
CHAPTER III 
EXPERIMENTAL

3.1 Materials
U item  (po lyetherim ide) was donated  by U O P LLC ., USA . A ctivated  carbon 

purchased from  A ldrich  w as put into m ixed m atrix m em branes as m olecu lar sieve 
particles. A cetone and N -m ethylpyro lidone (N M P) purchased from Labscan Co., 
Ltd. w ere used as solvents. Polyethylene glycol (PE G ), 1,2-, 1,3-, 1,4- and 2,3- 
butanediol purchased  from A ldrich  w ere selected as liquid additives.

3.2 Methodology
3.2.1 P reparation o f  L iquid A dditive A dsorbed A ctivated  C arbon

A quantity  o f  each  liquid additive used for im pregnation  into pores o f  
activated  carbon  w as studied by varying it from  10 to 40 w t% . The nex t step w as to 
evaporate an ex cess liquid additive from  the activated  carbon  at 150°c in an oven for 
24 hr. The resu lts  w ere reported  as a phase o f  each liquid adsorbed  activated  carbon.

3.2.2 P reparation o f  D ense M em brane
A ll m em branes w ere prepared by the so lu tion-casting  m ethod, u item  

solution  w as prepared  by adm ixing  u ite m  w ith N M P so lven t and stirring for 12 hr. 
The m em brane solu tion  w as degassed by a vacuum  pum p. T hen  bubble free solution 
w as casted on to  a clean glass plate and adjusted  the th ickness o f  m em brane by a cast­
ing-knife. T he resu ltan t m em brane w as allow ed to  slow ly evaporate for overnight 
until a film  w as form ed on the glass plate surface. The film  w as dried and annealed at 
80°c for 12 hr in an oven in order to rem ove N M P so lven t ou t o f  the thin film  sheet. 
The dried m em brane w as pu t betw een tw o  glass p lates to  prevent curling  o f  the 
m em brane film , and  left it to  form  a stable m em brane for 48 hr.

3.2.3 P reparation o f  D ense M ixed M atrix M em branes
3 .2 .3 .1  S o l i d  M ix e d  M a tr ix  M e m b r a n e
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A ll experim ent steps w ere follow ed the  preparation  o f  U ltem 
m em brane except tha t activated  carbon w as added into N M P  so lven t before U ltem  in 
order to get rid o f  air inside the pores o f  activated carbon.

3 .2 .3 .2  S o l id - L iq u id  M ix e d  M a tr ix  M e m b r a n e
Each type o f  liquid additives and acetone w ere firstly  added 

into activated  carbon , N M P solvent and U ltem  w ere  added afterw ard , and then fo l­
low ed by the preparation  steps o f  U ltem  m em brane.

3.2.4 P reparation  o f  A sym m etric M em brane
A ll m em branes w ere prepared by the  so lu tion-casting  m ethod. Ultem 

solution  w as prepared  by adm ixing U ltem  w ith N M P  solvent and  stirring for 12 hr. 
The m em brane solu tion  w as degassed by a vacuum  pum p. T hen  a bubble free solu­
tion w as casted on to  a clean glass plate and adjusted  the th ickness o f  m em brane by a 
casting-knife. T he resultant m em brane w as allow ed to evaporate  at room  tem pera­
ture. A fter an additional set tim e o f  30 sec, the detached  m em brane w as gelled  in an 
iced w ater bath at 3-4°C for 1 hr and subsequently  annealed  in a hot w ater bath at 80- 
90°c for 1 hr to  rem ove any residual N M P. Finally, the m em brane w as dried at 90°c 
for 24 hr. Paper tow els w ere placed betw een glass plates and the  m em brane fdm , and 
left to  form  a stable m em brane for 48 hr.

3.2.5 P reparation  o f  A sym m etric  M ixed M atrix  M em branes
3 .2 .5 .1  S o l  i d  M ix e d  M a tr ix  M e m b r a n e

All experim ent steps w ere follow ed the preparation  o f  
A sym m etric  M em brane except that activated carbon w as added  into N M P  solvent 
before U ltem  in o rder to get rid o f  air inside the pores o f  activated  carbon.

3 .2 .5 .2  S o l id -L  iq u id  M ix e d  M a tr ix  M e m b r a n e
Each type o f  liquid additives and acetone w ere firstly  added 

into activated  carbon , N M P solvent and U ltem  w ere added afterw ard , and then fo l­
low ed by the preparation  steps o f  A sym m etric m em brane.

3.2.6 G as Perm eability  M easurem ents
In th is  experim ent, C 0 2 (Prax A ir), N 2 (Prax A ir), ม[2 (Prax A ir) and
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C H 4 (T IG ) w ere tested  w ith all types o f  m em branes. A ll tested  gases w ere in a high 
purity (H P) grade and  used as received.

T he schem atic diagram  o f  gas perm eability  m easurem ent is show n in 
Figure 3.1. The experim ental setup included gas sources, m em brane testing units and 
a bubble flow  m eter. Schem atic o f  the m em brane testing  unit is show n in Figure 3.2.

S ingle gas perm eability  m easurem ent o f  H 2 , N 2 , C II4 and C O 2 w ere 
determ ined  at 25°c in sequence by using the m em brane testing  unit in w hich the 
m em brane w as placed on a porous m etal plate and pressurized to the desired pressure 
at the  feed size. T he pressure difference across the m em brane w as m aintained at 100 
psi. It w as due to a very  low perm eability  o f  gases that pass through  the m em brane. 
O nce reached  the steady-state , an individual gas flow  rate w as m easured using a soap 
bubble flow  m eter. T he certain  data w ere used to  calculate  perm eab ility  and se lec­
tivity  o f  gases.

VENT

Figure 3.1 S chem atic  o f  the experim ental setup for determ in ing  a gas perm eability .



Pressure Gauge

Figure 3.2 Schem atic o f  the m em brane testing  unit.
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