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Solubilities measured for 23 polymer - gas systems show that common, industrial 
polymers are sufficiently soluble in gases such as carbon dioxide, ethane, propane 
and butane that such solutions may be useful for transporting and forming polymers. 
Some of these solubility measurements will be checked and extended to higher and 
lower concentrations of polymers in gases. Solubilities of polymers likely to be 
easily soluble in gases will be measured; these include polydimethylsiloxane, 
poly(ethylene glycol), and polybutadiene in propane and butane. Solubilities of 
these polymers and others in carbon dioxide will be measured. Angular dependence of 
irradiance of elastically scattered light will be measured on solutions of 
polyisobutylene in butane and other gas - polymer systems as functions of pressure, 
temperature, and concentration at relatively low pressures (p<- 135 atm). Results 
will be interperted in terms of polymer solution theories and the theory of 
scattering from inhomogeneous media. Inelastic light scattering (Brillouin spectra) 
in solutions of polyisobutylene in butane and other systems will be measured. 
Velocities of sound, moduli of elasticity and viscosities at high frequencies will 
be determined. Viscosities at frequencies approaching zero will be measured by the 
falling bob technique. Judging from turbulence observed near the critical region of 
polyisobutylene dissolved in butane, these viscosities should be low. 
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Summary of Progress 

1) 	Solubility studies 

Dr. Sabz Ali, postdoctoral fellow, has measured the solubilities of 

polymers in gases for 18 gas - polymer systems by observing pressures and 

temperatures of critical opalescence. Mass of gas present at phase 

separation is calculated from observed pressure assuming the compressibility 

of the gas in solution is the same as in the pure gas at the same pressure 

and temperature, the known mass of polymer in the pressure vessel is 

dissolved, and the partial pressure of the polymer is negligible. Solubilities 

(in weight fractions of polymers), pressure and temperature ranges, and 

densities of solutions estimated in this and earlier work are as follows: 
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Common to all studies of solubilities reported to date is the visual 

observation of phase separation (1,2,3). In high pressure vessels used in 

these studies, not all of the interior volumes can be seen through the 

windows. Therefore, the assumptionthat polymer in the pressure vessel is 

dissolved completely cannot be verified by direct, visual observation. 

Repeatability of measurements and consistency of solubility estimates are 

used to substantiate this assumption. In our light scattering studies, we can 

see the whole volume in the pressure cell ;  hence, we can verify that all 

polymer is dissolved (for gas polymer systems at pressures up to about 

135 atm, the bursting limit of windows on this cell). At present we are 

checking solubility measurements comparing measurements in the light scattering 

and solubility measurement pressure cells. 

Solubilities of polymers in gases appear to be sufficient that gaseous 

solutions can be useful for the transport and fabrication of polymers. The 

polymers are soluble at temperatures close to or above their softening 

or melting temperatures. Extrusion of polymers usually is carried out at 

temperatures substantially above softening or melting points of polymers in 

order to lower viscosities into workable ranges. Gaseous solutions of 

polymers should be attractive as transport and facrication media because 

these can be manipulated at temperatures substantially lower (as much as 

100 centigrade degrees). For example, the solubilities of polyvinylchloride 

in propane and carbon dioxide at temperatures as low as 100° C appear to 

be sufficient that these solutions may be useful for fabricating polyvinyl-

chloride. Pressures at which polymers dessolve in gases may be expected 

to be higher the higher the melting or softening temperature of the polymer 

and the lower the critical temperature of the gas. Therefore, approximate 



comparison of solubility behaviors may be made by comparing the reduced 

pressures divided by the reduced temperatures of the gases for ranges of 

solubility. By this criterion nylon-6 is easily dissolved in CO 2  as are 

polyisobutylene in ethane and n-butane and polyvinylchloride in propane and 

n-butane while polyethylene is less readily soluble in propane and n-butane. 

2) Elastic light scattering 

Gaseous polymer solutions such as polyisolbutylene in n-butane scatter 

light with the intensity expected from our experience with pure gas - liquid 

systems and critical miscibility in two component liquid systems. Mr. Kenneth Ko, 

predoctoral fellow in the School of Textile Engineering, has observed near 

critical opalescence, turbulence, and diffraction caused by density gradients 

for solutions of polyisobutylene in n-butane. 

Light scattering apparatus, thermostatted scattering cell, and 

temperature and pressure measuring and data recording systems have been built 

and calibrated. Present efforts are directed toward preventing precipitation 

of polymer on the windows of the light cell. Such precipitated polymer interferes 

with measurements of irradiance of scattered light. 

3) Inelastic light scattering 

Mr. Eric Kuster, predoctoral fellow in the School of Physics, has 

constructed a Brillouin spectrophotometer with thermostatted pressure cell and 

pressure system to produce gaseous polymer solutions and observe Brillouin 

spectra. Polyisobutylene has been dissolved in butane in the spectrophotometer 

cell. This requires some stirring, by rolling ball bearings within the cell 



as it is rocked. Attempts to dissolve the less readily soluble polymers 

such as polystyrene, polypropylene and polyethylene in carbon dioxide were 

not successful. 

Plans for the Third Year of the Study 

1) Solubility studies (S. All and J.L. Lundberg) 

Solubilities of some polymer - gas systems which may exist at lower 

pressures will be examined. Possible systems are polydimethylsiloxane, 

polybutadiene, and polyethylene glycol in propane and butane. Solubilities 

on systems measured in the past will be checked to determine that all polymer 

placed in the pressure cell is dissolved. 

2) Elastic light scattering (K. Ko and J.L. Lundberg) 

Angular dependence of the irradiance of scattered light will be 

measured at various pressures, temperatures, and concentrations for poly-

isobutylene in n-butane and other gas - polymer systems at pressures up to 

about 135 atm. Results will be interpreted using Einstein's equations for 

light scattering from mixtures (4) and theories of polymer solutions (5,6) 

and Debye's equation for scattering from inhomogenious media (7). 

3) Inelastic light scattering (E. Kuster and D.C. O'Shea) 

The Brillouin spectra of solutions of polyisobutylene in n-butane 

will be measured at various pressures, temperatures and concentrations 

approaching immiscibility. Measurements will be made on other, readily 

soluble polymer in gas systems. Sound velocities, moduli of elasticity, 



and viscosities at ultrasonic frequencies will be calculated. 

4) 	Viscosities (S. Ali and J.L. Lundberg) 

Viscosities of a few of these gaseous polymer solutions wi - 1 be 

measured using the falling cylinder technique. Apparatus has been 

assembled and tested and will be refined. Techniques to prevent the 

cylinder from sticking in polymer to the wall of the pressure vessel before 

dissolution must be perfected. 
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PART II—SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE) 

This study of "Gaseous Polymer Solutions" consisted of measurements of solubilities 
of polymers in gases 	(by S. 	Ali and J. 	L. 	Lundberg), elastic scattering of light by 
gaseous solutions of poly(dimethylsiloxane), 	PDMS, 	in butane 	(by K-Y Ko and J. 	L. 
Lundberg), and Brillouin scattering by solutions of PDMS in butane 	(by E.J. 	Kuster and 
D. 	C. 	O'Shea). 

Polypropylene,polystyrene, and high and low molecular weight polyisobutylenes 
appear to be reasonably soluble in carbon dioxide, ethane and butane at temperatures 
above the critical temperatures of the gases and the softening temperatures of the 
polymers and at pressures above the critical 	pressures of the gases. 	Poly(methyl 
methacrylate) dissolves in butane gas and to some extent in ethane gas under similar 
conditions. 	Polyethylene is readily soluble in propane and butane; small 	amounts of 
polyisobutylene dissolve in 	sulfurhexafluoride. 	Polydimethylsiloxanedissolves quite 
easily in gaseous butane. 

Elastic scattering of light from butane solutions of PDMS 	(at concentrations up to 
0.043 g/cm3 , scattering angles up to 8 ° , and of temperatures 0.25 °  to 1.25° C above the 
critical 	miscibility temperatures of the solutions) can be described quite accurately 
by Einstein's equation for scattering from a liquid mixture and Huggins' 	equation for 
the activity of solvent derived from the lattice theory. 	Average distances between 
refractive index fluctuations calculated by fitting scattering data to Debye's 
equation for scattering from inhomogeneous media suggests that refractive index 
fluctuation lengths are from about 0.65 to 0.70 p in these solutions. 	The concentration 
fluctuation correlation lengths and ranges of molecular forces, deduced by fitting 
data to Delaye's equation for scattering from solutions near critical 	immiscibility„ 
are much too high. 

Brillouin shifts were measured on a series of PDMS-n-butane mixtures at constant 
density and composition 	at temperatures from 110 °  to 195° C and pressures from 20 to 
110 atm. 	Brillouin shifts varied from 0.01 	to 0.05 cm. 	The results show that gaseous 
solutions did form and that for a solution of about 20 percent by weight PDMS the 
critical 	temperature is estimated to be 146 ° C. 

FART 111—TECHNICAL INFORMATION (FOR PROGRAM MANAGEMENT USES) 
• 

ITEM (Check appropriate blocks) NONE ATTACHED PREVIOUSLY 
FURNISHED 

TO BE FURNISHED 
SEPARATELY TO PROGRAM 

Check (✓) Approx. Date 

• a. Abstracts of Theses 	 • 
x 9/1/83 

b. Publication Citations x 1/1/84 
c. Data on Scientific Collaborators X  
d. Information on Inventions  
e. Technical Description of Project and Results x 7/1/83 
1. Other (specify) 

k't... 	N 
2. Principal Investigator/Project Director Name (Typed) 

John L. Lundberg 
___...• 	..._ 	 - 

3. Prinein 	InvFvefi..f.4 tPrWai4gopajsinature 

• --. 

4. Date 

5/20/83 

eons 	 Form Approved OMB No. 99R0013 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

