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Solubility of Carbon Dioxide in Silicone Oil 

Gary D. Wedlake' and Donald B. Robinson 

Department of Chemical Engineering, University of Alberta,  Edmonton,  Alberta,  Canada T6G 2G6 

The soiubliity of COP In a Dow Cornlng FS-1265, 300 CS 
silicone oil has been determined at 22 OC as a function of 
C02 pressure. Results indicate solubility increases with 
pressure and thus high-pressure systems contalnlng COz 
cannot be consldered isolated if they are In contact with 
this or similar 011s. 

In our work related to V-L equilibria of hydrocarbon systems 
at high pressures we have investigated a sampling arrangement 
in which a silicone oil was used to compress the system. We 
believe that a result from this investigation is of general interest 
but in particular it has a bearing on the decomposition pressures 
of sodium bicarbonate as recently observed by Templeton.' 

The use of silicone oil in our and other applications arises out 
of its generally low vapor pressure and its chemical stability. 
However, an additional requirement in our application is that 
components of the hydrocarbon system not be soluble in the 
silicone oil at high pressures. 

We have measured the solubility of Linde, commercial grade 
(99.5% pure) COP in a freshly degassed sample of Dow Corning 
FS-1265, 300 cS silicorie oil at room temperature (21.8 f 0.4 
OC). (Dow Corning FS.-1265 silicone oil is a trade name for 
trifluoropropylmethylsiloxane. The structure and the physical 
properties of this material have been described el~ewhere.~-~ 
Two density determinations (78.019 f 0.003 Ib/ft3) of the 
material used in this work at 22.0 OC are in good agreement 
with the literature value4 (78.0 Ib/ft3 at 25.0 OC).) Measurements 
were made through mass balances within a stainless steel 
apparatus made up of high-pressure bombs, two Heise gages, 
interconnecting manifold, and associated valves. Volumes whin 
different sections of the apparatus were determined either by 
gravimetric procedures wing water or by the expansion of Linde 
research grade (99.993% pure) N2. (Physical properties of N, 
were taken from tables, by Jacobsen and Stewart.') 

Pressures and temperatures for individual measurements are 
believed to be accurate to within f l  psi and fO.l OC, re- 
spectively. Variation in determining section volumes was less 
than 0.2%. 

Incremental CO, solubilities were determined by the mass of 
COP which desorbed under a reduced pressure or by the mass 

Table I. Solubility of CO, in Silicone Oil at 22 O C  

wt of co, 
dissolved in ratio of CO, 

total 0.1495 lb of wt to silicone oil 
pressure, silicone oil, wt, lb of CO,/lb 

psia lb X 10' of silicone oil 
109.5 
160.0 
230.0 
289.0 
325.8 
446.0 
587.3 
691.0 
715.9 
833.7 

0.35 
0.57 
0.92 
1.27' 
1.46 
2.35 
3.86 
5.71 
8.67 

13.38 

0.023 
0.038 
0.061 
0.085 
0.098 
0.157 
0.258 
0.382 
0.580 
0.895 

a Determined by an absorption measurement. All others were 
determined by desorbing CO, from the silicone oil. 

of CO, which was adsorbed under an increased pressure. Mass 
balances were determined by using C02 densities calculated by 
the correlation reported by Bishnoi et alas 

Initially, the entire apparatus was rocked for 12 h before 
measurements were made. This interval was later shortened 
to 8 h when the addiinal time was shown to have no significant 
effect on the final pressure above the silicone oil. 

The experimental results are reported in Table I. An analysis 
of random error in these measurements indicates that the 
precision of the reported solubility is f3%. The data, also 
shown in Figure 1, have a limiting slope at 0.0 psia of 2.1 X 

Ib of COP Ib-' of silicone psia-'. This value is in good 
agreement with a value of 2.20 X IO4 Ib of COB Ib-' of silicone 
psia-' reported by Dow Corning in a private communication. 
Since calculations assume ideal mixing of silicone oil and liquid 
COP, nonidealities may introduce a small systematic error at high 
COP concentrations. 

In the reference cited above, Templeton has reported 
equilibrium pressures associated with the thermal decompositiin 
of sodium bicarbonate. As shown in his Figure 2, the dissociation 
pressure is characterized by three discontinuities in addition to 
being a function of the vapor to soli volume ratio, V,/ V,, inside 
the bomb. 
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Flgure 1. 

In the temperature range below the first discontinuity the 
author states that the decomposition is represented solely by 
the reaction 

2NaHC03(s) - NaPC03(s) + HPO(g) + C02(g) (1) 

and as such the phase rule dictates that the system contains 
only one degree of freedom. 

However, an inspection of Figure 2 indicates that the dis- 
sociation pressure in this region is a function of both temperature 

and the ratio V,/V,. The author does not explain this dis- 
crepancy. 

As shown in Figure 1 of Templeton’s apparatus, a slug of 
silicone oil is used in the tube connecting the b i s e  gage to the 
heated bomb. In view of our results, if this quantity of silicone 
were large, appreciable quantiiies of COP could be dissolved in 
the oil and the assumption of equimolar GO2 and H20 con- 
centrations would be invalidated. Under these circumstances 
the system would contain a second degree of freedom and thus 
provide an explanation for the observed behavior. 

The Peng-Robinson equation’ predicts a dew point curve for 
an equimolar mixture of COP and H20 which may be represented 
by 

(2) 

where Pis pressure, psia, and Tis temperature, K. Since most 
of Templeton’s data are found to be at higher pressures than 
those predicted by eq 2, it appears that partial condensation 
also occurs inside the bomb. 

While this latter consideration may prove to be the most 
significant source of discrepancy in this case, the general 
conclusions of this paper remain valid and careful conslderation 
should be given to COP solubility when relevant. 
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Solid Hydrocarbon Solubility in Liquid Methane-Ethane Mixtures 
along Three-phase Solid-Liquid-Vapor Loci 
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Three ternary systems, methane-ethane-n-octane, 
methane-ethane-benzene, and 
methane-ethane-cyclohexane, are Investigated along thelr 
three-phase S-L-V loci. The dramatlc solublilty 
enhancement of these solid hydrocarbons in liquid 
methane due to the presence of ethane is documented 
and presented graphlcaiiy for a wide range of ethane 
concentration levels. Pressure, temperature, liquld-phase 
molar volume, and Ilquld-phase composition are tabulated 
In raw data form. 

Introduction 

Solid solubility data of hydrocarbon components in low 
molecular weight solvents are important for use in the design 
of liquefaction, vaporization, and transport systems for liquefied 
natural gas (LNG) and liquefied petroleum gas (LPG). The authors 
are engaged in an extended program of obtaining such data 

along solid-liquid-vapor loci, primarily in the low solute con- 
centration range. 

The solubility of hydrocarbons (n-pentane and higher) In liquld 
methane is quite low in methane-rich binary systems (for ex- 
ample, see ref 6 and 7); on the other hand, the solubility of these 
same hydrocarbons in liquid ethane (5, 70) is considerably closer 
to ideal. I t  follows that, in a ternary S-L-V system with a solvent 
liquid mixture of methane and ethane, one would expect an 
increase in the solubility of the hydrocarbon solute over that of 
a binary system in which pure methane is the solvent liquid. 
However, it has been observed that, for modest addltions of 
ethane, propane, or n-butane to liquid methane, the solubility 
of hydrocarbons is enhanced significantly beyond what one would 
reasonably expect by using simple combinatorial rules ( 1 7 ,  72). 
The solubilities of the hydrocarbon solutes n-heptane and 
n-octane were studied in the solvent mixtures of methane- 
ethane in ref 12 and in solvent mixtures of methane-propane 
and of methane-n-butane in ref 11. In these studies, the data 
are tabulated, and the solute composition in the liquid phase is 
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