W-m"K-K" - W'm}K’1 +B'[1_L/II<<] +C'[1_;//l;] ey
B B

I & 0 Rod HIREIC BT 5 5l 5V IRIRO IS
AT 5,

)

o Table 6  Thermal conductivity group contributions.?
Table 5 Lennard-Jones Potentials.
10*W-m*-K"
& & [R=aw a[A] e/R[K] Gas phase Liquid phase
2 X == 3.711 78.6 Group Agas Aliquia B C
H;é( Rk A ;Oz 3.941 195.2 CH; Groups
* ? il 59.7 CHy~(C) 17414 67295 46429 3053
R X e sl ik CH,-(C= 172.31 677.34 399.07  139.84
=F UV C.H, 4.163 224.7 (5 ' ' ' '
CH;-(C=) 199.12 557.82 -514.52  -2999.38
5 . 0 B B Ao\ T CH;-(aC) 167.45 576.69 303.48 973.68
Table 5 IZBWTCoB LN e LDED AT 570 WEIT
. g CH;-(0 217.03 766.32 767.49 -224.29
SOTHKRIZE D, ZhbofEERD 5, )
CH;-(CO) 186.76 842.91 781.63 1074.85
13 CHs-(N 118.95 977.54 652.11 357.14
O{QﬂQl%éjj;J =2.3551-0.0870 (20) N
T, CHi~(S) 194.9 697.78 551.59 8.22
¢ 07915 - 0.1693m (2] Aromatic Carbon Atoms
kT,
¢ aCH 65.26 192.02 146.68 46.22
P AEEFUE S [MPa] 35 X0 T B REE (K] Ths, aCc© -84.84  -39542  -207.81  -694.78
o EFOKRTC, lEDT — 4 N FEOMEIZ SN T
~LTH D, 01
v ’ Year  Obserevers
£ /= 8 7"” N E 1923 Bridgman
3.3.2 MMzEROBRMLHEL S 1930 gmen
EMRE R OHEEEZ Table 2 128 L=, Bl o i, > © o3 sKL’?L;
KRR L 2 L CHEE CX 2 72 i L7, 2 ois 1949 Ao zade
AL EW OKIEE L OMRIRDOBMRE =% 55 THEEIZ K s ] 1954 Schmict
D HEB T 5 A8 Miller & Arle (2014) 12k VBB S 7,2 g . 256 Frontose
Table 6 |3 Miiller - Arlt DR L7=EO— %5 L= b DT S 957 o
bD. FBICIE, ZOMICROFEFEOMEMES B S = 1ong Mecreaty
Tn5, O '":E" ' 0® 1061 Ziebland
. Jamieson
CH,, CH, C, —E#AH C, =FEHEAC, FEiEC, 0, v 2 B @@®g 1963 Horrocks
ZR:/I/’ jj/l/rﬁa?“/ﬂ/’ S, N, Ney % © E’i@ 1967 \riirllért
Table 6 10D Ay (ZEEFIRE T, 1251 2 ZADOBRER 5o
1920 1940 1960

OMBEEW-m"-K' TH Y, (FEZEDOIRE TR H1i1E (23)
HUZ LV RS, Table 6 D Ajiquia 1L T ITH T 5K
DOEREROINFEME Wm'-K' TH Y, EE DR TIZET
5 fEI% Table 6 F OIR% B,C =AW T4) Kk vk 5,

WEHPOMS T DR FENSRIST 2 MEME 4 &JEHo
Bov Lo Lok L0 IMAEEOGFHEEZRD D,

(22)
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Fig.3 Thermal conductivity at 293K of liquid toluene.?"

AVEEROWTIIRETH Y, WEORHIcLYELL
725 (Fig3), Fig3 Mook oI, ERINZF
fRIZL Y toluene DEMRE RO HIEEIZ K & 7= H T
%, 1940 FELLRTOPEMITFE A KT LTV 5, 1950 LI
OBEMRIF 0135 WmK!' Z LI LTART YA T5D, K
ST, 1940 FLRTOBMRE R OP EMEIX EETIERNWE S
Z D,



Z O toluene DIEIRDEYREH % Miiller-Arlt D F{EIZ &
DHERT B,

3.3.3 #EHl toluene DREDERE R

Toluene DAL : Te=383 K TH v, 7 Kb BIREE : T=293
K THHMS, T/ Ty=0.765, 1-T/Ty = 0.235 & 72 %, toluene
Doy TAEED BT & 0%k, Table 6 725
@ aCH5 @ aC-(C)1 @ CH3(aC) 1

L72%, Table 6 ) H& R FHOMEMERD D,

@ aCH: 192.02 X5 + 146.68 X 0.235 - 46.22 X 0.235 = 983.6
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Fig4  Thermal conductivity of toluene.'”
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b,

3.3.5 BMRER(CHTHEENEE
RAROBVEZERITIRE D EFIC L0 #ML, P iR
PHCIE, 1ISIFEMANCEET D, BIROBYERITIRE D
ERICH L CRIROBMEERIIK T4 5, 2720, K, K
TR L OO OH KEHT 50113 T 5, filx
1E, KOBURERIT 0~140°C OFFHTITIRED LH- & &
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Fig.5 Thermal conductivity of CO, near at the critical point. >
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