
CHAPTER II 
LITERATURE REVIEW

2.1 Synthesis of TS-1 Zeolite

T S -1  has b e c o m e  on e o f  in crea s in g  in terests  d u e to  a v a r ie ty  o f  
im portant a p p lic a tio n s . T he p resen ce  o f  T i a tom s o c c u p y in g  fram ew ork  
p o s it io n  in  th e z e o lite  la ttice  is  r e sp o n s ib le  for th e rem ark ab ly  c a ta ly tic  
p ro p erties  for  a broad range o f  o x id a tio n s  w ith  h y d ro g en  p e r o x id e . T he m o st  
re lev a n t o x id a tio n  rea c tio n s ca ta ly z e d  by T S-1 are su m m a rized  in  f ig u re  2 .1 .
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F igu re  2.1 : S ch em a tic  rep resen ta tio n  o f  th e m o st re lev a n t o x id a tio n  rea ctio n
c a ta ly z e d  b y  T S -1 .

In th e y ea rs s in c e  T aram asso  and c o -w o r k e r s  first sy n th e s iz e d  the  
z e o lite  tita n iu m  s i l ic a l ite  (T S -1 ) , th is  m ateria l has attracted  a great d ea l o f



6

atten tion  from  m an y sc ie n t is ts  to  im p ro v e  the m eth o d  and p recu rsor  for h ig h er  
le v e l o f  tita n iu m  in co rp o ra tio n  in T S-1 fram ew ork .

Serrano e t al. (1 9 9 5 )  sy n th e s iz e d  T S -1  b y  w e tn e ss  im p reg n a tio n  o f  
a m orp h ou s and prepared  S i0 2 -T iÛ 2  s o lid s  b y  th e s o l-g e l  m eth od . T he  
p rep aration  o f  th e raw  Si02-TiC>2 so lid s  w a s carried  ou t b y  d iffe r e n t  tw o  step  
p r o c e sse s  in  order to a c h ie v e  the fo rm a tio n  o f  S i-O -T i b o n d s prior to the  
z e o lite  sy n th e s is . T he p ro p erties  o f  th e T S -1  sa m p le s  o b ta in ed  stro n g ly  d ep en d  
on  th e m eth o d  u sed  to prepare th e startin g  am orp h ou s c o -g e l .  T h e s iz e  o f  the  
c r y s ta llite s  ra n g es b e tw e e n  0 .4  and 5 pm  d ep en d in g  on  th e m eth o d  u sed  to  
prepare the raw  Si02-TiC>2 c o -g e l.

X ia  and G ao (1 9 9 7 )  d isc o v e r e d  a n ew  p roced u re  for th e sy n th e s is  o f  
pure titan iu m  s i l i c a t e - 1 (T S -1 ) . T he in f lu e n c e  o f  v a r io u s sy n th e tic  p aram eters, 
lik e  tem p eratu re, tim e , S i/T i, (T E A + T B A )/S i, and N fÎ 3 /S i ,  on  the  
c r y sta lliz a t io n  k in e tic s  o f  T S-1 w a s in v e s t ig a te d . T h e resu lts  sh o w e d  that 
in crea s in g  th e  tem p eratu re o f  c r y s ta lliz a t io n , S i/T i ra tio , (T E A + T B A )/S i,  and  
N E f /S i  ratio  led  to the in crea se  in  th e c r y sta lliz a t io n  rate and d ecrea se  in  the 
m ean  cry sta l s iz e . T he d ilu tio n  o f  th e so l m ix tu re  w ith  w ater  d ecrea sed  th e rate  
o f  cry s ta lliz a t io n  and in crea sed  th e a v era g e  cry sta l s iz e . T h e cr y sta llin e  
p rod u cts w ere  ch a ra cter ized  u sin g  X -ra y  d iffr a c tio n  (X R D ), IR, U V -V is ,  
sca n n in g  e le c tro n  m ic r o sc o p y  (S E M ) and c h e m ic a l a n a ly s is  m eth o d s. T he  
h y d r o x y la tio n  o f  p h en o l w ith  H 2 O 2 w a s e m p lo y e d  as a te s t  rea c tio n  for  
a scer ta in in g  th e in co rp o ra tio n  o f  T i in th e la ttic e  o f  T S -1 .

D a v is  and L iu  (1 9 9 8 )  fo u n d  that th e iso la t io n  o f  te trah ed ra lly  
co o rd in a ted  T i a to m s in  s i l ic a  corre la ted  w ith  th e a c t iv ity  and s e le c t iv ity  o f  
a lk an e e p o x id a tio n  rea ctio n , w h ich  su g g e s ts  that th o se  a tom s w ere  th e a c t iv e  
s ite s  for o x id a tio n . T he m eth od  o f  sy n th e s is , w h ic h  a ffe c te d  th e  d eg ree  o f  
h o m o g e n e ity  o f  co m p o n en t m ix in g , p la y ed  a cru c ia l ro le  in  d e term in in g  the  
su rfa ce  ch aracter  o f  th e fin a l c a ta ly tic  m ateria ls .

G r ie n e ise n  et al. ( 2 0 0 0 )  sy n th e s iz e d  tita n iu m  s i l i c a t e - 1 (T S -1 )  from  
tw o  d ifferen t m eth o d s in  flu o r id e  m ed iu m . T h e k ey  step  o f  the sy n th e s is  w a s  
th e p rep aration  o f  a so l or g e l co n ta in in g  S i-O -T i b o n d s prior to  flu o r id e  
a d d ition . C h a ra cter iza tio n  o f  the sa m p les  co n firm ed  that th e  tita n iu m  sp e c ie s
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w ere  e s se n t ia lly  lo ca ted  in  fram ew ork  p o s it io n . T h e s iz e  o f  th e cry sta ls  
d ep en d s on  th e  sy n th e s is  v a r ia b les . T he co rresp o n d in g  sa m p les  e x h ib ite d  h ig h  
a c tiv ity  and s e le c t iv ity  for p h en o l h y d r o x y la tio n  b y  H 2 O 2 , s im ila r  to T S-1  
prepared in  th e p r esen ce  o f  te tra p ro p y la m m o n iu m  h y d ro x id e .

M arro et al. (2 0 0 0 )  stu d ied  the o r th orh om b ic  to  m o n o c lin ic  p h a se  
tra n sitio n  in  h ig h  titan iu m  lo a d ed  T i-s i l ic a l ite  sa m p le  (2 .6  w t%  in TiC>2 ) u s in g  
x -ra y  d iffra c tio n . T h ey  o b serv ed  th e tra n sitio n  tem p eratu re b e tw e e n  the  
orth o rh o m b ic  p h a se  o f  3 1 3 and 3 1 3 r e f le c t io n s . R e fin e m e n t o f  th e  form er  
data g a v e  w e a k  e v id e n c e , w h ic h  about h a lf  o f  the to ta l T i co n ten t w a s lo ca ted  
in  the c o n d it io n  w ith  0 .1 9  and 0 .11  o f  titan iu m  fra ctio n . T h e re su lt  d id  not 
sh o w  any te n d e n c y  to  be h o sted  in  th e c o n d it io n  w ith  - 0 .0 1  and - 0 .0 4  o f  
titan iu m  fra c tio n , and that the rem a in in g  Ti a to m s se e m e d  to  sp read  a m on g  the  
rem a in in g  e ig h t  T s ite s .

N ew a lk a r  et al. (2 0 0 0 )  su c c e s s fu lly  prepared  tita n iu m  su b stitu ted  
m e so p o r o u s  S B A -1 5  m o lecu la r  s ie v e  at 3 7 3  K , u s in g  d irect sy n th e s is  under  
m ic r o w a v e  h yd roth erm al c o n d itio n s  w ith in  about 2 h. T h ey  fou n d  that 
iso m o rp h o u s  su b stitu tio n  o f  titan iu m  in th e s i l ic a  fram ew ork  o f  S B A -1 5  
sa m p les  w ith  S i/T i ra tio s o f  2 0 , 3 0 , and 4 0  occu rred . T h e h ig h er  titan iu m  
lo a d in g  led  to  the fo rm a tio n  o f  ex tra fra m ew o rk  tita n iu m  sp e c ie s . T h e se  resu lts  
sh o w e d  that m ic r o w a v e  a ss is te d  sy n th e s is  w a s an id ea l ap p roach  to  prepare Ti 
su b stitu ted  S B A -1 5 , w h ich  is  e x p e c te d  to b e u se fu l as a s e le c t iv e  o x id a tio n  
ca ta ly st  for rea c tio n  in v o lv in g  large m o le c u le s .

B o rd ig a  et al. (2 0 0 1 )  stu d ied  h o w  the u se  o f  an u v  la ser  (A, =  2 4 4  n m ) 
as e x it in g  so u rce  o f  R am an sp ectra  to  en h a n ce  th e 1 125  c m '1 m o d e  o f  T S -1 ,  
le a v in g  th e 9 6 0  c m '1 w a s u n a ffec ted . Q uantum  c h e m ic a l c a lc u la t io n s  had  
u n a m b ig u o u sly  a ss ig n e d  th e IR, R am an and R e so n a n n ce  R am an fea tu res  o f  
T S -1 , on  th e  b a sis  o f  the sy m m etry  o f  the v ib ra tio n a l m o d e s  re la ted  to  the  
1125  and 9 6 0  c m '1 co m p o n en t. O n th e structural grou n d , c o m p o s it io n  b e tw een  
neutron  d iffra c tio n  data p erform ed  on  T S-1 and on  T i-fr e e  s i l ic a te  a llo w e d  
th em  to in fer  th e in ser tio n  m ech a n ism  o f  T i in to  th e M FI la ttic e  during  
sy n th e s is .
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Yeon and Frei (2001) found that irradiation at 266 nm of Ti silicalite 
(TS-1) molecular sieve loaded with CO and CH3 OFI gas at 173 k gave methyl 
formate as the main product. CO was a photo-reduced ansient Ti3+ to HCO 
radical in the primary redox step. This finding opened up the possibility for 
the synthesis of carbon monoxide in transition metal materials by photo­
activation of framework metal centers.

Kunii et al. (2002) prepared aluminophosphate molecular sieves 
(A1P04 ’s) by microwave heating without using organic template reagents. 
Aluminophosphate hydrous gels were prepared using three different kinds of 
aluminum sources, amorphous aluminum hydroxide, gibbsite, and boehmite. 
From the results, the microwave heating enhanced the crystallization of 
aluminophosphate gels, and gels were successfully obtained as single phase in 
a relatively short reaction time. The microwave can rise the temperature of the 
reactant to a desired range quickly in a few minutes and the heat is supposedly 
induced by the fiction of molecular rotation enhanced by microwave 
irradiation, thus, it is possible to heat the reactants selectively and 
homogeneously from the inside.

Lee et al. (2002) investigated the effect of synthesis mixture 
composition on the physical characteristics of titanium silicate (TS-1). 
Tetraethyl orthosilicate and tetraethyl orthotitanate were used as precursors 
and TPAOH as template. The reduction in specific surface areas observed for 
samples produced using the templating agent with relatively higher alkali 
metal content was postulated due to blocked zeolite pores and channels as a 
result of the formation extra-framework crystallites.

Ramakrishna et al. (2002) improved process for the synthesis of 
titanium rich titanium silicate-1 (TS-1) by microwave heating. Tetraethyl 
orthosilicate (TEOS) and titanium tetrabutoxide (Ti (OBu)4, TBOT) were used 
as the sources of silicon and titanium, respectively. The synthesis time 
required in the present sample was 30 min for the TS-1 (Si/Ti=33) in contrast 
with the conventional hydrothermal synthesis that required 3-7 days.
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