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Modeling of Phase Equilibria in Reactive
Mixtures

Sumitomo Chemical Co., Ltd.
Industrial Technology & Research Laboratory

Tetsuya Suzuta

Most chemical processes contain at least two of the three phases of solid, liquid and gas. Therefore it is essen-

tial to fully understand phase equilibria for the logical design of processes and apparatus. The basic theory of

phase equilibrium has already been established, but there are some exceptions which are not compliant with the

theory. Many of those are influenced by chemical reactions within a certain phase or between different phases, so

consideration of the reaction is necessary for precise reproduction of such unusual behavior. In this paper, some

models for phase equilibria in reactive mixtures and several examples of their application in industrial plants are

presented.
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B Example of dimerization due to hydrogen
bond (acetic acid)

LEIERM Dimerization ratio of various substances
in vapor phase (100°C)

Substance Ratio of dimer
formic acid 0.63
acetic acid 0.88
propionic acid 0.64
buthylic acid 0.51
acrylic acid 0.60
acetone 0.15-0.22
methanol 0.11-0.19
ethanol 0.09-0.13
acetaldehyde 0.09-0.14
water 0.01-0.04

LELIEW S Approach to vapor-liquid equilibrium
with association in vapor phase

phase “Chemical” Approach “Physical” Approach
Using 2nd Virial Coeff.
Vapor Ideal Mixture of Correction in Equation
Associated Molecules of State
Liquid Local Composition

[Models in Physical Appraoch]
Vapor Phase: Equation of State!9).16)
Liquid Phase: Activity Coefficient Model®
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Mole fraction of formic acid in liquid (-)

BB VLE of formic acid + acetic acid (1atm)
VLE: Vapor-Liquid Equilibrium

Created using data from cited reference 19).
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Mole fraction of acetic acid in liquid (-)

B VLE of acetic acid + propionic acid (1atm)

Created using data from cited reference 20).
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Created using data from cited reference 21).
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LELIERN  Chemical equilibrium in liquid phase of
formaldehyde + methanol + water system
Created using data from cited reference 28)-30).

Condensation of methylene glycol in water

(D CH20 + H20 = CH2(0OH)2
InK =-308.51 + 20774.24/T + 43.1InT

(2 2CH2(0OH)2 =z HO(CH20)2H + H20
InK = 151.92 - 8666.6/T - 21.5InT

(3 HO(CH20)2H + CH2(OH)2 = HO(CH20)3H + H20
InK =152.41 - 8523.3/T - 21.7InT

(@ HO(CH20)3H + CH2(OH)2 = HO(CH20)4H + H20
InK =152.37 - 8502.6/T - 21.7InT

(® HO(CH20)4H + CH2(OH)2 = HO(CH20)sH + H20
InK =152.37 - 8491.2 /T - 21.7InT

Condensation of hemi-formal in water

(O CH40 + CH20 = CH30CH20H
InK = 95.63 - 892.7/T - 14.89InT

(@ 2CH30CH20H = CH30 (CH20)2H + CH30H
InK =-2.097 - 49.2/T

(3 CH30(CH20)2H + CH30CH20H = CH30(CH20)3H + CH30H
InK =-1.635-53.0/T

(@ CHs0(CH20)3H + CH30CH20H = CH30 (CH20)4H + CH30H
InK =-1.682 - 53.0/T

(® CH30(CH20)4H + CH30CH20H = CH30 (CH20)sH + CHsOH
InK =-1.709 - 53.0/T
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Maurer® 3k #£#1Z L 72Fig. 5OETFLIZ LD, %

Vapor

o> | ‘Ez’ﬂ:ltm'i Liquid

HO-CH2-OH ﬁ HO-(CH20-)nH (nz2)
-Ho!

CHs O-CH20H> <> CH30-(CH20-)nH (n22)
-CHsOH

<= chemical equilibrium
<«—> phase equilibrium

B Scheme of VLE for HCHO + CH30H + H20
system
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calc.using Table 3

Temperature (°C)

-20

0.0 0.1 02 03 04 05 06 0.7 0.8 09 1.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4 )
0.2 &° o observed 3D

calc.using Table 3

0.1 il
0.0

Mole fraction of formaldehyde in vapor (-)

0.0 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0

Mole fraction of formaldehyde in liquid (-)

B VLE of formaldehyde + water (1atm)

Created using data from cited reference 31).

20 o observed?
—— calc.using Table 3

Temperature (°C)

0.0 01 0.2 03 04 05 0.6 0.7 08 09 1.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
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0.0 L~
0.0 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1.0

o observed3?
—— calc.using Table 3

Mole fraction of formaldehyde in vapor (-)

Mole fraction of formaldehyde in liquid (-)

VLE of formaldehyde + methanol (1atm)

Created using data from cited reference 32).
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(a) Tvs.xy (b) yvs. x
160 - 1.0 -
140 4o p=301kPa
120 4 101KP. =
100 R P a = 084
L\ e 40kPa g
) 80 4~ - R g 0.7 4
<604y \\\ p-l0kPa ¢ £ 06 — p=301kPa
L 40l o O -—- p=101kPa
= 20 b T 05 --— p=40kPa
— \ ': o
qé-)‘ 0l \\! g 1 Y A — p=10kPa
S ] s ‘HCI 2H0 o ? E o
“0{ L/ o . 2
v liquid: continuous S 0.2+
01 hcsmo vapor: dotted =
801 solid: broken 01
-100 — 0.0 4= : : ‘
0.0 0.1 02 03 04 05 0.6 07 0.8 09 1.0 0.0 0.1 0.2 0.3
Mole fraction of HCI (-) Mole fraction of HCl in liquid (-)
BEEEEM Isobaric VLE of HCI + Hz0 system
Created using data from cited reference 39).
HCl(g) InKp = 118.56 — 41065/ T 27)
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GBI  HCIH20 separation with two columns

under different pressure .
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. 2,02 3
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ZZETXM. WHOWT N »DOHNIZ 0 TR éi 21 + experiment by SCC 49
Z B RIEATHRC 5 % B BT O LTl 72 8, =hd — calculated by eq.(27)
AR CAE % 2 RIS T4 SRS 27 — 2 & b 0 5 o B w %
D, DTMEZzoptd s, Temperature (°C)

R PRI 2 £ L 547 52 10C .m Dissociation of pressure of
PDTICmild 2 &, & 2R THRE GO S H Cl2-6H20(s) = Clz(g) + H20(g)
T A4, ZNFIEZ06KMP AT OEZE LV Created using data from cited reference 44), 45).
KA PEREARICH D, ThEDHEDORTH S
RADH AP ER K % B0 5 &R ET 5,

BhiIZ
Kp = pciaprso® (26)
FrR P BRI IG5 L Twb Z &

Kpl3MEDADOEBTH D X7 — 405 L Ubh 20, RICRIEE I TR ISR LEE F Tl
NHNOFEEIZ L IUL, FEDHATIC [atm] % WV 7 MORAAE, & 5 W I3E R T TAESKUE D/ ME 2 &
Bidr. WEMRAEYE (EAI[K]D) 3Rk TEbEh 5bN 2R TIREHTORISDOB G- 25D, WAHIZ
%4, T 2EHOLEMMAER O L, Zh s OfFFE-RE
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Wb B AL Pl 2 74125 A % L RFRO%ET) & BT
0N D B, . ALF T OLFAE. Hic
KAHEE Y T VI DERITIRENZL LR
W, MERIZMBTLEAESTIdAn, 22 THHT AL
F - HOUEF P2 HEET 2 B AMEEZ LS
11549, DECHEMAXNISTDO# 1% 7 — & X — 223)
ISIEEARZE &% < OPPE OREHEA R AT 1L —
AGFDEMEER SN TB D, Zh b 2RI L TRy
HERMRBERER A 175 > 3 2L —Z BRI h T
%, E72. FhioE IR LERSI AR L 22 F
HERLRe AT HIBE 2 R U 72 K67 S A LA D HETE 75
EDORANTHOIN TV BT, Zh6 DFERPH LT
LW U CEE LM T ISR T 5 RISDIEE%
MESLICHIE L, ISR 5282k, KD
EEOEWT O 2 &MY TAZENLEENS,
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