
C h a p ter  I 

In tro d u ctio n

p-X ylene is one o f  the  isom ers in m ixed xylenes w hich is im portan t in the  
petrochem ical industries. F or exam ple, p-xylene is the m ain raw  m ateria l to  p roduce  
tereph thalic  ac id  and dim ethyl terephthalate  w hich are required  fo r the  p roduction  o f  
polyethylene terephthalate . Tw o conventional processes for the separation  o f  p-xylene 
from  c 8 hydrocarbons are crystallization  and adsorption. The crystallization  p rocesses 
w ere developed  by com pan ies such as Chevron, K rupp, A m oco, A rco, and  Phillips. 
F igure 1.1 show s the  schem atic  draw ing o f  the A m oco process. T he o ther m ethod , 
adsorption , w as in troduced  in  the early 1970s using m olecular sieves as an adsorbent. 
T here are th ree  com m ercia l adsorption  processes : U O P Parex, IFP E luxyl, and  T oray  
A rom ax [1 ,2 ] ,  F igure 1.2 show s the schem atic draw ing o f  the U O P P arex  p rocess 
w hich consists o f  liquid-phase separation  and 2 steps o f  adsorption  and  desorption . 
Z eolites are K B aY , SrBaX , o r K B aX  [1 ,3 ] ,  C rystallization is com m ercially  proven , 
but it requires m uch  refrigeration  and can only recover about 60 percen t o f  th e  p- 
xylene per pass. T he U O P P arex  process, based  on adsorption, recovers m ore than  96 
percen t o f  the p-xylene per pass w hile consum ing less pow er [4],

F ig u r e  1.1 A m oco p-xylene crystallization  process [1],
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F ig u r e  1.2 U O P Parex sim ulated  m oving  bed  fo r adsorptive separation , w here A C  is 
the  adsorbent cham ber; R V , ro tary  valve; E C , extract co lum n; and  R C , raffinate 
colum n. F or a  particular instan t in tim e, line 2 =  desorbent, 5 =  extract, 9 =  feed, 12 =  
raffinate, and  all others are inactive [ 1],

M em branes are gain ing  an im portan t p lace in chem ical technology  and are 
being  used increasingly in  a  b road  range o f  applications such as gas separation. T he 
m em brane is a  th in  film , so lid  form , o r a very sm all drop liqu id  form . O ne app lication  
o f  m em branes is the separation  o f  one com ponent from  a  m ixture. Industrial 
applications o f  m em brane processes are: dialysis, e lectrodialysis, reverse osm osis, 
u ltrafiltration , m icrofiltration , gas perm eation , pervaporation , and  liqu id  m em branes 
[1]. In  general, m em branes can  be d iv ided into tw o types, i.e ., polym eric and  
inorganic m em branes. P olym eric  m em branes have been  w idely  adop ted  fo r gas 
separation. H ow ever, the use o f  inorganic m em branes is likely  to  increase  [5], Z eolite  
m em branes are a group o f  inorganic m em branes w hich  are  im portan t in gas 
separation  processes.

S ilicalite  is one type o f  zeolites w hich  is a m olecular sieve m aterials. It has a 
uniform  pore dim ension o f  approxim ately  5. lx  5.6 Â and has the  sam e pore structure 
as ZSM -5 but it contains only silica  in the  structure. T herefore, silicalite  has 
hydrophobic or organophilic characteristic , h igh heat and chem ical resistance, and no 
ion  exchange property. A  great deal o f  research  has been  carried  out to  develop



silicalite  for separation  processes such as the concentration  o f  alcohols by adsorption. 
This process w as studied  as a  possib le econom ic route for the separation  o f  m ethanol, 
ethanol, p ropanol, and buthanol from  dilute solutions [6], The silicalite  crystals w ere 
p repared  and  calc ined  fo r 1 hour at 600 °c. L onger chain  alcohols show ed  m ore 
organophilic  characteristics and reached  saturation faster than the  shorter ones. The 
equilib rium  adsorption  isotherm s w hich im plied  the am ount o f  a lcohol adsorbed  
depended  on steric  effects o f  the m ethyl group and O H  group. T he equilib rium  
adsorption  iso therm s decreased  in the  follow ing order: 1-butanol <  2-butanol <  
isobutanol <  t-butanol.

The poten tials o f  silicalite  m em branes for the separation  o f  a lcoho l/w ater 
m ixtures has been  investigated  [7], The silicalite m em branes w ere p repared  on porous 
sintered  stain less steel and  alum ina supports. The average th ickness o f  the  silicalite  
layer w as 400-500 pm . T he separation  technique w as pervaporation. I t w as found 
that:

1. The separation  facto r o f  the  silicalite  m em branes depended  on the 
conditions o f  calcination. W ithout calcination , bu t w ith  air-drying a t 100 °c fo r 12 
hours, the  separation  factor w as m uch less than that w ith  calc ination  a t 500 °c fo r 20 
hours.

2. Feed tem perature  affected  the separation  factor and flux. T he flux  increased  
w ith  an  increase in  the feed tem perature w hile the separation  fac to r decreased  
linearly.

3. E thanol feed  concentra tion  affected  the separation  facto r and  flux. T he flux  
decreased  rap id ly  by adding ethanol to  w ater and then  increased  slightly  w ith  the 
ethanol concentration. O n the o ther hand, the separation  factor reached  a  m ax im um  
value at the  feed  ethanol concentra tion  o f  ca. 3 vol%  and then  decreased  w ith  the  
ethanol concentration.

4. The pure silicalite  m em brane had a high alcohol perm selectiv ity . The 
am ount o f  adsorbed  alcohols increased in the fo llow ing order: H 20  «  M eO H  <  
E tO H  <  1-PrOH *  2-PrOH.



A dditionally , the silicalite  m em branes w ere stud ied  for the  separation  o f  
hydrocarbon isom er vapors [8], The perm eation  behavio r o f  n-octane, isooctane and 
n-hexane vapors through continuous silicalite m em branes on porous a lum ina supports 
w ere leported . T he single-com ponent perm eation  behavio r o f  the th ree  hydrocarbons 
show ed that a  sm aller hydrocarbon m olecule did  no t necessarily  perm eate faster 
through  the silicalite  m em brane. The perm eances o f  the  single com ponents w ere a 
function  o f  tem peratures. A t all tem peratures, n -hexane had  the h ighest perm eance. 
Isooctane perm eated  faster than  n-octane below  500 K. T he perm eances w ere a strong 
function  o f  o ther species present in the feed, and thus the  separation  behavior could  
not be predicted  from  pure feed m easurem ents. The perm eances o f  com ponents in  a 
ternary  m ixture increased  w ith  tem perature.

The silicalite  m em brane has special p roperties w hich suits the separation  
processes. G enerally, the pore d im ension o f  silicalite is 5 .1x5.6 Â w hich  is very close 
to  the  m olecu lar size o f  p-xylene, 5.8 Â. Thus, in this w ork, silicalite  m em branes w ere 
synthesized and used for gas separation  o f  p-xylene from  m ixed  xylenes.

O b je c t iv e  an d  sco p e  o f  th e  resea rch

1. O b jec tiv e s

1.1 To separate  p-xylene from  m ixed xylenes using synthetic 
supported  silicalite m em branes.

1.2 To study the  param eters w hich have effects on gas 
separation.

2. S co p es  o f  th e  re sea rch

2.1 To synthesize silicalite m em brane on silica  fiber and  
borosilicate  disc supports.
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2.2 To characterize crystal size and thickness o f  the synthetic 
silicalite  m em branes.

2.3 To separate p-xylene from m ixed xylenes.

2.4 To study param eters w hich affect the gas separation , i.e., 
isotherm al, pressure o f  carrier gas and the ratio  o f  
p-xylene and m ixed  xylenes in feed.
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