
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Gaseous Transfer Coefficients in Membranes
S. T. Hwanga; C. K. Choia; K. Kammermeyera

a DEPARTMENT OF CHEMICAL AND MATERIALS ENGINEERING COLLEGE OF ENGINEERING,
UNIVERSITY OF IOWA IOWA CITY, IOWA

To cite this Article Hwang, S. T. , Choi, C. K. and Kammermeyer, K.(1974) 'Gaseous Transfer Coefficients in Membranes',
Separation Science and Technology, 9: 6, 461 — 478
To link to this Article: DOI: 10.1080/00372367408055591
URL: http://dx.doi.org/10.1080/00372367408055591

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/00372367408055591
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE, 9(6), pp. 461-478, 1974 

REVIEW 

Gaseous Transfer Coefficients in Membranes 

S .  T. HWANG, C. K.  CHOI, and K. KAMMERMEYER 
DEPARTMENT OF CHEMICAL AND MATERIALS ENGINEERING 
COLLEGE OF ENGINEERING 
UNIVERSITY OF IOWA 
IOWA CITY. IOWA 52242 

Abstract 

Permeabilities are transfer coefficients in flow of fluids through membranes. In 
the case of gaseous diffusion there is normally very little, if any, interaction of 
the permeating components. Thus the separation of gas or vapor mixtures by 
means of membranes can easily be predicted when appropriate transfer coeffi- 
cients of the pure components are known. The utility of a comprehensive col- 
lection of such permeabilities is therefore self-evident. 

A theoretical equation which expresses a transport mechanism becomes 
of practical value only if an appropriate transfer coefficient is available. 
Thus the knowledge of such coefficients is imperative for design purposes. 
Of course, when the transfer coefficient is defined in precise units, it pro- 
vides the complete transport equation. 

In the separation of gases and vapors by means of membranes the 
transfer coefficients are the permeabilities of the respective components. 
The amount of information which is available is extensive. As one might 
expect, many attempts have been made to correlate data (41, 43, 61, 70, 
87, 103). While some efforts have been reasonably successful, the situation 
remains marginal and one has to rely for the most part on original data in 
publications. 

The main reason for this state of affairs is that a great many parameters 
can affect the coefficients. Consequently, it is impossible to create a uni- 
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venally valid correlation which would incorporate all possible variations. 
The plot of hydrogen permeabilities in Fig. 1 through a variety of plastic 
films, including the temperature effect, gives a clear picture of the multitu- 
dinous variations. 

It is evident that a comprehensive compilation of permeability data 
would be of considerable value, even without attempts at parametric cor- 
relations. Thus Choi (144) made an extensive survey and prepared concise 
summaries by using a permeability ratio. There, the permeability of a gas 
or vapor is referred to the permeability of a “standard” gas through the 
respective membrane. The reference gases are primarily oxygen and 
nitrogen for which values have been reported for most materials. By 
presenting permeability ratios referred to a reference gas, the reader can 
screen the listed polymers to find, hopefully, one which is structurally 
close to that in which he is interested. Then by procuring an experimental 
value for the reference gas only, it is possible to obtain an estimate of 
values for the other gases. 

Data are given for only one temperature and this, of course, represents a 
limitation. To compensate for this shortcoming the available literature has 
been covered with considerable care, and to make the references more 
usable a cross-listing has been provided so that references can be identified 
with classes of polymers. This will permit easy location of original data, 
and effects of parameters such as temperature, pressure, polymer structure, 
and density can be obtained from the respective publications. The yearly 
editions of the Modern Plastics Encyclopedia and Modern Packaging 
Encyclopedia always contain a number of property charts with permeability 
data for gases and some water vapor transmissions. While the coverage is 
limited. i t  does represent worthwhile reference material. 

The units used to express permeabilities, (9, of gases and vapors are 
given in the metric system. Conventionally, they are: 

(std ccMcm thickness) 
(sec)(sq cm area)(cm Hg pressure drop) 

Most of the numerical values cited are to be multiplied by the factor 
However, in the present instance the factor 10- l o  is used to avoid decimal 
fractions as much as possible. 

The overall permeability equation is commonly stated as 

pH - PL 
I F =  Q A  

where Fis  the amount of fluid passing through the membrane in unit time; 
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FIG. 1 .  Plot of hydrogen permeabilities through a variety of plastic films. 
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A is the total area of membrane; PH is the upstream pressure, that is, high 
pressure; P, is the downstream, or low, pressure; I is the thickness of 
membrane; and Q is the permeability or mass transfer coefficient. 

The results of a comprehensive literature review on permeabilities of 
various polymer membranes are compiled in Table 1. 

WATER VAPOR TRANSMISSION DATA 

Actually, a comprehensive presentation of water vapor transmission 
data would also require a very elaborate treatise so as to demonstrate the 
simultaneous effects of temperatures and varying relative humidity condi- 
tions. An extensive compilation of litcrature values is presented in Table 
2. If temperature and relative humidity were to be considered for presenta- 
tion, the required amount of information would become unmanageable. 

A recent publication by Hadge et al. (143) describes a method to obtain 
water vapor permeability for thick sections, up to 1/4 in. thickness, and 
this work is the only one that has attempted such determinations. The 
paper contains data for ten polymers and should be consulted when thick- 
nesses greater than about 50 mils are encountered. It is significant to note 
that Hadge's values are appreciably lower than data reported for thin 
films; see, for instance, the listings for silicone rubber. Past experience 
indicates that the low values may be due to insufficient time to allow the 
thick specimens to come to equilibrium. 

TABLE 2 

Water Vapor Permeation" 

Membrane Temp("C) %RHb Q X 10" Ref. 

Cellulose acetate 

Cellulose acetate-polystyrene 
Graft 0 %  
Graft 18.2% 
Graft 4 4 . 1  % 
Graft 100% 

Cellulose triacetate 
Chlorotrifluoroethylene (Halon) 
Diallyphthalate 
EPOXY 

Epiall 1970 

25 
23 

25 
25 
25 
25 
25 
38 
38 
25 
38 

40-100 

0-80 
0-80 
0-80 
0-100 

20-80 
100 
100 
NR 
100 

4790- 6Ooo 33 
7730- 8440 58 

11000-22600 132 

5900-13900 132 
1040-1100 132 

12700 26 
3.62 143 

116 143 
14800 86 

82.2 143 

6400-15700 132 

(continued) 
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474 HWANG. CHOI, AND KAMMERMEYER 

TABLE 2 (continued) 

Membrane Temp ("C) %RHb Q x 10'' Ref. 

Ethyl cellulose 

Ethyl cellulose-nylon 6 (composite) 
Ethylene-chlorotrifluoroethylene (Halar) 
Nylon &ethyl cellulose (composite) 
Phenolic (Phenall 8700) 
Polyamide (nylon 6) 

Polycarbonate (Lexan) 
Polydialkylsiloxane (silicone rubber) 

Silicone 
Mastic Medical Grade 
Dirnethylsiloxane 
Dimethylrnethylphenylsiloxane 
Trifluoropropylsiloxane 

Polyethylene 
Calendered 
Cast 
Density 0.922 
Density 0.91-0.95 
Density 0.915 
Density 0.935 
Density 0.960 
Density 0.913-0.933 

Polyethylene-acrylonitrile 
Graft 0% 
Graft 20.8% 

Polyethylene-styrene, graft 20.9 % 
Polyethylene-vinyl pyridine, graft 34 % 
Polyethylene terephthalate 
Polyethyl methacrylate 
Polyisoprene (natural rubber) 
Polyoxymethylene-acrylonitrile 

Graft 0% 
Graft 2.4% 
Graft 7.1 % 

Graft 0% 
Graft 2.8% 
Graft 10.8% 

Polyoxyrnethylene-butadiene 

Polyphenylene oxide 

25 
25 
25 
25 
60 
25 
60 
25 
25 
23 
25 

38 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
23 

25 
25 
25 
25 
25 
25 
25 

25 
25 
25 

25 
25 
25 
25 

0-50 
20-100 

95 
20-100 

100 
20-100 

100 
20-100 
NR 
NR 
NR 

100 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

20-100 
20-100 
20-100 
20-80 
10-90 

20 
2 w  

0-100 
0-100 
0-100 

0-100 
0-100 
0-100 
85 

22000 
15800-19900 
8930 

923-5000 
14.8 

14.7 
1430-15600 

41 7-5040 
940 
480-770 

1400 

1119 
18300 
72000 
41100 
21400 

61 .O 
42.4 
88.8 
33.5-16.9 

93.5 
55.8 

113 

3 18-1 63 

106 
160 
I90 

7740-1 3200 
151 

3180 
2290 

910-1390 
705-1 220 
190-314 

910-1390 
1330-1810 
1780-2410 
4100 

133 
105 
38 

105 
143 
105 
143 
105 
86 
58 
85 

143 
86 
11 
11 
11 

28 
28 
80 
57 
86 
86 
86 
58 

79 
79 
79 
79 

122 
111 
26 

134 
134 
134 

134 
134 
134 
138 

(continued) 
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TABLE 2 (continued) 

475 

Membrane Temp("C) %RHb Q x 10" Ref. 

Polypropylene 

Polystyrene 

Polystyrene-ethyl acrylate 
No emulsifier 
5 % emulsifier 

Polytetrafluoroethylene (Halon G-183) 
Polyvinyl alcohol 
Polyvinyl butyral 
Polyvinyl chloride 

Polyvinyl fluoride 
Poly(viny1 chloride-acetate) 
Polyvinylidene chloride 
Poly(viny1idene chloride-acrylonitrile) 
Regenerated cellulose 
Rubber hydrochloride 

23 
25 
30 
25 
25 

2s 
25 
38 
25 
25 
25 
25 
30 
38 
25 
25 
25 
25 
25 

- 
84-96 
0-100 
NR 
NR 

20-80 
20-84 

100 
40-100 
40-100 
NR 
0-100 
0-100 
100 
NR 
NR 

40-100 
40-100 
- 

130-190 58 
47.4 80 
8.96-22.6 127 

650 86 
835-895 28 

27W3300 139 
2900-3300 139 

8.45 143 
9.03-4190 33 

81 1 33 
116-123 28 
280 135 

34.0 143 
288-325 28 

2.00 28 
7.18 33 

989-8140 33 
12.4 28 

7.78-16.1 127 

"Reference 26 contains additional information. 
bNR means not specified. 
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