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Abstract—To estimate plait points of ternary liquid-liquid equilibria(LLE) of type 1, a novel method is proposed.
In general, the plait points resulting from correlation of the tie lines with the thermodynamic models are not located
on the experimentally determined binodal curves. In addition, determination of the plait points using the correlation
methods requires binodal curve data as well as the tie line data. In the proposed method, two parameters, weight
fraction of a component and the ratio of weight fractions of remaining two components, are varied until linearity
between logarithmic tie-line length and logarithmic distance of the tie-line from the plait point is attained so that
the order parameter equation of Widom is satisfied. With this method, plait points of several ternary systems are
estimated and it turns out that the results are favorably comparable with the results obtained by the method proposed
by Treybal et al. However, it needs to emphasize that the method proposed in this paper uses only tie-line data
while the method of Treybal et al. with the correlation of Othmer and Tobias requires experimental binodal curve
data in addition to the tie-line data.
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Fig. 1. A schematic ternary LLE phase diagram of Type 1.
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Fig. 2. Phase weight ratio vs weight percent of acetic acid for wa-
ter/ethyl acetate/acetic acid system at 298 K.
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Fig. 3. LLE phase diagram of water/ethyl acetate/acetic acid system
at 298 K.
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Table 1. Estimated plait points using various methods for water/entrainer/acetic acid systems (wt%)

Othmer/Tobias UNIQUAC NRTL This work
entrainer T, K water entrainer HOAc water entrainer HOAc water entrainer HOAc water entrainer HOAc
EtAc 298 41.76 36.79 2145 415 35.6 229 4111 35.29 2360 4299 3751 19.50

313 46.01 33.38 20.61 44.0 345 215 46.73 30.79 2248 4609 3317 20.73
PrAc 298 33.55 34.54 3191 36.2 29.8 340 36.23 29.34 3443 3794 29.96 32.11
313 3453 34.38 31.09 36.8 30.3 329 36.86 29.72 3342 3796 3080 3125
BuAc 298 28.64 32.73 38.63 30.4 28.1 415 30.71 2751 4178 3201 2895 39.03
313 28.11 34.78 37.11 30.5 28.7 40.8 30.37 29.87 39.76 3299 28.72 38.29

EtAc=ethyl acetate, PrAc=n-propyl acetate, BuAc=n-butyl acetate, HOAc=acetic acid
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Fig. 4. Correlation results for various water/entrainer/acetic acid sys-
tems.

Table 2. Plait point estimation results for water/entrainer/acetic acid

systems
entrainer T, K slope intercept R.C LD.
EtAc 298 0.21078 3.8710 1.146 0.99642
313 0.40297 34799 1.389 0.99996
PrAc 298 0.36301 35110 1.266 0.99996
313 0.36242 3.5278 12324  0.99987
BuAc 298 0.31441 -3.6249 1.1058  0.99972
313 0.31946 3.5966 1.1490  0.99967

1| A 2l3helck. Othmers} Tobias®] A#Ale &3z HAd3 of
A9l AYATNE ol gt e £ Aol Agk gL d
29 Agxjube AHgslsdcl = UNIQUACH NRTLS of-$-Al=}
AIPA A A JAFE 343 A3-E Table 104 w]2stsdck £
BaolAE RolAE skstAIut Table 18] £E AHAG¥-A ¢l o3l
Othmers} Tobias®] 4 A5t £ e o] &3t Fatat
AAHS) 24 e gd= 496l 94215k UNIQUACH NRTL&
o] g5te] AR YA 2L AFPORE A& FHE Tl
91X 31 gleS Bk =3 d9E modeld o]&3sle] o EAE
A5 BAAA Qe gHE FAE JAH FAM dYgAFe}
2ol7t He-e & 4 ok 21HEE AMEA ] AYYY S 93
9L o] g3t AE BAAITE AFole YAH TAHAAL]
3y 750 QL wejstoiolut IAH TH e A4S HEsiA
EHY 4 gleh o) 24 £ Aol Ak we Sd= I}
Yeie AYE 2T AH43ke Othmer} Tobias®] 43 #A|
A)g o] &3 AT} wlmate] Hig F5T JAA o]
&S ¢ F Aok

Fig. 4= 918 AAMEAES JAHE Akt AAE525E In!
g In do} A3 BA S Ak en] £2 A3 A3 A2 2A
% 9leg ¢ F Atk o]F FAY 7&vE 4 (D9 /-
sy o]gH o2 A EA Al FAglel YA A F
Eo}{9]. Fig 40l 4 ¥l 4% #7412 d 2k Table 2 A )3t gich
BE AR dsled ol A# #A Ader FAED 5
9l22 »e&jZ3 glri(index of determination[11], (1LD.)=1.0).

F4

sj2t23 Hi34 M23 19964 43

ox
R

ot

0.50 ] :

0.45

o
EN
(@]

T

F = phase weight ratio

0.35 ! L :
S 10 15

Wt percent of acetic acid

20

Fig. 5. Phase weight ratio vs acetic acid for water/ethyl acetate/acetic
acid system at 313 K.

Table 3. Estimated plait points of cyclohexane/benzene/sulpholane sys-
tem at 298 K(in wt%)

Method Cyclohexane Benzene Sulpholane
Othmer/Tobias 23.0 43.2 338
UNIQUAC 22.28 46.12 31.60
NRTL 22.68 45.79 3153
This work 2444 4391 31.65
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