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Correlation of Infinite Dilution Activity Coefficients

                  by Group-Contribution Methods

           一 Alkanol ＋ Alkane Binary Systems
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Abstract

  ASOG and UNIFAC which are tvo typical group一一contribution methods were applied to

calculate the infinite dilution activity coefficients of alkano1(methano1， ethanol，

1-propano l， 2-propanol， 1-butanol， or 2・一butanol) i n alkane(hexadecane or tetradecane). 

The infinite dilution activity coefficients can be correlated by adjusting the ASOG

group-interaction parameters betveen hydroxy(OH) and methy l(CH2) groups. 

Key Words : Phase Equilibrium， Activity Coefficient， Infinite Dilution， ASOG， UNIFAC，

           Alkano1， Alkane

1.  Introduction

  Infinite dilution activity coefficients are very important to predict the volatility of

solute in a solvent and phase equilibria such as vapor-liquid and liquid一一liquid equilibria. 

Therefore， the authors have measured the infinite dilution activity coefficients of alkanol

in alkane by a gas stripping method［1］. 

  In the present study， the experimental data reported were correlated by group-contribution

methods， such as ASOG［2］ and UNIFAC［3-5］ which are often used in the process design.  The

interaction parameters between OH and CH2 groups were reevaluated to give better correlat ion

performance. 

2.  Group-Contribution Methods

2. 1ASOG

  The infinite dilution activity coefficient

can be given by ASOG as follows［2］，

    ◎O        FH∞                         GO◎

1nγ塵 二 1nγ塵  十 1nγi

                                  

1nγ7''∞・1， りi＋1一レ1
             Σり『HX」  Σり7HXj

              j             j

r ？Oof a solute(alkanol) in a solvent(alkane)

(・1)

(2)
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ln r？ ＝ Zvki(lnrk-rk‘'')
           k      ，. 

                           Xlalk

lnrk ＝ 一一ln£Xiaki ＋ 1 一一£

            嗅      1ΣXma且m

                          m

where the group fraction for group k， Xk， is denoted as follows. 

Xk＝ΣXiレkl/Σ(XIΣり日)'
      畳          置    I

The gtoup. Wilson parameter akt is empirically expressed as

置n akl ＝ mk璽 ＋ nk且/T

2， 2 UNIFAC

The values of 7・？O

    co .  c oo
ln ri ＝ ln rY 十

can also be derived from UNIFAC［3］ as follows. 

lnt5co

(3)

(4)

(5)

(6)

(7)

ln rgoo＝ ln 一ft1一一 ＋ g一 q！ln( ''lfi . )＋ g一 (rt-qi) 一(ri-1)一一 ÷1 ｛ ll一 (r2一一q2)一くr2-1)｝(8)

where z is coord ination number(z＝10)， r i and q i are volume parameter and surface paraMeter

for component i.  And they are given as follows. 

ri＝Σり｛のRk
    k

qドΣりぜのQk
    k

The residual part R of Eq.  (7)， due to energet・ic， is expressd as foltoWs. 

(9)

(10)

ln r''oo＝ Zv('''(lnrkC2？ 一一lnrk('') 一 (n)
           駄

where

lnrk＝Qk［1-ln(£. emUfmk) 一・ 21i( me'. Wijl:.  )］ . (12)

                                n

and the area fraction for group m， e. ， and the group-interaction pararneter Wk.  are g iven as

         QmXm

e.  ＝・                                                                                   (13)
        ZQnXn

         n

'grmn ＝ exp(一 gl'iliL'' ) (original and Bastos) or v. .  ＝ exp｛一 (91'1i！112！！;11！S21！一ii2L:''＋bm''T＋Cm''T2)｝ (weidlich)(14)

where X.  ，is the group fraction for group m in mixture and it is calculated in a similar

manner to Eq.  (5)(ASOG). 

  To calculate activity coefficients of i一一th component from UNIFAC， greup volume parameters

Rk， group surface area parameters Qk， group-interaction parameters arn. ， b. . ， and cm.  contained

in iY. .  are needed， ，ln the present study， three types of UNIFAC model were app l i ed fqr

infinite dilution.  activity coefficient.  Their parameters are presehted in Tables 1 一 4. 
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Table 1 UNIFAC group volume， surface area， and interact ion parameters［3］

       CH3 CH2 CH COH MCOH CHOH

k
k
R
Q

O.  9011

0.  848

O.  6744

0， 540

O.  4469

0， 228

1.  2044

1， 124

1.  4311

1.  432

O.  9769

0， 812

 acH2/coH ＝ 931. 2 ， acoH/cH2 ＝ 169. 7

''where COH:general case， MCOH:methanol， CHOH:secondary alkanol

Table 2 UNIFAC group volune， surface area， and i nteract ion parameters［4］

       CH3 CH2 CH OH CH，OH

¶
K
k

R
A
層

b， goii

O.  848

O.  6744

0.  540

O.  4469

0.  228

1.  0000

1.  200

L4311
1.  432

acH2/oH ＝ 1024. 50 ， aot｛/cH2 ＝ 173.  32

acH2/cH30H ＝ 917. 16 ， acH30H/cH2 ＝ 一34，51

  Tab l e 3 Modified UNIFAC group volune， surface area parameters［5］

      CH3 CH2 CH OH(1一) OH(2一) OH(tert一)

レ
n
k

R
(
憎

O， 6325

1.  0608

O.  6325

0.  7081

O.  6325

0.  3554

1.  2302

0， 8927

1.  0500

0.  8789

1.  0500

0.  7826

    Table 4 Modified UNIFAC group interact ion parameters［5］

M/n amn bmn cmn
CH2/OH

OH/CH2

2777. 0

1606.  0

一4.  674

-4， 746

O.  OO1551

0.  OOO9181

where ilfmn ＝ exp ｛一 ( amn ＋ bmnT ＋ cmnT2 ) /T｝
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3. Prediction and Correlation

3.  1 ASOG

  The infinite， dilution activity coefficients［1］ were predicted by ASOG with the parameters

reported i n the l i terature.  The interaction parameters(ASOG) between 一CH2一(alkane) and rOH

(alkanol) are given as follows［2］. 

ln acH2/oH ＝ 一41.  2503 ＋ 7686. 4 / T (15)

ln aoH/cH2 ＝ 4.  7125 一 3060. 0 / T (16)

  The prediction performance of ASOG is presented in Table 5 and a graphical i l lustration

is given in Fig. 1 for example.  As shown in Table 5 and Fig.  1， ASOG gives slightly larger

values of the infinite diiution activity coefficients though the temperature dependency is

correct. 

 一To improve the correlation performance， we att'empted to adjust the interaction parameters

of ASOG.  The two parameters， wh ich are most effective， were adjusted here as Tab le 5(adjusted

I and ll) us i ng the Marquardt method［6］.  The correlation performance with adjusted

parameters is presented in Table 5 aRd. Figs. 1-9.  As shown in the table and the f i gures，

much improved results can be obtained. 

3.  2 UNIFAC

  The prediction performance of UNIFAC are presented in Table 6 and a graphical i l lustration

is given in Fig. 1 fQr example.  As shown in Table 6 and Fig. 1， UNIFAC give smaller values of

the infinite dilution activity coefficients in the original UNIFAC［3］ and Weidlich modified

UNIFAC［5］， and the temperature dependency is not suitabie in the original UNIFAC［3］ and

Bastos improved UNIFAC［4］. 

  To improve the correlation performance using the original UNIFAC，'we attempted to add a

coefficient b. n empirically to 'Ur. n， as shown in Table 6， which seems to be effective.  Their

values， bcH2-coH and bcoH/cH2， were determined by using the Marquardt method［6］.  The

correlation performances with modified parameters are presented in Table 6.  As shown in the

table， however， relatively large discrepancy still remains. 

4.  Conclusion

  ASOG and UNIFAC which are two typical group-contribution・methods were applied to calculate

the infinite dilution activity'coefficients of alkano1(methano1， ethano1， 1-propano1，

2-propano l， 1-butano l， or 2-butano l) i n alkane(hexadecane or tetradecane).  The i nfinite

dilution activity coefficients can be correlated by adjusting the ASOG group-interaction

parameters between hydroxy(OH) and methy l(CH2) groups.  An i mprovement of UN I FAC shou l d be

cons idered i n the future work. 
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Table 5 Prediction and correlation perfonRance of infinite dilution activity

       coeff i c i ents of a l kano l in hexadecane or tetradecane by ASOG

                           ASOG ASOG'''' ASOG'''''

                        original［2］    adjusted(1)   adjusted(皿)

S・lvent Solute. 一E灘1幻・引醗6ヨ面・''脳｝面‘'曹
 〇一一一一隔一一一''一一一冨6伍邑bす1ロー一一一一''i4r. 一2一一一一刷脚''一脚一一bラ＝百一一一'一一層「噂一'2ラ＝k一一一〇一一

             Ethanol 16，8 16，6 4. 1
Hexadecane 1-Propanol 25. 4 10. 3 3. 6
             2-Propanol 47. 0 4. 8 11，6

             1-Butanol 58，9 ， 13. 9 31. 3
             2-Butanol 85. 4 32. 6 11. 9

             Methanol 11，7 34，7 23. 7

             Ethanol 14，5 18. 3 5，6
Tetradecane 1-Propanol 20. 3 14. 1 2. 9
             2-Propanol 41. 1 1. 3 15. 1

              1-Butanol 40. 4 5. 2 16. 1

             2-Butanol 77，8 26. 8 6，9
          ＊Error［％］＝ 一！itl19-O £1 r？9， . . i. .  一一 7' ？9， . xp. 1 /r？9， exp.  ， N＝ number of data

          ＊＊ moH/cH2 ＝ 4.  3187 ， not｛/cH2 ＝ 一2822. 1

          ＊＊＊ 1-Alkanol moH/cH2 ＝ 4. 6742 ， noH/cH2 ＝ 一2984. 2

              2-Alkanol moH/cH2 ＝ 4.  0319 ， noH/cH2 ＝ 一一2672. 8

          Table 6 Prediction and correlation performance of infinite dilution activity

                 coefficients of alkanol in hexadecane or tetradecane by UNIFAC

                           UNIFAC UNIFAC UNIFAC UNIFAC''''

S・1・ent S・1・t・・』1黒昂llll l欝暑｝一W糊ll要一a鵯雛)

             Methanol 31. 8 41. 6 51，6 11. 6
             Ethanol 50，4 27. 4 27. 8 27. 5

Hexadecane 1-Propanol 47，2 27. 2 18. 8 26，0
             2-Propanol 78. 2 23. 6 24. 2 60. 0
             1-Butanol 34. 7 28. 3 6. 8 43. 4
             2-Butanol 70. 2 3L 2 3. 8 41. 3

             Methanol 37. 1 39，2 ，49. 0 10，9
             Ethanol 51，8 27. 8 28. 9 29，7

Tetradecane 1-Propanol 49. 6 28，6 2L 9 26. 9
             2-Propanol 78. 8 28. 1 27. 1 61. 2

             1-Butanol 4L l 3L 9 10，1 38. 2
             il:！t111！gug一！u tanol 71. 8 27. 6 3. 9 44. 4

  UNIFAC''

adjusted( ll )

   Error［％］''

    12.  9

    32， 4

    27， 0

    31.  3

    29.  8

    26.  6

    12.  7

    34.  4

    29.  0

    33， 6

    33.  0

    25.  5

＊Error［％］＝ ？tO £1 7t ？9， caic.  一一一一 r？9， . . p.  1 /7' ？9， exp.  ， N ＝ nurnber of data

＊＊ bcH2/coH ＝ 一1. 580 ， bcoH/cH2 ＝ 1， 398 ， where Wmn ＝ exp(bmn 一 amn/T)

＊＊＊ 1-Alkanol bcH2/coH ＝ 一1. 147 ， bcoH/cH2 ＝ 1. 192

    2-Alkanol bcH2/coH ＝ 一3.  339 ， bcoH/cH2 ＝ 1. 946
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Fig. 1 Prediction and Correlation performance of infinite ditution activity coefficients of

   ethanol i n hexadecane by ASOG and UN IFAC
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Pig. 2 Correlation performance of infinite di lution activity Coefficients of 1一一slkanol' in

   hexadecan'e by ASOG w i th adjusted parameters( adjusted (ll) in Tab l e 5 )
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Fig. 3 Correlation performance of infinite di lution activity coefficients of 1-alkanol in

    tetradecane by ASos w i th adjusted parameters( adjusted (n) i n Tab l e 5)
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Fig. 4 Correlation perfonnance of infinite dilution ectivity coefficients of 1-propanol or

   2-propano l i n hexadecane by msOG with adjusted parameters( adjusted (ll) i n Table 5 )
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Fig. 6 Correlation perfonnance of infinite di lution activity coefficients of 1-butanol or

   2-butanol i n hexadecane by AseG with adjusted paraneters( adjusted (ll) i n Table 5 )
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Fig. 7 Correlation performance of . infinite di lution activity coefficients of 1-butanol or

   '2-butano: i n tetradecane by msos with adjusted parart)eters( adjusted (ll) i n Table 5 )
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Fig. 8 Co. rrelation performance of infinite dilution activity coefficients of 1-alkanol in

   hexadecane or tetradecane by ASOG w i th adjusted parameters( adjusted (ll) i n Tab l e 5 )

80

 
 
4
0

［
1
」
8
』

40ec
 'Catc. 

o

o Methanot
e Ethanol
e 1 一一Propanot

e 1-Butanol

      o

               e

             0
                   14 16
               Carbon number of sotvent

Fig. 9 Correlation perforNance of infinite di lution activity coefficients of 1-alkanol in
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Nomenc l atures

量
 
n
 
n
 
n
I
h

k
m
m
m
k
k
k
i
k
i
 
 
k
i

a
a
b
C
m
n
Q
q
R
r
T
t
X
X
Z

1

ASOG group Wilson parameter

UNIFAC group interaction parameter

UNIFAC group interaction parameter

UNIFAC group interaction parameter

ASOG group interaction parameters

ASOG group interaction parameters

surface parameter for group k

surface parameter for component i

volume pararneter for group k

volume parameter for component i

temperature， K

temperature， ℃

group fraction for group k

mole fraction for component i

coordination number(z＝10)

くGreek

r，

rk(の

r
e. 

りi
   FH
りi

レki
レk(の

Wnm

且etters＞

      activity coefficient for group k

      activity coefficient for group k in pure component i

      activity coefficient

      area fraction for group m

      number of groups in molecule i

      number of atoms(other than H ) in molecule i

      total number of atoms(other than H ) in group k of molecule i

      number of groups for group k in pure component i

      group interaction parameter for UNIFAC

〈Subscripts＞

 
n

 
mJ

l

，
 

，
・
ー

ー
レ
跳
レ
鷹
司
ユ
り
白

components i and j

groups k， 1， m， and n

group k in molecule i

solute(alkano1)

solvent(alkane)

〈Superscripts＞

C combinatorial term
FH size contribution(Flory一一Huggins eqn，)

G ， group contribution
(i) standard state(pure component i)

R residual term
co infinite dilution
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Append i x

  The infinite dilution activity coefficients of alkano1(methanol， ethanol， 1-propano1，

Z. 一propano l， 1-butanol， or 2-butanol) in alkane(hexadecane or tetradecane) already published

［1］ are summar i zed as appendix(Tables A-1 and A-2 ). 

Table A-1 Infinite di1叫ion act葦v晦coefficients of alkanol in恥exadec鵬

Temp.  ［℃］ Methano l Ethano 1 1-Propano l 2一一Propano l 1-Butano l 2-Butano1

0
0
0
0
0
0
0

9
自
0
0
」
偲
【
0
ρ
0
7
0
0

58.  0

5L 2

38.  2

28.  5

. 20.  0

18.  2

45.  8

32.  4

24， 4

16.  6

12.  6

10.  1

8.  03

34， 9

27.  0

20.  1

14. 7

11. 3

8.  35

6.  83

30.  2

23.  1

17.  3

13， 1

10.  5

8; 16

6.  60

23.  5

18， 5

14， 5

10.  8

8.  52

6.  50

5， 15

21.  2

16.  1

12.  3

9.  47

7.  47

6.  05

5.  04

Table A-2 Infinite dilution activity coefficients of alkanol in tetradecane

Temp.  ［OC］ Methano l Ethano1 1-Propanol 2-Propanol 1一一Butano l 2一一Butano1

0
0
0
0
0
0
(
U

9
9
0
0
」
望
【
0
ρ
0
7
8
8

61. 7

54.  2

40.  5

31. 2

22， 0

18.  8

51. 9

36.  6

26.  5

19.  6

14.  7

1L6
8.  86

40， 2

23.  1

12.  9

7.  92

36.  9

20.  0

IL6

7.  36

30.  7

18.  9

9.  71

6.  31

24.  2

13.  6

8.  45

6.  05

(平成8年9月24日受理)
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