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ABSTRACT

The heats of mixing for the binary systems of carbon tetrachloride-cyclohexane, carbon
tetrachloride-benzene, cyclohexane-benzene, ethanol-n-propanocl, ethanol-n-heptane, and n-pro-
panol-n-heptane were measured at 25.0°C. The heats of mixing for the ternary systems of
carbon tetrachloride-cyclohexane-benzene and ethanol-n-propanol-n-heptane were also measured
at 25.0°C. Th= h=ats of mixing for the ternary systems were estimated from the results of
the corresponding binary systems and thz predicted values were found to be in good agree-

ment with experimental and literature data.
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A5 27, EFAHAA THER Aolg 4
Zatgelvdx], 2eElx 3R} 54 o Al
A2 aglg g5 YUY 2l gk EF
=9 vlel A4 A dut d9FH 43
9 hie EgAddzstn & ¢+ U+ 239
2 A9 Ege FikE v EdQEIY 4
3 299 wel A4 FA e U7 TL
g AE7E HA ol2iE A EFES LW
d 2 AZALAUAE AEY T Ut

adl FYAe] EFdd AT ATE celle]
E& A g4 Flory»»2] o] F-9} A=}bo] & A
2471 McGlshan,® Larkin® Seo] gl &A=}
o] B¢ #-847] Barker®”9] i} glon F
FA4 A g 3led = Battino® 52 oI F7F gl
o.

2 dTolA AAZFEASE analytical
solution of group(ASOG)e] &¢] &3} T35}
I o] 28e 24 A Mg A =ZAFell =] E
A3 74 Wilson Ao o] parameter £ A
Abste] 34 E YA EFLE-E 24E dlolH
2HE FAkste L g

Ao ke Al 9S4 EEAUACCL-Co
le—CsHszﬂﬂ‘ %Xé _H] %’S‘ Ei{}'ﬂ]ﬂ C.HsOH-
n-C;H/:OH-n-C7His A & = 314 o}

2.00 B

2-1. ASOG ofl 2}8t RE=H T

group model g #10:10¢]] o] EFEY F
9] z groupd] BEEAT I'E AYsla I'E
3439 delslzye AAsY &9 T F
AR FEAlg rE T Aolth F &9
8 AL io AT Inyi e AEER] =270

2%k Inyi™ oF AT A Aeld] £]7E Iny
9 ez FolAlrt
Iny; = Iny:F¥ + Iny:€ ®

35t 5 H20A H 15 1982 28

P ViFE _ viFE
Iny:FH = In——-——zwmxj +1 T, @
7 7

Iny:€¢ = {_}vu(lnl’k — InlMew) 3)

group AFEAF e X9 49 o 7
group & 2] Fol=, Wilson 4o ¢35}
o whgak Ze] HA o Fojxt

_ _ e X !
Inl: = ln}lezdu +1 }; Xoan, @

X g F9 group /¢ group £&EA
(G)A 22 Folzlr,
Xt

Xi= in;z];;

(62
(1A WA (5)A 3t group interaction para-
meter an-g 0] 43t BFEATE T F 3
th an-& &5 24 g 4w gejal
7.
Inaw = mu - nu/T (6)
ASOG |4 FFZAGF o Fshedl (6)4&
A g8l7] $1%r group pair parameter mu, %
< e SR Ao 343 vlole2ie A
AR}, B AFNA mud nnd EIRPE
o] &3t} (Table 1)

2-2. E &t d

Wilson 8] 24 £Ald] dit = 2faldE
GebhE A& ot g
4g?/RT = —xiln(x; + A12x2) —
231n (A21%1 + x2) (¢
=3 Aol vx] 2 g5 @& EFE
At 559 BA 7L At
Q = 4gE/RT = x, Iny1 + %2 Iny. @
@-DAANA T 798 k& (D, @), DA
B A FALTE

F= é (Q - Qcalc- )'.2 ( 9)

3} 7re] FIL parameter Aiz &+ Az -& nonlinear
regression method ¢l 23} T3}, 7|4
Q ‘15 (8)4‘} oﬂ X‘] h?-ﬁl_ 17:11‘01 aL Qcalc- '1_0_‘ 51’] 2—1 5’]'9]



Carbon tetrachloride-Cyclohexane-Benzene 5% @ Ethanol-n-Propanol-n-Heptane %9 E&

17
Table 1. Group pair parameters
\ CH, OH [ el CyCH ArCH
i
k \ m n \ m l n [ m 1 n m ‘ n ; m [ n
CH:z 0 0 —41.2503 7686.4
OH 4.7125 —3090.0 0 0
CCL Q 0 0.0913 ~78.1 0.8304 —374.5
CyCH —0.0103 55.7 0 0 0.5301 —251.0
ArCH —0.5769 270.4 —0.3288 156.3 0 0
FH A A (4] 8 AEE Felet. & ol }E2E FaeEHHAd ¥ FuwsE aws
rd 4HF = o] 9A3Z otE slell 4 EqFe] o] FAXEF 3}
AHE __Tz(_af’a%lfi) (10) n2A 2 JgA4oe] ¥ Larkin-McGlashan'®
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(1 — 2x1)% + 10(1 — 2%1)% /(4. 184) (14)

HWAHAK KONGHAK Vel. 20, Ne. 1, Fekrvary 1662



18 &/ BB 2
Table 2. Heats of mixing for the binary systems at 25.0°C
g : 4HE g 4HE { £ AHE
2 %1 = x1 o x1
] exp. cal. dev > exp. cal. dev. o | exp. cal. dev.
0.1051] 12.38 13.25 —0.87 0.0735| 8.27 7.86 0.41‘ 0.1035| 73.50 68.42 5.08
0.2348] 26.25 26.25  0.25 0.1241f 13.02 12.56  0.46 0.2076| 125.48 122.45 3.03
= 0.3517] 35.14 34.32 0. 89‘ 0.2106| 18.64 19.20 —0.56 0.3148| 159.41 161.99—2.49
< 0.4180) 37.71 37.21  0.505 0.3250, 24.77 25.23 —0.48| 0.4327| 178.63 185.69—7.06
t =
S Ll 09 39.56 38.96 0.60%5 0.4611] 27.20 28.34 —1.14 0.4885 181.45 189.65-8.20
g <1 0.5536] 39.80 38.97 o.ss‘g 0.5390| 27.14 28.17 —1.035' 0.5334] 180.07 189.38-9.31
B § 0.6782| 35.75 35.32  0.43 & | 8 0.6157| 26.00 26.64 —O0. 64i§ !\?\j 0.6425! 170.00 175.76-5.76
g _?g’ 0.7324 32.00 32.06 —0.06 g gi 0.7403] 21.13 21.39 —o.ze% &) 0.7347, 151.39 149.78 1.61
-g E 0.8135 24.48 25.20 —0.72& g 0.8714] 12.68 12.29 0.3913 g 0.8019 120.76 117.96 2.80
S ©10.9018 14.94 14.95 —0.01;° =] 0.9387 6.54 6.26  0.28° 9| 0.9028 71.04 67.89 3.15
{ i
0.0750| 1.15 1.19 —0.04 | 0.0511)  84.51 87.94—3.43 1 0.1915 138.91 144.65—5.74
0.1674 2.55 2.45 0.10 0.1372] 118.14 120.46—2.321 0.2054 140.83 145.82—4.99
0.3149 3.97 3.93  0.04 0.1938| 132.93 129.57 3.36 0.3010] 151.28 148.77 2.51
0.4590 4.71 4.70  0.01 | 0.2650, 142.21 135.20 7.01 0.4016] 152.55 145.48 7.08
0.5512) 4.73 4.79 —0.05 | 0.3855, 147.07 139.17 7.90, 0.4758i 146.4) 139.83 6.57
o 0-633¢4  4.50 4.59 —0.09 Q? 0.5100] 142.36 136.90 5.463 | 0.5387 137.78 132.98 4.80
=] % 0.7556 3.70 3.77 —0.073 g 0.5989  134.50 130.95 3.557% ‘g 0.6193 124.54 121.26 3.28
g § 0.8210] 3.01 3.05 —0.047F £ 0.7109 118.00 116.53 147@ 2] 0.7185 101.33 101.65—0.32
8120854 217 214 0032 5 08110 8825 93.96-5.7L5 ' 3 0.7998 70.90 80.42-0.52
ex : | o
©  ®10.9300 1.44 1.38  0.05 = 0.9120, 55.24 55.75—0.51]% | 0.8950] 45.43 48.09—-2.66
Table 3. Heats of mixing for the ternary systmes at 25.0°C
| JH? AHE
system x* system x2* -
! exp. cal. dev. exp. cal. dev.
0.8926| 45.956 43.90 2.06 09034: 26.83  26.12  1.71
0.8144 70.97 69.51 146 0.8954  28.34  26.83  1.51
=2 0.7344 92.20 99.25 1.95 = 0.7726] 51.72  54.65 —2.93
= 0.6514 104.26 106.01 —1.75 §, 0.6418] 76.78  79.47 —2.69
8 - 0.5540 116.06 117.10 —1.04 E 0.6310. -80.35  81.32 —0.97
S < 0.5144 118.74 11933 —0.59 & o | 05732 8875 90.74 —1.99
3 f:g S| 0.4166 117.65 119.24 —1.59 3 El 0.3568 122.88 118.73  4.15
g % § 0.375) 114.28 116.78 —2.50 B | g 0.2038 128.35° 124.70  3.65
2 1 3 P8 0.1000 58.02 63.81 - —5.79, 8 & 0.1800  135.26 132.82  2.64
8 & 4| 0.0000 27.20 ©28.43 ~—1.23 © = 0.0000| 142.24 137.32  4.92
*The mole fraction of x; equals %3
delzl A} vl w3k ngkoH, okxlze
=gl SATFRAA o 1% 235 VER ¢ 4. €40t & nE
3 A g AFE dEA 4 sk
12 242 B4 E3Zg carbon tetrachloride

stet@st H20d M 1% 1982 23



Carhon tetrachloride-Cyclohexane-Benzene 5% @ Ethanol-n-Propanol-n-Heptane 559 & &%

200 —
—e—exptlae
° calice [
* lite 14 °
21, 13 /L\
°
7/ \
4 A
/ \
/
1501 / 1
{ \
A !
\
i
— |
> :
-~
g
L /
~2 1001
) /
A 1
A j’
= !
< i

o

0.2 0.5

*

19

180 p—r——— .
—aexrtle I
° calc. !
+o1it, 18) i
i
n-propanai{l}= i
1501 /;/—L"\_»/ r-heptane(2) !
o ey i
/ N\ i
/ N i
i \& X
/ ’\ i
I / ’
§ // \
ool ! 4 |
g \
< \
L] .
= . \
< | \\
|
] \
¥
0L
|
/ ethanol(l) = n~prepanol{2)
| .
o} s
Qe 1.0

Fig. 1-a. Experimental and calculated values of Fig. 1-b. Experimental and calculated values of

heats of mixing at 25.0°C

heats of mixing at 25.0°C

Table 4. The Wilson parameters and their derivatives with respect to temperature

parameters
system
| Az A'12X10° An A1 X103
carbon tetrachloride (1) |
— | 0.84131 —1. 23880 1.01573 2. 24560
cyclohexane (2)
carbon tetrachloride(1)
0. 60916 —0. 38460 1. 28805 1. 28350
benzene (2)
cyclohexane(1)
_ 0.53405 —0. 28481 0. 99599 4. 66190
__ _benzene(2)
ethanol(l)
— 1. 03476 —0.21878 0. 89798 0. 30689
n-propanol(2)
ethanol (1)
— 0. 03451 0.77163 0. 26375 1. 02540
n-heptane (2)
n-propanol (1)
0. 03839 0. 94357 0. 45052 0. 93903

n-heptane(2)
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Fig. 1-c. Experimental and calculated values of
heats of mixing at 25.0°C

(1)—cyclohexane(2), carbon tetrachloride(1)
—benzene(2), cyclohexane(l)—benzene(2),
ethanol(1)—n-propanol(2), ethanol(1)—nn-
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@Al A3t EFLEE 25.0°Coll4 SA s o
v (Table 2. Fig. 1), 3AE Az g4
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eptane(3) Al vldke 25.0°Col A gL &
Asrgh(Table 3, Fig. 2), 23 3ALE A=
A "olddl A4 Yatgon, 34EA T a3k
238 e EXER Sl 28 EEELSA &
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Table 5. The calculated values of In r and 4g® for the binary systems at 25.0°C

system ’ x1 \In 71 ] In 7’2' AdgF ]l system‘ X1 [ln 71 ’ In Tzl AgE ‘ system’ X1 ,ln 71 ’ In 72' AgE

0.1051/0. 0840;0 0013 5.93 0. 0735/0. 1241l 0.0013]~ 6.09 0. 1035/0. 4333)0. 0076] 30. 61
0.23480.05900.0064 11.12 0. 1241. 1042‘ .0034] 9. 44 0. 2076‘0.31750. 0288| 52.57

S [0.3517/0.04080.0140| 13.86) S (0. 2106{0. 07580. 0091] 13.71 0. 31480. 2227,0. 0622| 66.77
:ac__)_ 0. 41800. 0322:0 0194] 14.64 r§ 0. 3250(0. 0473| 0.0194] 16. 88| 0.4327!. 1¥2050. 1098] 73. 44
5 l0.499100.02320.0270 14.86| & 0. 46110. 024500, 0341] 17.56 P 4886]0. 11220. 1357| 73.59
s S 55350.0181{0 0327) 14.56 S |0.53900.01570. 0428 16.70] & |0.53340.09110. 1578 72.39
8§ |0.67820.00900.0472 12.60 § & 10.6167/0.00940. 0513 15.12] § & |0.64250.05030. 2157| 64.84
g ‘% 0.7324(0. 00610. 0541} 11.22 g l % 0. 7403{0. 0033|0. 0461} 11. 29 '% | % 0.7347/0. 0264/0. 2685! 53. 69
£ 3 |0.81350.00290.0651| 8.57 £ T (0.87140.00060.0751 6.00 5 5 [0.80190.01310.3133) 41.31
c © i0'90180'0008|0'0777 4.92’ © 2 0, 9387/0.0001/0. 0793 2.93 © = 0.90280.09??0.3718 23.14
0. 0750[0. 01290. 0001/ 0. 60 0. 0511[2. €643'0. 0344/100. 01 0. 1915/1. 2525/0. 1839/230. 17

0. 167410. 0110!0. 0003 1.25 0. 1372|1. 7417|0. 1240(2C4. 94/ 0. 2054!1. 1865(0. 2002/238. 63
0.31490. 0081/0. 0012]  2.02 0. 1983]1. 3855.0. 1954/255. 35 0. 30100. 8316)0. 3191/280. 44

0. 4590(0. 0056/0. 0029 2. 43 . 2650/1. 1008l0. 2801[294. 79 0. 4016/0. 5737/0. 45791208, 81
0.5512(0. 0041/0.0044] 2. 49 0. 3855l0. 738310 4532{333. 58 0. 4758)0. 4292,0. 5705/208. 17

& [0-63340.00290.0062 241 o 0.51000.47340.6664336.74 T o 0.5387)0.32860.6740(289.07

S 'S [0.75560.00140.0095 2.00) <3 ‘g [0.598900.32870.8475318.02 S g |0.61930. 22310. 81901266. 56
EI , 0.82100.00080. 0118 1.62 5 ' £ [0.71090. 1836 1. 1235(269. 75 g,' g |0.718500. 123411. 0203.222. 68
8 & 0.885400.00030.0144| 1.15 S £ |0.8110/0.0863|1.4348202.12 E 5 10.79980.0638(1. 2083173, 54
5« 0.93000.0001)0.0164 0.75 ® & 0.9120l0.0213]1. 8441]107.65] ¢ = 0. 8950/0. 0183[1. 4620/100. 62
At Bgsate Ash 1.7% WA 3.5%e] AP

EZE ol & oz ie (13)4e sty 34E
g & FAsa
D4R AHgstd 2= dlo]H 24
parameter A;; ¥ A& 517:];}-3,1 o] &t T
T o} oA 271214 AA ] =} pa-
rameter &| gkEo] rhoFsiil *}zl%la T+ dx
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ZAgket. 7 AlY] B3l oigt dusal [4HP
expe —AHEca1. |/N ¢ zhe Fal v, CCL—CeHiz
A7+ 0.509cal, CCli—CsHeAl 7} 0. 563cal, CeHiz
—CeHe#) 7} 4. 489cal, C,H;OH—n-C;H-.OH #| 7}
0. 054 cal, C;H;OH—n-C:H,s#] 7} 4.072cal, L
2] & n-C;H,OH—n-C;HeAl 7} 3.847cal 24 ¥

"

of
-

o

et

w3t CClLi—CeHi2—CeHe Alo] ) dled= 2.00
cal(2.31%), 28z CHsOH—n-CsH,OH-n-
CiHis Aol w8t = 2.72cal(3.08%)¢ o &=
Vel gel, =3 Fig. 13} Fig. 264
uhe} zbo] A|ALA]7F FRAIE FEF A
Holz le]A] o]’ A4k whyo] e}t
T A4+

Fag @-DAAA AAF
24 2A9 In 78] kb
e 2FFell A= e kg
},
ol abe] BE A4

et

wygor T3
ol & groz¥E T
Table 54 RHA5FY

computer (NOVA3)® A 2]

=

i

5. &

(1) 243844 CClL—CsHiz, CCL—CsHs, Cs
HIZ—CGHG, CszOH—n'C3H7OH, CszOH—n
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-C:His 28] n-CiH,0H—n-C:HieA o] W3t &
& 25.0°C o4 FATE oA o] & 24 1A
o] g FFEAF, FJAFoldR] 2l 2
A B4 parameter A, A2 F3kgch

(2) 3A¥EA9l CClL—CeH,,—CsHez} C.HsOH
—n-CoHH—n-C;HieA| o] =3+ E3re-2 25.0°C
oA &4l 24 & parameter 255 34
244 T & FabEd el 43 2 7
R o} vl w3l eyt Y4AE BYrh

AMETE

ax group interaction parameter characteri-
stic of group k and 1
F objective function defined by Eq. (9) (—)
AgF excess free energy(cal/mole)
AHE heats of mixing(excess enthalpy)
(cal/mole) -
-~ mm group pair parameter characteristic of
group k and 1 (—)
np group pair parameter characteristic of
group k and 1 (K)
N number of data points (—)
P pressure (mmHg)
@ a function defined by Eq. (8) (—)
R gas constant (cal/mole°K)
T temperature (K)
X groupfaction of group 1 in liquid solut-
ion (—)
x mole fraction of liquid solution (—)
I group activity coefficient (—)
viFE number of atoms(other than hydrogen
atoms) in the molecule i (—)
vii: number of atoms(other than hydrogen
atoms) in group k in molecule i (—)
A:; parameters in Eq. (7) (~)
Ai; 84:;/0T (K1)
v molecular activity coefficient (—)

BHatS et H203 A 15 198218 48

Subseript

,7 molecule species i, j
1,2 molecule species 1,2

k,I,m group species

Superscript

FH size contribution
G group contribution

(¢) standard state of molecule i
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