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THE CASTING OF SEMI - PERMEABLE MEMBRANES 
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I, I n t r o d u c t i o n  

The Nat iona l  E lec t r i c  Company of Venezuela, 
C.A.D.A.F.E., is sponsoring t h e  development of t h i s  experiment 
which r e p r e s e n t s  Venezuela 's  f i r s t  sc ien t i f ic  experiment i n  
space. The exper ience  can be c l a s s i f i ed  a s  an educa t iona l  one 
which cou ld  add knowledge t o  t h e  fundamental s tudy  of polymeric  
membranes. 

P r e s e n t l y ,  semi-permeable membranes a re  being 
manufactured from s e v e r a l  d i f f e r e n t  k i n d  of polymers a l l  ove r  t h e  
world and s p e c i f i c  a p p l i c a t i o n s  have been i d e n t i f i e d  i n  f l u i d  
s e p a r a t i o n  p rocesses  such  as r e v e r s e  osmosis, u l t r a f i l t r a t i o n  and 
e l e c t r o d y a l i s i s .  

membranes have been under  i n t e n s i v e  s tudy,  s t i l l  there are many 
q u e s t i o n s  about t h e  f a c t o r s  a f f e c t i n g  t h i s  s t ruc ture  and the i r  
degree of c o r r e l a t i o n .  Neve r the l e s s ,  there i s  i n d i c a t i o n  t h a t  t h e  
e n t i r e  morphological  s t ruc ture  of polymeric  men-tbranes cou ld  be 
affected by t h e  d i f f e r e n c e s  i n  specific g r a v i t y  between t h e  cast  
s o l u t i o n  and t h e  c o a g u l a t i o n  l i q u i d ,  normal ly  used i n  t h e  
membranes p r e p a r a t i o n  process .  

Although,  t h e  u l t r a s t r u c t u r e  of a symet r i c  and composite 

The c a s t i n g  of semi-permeable membranes i n  space might 
h e l p  t o  i d e n t i f y  t h e  effect  of g r a v i t y  upon t h e  s t ruc tu re  of 
these membranes, 

I t  is impor tan t  t o  recognize t h a t  t h e  c a s t i n g  p rocess  
i n v o l v e s  changes of s ta tes  ( l iqu id-gas ,  l i q u i d - s o l i d )  and t h a t  i n  
a micro g r a v i t y  environment, t h e r e  w i l l  be a r educ t ion  on 
buoyancy-driven n a t u r a l  convec t ion  and d e n s i t y  g r a d i e n t s  

11. Experiment Desc r ip t ion  

A schematic  of t h e  experiment concept is presented  i n  
F i g u r e  1 , a long  w i t h  the  desired sequence. The experiment w i l l  
be conducted i n  one-half of a l o n g i t u d i n a l  c y l i n d e r  (5 cubic  
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feet)  as  shown by t h e  s k e t c h  of f i g u r e s  2 and 3. An engineer ing  
l ayou t  of t h e  experiment mechanism is presented  i n  F igure  4. The 
experiment w i l l  conta in  s e v e r a l  s o l e n o i d  v a l v e s ,  a motor, s e v e r a l  
ac tua to r s ,  a r o l l e r  mechanism, and a r e s e r v o i r  f o r  both water and 
t h e  polymer s o l u t i o n  t o  be cast. The payload has  an a c t i v e  
hea t ing  subsystem. The p l a n  t o  maintain t h e  temperature  
requirements of 0 t o  10/30 degrees  C e l s i u s  is simply t o  a l l o w  
t h e  ambient thermal  cond i t ions  i n  t h e  Orbi te r  bay t o  d r i v e  t h e  
temperature down near  0 OC pas s ive ly .  I f  t h e  temperature  of t h e  
payload drops below 0 oC, a thermosta t  w i l l  a c t i v a t e  s t r i p  
h e a t e r s  t o  & L e v a t e  t h e  t e m p e r a t u r e  u n t i l  10  OC o r  30 OC i s  
reached a t  which t i m e  another  thermostat  w i l l  d e - a c t i v a t e  t h e  
hea ter .  

The sequence a f t e r  experiment a c t i v a t i o n  is s imply t o  
a c t i v a t e  a v a l v e  t o  open the  polymer s o l u t i o n  d ispenser  and 
simultaneouslty fo rce  t h e  s o l u t i o n  on t o  t h e  r o l l e r  device. The 
r o l l e r  dev ice  is then l i n e a r l y  t r a n s l a t e d  t o  coat t h e  f l a t  p l a t e  
g l a s s  w i t  h a 1 0  m i l  t h i c k n e s s  o f t h e  polymer. S i x t y  seconds  
a f t e r  t h e  l i n e a r  t r a v e r s a l  of t h e  polymer d ispenser  has  been 
completed, t h e  timer w i l l  a c t i v a t e  a v a l v e  which w i l l ' f l u s h  t h e  
polymer with c o l d  water (0-lOoC). The experiment is complete a t  
t h i s  t i m e  and w i l l  be de- in tegra ted  i n  t h e  above condition. The 
membrane c a s t i n g  experiment has  an a b s o l u t e  l i m i t  of 30 oC. 
Temperatures higher  than t h i s  l e v e l  w i l l  i n v a l i d a t e  t h e  
experiment. 

111- I n t e g r a t i o n  and T e s t s  

l a r g e  5 cubic f e e t  c a n n i s t e r  t h a t  corresponds t o  t h e  GAS Payload 
No. 559, reserved  by t h e  Nat ional  E lec t r ic  Company of Venezuela, 
C.A.DaA.F.E. A secondary experiment of t h e  Bio-processing 
Research Center of t h e  P h i l a d e l p h i a  Un ive r s i ty  Center w i l l  a l s o  
be i n t e g r a t e d  i n  t h e  same cannis te r .  This  p r o t e i n  c r y s t a l  growth 
experiment w i l l  s h a r e  with t h e  membrane c a s t i n g  experiment t h e  
l a r g e  I T A  s t anda r i zed  Experiment Module ( I S E M )  which has  been 
modified t o  provide  maximum l i n e a r  f l a t  p l a t e  d i s t a n c e  t o  
maximize t h e  membrane y i e l d  as  shown i n  Figure 5. Figure 5 a l s o  
shows a small  volume a l l o c a t e d  t o  payload 3. This  space w i l l  
conta in  ( i f  p o s s i b l e )  photographic  equipment t o  provide  o p t i c a l  
d a t a  on t h e  membranes and p r o t e i n  experiments. 

The modified ISEM w i l l  be fabricated of s t anda rd  
a i r c r a f t a l u m i n u n o f t h e  g r a d e  a n d q u a l i t y  shown i n  F i g u r e 6 ,  and 
w i l l  be analyzed and tested t o  t h e  launch s h u t t l e  environment a s  
is t h e  s tandard  ISEM. The modified design w i l l  have a s t r u c t u r a l  
margin g r e a t e r  than 1.5 which w i l l  be v e r i f i e d  by tes t .  

The membrane c a s t i n g  appara tus  w i l l  be flown i n  t h e  

The a v i o n i c s  package t o  suppor t  both experiments, w i l l  
c o n s i s t  of a power supply,  recorder ,  programmer sequencer, 
h e a t e r s  and thermostats ,  and ins t rumenta t ion  (pressure,  
temperature and acce lerometers ) .  
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The whole system wi th  t h e  experiments,  s t ruc ture  and 
a v i o n i c s  w i l l  be s u b j e c t  t o  a c c e l e r a t i o n ,  v i b r a t i o n  and thermal-  
vacuum t e s t s  and r e s u l t s  w i l l  be r epor t ed  a t  a l a t t e r  time.The 
a c c e l e r a t i o n  and v i b r a t i o n  tests w i l l  be as s p e c i f i e d  i n  
t h e  J u l y  1984 i s s u e  of t h e  NASA GAS Handbook (page 57). 

I V e  Spec ia l  Design Cons idera t ions  

S p e c i a l  des ign  c o n s i d e r a t i o n s  were taken  i n  order  t o  
ensure  t h e  c o n s t r u c t i o n  of an appara tus  which cou ld  handle ,  i n  a 
successful way t h e  f l u i d s  involved i n  t h i s  experiment. 

One of t h e  major design concerns was t h e  e l i m i n a t i o n  o r  
reduct ion  of A i r  Bubbles  i n  t h e  s u r f a c e  of t h e  membrane, a t  t h e  
t i m e  when t h e  casted membrane is submerged i n  water. The s o l u t i o n  
t o  minimize bubble  formation was t o  p rov ide  space for  t h e  water 
t o  f i l t e r  through two sc reen  a r e a s  as  shown i n  F igure  3. 

Another impor tan t  concern was t h a t  t h e  f l u i d s  have t o  be 
kept  i n  a range of tempera tures  between 0 OC and 30 oC. According 
t o  d a t a  a v a i l a b l e  of t h e  more l i k e l y  i n t e r n a l  temperatures  t o  
be experienced by t h e  GAS con ta ine r s ,  t empera tures  below 0 OC 
shou ld  be expected dur ing  t h e  space mision. Therefore ,  h e a t e r s  
were needed t o  ensu re  temperatures  above t h i s  l i m i t  a t  a l l  t i m e s .  
The p r o b a b i l i t y  of high temperatures  (above 30 oC) a re  o n l y  
expected some time a f t e r  t h e  l and ing  of t h e  Space S h u t t l e .  
However, t h e  p a y l o a d  w i l l  h a v e  been c o l d  p r i o r  t o  e n t r y  (0 OC t o  
1 0  oC) and t h e  thermo-time l a g  i n  con juc t ion  w i t h  t h e  a i r  
cond i t ion ing  equipment provided  by NASA shou ld  e l i m i n a t e  t h i s  
r i s k  of h igh  temperatures .  

V. Important Observa t ions  

l i m i t a t i o n s ,  some of which were impor tan t  t o  recognize p rev ious  
t o  t h e  development of t h i s  experiment: 
1, Aminimum o f 1 3  months i s  u s u a l l y n e c e s s a r y  f o r  t h e  c o m p l e t i o n  
of a l l  t h e  documentation, s a f e t y  procedures  and i n t e g r a t i o n  of 
t h e  experiment. 
2, I t  was n e c e s s a r y  t o  e n s u r e  t h a t  t h e  f l u i d s  i n v o l v e d  i n  t h i s  
experiment could  s t a n d  t h e  minimum of two months s p e c i f i e d  by 
NASA a t  t h e  launching  s i te ,  without  l o s i n g  chemical cons i s t ency  
and wi thout  a l lowing o rgan ic  growing. 
3. The i n t e r n a l  tempera ture  p r o f i l e s  t h a t  t h e  con ta ine r  w i l l  
p robably  exper ience  were c a r e f u l y  s t u d i e d  i n  o rde r  t o  ensu re  t h a t  
t h e  experiment could  be s u c c e s s f u l y  performed. 

The GAS program of NASA p r e s e n t s  c e r t a i n  requirements  and 

Consu l t a t ions  

The f o l l o w i n g  organiza t ions-persons  provided  guidance, 
recommendation and encouragement:. 
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Figure 3. IVAN VERA PAYLOAD CONCEPT IN THE MODIFIED 
ITA EXPERIMENT MODULE 

WATER 
8.15 IN. RADIAL ENVELOPE 

IDE RAILS 

SECTION A-A 

SPRINGS TYP. SUPPORT 
TABLE 22.0 [INS] s - 4  /3 PLCS. 
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DISPENSER/ 
UNIT 

Figure 4. EXPERIMENT MECHANISM 
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Figure5. PRIME PAYLOAD NO. 1 
IVAN VERA EXPERIMENT 

Experiment bays tailored t o  client requirements 

0 Shuttle compatible for GAS program 
0 STRUCTURE - 6061 T 6  A I  anodized 
0 Weight - 28 Ibs. (for 5FT3 model) 
0 Adjustable lateral support snubber design 
0 Fasteners - Aerospace CRES stainless steel 
0 Adjustable experiment deck height 
0 User Experiment Bays accommodate 

- Payload weight - 140 Ibs. 
- Payload volume - 3.5FT3 

ITA Bay with Base-Line Avionics 

0 Power Supply 
0 Recorder 
0 Instrumentation 
0 Programmer/Sequencer 

, .. . ., , .lI. .,. .. . . 

Figure 6. ITA STANDARDIZED EXPERIMENT 
MODU LE STR UCTU RE CHARACTER lSTl CS 
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