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Solubility of CO in 1 ,I ,I-Trichloroethane, N,N-Dimethylacetamide, 
Dibutyl Phthalate, and Their Mixtures 

Somiran Baruah, Narendra N. Dutta,’ and Gajanan S. Pat11 
Chemical Englneerlng Divlsion, Regional Research Laboratory, Jorhat-785 006 (Assam), India 

The roluMllty of CO In l,l,l-trlchloroethane, 
N,N-dknethylacetamMe, dibutyl phthalate, and thelr binary 
mixtures was measured wlng a simple volumetric method 
at temperatures up to 353 K and near atmospheric 
pressure. Henry’s constants for pure solvents have been 
correlated by the quatlon In H = a + b / T  for the 
temperature dependence of CO solublllty. The solublllty of 
CO In Mnary mixtures could be represented by a simple 
expredon of the type In H = x ,  In H, + x, In H,  wlth 
reasonable accuracy. 

Introductlon 

Data on CO solubility in different solvents have various ap- 
plications. The most impottant use of CO solubility data is 
related to the studies of tra”etal-cataIyzed carbonylation 
reactions for production of valuable chemicals and Fischer- 
Tropsch catalytic synthesis of hydrocarbons. I n  view of this, 
solubilities of CO in various reacting media and solvents have 
been studied by various researchers. Data on the soiubliity of 
CO in different types of solvents have been recently complied 
(7). However, it does not include the solubility of CO in ben- 
zonitrile which has been reported elsewhere (2). Our interest 
in studies on CO solubility in the specific solvents under inves- 
tigation stems from the need of such data in designing sup- 
ported liquid membrane systems for selective permeation of 
CO. For such appllcatlon, the solvent selection should be based 
on volatility and surface tension considerations and the mem- 
brane support should be microporous and thin (3). I n  other 
specific cases of carrier-facilitated transport of gases across 
liquid membranes, carrier solubility in the solvent is one of the 
important factors. We report here measurements of the soiu- 
bility of CO in l,l, l-trichioroethane (TCE), N,Ndimethylacet- 
amide @MA), and dibutyl phthalate (DBP) and their mixtures, as 
we found that these solvents were ideal for deslgning a suitable 
carrier-mediated facilitated transport system for CO (4). 

Experimental -Ion 

The solvents l,l, l-trichioroethane (anhydrous and purity 
>99%), N,Ndimethyiacetamkh (anhydrous and pwky >99%), 
and dibutyl phthalate (purity >99% and moisture content 
<0.005%) were obtained from Aldrich Chemical Co. Carbon 
monoxide having 99.98% pwity was obtalned from M/s Indian 
Oxygen Ltd., India. The solvents were used without further 
purification. 

A simple procedure for measurement of the solubility was 
adopted. A glass vessel with a volume of 500 mL was used 
in which 100 mL of solvent was taken. This amount of liquid 
volume used in the measuring cell is thought to be adequate 
to eliminate any chance of error in solubility measurements (5). 
The solvent was degassed by means of a vacuum pump con- 
nected to the evacuation v d ,  and the solvent was held under 
vacuum for some time until equilibrium was reached. The 
equilibrium pressure was measured with a micromanometer 
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Table I. Henry’s Constant H for CO in the Pure Solvents 
H/ (Pa m3 mol-’) 

TIK DMA TCE DBP 
293 22 400 28 100 38 OOO 
303 26 500 22 500 38 500 
313 30 400 18 700 43 200 
323 37 800 16 100 48 100 
333 53 100 14 500 65 OOO 
343 78 200 13 800 90 100 

Table 11. Henry’s Constant H for CO in Mixed Solvents at 
303 K 

x TCE + (1 - x) 
DMA 

HI (Pa 
x m3 mol-’) 

0.OOO 26500 
0.090 29400 
0.178 32700 
0.248 33900 
0.390 32400 
0.600 27600 
0.849 22500 
1.000 22450 

x TCE + (1 - x) 
DBP 
HI (Pa 

x m3 mol-‘) 
0.OOO 38500 
0.089 36100 
0.181 33800 
0.390 28400 
0.530 26200 
0.675 24000 
0.830 22450 
LOO0 22500 

x DMA + (1- x ) ~  
DBP 

x m3 mol-’) 
H/(Pa 

0.OOO 38500 
0.140 41500 
0.260 43500 
0.505 47400 
0.640 46700 
0.880 38700 
0.960 29500 
1.OOO 26500 

using a cathetometer. An adequate amount of by gas was fed 
to the vessel slowly until a pressure of around 100 kPa was 
reached. Then the vessel was closed, and a magnetic stirrer 
was used to agitate the solvent. The change of pressure was 
recorded till an equilibrium value was reached. The solubility 
was calculated according to the relation 

The reproducibility between varlous experiments was within 
*5%. Temperature control within fl K was achieved by 
placing the equilibrium vessel in a stirred water bath heated by 
a magnetic hot plate. 

Results and Dlrcuerlon 

The solubility of CO was measured in the temperature range 
293-353 K at near ambient pressure in the following systems: 
TCE, DBP, DMA, TCE + DMA, TCE + DBP, and DMA + DBT. 
However, for the binary mixture systems, data were obtained 
at 303 * 1 K only. The results are given in Tables I and I1 
and represented graphically by fitted lines In Figures 1 and 2. 
The vertical lines in Figures 1 and 2 represent the standard 
deviation of five measurements for each experimental value. 
Solubility values obtained for TCE are comparable with those 
reported elsewhere (6). The increase of solubility of CO with 
temperatue In the case of TCE may be attributed to a decrease 
in solvent density as temperatue increases. In the case of the 
DMA and DBP systems, soiubillties of CO decreased wlth tem- 
perature, wlth the extent of decrease being higher for the latter 
system. I t  is beileved that, in simple systems, gas solubility 
decreases with temperature when the density of the solvent is 
held constant (7) ,  probably because of the large kinetic energy 
experlenced by the gas at high temperature In relation to that 
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Flgurr 1. Varlatlon of Henry's constant H for CO with temperature. 

O - T C E t  DMA 

A - T C E + D B P  
0 - D M A  + DBP 

0.1 0.2 .e 0.9 10 
1 - 'TCE and 'DMA 

Flgurr 2. Henry's constant H for CO In mixed solvents at 303 K. 

at Its own boiiing point. very Often soiubilIties Of gases in 
solvents with hl@w density decrease with an increase of t e n  

decrease of solubiHty with an increase of temperature is found 

Table 111. Constants of Equation 2 and Enthalpy of 
Solution AH 

perature. In our study with DMA and DBP, the trend in the solvent 0 b AH/(kJ mol-') std dev/% 

with that reported for systems comprising gases like C02, N,, TCE 9.4 184.60 -0.15 10 

DMA 11.6 -492.30 0.41 14 
to be more pronounced for the denser solvent. This is in line DBP 11.8 -262.29 0.22 18 
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H,, NH,, CO, etc. and dlphenylmethane, blcyclohexyl, and 1- 
methylnaphthalene as the solvents (5). The temperature- 
solublllty reletbnshlp may be represented by the following e m  
pklcal equation: 

(2) 

A llnear least-squares analysis was performed to obtain the 
values of the constants a and b as shown in Table 111. The 
vehres of AH(enthalpy of sdutkn, k~ mot') caicubted from the 
constant b have also been Included In Table 111. 

The solubility data for the binary mixtures were obtained at 
303 K only. The solubility of CO In mixed solvents Is charac- 
terized by a maximum for TCE + DMA and DMA + DBP sys- 
tems and a minimum for the TCE + DBP system. The results 
could be well described by the expression 

In H = xl In H, + x 2  In H, (3) 

which Is the usual type of equation valid for Meal systems (8). 
The percent error between estimated (righthnd side of eq 3) 
and experlmental values of H for the mixture was always less 
than f3%. 

In (H/(Pa m3 mol-')) = a + b/(T/K) 

COnCiwion 

The data presented in this paper are useM for the calculation 
of permeatloon parameters in the liquid membrane transport of 
CO and other deslgn engineering calculations. 

0-v 
a empirical constant 
b empirical constant 

H Henry's constant 
Po initial pressure 
hP pressure change due to absorption 
P" vapor pressure of solvent 

partial pressure of CO 
gas constant R 

T temperature 
volume of gas 
volume of liquid 
mole fraction of components 1 and 2 in mixture 

PP 

", 
VI 
x1,x2 

RqIStV NO. CO, 630-06-0; TCE, 71-55-6; DMA, 127-19-5; DBP, 84- 
74-2. 
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Vapor-Liquid Equilibria at 760 mmHg for the System Vinyl 
Acetate-n-Decane 
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Depertemnto de InQenietb Qdmica, Facultad de Ciencias Qdmicas, Universmd Compiutense de Madrki, 28040 Mdrki, 
Spain 

Vapor-liquid equiiibrlum data for the vinyl 
awtate-ndecane syyrtom have been determined at 760 
mmHg. The data were rrrtkfaciorliy correlated by Wilson, 
UNIQUAC, and NRTL equations, and the appropriate 
parameiem are reported. 

Table I. Refractive Indexee, n, and Normal Boiling Points, 
tbp of the Pure Components 

4 2 0  "C) tb/'C 
component this work lit. this work lit. 

vinyl acetate 1.3940 1.3941 (12) 72.9 72.84 (13) 
n-decane 1.4115 1.4119 (12) 174.2 174.1 (13) 

Introduction 

In the ethylene-vinyl acetate copolymer purification process, 
the llqukl stream recycle is a mixture of vinyl acetate-ndecane 
which contains acetlc acid as a major impurity. 

Mstillatkn Is a good method to purlfy vinyl acetate. For the 
design and simulation of the dlstlllation columns, phase equC 
llbrlum data are necessary. Binary vapor-liquid equilibrlum 
(VU) data were found In the literature for vinyl acetate-acetic 
acid (7-5) and acetlc acid-ndecane (6). However, no VLE 
data were found for the vinyl acetate-ndecane. 

In tMs work, we report experimental VLE measurements for 
vinyl acetate-n decane. Among the different equations 
available in the brattre for the correlation of binary equillbrlum 
data, we have applied in this study the Wilson (7), UNIQUAC 

(8), and NRTL (9) liquid-phase activity coefficient modeis. 

Experlmental Section 

MeterMs. Vinyl acetate (>99%), from Merck, was used 
without further purification. n-Decane (>95%), from FLUKA, 
was purlfled by distillation in a column ( 2 5 "  1.d. and 500 mm 
long) packed with 2.5 X 2.5 Dixon rings. Gas chromatography 
analysis after distillath showed less then 0.5% lmpvltie9. The 
properties of the components appear in Table I .  

-rat- and M u r e .  The experimental apparatus is 
entirely made of glass and is schematically shown In Figwe 1. 
In  this apparatus, both the liquid and vapor phases are con- 
tinuously recirculated In order to provide mixing of the phases 
and to ensure that equilibrlum was established. The vapor 
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