
BACKGROUND AND LITERATURE REVIEW
CHAPTER II

2.1 Background

2.1.1 Pervaporation
Pervaporation processes are membrane based separations of one or 

more components of liquid mixtures diffusing through a selective membrane 
evaporate under low pressure on the downstream side, and are removed by a vacuum 
pump or chilled condenser. Thereby, a transfer of mass from a liquid phase to the 
vapor phase through a polymeric membrane is performed. Figure 2.1 shows the 
principle of pervaporation and the general flow scheme of such a membrane 
separation unit. The liquid feed mixture to be separated flows along one side of the 
membrane while the various feed components are permeating into and through the 
membrane at different rates. Therefore, the liquid retentate leaving the unit on the 
same side of the membrane as the feed enters is depleted in the components 
permeating preferentially. Consequently, the vapor permeate collected on the other 
side of the membrane is enriched in the preferentially permeating component 
(Schleiffelder et al., 2001).

The driving force for the mass transport of each component through a 
nonporous polymeric membrane is the difference of the chemical potential between 
feed side and permeate side, depending on temperature, pressure, and the mole 
fraction of all components present in the mixture. In pervaporation, the difference of 
the chemical potential between the feed side and permeate side mainly is achieved by 
keeping the permeate pressure much lower than the feed pressure. The different 
permeation rates of the components are due to the differences in solubility and 
diffusivity in the membrane polymer:

P = s  ■ D (2.1)
where ร is the solubility coefficient and D is the average diffusion coefficient. The 
solubility coefficient is determined by the condensibility of the penetrants, by the 
polymer-penetrant interactions and by the amount of free volume existing in the 
glassy polymer. The average diffusion coefficient is a measure of the mobility of the
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penetrants between the upstream and downstream conditions in the membrane. The 
diffusion coefficient depends on packing and motion of the polymer segments and on 
the size and shape of the penetrating molecules.

L i q u i d  f e e d  L i q u i d  R e t e n t a t e

Figure 2.1 A schematic of pervaporation process (Schleiffelder et al, 2001).

The mass transport through a polymeric membrane as shown in Figure
2.1 can be described with the solution diffusion model. Based on this model, the 
components are permeating through a polymeric membrane by a three steps process, 
the sorption of the component on the membrane surface (feed side), the diffusion of 
the component through the membrane and the desorption of the component on the 
permeate side of the membrane.

2.1.2 Selectivity
The primary requirement for an economic separation process is an 

adsorbent with sufficiently high selectivity, capacity and life. The selectivity may 
depend on a difference in either adsorption kinetics or adsorption equilibrium, but 
most of the adsorption processes in current use depend on equilibrium selectivity. In 
considering such the processes, it is convenient to define a separation factor:

«  x * l x * 
y j y b (2 .2 )
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where XA and Ya are, respectively, the moles fraction of component A in adsorbed 
and fluid phases at equilibrium. The separation factor defined in this way is 
precisely analogous to the relative volatility, which measures the ease with which the 
components may be separated by distillation. The analogous is, however, purely 
formal and there is no quantitative relationship between the separation factor and 
relative volatility. For two given components, the relative volatility is fixed whereas 
the separation factor varies widely depending on the adsorbent. Since the separation 
factor generally varies with temperature and often also with composition, the choice 
of suitable conditions to maximize the separation factor is a major consideration in 
process design. For an ideal Langmuir system, the separation factor is independent 
of composition and equal to the ratio of the Henry’s law constants of two relevant 
components. Preliminary selection of suitable adsorbents can therefore sometimes 
be made directly from available Henry’s constants (Ruthven, 1984).

2.1.3 Zeolites
Zeolites are microporous crystalline aluminosilicates. The zeolite 

framework consists of an assemblage of SiCL and A I O 4  tetrahedra, joined together in 
various regular arrangements through shared oxygen atoms, to form an open crystal 
lattice containing pores of regular dimensions into which guest molecules can 
penetrate. Since the micropore structure is determined by the crystal lattice, it is 
precisely uniform with no distribution of pore size. It is this feature that 
distinguishes the zeolites from the traditional microporous adsorbents.

In considering zeolite frameworks, it is convenient to regard the 
structures as built up from assemblages of secondary building units, which are 
themselves polyhedra made up of several SiC>4 and A I O 4  tetrahedra. The secondary 
building units and some of the commonly occurring polyhedra are shown 
schematically in Figure 2.2. In these diagrams, each vertex represents the location of 
the oxygen atoms or ions, which are very much larger than the tetrahedral Si or A 1 
atoms. Each aluminum atom introduces one negative charge on the framework, 
which must be balanced by an exchangeable cation. The exchangeable cations are 
located at preferred sites within the framework and play a very important role in 
determining the adsorptive properties. Changing the exchangeable cation by ion



6

exchange provides a useful and widely exploited means of modifying the adsorptive 
properties (Ruthven, 1984).

๐ 0 0
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(Mordenite) (Si l ical i te/ZSM-5  )

Figure 2.2 Secondary building units and commonly occurring polyhedral units in 
zeolite framework structures (Ruthven, 1984).

2.1.4 Zeolite Selection
Zeolite is selected such that xylene isomers can diffuse through at 

different rates. Examples of zeolites suitable for use including intermediate pore size 
zeolites. Intermediate pore size zeolites have pore size in the range of between about 
5 and 7 angstroms. Examples of useful intermediate pore size zeolites include ZSM- 
5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SUZ-4, SSZ-23, SSZ- 
25, cesium modified SSZ-25, SSZ-28, SSZ-32, SSZ-33, SSZ-36 and silicalite.
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Preferred intermediate pore size zeolites include silicalite and ZSM-5 (Miller et al.
2 0 0 2 ).

2.1.5 Polymer Selection
A polymer should permit passage of xylene isomers (or other 

mixtures to be separated) in the vapor state, such that /7-xylene diffuses at a faster 
rate through the polymer. Preferably, the rate at which /7-xylene passes through the 
polymer is at least 1.5 times faster than the rate at which other xylene isomers 
through the polymer. Flexible polymers are preferred over rigid polymers. 
Examples of suitable polymers include cellulose polymers, polyaramides, 
polyamides, polymides, polyamide/imides, polyamidehydrazides, polyhydrazides, 
polyimidazoles, polybezoxazoles, polyester/amide, polyester/imide, 
polycarbonate/amides, polysulfone/amides, polysulfone/imides, and the like, 
copolymers and blend thereof. Preferably, the polymers include at least one of either 
of cellulose polymers, polyamides, polyaramides, polyamide/imides or polyimides. 
Most preferably, the polymers include polyaramides (Miller et a l, 2002).

2.2 Literature Review

Several authors reported the separation of xylene isomers through zeolite 
membranes and polymeric membranes; however, the results are inconsistent.

McCandless et al. (1987) studied separation of Cg aromatic isomers through 
commercial polymer films. The membranes were tested in conventional 
pervaporation apparatus. Twelve polymer films were tested. The results showed 
that the best separation for all three mixtures, /7-/o-xylene, /7-//??-xylene, and /7- 
xylene/ethylbenzene, was given by the polyimide films, but the parylene films and 
cellulose acetate also exhibited some relatively high separation factors. Moreover, 
they found that temperature greater than 200°c was required to obtain a reasonable 
flux through the polyimide film and a pressure of about 300 psi was necessary to 
keep the feed stream liquid.
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K eize r et al. (1 9 9 8 ) s tud ied  tw o  co m p o n en ts  p e rm ea tio n  th ro u g h  th in  zeo lite  
M F I m em b ran es  su p p o rted  by a fla t p o ro u s  (X -A I2 O 3  su b stra te . T h e  m em b ran es  w ere  
p rep a red  by  th e  M ise (m u ti in  situ  c ry s ta lliz a tio n ) m eth o d . I t w as  sh o w n  th a t th is  
ty p e  o f  zeo lite  sh o w ed  p o o r sep a ra tio n  fac to rs  fo r p -lo -x y len e  m ix tu re s  at low  
tem p era tu re . In c reas in g  th e  tem p e ra tu re  to  a p p ro x im a te ly  130°c an d  u s in g  a  very  
d ilu te  x y len e  m ix tu re  in  h e liu m , v ery  h ig h  sep a ra tio n  fac to rs  up  to  2 0 0  w ere  
ach iev ed  in  v a p o r p e rm e a tio n  ex p erim en ts .

W eg n er et al. (1 9 9 9 ) s tu d ied  p e rv a p o ra tio n  o f  p u re  x y le n e  iso m ers  and  th e ir  
b in ary  m ix tu re s  th ro u g h  p o ly c ry sta llin e  zeo lite  M F I m em b ran es . T h e  m em b ran es  
w ere  sy n th es ized  on  a -a lu m in a  su p p o rts  by  th e  h y d ro th e rm a l m eth o d . T h e  resu lts  
sh o w ed  th a t all x y len e  iso m ers  co u ld  p e rm ea te  th ro u g h  th e  p o ly c ry s ta llin e  zeo lite  
m em b ran es . F o r all iso m ers, a  su ccess iv e  d ec rease  o f  p e rv a p o ra tio n  flux  w ith  
p e rv a p o ra tio n  tim e  an d  th e  b ro w n ish  c o lo ra tio n  o f  th e  m em b ran es  w ere  o b se rv ed  in 
th e  te m p e ra tu re  ran g e  o f  2 6 -7 5 °C . T h e  p e rv a p o ra tio n  flux  o f  a  p u re  x y le n e  iso m er at 
2 6 ° c  in  th e  firs t 1 0  h  p e rv ap o ra tio n  e x p e rim e n t d ec rea sed  in  th e  o rder: m -x y len e> p - 
x y len e> o -x y len e . F o r lo n g  p e rm ea tio n  tim es , th e  o rd e r w as rev e rsed , im p ly in g  tha t 
the fo u lin g  a ffec ts  th e  iso m er m o lecu le s  to  a  d iffe ren t d eg ree . N o  sep a ra tio n  w as 
o b se rv ed  fo r b in a ry  p - /o -x y le n e  and  p-lm -xy len e  m ix tu res  in  th e  in v estig a ted  
tem p e ra tu re  ran g e  (2 6 -7 5 °C ).

C h en  et al. (2 0 0 0 ) p rep a red  a  p o ly v in y l a lco h o l (P V A ) m em b ran e  filled  P- 
c y c lo d e x trin  (P -C D ). T h e  m em b ran e  w as p re p a re d  by  ca s tin g  an  aq u eo u s  so lu tio n  o f  
P V A  an d  P -C D  o lig o m e r and  used  fo r sep a ra tio n  o f  p-lm -xy len e  m ix tu re s  by 
p e rv ap o ra tio n . C o m p ared  w ith  th e  P V A  m em b ran e , th e  so lu b ilitie s  o f  p u re  p -x y le n e  
and  p u re  w -x y len e  in  th e  P V A /p -C D  m em b ran e  in creased  fro m  0 .92 , 0 .78  to  10.4,
2 .6  g (x y len e )/1 0 0  g (d ried  m em b ran e) a t 2 5 ° c ,  re sp ec tiv e ly , and  th e  so lu b ility  
se lec tiv ity  ร//รท  in c reased  from  1.18 to  4 .0 . A lso , th e  d iffu s io n  c o e ffic ien ts  o f  p -  
x y len e  and  w -x y len e  d ec reased  from  8 .4 5 x l0 " 12 and  8 .2 3 x l0 " 12 to  6 .8 3 x l0 '12 and  
7 .23x1  O' 12 m 2/s  at 2 5 ° c ,  resp ec tiv e ly . T h e  sep a ra tio n  fac to r o f  th e  P V A /p -C D  
m em b ran e  fo r p -x y le n e  w as co n s id e rab le  en h an ced  fro m  1.35 to 2 .9 6 , and  the  
p e rm e a tio n  ra te  d ec rea sed  from  190 to  95 g /m 2  h  fo r a  10 w t%  feed  p -x y le n e  
co n cen tra tio n  at 2 5 ° c .  T h ey  fo u n d  th a t th e  e ffec t o f  p -C D  o n  th e  so lu b ilitie s  o f  p -
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x y len e  an d  777-xylene w as m o re  im p o rtan t on  the  d iffu s io n  c o e ffic ien ts  o f  /7-xylene 
and  772-xylene fo r im p ro v em en t in  th e  p e rv ap o ra tio n  p e rfo rm an ce . M o reo v e r, th e  
e ffec ts  o f  P -C D  on  th e  so lu b ility , th e  d iffu s io n  c o e ffic ien t, an d  p e rv a p o ra tio n  hav e  
b een  in te rp re ted  by  th e  in c lu s io n  p h e n o m en o n  in  th e  cav ity .

M atsu fu ji et al. (2000) p rep a red  M F I-ty p e  zeo litic  m em b ran es  b y  a v ap o r- 
p h ase  tra n sp o rt (V P T ) m e th o d  on  p o ro u s  a - a lu m in a  fla t d isks. T h e  p e rv a p o ra tio n  
te s ts  fo r x y le n e  iso m ers  w ere  p e rfo rm ed  at 3 0 ° c .  T he re su lts  sh o w ed  th a t  / 7 -x y len e  
w as the  m o st p e rm ea te  c o m p o n en t in  the  u n a ry  system . H o w ev e r, m -x y len e  and  o- 
x y len e  p e rm ea ted  fa s te r th an  / 7-x y len e  in  the  b in ary  an d  te rn a ry  sy stem s. T h e  
sep a ra tio n  fac to r o f  / 7-//77-xy lene  in  th e  b in a ry  sy stem  a t s tead y  sta te  w as 0 .43 , 
sh o w in g  m e ta -se lec tiv ity  and  th e  sep a ra tio n  fac to rs  o f  0C(p-/m-xyiene), Ot(p-/0-Xyiene) and  
0C(m-/o-xyiene) in  the  te rn a ry  sy stem  a t s tead y  sta te  w ere  0 .16 , 0 .18  an d  1 . 1 , re sp ec tiv e ly . 
T h e  ad so rp tio n  o f  m -x y len e  in  th e  p o res  o f  M F I m e m b ra n e s  seem s to  in h ib it th e  
p e rm ea tio n  o f  /7-xylene.

N a ir  et al. (2 0 0 1 ) fo cu sed  on  th e  se p a ra tio n  o f  x y len e  iso m e rs  u sin g  
s ilic a lite  (M F I) m em b ran es , as w ell as sev e ra l o th e r h y d ro ca rb o n s  m ix tu re s  u sing  
fau jas ite  m em b ran es . In  th e  case  o f  s ilic a lite  m em b ran es , th e  re su lts  sh o w ed  tha t 
h ig h  (2 0 -3 0 0 ) / 7-/o -x y len e  sep a ra tio n  fac to rs  w ere  o b ta in ed . T h ey  fo u n d  th a t the  
se lec tiv ity  d ep en d ed  on  th e  m em b ran e  m ic ro s tru c tio n . T h e  fau jas ite  m em b ran es  had  
h ig h  se lec tiv itie s  (4 0 -1 5 0 ) in th e  sep a ra tio n  o f  b in a ry  m ix tu re s  co n ta in in g  one  
a ro m atic  co m p o n en t, an d  m o d es t se lec tiv itie s  (4 -9 ) fo r th e  sep a ra tio n  o f  u n sa tu ra ted  
from  sa tu ra ted  low  m o le c u la r  w e ig h t h y d ro ca rb o n .

S ch e le iffe ld e r et al. (2 0 0 1 ) s tu d ied  c lo ss lin k ab le  c o p o ly im id es  fo r the  
m em b ra n e -b a sed  se p a ra tio n  o f  / 7- /o -x y len e  m ix tu res . P e rv ap o ra tio n  ex p erim en ts  
w ere  c a rried  o u t at 6 0 ° c  u sing  a  feed  m ix tu re  o f  5 0 :5 0  / 7- /o -x y len e  w ith  d iffe ren t 
c ro ss lin k ed  and  n o n -c ro ss lin k ed  6 F D A -b ased  co p o ly im id es . It w as fo u n d  th a t 
c ro ss lin k a b le  ca rb o x y lic  acid  co n ta in in g  c o p o ly im id es  w ere  s tab le  to w a rd s  / 7 -/(9 - 

x y len e  m ix tu re  at 6 0 ° c .  In  ad d itio n , c ro ss lin k ab le  c a rb o x y lic  ac id  co n ta in in g  
c o p o ly im id es  w as s tab le  to w ard s  p -/o -x y len e  a t 6 0 ° c .  T h e  n o rm a lized  flux  th ro u g h  
th e  d iffe ren t m em b ran es  s tro n g ly  d ep en d ed  on  the  p o ly m e r b ack b o n e  s tru c tu re  b u t it 
w as a lso  in flu en ced  by  th e  c ro ss lin k  agen t. F o r / 7- /o -x y len e  m ix tu res , n o rm alized
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flu x es w ere  b e tw een  0 .0 4  and  25 kg  (am m ' 2 h ' 1 w ith  sep a ra tio n  fac to rs  b e tw een  1.15 
and  1.47.

X o m eritak is  et al. (2 0 0 1 ) s tu d ied  sep a ra tio n  o f  x y len e  iso m er v ap o rs  w ith  
o rien ted  M F I m em b ran es  m ade by seed ed  g ro w th  u sin g  v ap o r p e rm ea tio n  tech n iq u e . 
T h e  m em b ran es  w ere  ev a lu a ted  fo r sep a ra tio n  o f  x y len e  iso m ers  w ith  sing le  
co m p o n en t, b in ary  and  te rn a ry  p e rm ea tio n  ex p e rim en ts  in  th e  ran g e  o f  2 2 -3 0 0 °C  and  
feed  p a rtia l p re ssu re  up  to  1 kPa. T he p e rm e a tio n  re su lts  su g g es ted  a  s trong  
re la tio n sh ip  b e tw een  m em b ran e  m ic ro s tru c tu re  an d  p e rfo rm an ce  fo r p -x y le n e  
sep a ra tio n  from  o -x y len e .

M ille r  et al. (2002) d irec tly  in v en ted  a m ix ed  m a trix  c o m p o site  (M M C ) 
m em b ran e  cap ab le  o f  sep a ra tin g  p -x y le n e  from  m ix tu re s  in c lu d in g  p -x y le n e  an d  m- 
x y len e , an d  p ro cess  fo r p u rify in g  p -x y le n e  u sin g  th e  m em b ran e . M ix ed  m atrix  
m em b ran es  (M M M ’s) in c lu d in g  S P O -silica lite  and  ce llu lo se  ace ta te  (C A )-Z S M -5  
w ere  p rep ared . T he m em b ran es  w ere  te s ted  u n d e r tw o  te s t c o n d itio n s , 4 5 °c for 
p e rv ap o ra tio n  m o d e  an d  150°c for v ap o r p h ase  m ode. T h e  re su lts  sh o w ed  tha t, fo r 
S P O -s ilic a lite  and  C A -Z S M -5  M M C  m em b ran es , th e  se lec tiv itie s  (j7-/w -x y len e ) fo r 
the  p e rv ap o ra tio n  m o d e  w ere  6  and  4, re sp ec tiv e ly , an d  th e  se lec tiv itie s  fo r th e  v ap o r 
p h ase  m o d e  w ere  1 . 2  an d  2 , re sp ec tiv e ly .

S an tiw o raw u t (2 0 0 3 ) in v estig a ted  p e rfo rm an ce  o f  M M M ’s fo r Cg a ro m atic s , 
o le fin s, an d  p ara ffin s  sep ara tio n . P o ly im id e  m em b ran e  an d  p o ly im id e -b ased  
M M M ’s, 20  w t%  s ilic a lite /p o ly im id e , 20  w t%  N aY /p o ly im id e , an d  20 w t%  ac tiv a ted  
ca rb o n /p o ly im id e  w ere  used . T h e  ex trac tio n  and  p e rv a p o ra tio n  w ere  ca rried  out. 
T he re su lts  sh o w ed  th a t fo r n -o le fin /n -p a ra ffin  sep a ra tio n , b o th  p o ly im id e  and  
p o ly im id e -b ased  M M M ’s w ere  se lec tiv e  fo r n -p a ra ffin  o v e r n -o le fin . F o r ท- 
p a ra ffin /C 8 a ro m atic s  sep ara tio n , all m em b ran es  w ere  se lec tiv e  for Cg a ro m a tic s  o v er 
n -p ra ffin s. It w as a lso  found  th a t the  re su lts  from  th e  ex trac tio n  and  p e rv ap o ra tio n  
w ere  co n sis ten t. M o reo v er, the sep a ra tio n  o f  Cg a ro m a tic s  fro m  the  ex trac tio n  and  
p e rv ap o ra tio n  w as lo w  and  n eg lig ib le . In  ad d itio n , th e  tem p era tu re  h a rd ly  affec ted  
the  sep ara tio n .


	CHAPTER II BACKGROUND AND LITERATURE REVIEW
	2.1 Background
	2.2 Literature Review


