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CHAPTER VI

6.1 A bstract

V S -1  zeo lite  w as  su ccessfu lly  sy n th es ized  u s in g  s ila tran e  as th e  p recu rso r 
v ia  so l-g e l p ro c e ss in g  an d  m ic ro w av e  h ea tin g  m e th o d s. V a rio u s  fac to rs , w h ich  
in flu en ce  th e  p ro d u c t p ro p ertie s , w ere  in v estig a ted , v iz . w a te r  co n ten t, re ac tio n  
tem p e ra tu re , so d iu m  h y d ro x id e  co n cen tra tio n , an d  a m o u n t o f  v a n a d iu m  load ing . 
XRD, S E M , U V -v is ib le  and  E S R  w ere  ap p lied  to  c h a ra c te r iz e  sy n th e s iz e d  V S -1 . 
L o w er w a te r  c o n te n t and  h ig h e r tem p era tu re  p ro m o te  in c o rp o ra tio n  o f  v an ad iu m  in  
th e  zeo lite  s tru c tu re , an d  lo w er so d iu m  h y d ro x id e  c o n c e n tra tio n  g iv e s  m o re  h ig h ly  
co n d en sed  v a n a d iu m  species. H ig h e r so d iu m  h y d ro x id e  c o n c e n tra tio n  can  lead  to  
ex trin s ic  fo rm a tio n  o f  v an ad iu m  and  does n o t p ro m o te  v an ad iu m  in to  th e  fram ew o rk  
s tru c tu re  b u t ra th e r  w e ak en s  th e  c ry sta l s truc tu re . S am p le s  p re p a re d  w ith  h ig h  
so d iu m  h y d ro x id e  co n cen tra tio n  are su scep tib le  to  d e s tru c tio n  d u rin g  ca lc in a tio n s . 
U s in g  th e  n o v e l s ila tran e  p recu rso r, V S-1 zeo lite s  w ith  h ig h  v a n a d iu m  lo ad in g  can  b e  
p re p a re d  v ia  h y d ro th e rm a l syn thesis.
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6.2 Introduction

T h e  in tro d u c tio n  o f  vario u s m e ta l ions in to  th e  zeo lite  s tru c tu re  as ca ta ly s ts  
h a s  b een  s tu d ied  fo r m o re  th an  a  d ecad e  due  to  its  h ig h  su rface  a re a  a lo n g  w ith  th e  
m o le c u la r  sc re e n in g  p ro p erty . V an ad iu m , a  w e ll k n o w n  c a ta ly s t has b e e n  ad d ed  in to  
m a n y  k in d s  o f  z e o lite  la ttices , in c lu d in g  B E A  [1-2] M T W  [3], M E L  [4 -5 ], M F I [6 - 
14], an d  m e so p o ro u s  m a te ria ls  like  M C M 41 [15]. It c a n  b e  c o n s id e re d  th a t such  
h e te ro a to m s  c o u ld  b e  in trin s ic  to  th e  s tru c tu re , b y  re p la c in g  so m e s ilic a  a to m s in  the  
la ttice , o r m ig h t b e  ex trin sic  a ris in g  from  ion ic  in te ra c tio n  b e tw e e n  th e  h e te ro a to m  
an d  th e  z e o lite  su rface . B e in g  in trin s ic  o r  ex trin s ic  to  th e  la ttic e  has b een  
d e m o n stra te d  to  in flu en ce  th e  ca ta ly tic  p ro p e rtie s , c .f. fo r in s tan ce , V -co n ta in in g  
s ilic a lite  o r  v a n a d iu m  o x id e  su p p o rted  o n  s ilica  [16-17],

T h e  d iffe re n t ion ic  rad ii o f  v4+ (59 p m ) and  S i4+ (26  p m ) a to m s m ak es  it 
m o re  d iff icu lt to  in co rp o ra te  v an ad iu m  in to  silica. T h u s, d e fec ts  are  p ro d u ced  
th ro u g h  la ttic e  d is to r tio n  u p o n  in se rtio n  o f  th e  h e te ro a to m .

In  g en e ra l, th e re  are tw o  m a in  m e th o d s to  p re p a re  v an ad iu m  lo ad ed  Z S M -5  
zeo lite . T h e  f irs t is p o s t-sy n th es is  trea tm en t w h ich  in v o lv es  m e c h a n ic a l trea tm en t 
b e tw e e n  H -Z S M 5  an d  V 2O 5 fo llow ed  b y  h ea t tre a tm e n t [1 0 -1 1 ]. T h is  m e th o d  can  b e  
im p ro v ed  to  en h an ce  th e  level o f  v an ad iu m  in co rp o ra ted  in to  th e  zeo lite  s tru c tu re  b y  
e ith e r d e a lu m in a tio n  b e fo re  trea tm en t o r  gas p h a se  d ep o s itio n  o f  v a n a d iu m  [12]. A  
seco n d  m e th o d  is  h y d ro th e rm a l sy n th esis  [7-9] h a v in g  less p re p a ra tio n  steps and  
re q u irin g  less  sp ec ia l in s tru m en ta tio n  fo r p rep ara tio n .

W o n g k a se m jit e t al [18-20] hav e  fo cu sed  o n  th e  sy n th es is  o f  n o v e l m e ta l 
a lk o x id es  h a v in g  m o is tu re  s tab le  p ro p ertie s , as co m p ared  to  c o m m erc ia l p ro d u c ts . 
S ila tran e  an d  a lu m a tra n e  are tw o  ex am p les th a t h av e  b e e n  u se d  fo r th e  sy n th esis  o f  
s ilic a lite  and  a lu m in o s ilic a lite  (Z S M 5) [21 -22 ]. B e c a u se  th e se  p recu rso rs  a re  
m o is tu re  s tab le  th e  h y d ro ly s is  ra tes are  th e re fo re  s lo w er, re su ltin g  in  easy  h an d lin g  
an d  con tro l. U s in g  in -h o u se  sy n th e tic  p recu rso rs  w h ic h  d iffe r  from  th o se  รณd ied  b y  
p re v io u s  sc ien tis ts , V S-1  w as sy n th esized  and  th e  in d iv id u a l fac to rs  a ffec tin g  the  
p ro p e rtie s  o f  th e  p ro d u c t w e re  stud ied . T h e  k in e tic  ro le  o f  th e se  fac to rs , nam ely , 
w a te r  co n ten t, h e a tin g  tem p era tu re , so d iu m  h y d ro x id e  co n cen tra tio n  and  v an ad iu m  
co n cen tra tio n  lo ad in g , w ere  in v estig a ted .
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6.3 E xperim ental 

M aterials
F u m e d  s ilic a  w ith  9 9 .8 %  s ilica  co n ten t (SiC>2) w as  su p p lied  from  S ig m a  

C h em ica l. T r ie th a n o la m in e  (T E A , N [C H 2C H 2 0 H ]3) w as  su p p lied  b y  C arlo  E rb a  
reag en ti. E th y le n e  g ly co l (E G ) u sed  as reac tio n  so lv en t, w as  o b ta in ed  from  J.T . 
B aker. 9 9 %  V a n a d iu m  (III) ch lo rid e  (V C I3) w as  su p p lied  b y  A C R O S  O rgan ics. 
S o d iu m  h y d ro x id e  (N aO H ) w as p u rch ased  fro m  E K A  C h em ica ls . T e tra -p ro p y l 
am m o n iu m  b ro m id e  (T P A ) w as o b ta in ed  fro m  F lu k a  C h em ica l A G . A ll ch em ica ls  
w ere  u sed  as rece iv ed . A ce to n itrile  (C H 3C N ) w as o b ta in ed  fro m  L a b -S c a n  C o., L td. 
an d  d is tilled  u s in g  s tan d ard  p u rif ic a tio n  m e th o d s p r io r  to  use.

Instrum entation
F T IR  sp ec tro sco p ic  ana lysis  w as co n d u c ted  u s in g  a  B ru k e r  In s tru m en t 

sp ec tro m e te r (E Q U IN O X 5 5 ) w ith  a re so lu tio n  o f  2 c m ' 1 to  m e a su re  th e  fu n c tio n a l 
g ro u p s  o f  m a te ria ls . T h e  so lid  sam ples w ere  m ix ed  an d  p e lle tiz e d  w ith  d ried  K B r. 
T h erm al p ro p e rtie s  and  s tab ility  w ere  an a ly zed  u s in g  a  P e rk in  E lm e r T G A 7  an a ly ze r 
a t a  scan n in g  ra te  o f  10 K /m in  u n d e r n itro g en  a tm o sp h e re  fro m  303  to  1023 K . 
T h e rm o g ra v im e tric /d iffe re n tia l th e rm al an a ly sis  w as c o n d u c ted  u s in g  a  P e rk in  E lm er 
P y ris  D ia m o n d  T G /D T A . T h e  crysta l m o rp h o lo g y  w a s  รณd ied  u s in g  a  JE O L  5200- 
2 A E  scan n in g  e lec tro n  m icro sco p e . U V -v is ib le  m ea su re m e n t w as  p e rfo rm e d  u s in g  a 
S h im ad zu  U V -2 5 5 0  w ith  th e  IS R -2 2 0 0  In teg ra tin g  sp h e re  a tta c h m e n t and  u s in g  
B a S 0 4 as re fe re n c e  sam ple . C ry sta l s tru c tu re  w as  ch a ra c te riz e d  u s in g  a  R ig ak u  X - 
R a y  D iffra c to m e te r  at a  scan n in g  sp eed  o f  5 d eg ree /sec , w ith  C u K  lin e  as in c id en t 
ra d ia tio n  an d  a  filte r. T h e  w o rk in g  ran g e  w as 3 -50  th e ta /2  th e ta , w ith  1 d eg ree  and  
0.3 m m  se ttin g  o f  d iv e rg en ce  for th e  sca tte rin g  and  re c e iv in g  s lits , resp ec tiv e ly . 
R ed u c tio n  o f  V S-1  w as  p e rfo rm ed  u sin g  T h erm o  F in n ig a n  T P D R O  1100 w ith  a  flow  
ra te  o f  20  m l/m in  o f  5 .3 2 %  H y d ro g en  in  N itro g e n  at 10 K /m in . T h e  S i/V  ra tio  w as 
d e te rm in ed  u s in g  X -ra y  flu o rescen ce  sp ec tro sco p y  (B ru k e r  m o d e l S R S  3400), and  
9 9 .8 %  b o ric  a c id  as b in d er. H y d ro th e rm a l tre a tm e n t b y  m ic ro w a v e  h e a tin g  tech n iq u e  
w as c o n d u c ted  o n  M S P  1000, C M E  co o p e ra tio n  (S p ec  1 ,000  พ  an d  2 4 5 0  M H z).
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S am p le s  w e re  h e a te d  in  a  T e flo n  tube , u s in g  th e  in o rg an ic  d ig e s tio n  m o d e , w ith  tim e- 
to -te m p e ra tu re  p ro g ram m in g .

M ethodology
S ila tran e  S y n th es is

S ila tran e  w a s  sy n th esized  and  c h a rac te riz ed  as d e sc rib ed  e lsew h e re 21,22 

u s in g  F T IR , T G A  an d  X R D  tech n iq u es. F T IR  sh o w s th e  c h a ra c te r is tic  p eak s  o f  
p ro d u c t as fo llo w s; 3 422  cm ' 1 (v  O H ), 2986-2861  cm ' 1 (v  C H ), 2 6 9 7  c m ' 1 (v  N -> S i), 
1 4 5 9 - 1 4 4 5  cm-1 (ร C H ), 1351 cm ' 1 (v  C N ), 1082 cm ' 1 (v  S i-O -C ), 1049  cm ' 1 (v  C O ), 
579  c m ' 1 (v  N -> S i). X R D  p a tte rn  g iv es th e  ex p ec ted  p a tte rn  as in  o u r p re v io u s  w o rk s 
[21 -22 ]. T h e rm a l an a ly s is  w as  p e rfo rm ed  and  th e  p e rc e n ta g e  o f  th e  ch a r y ie ld  
d e te rm in ed  to  b e  18 .36% , c lo se  to  th e  th eo re tic a l v a lu e  o f  18 .4% , c o rre sp o n d in g  to  
th e  s tru c tu re  S i((O C H 2C H 2)3N )2H 2 .

S y n th esis  o f  V a n a d iu m  C o n ta in in g  S ilic a te -1 (V S -1 )
V a n a d iu m  (III) ch lo rid e  w as p rep a red  w ith in  a  g lo v e  b o x  u n d e r a d ry  

n itro g en  a tm o sp h e re  b e fo re  ad d in g  S iT E A  eq u iv a len t to  0.5 g S i 0 2 an d  th en  ad d in g  
D I w ate r. T h e  m ix tu re  w as s tirred  co n tin u o u s ly  b e fo re  a d d in g  th e  te m p la te  m o lecu le  
T P A . S o d iu m  h y d ro x id e  w as add ed  in to  th e  m ix tu re  w h ile  v ig o ro u s ly  s tirr in g  th e  
m ix tu re . T h e  sam p le  b o ttle s  w ere  sea led  u s in g  d o u b le  cap s c o v e red  w ith  ex tra  w rap  
o f  a lu m in u m  fo il, san d w ich ed  b y  p a ra ffin  w rap . T o  e s ta b lish  th e  o p tim u m  co n d itio n s  
fo r in c o rp o ra ta tio n  o f  v an ad iu m  in to  th e  s ilic a te - 1 s tru c tu re , w a te r  co n ten t, so d iu m  
h y d ro x id e  co n c e n tra tio n , and  tem p era tu re  w ere  s tu d ied . T h e  ag in g  tim e  w a s  fix ed  at 
84  h r  a t ro o m  te m p e ra tu re  w ith  c o n tin u o u s ly  s tirr in g  and  20 h r  o f  h e a tin g  u n d e r 
m ic ro w av e  irrad ia tio n . T h e  V S-1 as-sy n th es ized  p ro d u c ts  w ere  c h a ra c te r iz e d  u sin g  
X R D  and  E S R  p r io r  to  ca lc in a tio n  in  an  e lec tro n ic  fu rn ace  se t at 550°c w ith  th e  
h ea tin g  ra te  o f  l°c /m in . C a lc in ed  p ro d u c ts  w ere  ch a ra c te riz e d  u s in g  U V -V IS  and  
X R D . B e fo re  an a ly z in g  th e  sam p les u s in g  E S R  a t 25°c, ca lc in ed  sam p le s  w ere  
w ash ed  w ith  1 N  am m o n iu m  aceta te  so lu tio n  at 75 °c fo r 12 h r  an d  d ried  u n d er 
v acu u m  at 200°c fo r 2 hr. W ash ed  and  u n -w a sh e d  sam p le s  w e re  red u ced  u s in g  
tem p e ra tu re  p ro g ra m m e d  red u c tio n  b e fo re  c h a ra c te riz a tio n  b y  E S R .
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6.4 R esults and D iscussion

P re v io u s  w o rk s  [21-22] sh o w  tha t b o th  ag in g  and  h e a tin g  tim e  p lay  
im p o rtan t ro le s  in flu e n c in g  th e  c ry sta l m o rp h o lo g y  an d  size. S m a lle r  c ry s ta ls  w ith  
co m p le te  c o n v e rs io n  o f  th e  p re c u rso r to  zeo lite  are  o b ta in e d  v ia  lo n g e r  ag ing  and  
h ea tin g  tim es. T h u s, th e  tim in g  fac to rs  w ere  fix ed  in  th is  w o rk  a t th e  o p tim a l 
co n d itio n  o f  84  an d  20  h r ag in g  and  h ea tin g  tim e, re sp ec tiv e ly .

In tro d u c tio n  o f  a  fo re ig n  a to m  in to  th e  s tru c tu re  o f  M F I ze o lite  w as s tu d ied  
in  p rev io u s  w o rk  w h e re  w e  in tro d u ced  a lu m in u m  in to  th e  ze o lite  s tru c tu re  to  o b ta in  
s tro n g  ac id  s ites  w ith in  th e  p o re  s tru c tu re  [23]. T h e  c o n c e n tra tio n  o f  N aO H  w as an  
im p o rtan t fa c to r  fo r in co rp o ra tin g  a  la rge  am o u n t o f  a lu m in u m  in to  the  zeo lite  
s tru c tu re , w h e re a s  tem p e ra tu re  an d  w a te r co n ten t in flu en ced  th e  m o rp h o lo g y  and  
g ro w th  ra te  o f  zeo lite . T h u s, th e  fo llo w in g  in d iv id u a l fa c to r w e re  em p h a s iz e d  in  th is  
s tudy , n am ely , w a te r  co n ten t, tem p era tu re  o f  reac tio n , N aO H  co n cen tra tio n  in  
re la tio n  to  th e  a m o u n t o f  v an ad iu m  load ing  and  th e  e ffec t on  th e  m o rp h o lo g y  and  
lo ca liz a tio n  o f  v an ad iu m  sp ec ies  in  th e  zeo litic  s truc tu re .

E ffect o f W ater C ontent
It w a s  sh o w n  th a t w a te r  co n ten t s tro n g ly  a ffec ts  th e  c ry s ta l m o rp h o lo g y  [21] 

a t th e  re a c tio n  te m p e ra tu re  o f  150 °c. T h is reac tio n  te m p e ra tu re  is su ffic ien t fo r 
co m p le te  co n v e rs io n  o f  p re c u rso r to  M F I zeo lite  in  a  re la tiv e ly  sh o rt m ic ro w av e  
h ea tin g  tim e  o f  5 hr. T h e  fo rm u la  u sed  in  th is  s tu d y  fo r p re p a r in g  v an ad iu m  
c o n ta in in g  M F I (V S -1 ) is 4 0 S i:lV :4 T P A -B r:1 6 N a O H , w h ic h  is co m p a ra b le  to  th e  
fo rm u la  s tu d ie d  in  p rev io u s  w o rk s [21-22]. W a te r c o n te n t w as  s tu d ie d  at H 2 0 /S i 
ra tio s  o f  50 , 70  an d  100 A s sh o w n  in  figure  6 .1 , S E M  re su lts  in d ica te , as ex p ec ted , 
th e  m o rp h o lo g y  ch an g es  on  d ilu tin g  w ith  w ate r. T h e  n a tu re  o f  th e  m o rp h o lo g ica l 
ch an g es  d iffe rs  fo r V S-1 v ersu s  s ilica lite  M F I. M o rp h o lo g ica l c h an g es  o f  M F I are  
s tro n g ly  a ffec ted  b y  a  ch an g e  in  c -ax is , as sh o w n  in  fig u re  8 c in  re fe ren c e  2 1 . 
S ilica lite  ten d s  to  fo rm  sm alle r c ry sta ls  w ith  d ec rea s in g  w a te r, re f le c tin g  a h ig h e r ra te  
o f  n u c léa tio n . E v id en tly , d ec rea s in g  w a te r  c o n te n t co rre sp o n d s  to  a  h ig h e r 
co n cen tra tio n  o f  v an ad iu m , so d iu m  h y d ro x id e  an d  tem p la te . A c c o rd in g  to  re su lts  in  
ref. 2 1 , h ig h e r  so d iu m  h y d ro x id e  co n cen tra tio n  re su lts  in  m o re  n u c léa tio n  and
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sm a lle r  c ry s ta ls , th e re fo re  it appears th e  la rg er c ry s ta ls  o b se rv ed  in  th is  w o rk  resu lt 
fro m  d e c rea se  o f  z e o lite  n u c léa tio n  due  to  o b s tru c tio n  b y  v a n a d iu m  h e te ro a to m s. T h e  
in flu en ce  o n  th e  m o rp h o lo g y  o f  ad d in g  m o re  v an ad iu m  is  d isc u sse d  in  th e  sec tio n  on  
th e  e ffec t o f  v a n a d iu m  co n cen tra tio n . T h is  b e h a v io r  a lso  ap p lie s  to  z e o lite  sy n th esis  
w ith  th e  sa m e  fo rm u la tio n , u sin g  o th e r so u rces  o f  s ilica , su ch  as te trae th y l 
o rth o s ilic a te  (T E O S ) and  L udox.

D iffu se  re fle c tan c e  (D R ) U V -V is ib le  re su lts  o f  c a lc in e d  sam p le s  are sh o w n  
in  fig u re  6 .2 . L o w  w a te r  co n ten t in c reases  in co rp o ra tio n  o f  v a n a d iu m  in to  th e  zeo lite  
s tru c tu re . N o  ab so rp tio n  b an d  can  be  d e tec ted  at th e  fL O /S i ra tio  o f  100, b u t th e  
sig n a l in c rea se s  w ith  d ec rea s in g  w a te r  con ten t. T h e  U V -V is ib le  sp ec tra  o f  v a rio u s  
v an ad iu m  co m p o u n d s  are  av a ilab le  for c o m p ariso n  w ith  v an ad iu m  in  V S-1 to  show  
th e  re la tio n sh ip  b e tw e e n  ab so rp tio n  sp ec tru m  and  v an ad iu m  sp ec ie s  in co rp o ra ted  in  
th e  M F I s tru c tu re  [9]. T h e  ab so rp tio n  sp ec tru m  o f  v a n a d iu m  co n s is ts  o f  lo w -en erg y  
ch a rg e  tra n s fe r  (L C T ) b an d s  asso c ia ted  w ith  e lec tro n  tran sfe rs  fro m  o  to  V. It has 
b een  c la ss if ie d  in to  3 m a jo r  b an d s, one  in  th e  reg io n  b e tw e e n  3 3 3 -5 0 0  ท!ท assig n ed  
to  v5+ io n s  in  o c tah ed ra l en v iro n m en t, and  tw o  in  th e  reg io n  2 8 5 -3 3 3  n m , one  
a ss ig n ed  to  v5+ in  te trah ed ra l en v iro n m en t, and  o n e  at h ig h e r  f re q u e n c y  assig n ed  to  
v4+. O th er b a n d s  a ss ig n ed  to  d-d  tran sitio n s  o f  V 0 2+ can  ap p e a r at th re e  d iffe ren t 
w a v e  n u m b ers , v iz . 7 69  n m  fo r [b2(dxy)-> e (d xy,dyZ)], a ro u n d  625 n m  fo r 
[b 2(dxy) - > a 1(d x2-y2)] an d  h ig h e r freq u en c ies fo r [b 2(d xy) - > a 1 (d x2) ] . T h e  p resen ce  o f  
ex trin s ic  v a n a d iu m  in  M F I zeo lite  w ill b e  o b se rv ed  at lo w e r en e rg y , in d ica tin g  
p re sen ce  o f  V -O -V  ch a in s. H o w ev er, it is d iff icu lt to  co n firm  b y  U V -v is ib le  sp ec tra  
th a t no  e x tr in s ic  v an ad iu m  is p resen t in  th e  s tru c tu re  d u e  to  th e  w e a k  stren g th  o f  th e  
d -d  tran s itio n , g e n e ra lly  10-30 tim es lo w er th an  th a t o f  ch a rg e  tra n s fe r  tran sitio n s . In 
F ig u re  6 .2 , th e  p e a k  at 285  and  th e  sh o u ld e r a ro u n d  333 in d ica te  th e  p re se n c e  o f  v5+ 
in  a  te tra h e d ra l en v iro n m en t.

T h e  a m o u n t o f  v an ad iu m  in co rp o ra ted  is re la te d  to  th e  a b ility  o f  v an ad iu m  
to  co n d en se  to g e th e r  w ith  s ilic a  d u rin g  th e  so l-g e l p ro c e ss  in  aq u eo u s  so lu tio n  as 
re p o rte d  b y  L iv ag e  [24]. T h e  co n d en sa tio n  o f  v an ad iu m  is s tro n g ly  d e p e n d e n t o n  th e  
am o u n t o f  w a te r  co n ten t. T h is  ex p la in s  o u r ex p e rim en t at th e  H 2 0 /S i ra tio  o f  100. 
T h e  co n d itio n  is to o  d ilu te  fo r v an ad iu m  sp ec ies  to  c o n d e n se  w ith  silica . T hus, th e  
c o n d e n sa tio n  can  b e  en h an ced  b y  d ec rea s in g  w a te r  co n ten t.
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E ffect o f T em perature
It is  w e ll k n o w n  th a t tem p era tu re  is an  im p o rta n t fa c to r fo r b o th  n u c léa tio n  

an d  e sp e c ia lly  g ro w th  ra te  in  M F I zeo lite  [23]. T h e re fo re , M F I sy n th es is  u sin g  
s ila tran e  at d iffe re n t tem p e ra tu res  w as รณdied  [21]. S ilic a lite  fro m  sila tran e  has 
p re v io u s ly  b e e n  รณdied  v ia  sy n th esis  b y  m ic ro w a v e  h e a tin g  in  th e  te m p e ra tu re  ran g e  
120° to  180°c. A lth o u g h  V S-1 can  b e  sy n th esized  a t te m p e ra tu re s  as h ig h  as 210°c, 
as in  th e  s tu d y  o f  M iy am o to  et al. [ 8 ], p ro b lem s a ro se  d u e  to  H o ff in a n  d e g rad a tio n  o f  
th e  te m p la te  m o le c u le , re su ltin g  in  u n co n tro llab le  p re ssu re  b u ild -u p . H o w ev e r, th is  
c an  b e  p re v e n te d  b y  p e rfo rm in g  sy n th esis  u n d e r an  in e rt a tm o sp h e re , such  as 
n itro g e n  gas. In  o u r ex p erim en t, th e  sam e fo rm u la tio n  as u sed  ab o v e  w a s  p u rg e d  w ith  
n itro g en  gas b e fo re  h e a tin g  at 1 80°c fo r 20 hr.

It is a lso  k n o w n  th a t in c reased  te m p e ra tu re  o b v io u s ly  a ffec ts  th e  g ro w th  ra te  
an d  th e  p ro d u c t m o rp h o lo g y  [21, 23 ], and  a lso  en h an ces  th e  c o n d e n sa tio n  o f  
tra n s itio n  m e ta l [24 ], as d em o n stra ted , re sp ec tiv e ly , in  fig u re  6.3 b y  S E M  and  fig u re
6.4 b y  uv -v is ib le  sp ec tro sco p y . A s o b se rv ed  at lo w er te m p e ra tu re  (f ig u re  6 .1 ), 
c ry s ta l s ize  in c rea se s  w ith  d ec rea s in g  w a te r  co n ten t, h o w ev e r, f ig u re  6.3 sh o w s tha t 
h ig h e r  te m p e ra tu re  re su lts  in  la rg er c ry sta ls  o f  V S-1 d u e  to  g ro w th  ra te  en h an cem en t. 
C o m p arin g  f ig u re s  6.1 an d  6 .4 , w e see  a  d ram atic  in c rea se  o f  a b so rb an ce  at b o th  285 
n m  an d  333 n m , a ss ig n ed  to  v5+ in  a  te trah ed ra l en v iro n m en t as d isc u sse d  in  th e  
p rev io u s  sec tio n .

F ig u re s  6 .2  an d  6 .4  are  s tro n g  ev id en ce  th a t in c rea se  in  tem p era tu re  
in c reases  th e  c o n d e n sa tio n  o f  v an ad iu m  in to  zeo lite ; h o w ev e r, a t H 2Û /S i ra tio  equa l 
to  100, th e  sp ec tru m  sh o w s a  sh o u ld e r as the  te m p e ra tu re  in c reases . E S R  sp ec tra  o f  
V S -1 , a s -sy n th e s iz e d  a t h ig h  reac tio n  tem p e ra tu re  fo r e a c h  w a te r  co n ten t are 
illu s tra ted  in  fig u re  6.5 and  sh o w  e igh t n early , e q u a lly  sp aced  lin es a ris in g  fro m  
h y p e rfin e  sp littin g  o f  th e  d  e lec tro n s w ith  I =  7 /2  sp in  fo r a ll w a te r  co n ten ts . T h e  
an iso tro p ic  h y p e rf in e  e lec tro n  re so n an ce  sig n a l at ro o m  te m p e ra tu re  in d ica te s  th a t 
th e  v an ad iu m  sp ec ie s  a re  re la tiv e ly  im m o b ile . E v id en tly , v a n a d iu m  p re se n t w ith in  
th e  M F I s tru c tu re , as iso la ted  v an ad y l sp ec ies  in  sq u a re  p y ra m id a l o r  d is to rted  
o c tah ed ra l co o rd in a tio n , is  o b se rv ed  v ia  E S R  at ro o m  tem p era tu re . H o w ev er, th e
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sp ec tru m  at th e  lo w est H 20 /S i  ra tio  ap p ears  to  h a v e  a  sm a ll am o u n t o f  a 
su p e rim p o se d  s in g le t th a t sig n a l th e  o n se t o f  ex trin s ic  v a n a d iu m  fo rm atio n .

F o llo w in g  th e  ab o v e  re su lts  th e  effec ts  o f  so d iu m  h y d ro x id e  co n cen tra tio n  
an d  v an ad iu m  lo a d in g  w e re  รณd ied  b y  se ttin g  th e  re a c tio n  te m p e ra tu re  a t 180°c and  
th e  w a te r  c o n te n t at 50  and  70  H 20 /S i .

E ffect o f Sodium  H ydroxide Concentration
S E M  re su lts  a re  sh o w n  in  figu re  6 .6 , fo r  sp ec im en s  sy n th e s iz e d  u s in g  a  

m o le  ra tio  o f  S i:V :T P A -B r equal to  4 0 :1 :0 .4 , an d  so d iu m  h y d ro x id e  co n cen tra tio n  
v a ried  at N aO H  ra tio s  o f  12, 16 and  20 , to g e th e r w ith  H 20 /S i  at tw o  m o le  ra tio s  o f  
70  and  50. R e c a llin g  th a t th e  effect o f  d e c rea s in g  w a te r  co n ten t is a n a lo g o u s  to  an  
in c rea se  in  so d iu m  h y d ro x id e , w e  n eed  to  reco n c ile  th e  fac ts  th a t, a t fix ed  H 20 /S i ,  
th e  c ry sta l s iz e  in c reases  w ith  d ecreas in g  so d iu m  h y d ro x id e  c o n c e n tra tio n  (figu re  
6 .6 a -6 .6 c), and  yet, w ith  lo w er w a te r co n ten t at fix ed  ra tio s  o f  so d iu m  h y d ro x id e  
(f ig u re  6 .6 d -6 .6 f  and  a lso  figu res 6.1 and  6 .3 ), la rg e r c ry s ta l s izes  are  o b ta in ed . N o te , 
h o w ev er, a t to o  h ig h  a  so d iu m  h y d ro x id e  co n cen tra tio n , th e  c ry s ta ls  b e c o m e  frag ile  
d u e  to  a  g re a te r  p o ss ib ility  to  red isso lv e  b ack  in to  th e  su p e rsa tu ra te d  so lu tio n  d u rin g  
h e a tin g  [23] w h ic h  ag rees  w ith  o b se rv a tio n s  in  ref. 21.

F ro m  p rev io u s  w o rk  [22] w h ich  co n s id e red  th e  in d iv id u a l co n trib u tio n s  o f  
so d iu m  ca tio n  an d  h y d ro x id e  an ion , w e find  th a t so d iu m  io n  c o n c e n tra tio n  in flu en ces  
th e  n u c lé a tio n  p ro c e ss  in  th e  in itia l s tag es o f  th e  re a c tio n  b y  s tab iliz in g  th e  
o lig o m eric  sp e c ie s  o f  p o ly s ilic a te  an ion  p r io r  to  fo rm a tio n  o f  th e  p r im a ry  p artic le . 
T h u s, in c re a s in g  so d iu m  io n  ten d s to  p ro m o te  m o re  n u c lé a tio n , re su ltin g  in  sm a lle r 
c ry sta ls . H o w e v e r, to o  m u ch  so d iu m  ion  has th e  h a rm fu l e ffe c t o f  lo w erin g  
co n v e rs io n  d u e  to  in te rfe ren ce  in  the  reac tio n  b e tw e e n  te m p la te  m o le c u le  and  
p o ly s ilic a te  an ion . In  th e  p re sen t study , fro m  b o th  X R D  and  S E M  re su lts , su ch  a 
p h e n o m e n o n  w as  n o t o b se rv ed  since  in c rease  in  so d iu m  ca tio n s  w as acco m p an ied  b y  
in c rease  in  h y d ro x id e  an ions. G enera lly , sm a lle r  c ry s ta l s izes are  o b ta in ed  b y  
in c reas in g  h y d ro x id e  co n cen tra tio n , re su ltin g  in  d e c re a s in g  y ie ld  [25]. T h e  e ffec t o f  
th ese  tw o  fac to rs  is th a t th e  c ry sta l s ize  b eco m es  ra th e r sm a ll w ith  in c rea se  o f  N aO H  
co n cen tra tio n  at f ix ed  H 20 /S i ,  as seen  in  figure  6 . W ith  reg a rd  to  th e  la rg e r s ize  o f  
V S-1 at lo w e r w a te r  co n ten t, th is  resu lts  from  o b s tru c tio n  o f  z eo lite  n u c léa tio n  b y
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v an ad iu m  h e te ro a to m s , p o ss ib ly  d u e  to  th e  p re se n c e  o f  th e  o x o v an ad iu m  (IV ) 
c o m p o u n d  [V0(H20)5]2+ o r  th e  aq u a  io n  o f  [V(H20)6]3+ in  v a n a d iu m  co n ta in in g  M F I 
d u rin g  n u c lé a tio n  [26],

U V -v is ib le  re su lts  on  th ese  sam p les are  sh o w n  in  fig u re  6 .7  lab e lled  
acco rd in g  to  f ig u re  6 .6 . Ii is c lea r th a t th e  am o u n t o f  v an ad iu m  in c rea se s  w ith  
d e c re a s in g  so d iu m  h y d ro x id e  for b o th  w a te r  co n ten ts , re la te d  to  th e  en h an ced  
c o n d e n sa tio n  a b ility  o f  v an ad iu m , w h ich  a lso  d ep en d s , h o w ev e r, on  th e  m ix tu re  pH , 
as  rep o rted  b y  L iv ag e  an d  co w o rk ers  [24 ,27] in  s tu d ies  o f  th e  so l-g e l ch em is try  o f  
m e ta l o x id e  b y  L iv a g e  e t al [27] and  th e  so l-g e l sy n th es is  o f  h e te ro g e n e o u s  ca ta ly sts
[24], L iv ag e  et al [24] d ev e lo ed  a  ch arg e -p H  d iag ram  d e lin e a tin g  th re e  d o m a in s  in  
w h ic h  aq u a  (H 20 ) ,  h y d ro x o  (O H ') and  0X 0 (O 2') lig an d s are  fo rm ed . F u n d am en ta lly , 
co n d e n sa tio n  o ccu rs  in  th e  reg io n  h av in g  the  h y d ro x o  ligand . T h e  o cc u rre n ce  o f  th is  
lig an d  d ep en d s  o n  th e  o x id a tio n  stage and  p H  range . D e fin in g  an  ap p ro p ria te  p H  
ran g e , w h ic h  c o rre sp o n d s  to  th e  o x id a tio n  stag e  o f  th e  tra n s itio n  m e ta l, is th e  k e y  to  
co n d en sa tio n . T h is  p H  sen s itiv ity  co rre la tes  to  o u r o b se rv a tio n  th a t to o  h ig h  a  so d iu m  
co n cen tra tio n  p ro v id e s  less co n d en sa tio n , as o b se rv ed  b y  less  s ig n a l in te n s ity  in  th e  
U V -v is ib le  sp ec tru m . H o w ev er, to o  low  a so d iu m  h y d ro x id e  c o n c e n tra tio n  at th e  
ra tio  o f  N a O H /V  =  8  cau ses in co m p le te  co n v e rs io n  o f  p re c u rso r  to  zeo lite  as 
in d ica ted  b y  th e  p re se n c e  o f  am o rp h o u s m a te ria l in  th e  p ro d u c t (S E M  and  X R D  
re su lts  are n o t sh o w n ). T h u s, th e  ap p ro p ria te  ra tio  o f  N a O H /V  in  th is  ex p erim en t is 
a ro u n d  1 2 .

T h e  E S R  sp ec tra  o f  th e  a s -sy n th esized  sam p les  in  fig u re  6 .8 a  a re  e ssen tia lly  
th e  sam e as th o se  in  F ig u re  6 .5b , sh o w in g  a  w e ll d e fin ed  h y p e rfin e  sp littin g . E S R  
p a ram e te rs  o f  v an a d iu m -c o n ta in in g  M F I are lis ted  in  tab le  6 .1. T h e  n o rm a liz e d  v a lue  
o f  d o u b le  in te g ra te d  sp ec tra  gave  th e  sam e tren d  as th e  U V -v is ib le  re su lts  i.e. th a t the  
am o u n t o f  v a n a d iu m  in  th e  VS-1 in c reased  w ith  d ec rea s in g  so d iu m  h y d ro x id e  
co n cen tra tio n . O th e r  p a ram ete rs , nam ely , th e  g  fac to r an d  h y p e rf in e  co u p lin g  
co n s tan t fo r b o th  p a ra lle l and  p e rp e n d ic u la r  d irec tio n s , sh o w  n o  s ig n ifican t 
d iffe ren ces  b e tw e e n  as sy n th esized  sam ples sh o w n  in  F ig u re  6 .5 b  an d  6 .8 a, th o u g h  
d iffe ren t so d iu m  h y d ro x id e  co n cen tra tio n  w ere  u sed , in d ic a tin g  n o  d iffe ren ce  in  
en v iro n m en t a ro u n d  th e  v an ad iu m  in  th e  VS-1 zeo lite . H o w ev er, th e  g  fac to rs  show  a  
sm all d iffe ren ce  a fte r  tre a tm e n t w ith  am m o n iu m  ace ta te , w h ic h  is  d isc u sse d  in  d e ta il
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in  th e  n e x t sec tio n . E S R  sp ec tra  rev e rs ib le  b e tw e e n  a s-sy n th e s iz e d  and  
re d u c e d /c a lc in e d  sam p le s  (F ig u res 6 .8 a  and  6 .8 c) d e m o n s tra te  red o x  b e h a v io r  o f  th e  
v an ad iu m  in  th e  sam p le  w h ich  co u ld  b e  u sed  in  th e  reac tio n  o f  o x id a tiv e  
d eh y d ro g en a tio n .

T h e  e ffec t o f  so d iu m  h y d ro x id e  co n cen tra tio n  o n  th e  am o u n t o f  v an ad iu m  
in co rp o ra ted  in to  th e  M F I stru c tu re  w as in v es tig a ted  u s in g  X R F  as su m m arized  in  
th e  T ab le  6 .2 . T h e  re su lts  are  co n sis ten t w ith  th e  re su lts  o b ta in ed  b y  บ V -V is  and  
E S R  th a t th e  a m o u n t o f  v an ad iu m  is inc reases  w ith  d e c rea se  o f  so d iu m  h y d ro x id e  
c o n c e n tra tio n  fo r b o th  u n trea ted  sam p les and  th o se  tre a te d  w ith  I N  a m m o n ia  aceta te . 
H o w ev e r, th e  a m o u n t o f  th e  v an ad iu m  in  tre a te d  sam p le s  sy n th e s iz e d  a t h ig h  so d iu m  
h y d ro x id e  c o n c e n tra tio n  show s a  g rea te r d ec rea se  th an  th o se  m ad e  u sin g  lo w er 
so d iu m  h y d ro x id e  co n cen tra tio n . T h is re su lt show s th a t e x tr in s ic  v a n a d iu m  species 
a re  m o re  p re v a le n t in  th e  sy stem  u s in g  h ig h  so d iu m  h y d ro x id e  co n cen tra tio n . 
In c rea se  in  so d iu m  h y d ro x id e  co n cen tra tio n  is e q u iv a le n t to  a  d e c re a se  in  w a te r  
co n ten t, see  f ig u re  6 .5a . T h e  h y p erfm e  sp littin g  E S R  sp ec tru m  is su p e r-im p o se d  on  a  
s in g le t, w h ic h  is in  fac t a  s ign  o f  ex trin s ic  v an ad iu m  fo rm atio n .

A ll o f  th e  a s-sy n th es ized  V S-1 w as ch a ra c te riz e d  u s in g  X R D , as sh o w n  in  
fig u re  6 .9 . It w a s  fo u n d  th a t all sam p les show  p eak s  c h a rac te ris tic  o f  M F I to po logy . 
H o w ev e r, a f te r  c a lc in a tio n  ev en  at a  v e ry  s lo w  ra te  (0 .5  d e g re e C /m in ) sam ples 
fo rm u la ted  w ith  a  h ig h  co n cen tra tio n  o f  so d iu m  h y d ro x id e  and  v a n a d iu m  show  
sev e ra l ex tra  p e a k s  w ith  tw o  m a jo r ones at a ro u n d  2 1 .8 4  an d  3 6 .0 4  2 th e ta /th e ta , 
in d ica tin g  a  d e c a y  o f  M F I struc tu re . T h e  d eg ree  o f  d e c a y  d e p e n d s  on  the  
c o n c e n tra tio n  o f  so d iu m  h y d ro x id e , v an ad iu m , and  w a te r  co n ten t. T h e  fo rm u la tio n  
h av in g  S i/V  an d  H 2 0 /S i equa l to  25 and  50, re sp ec tiv e ly , an d  h ig h  so d iu m  h y d ro x id e  
co n cen tra tio n  (N a O H /S i =  0 .3 -0 .5 ), g iv es sev ere  d ecay  o f  z e o lite  a fte r  ca lc in a tio n . 
L o w erin g  th e  v a n a d iu m  lo ad in g  am o u n t (S i/V = 4 0 ) an d  so d iu m  h y d ro x id e  
c o n c e n tra tio n  (an a lo g o u s  to  h ig h e r w a te r  co n ten t, H 2O /S i= 70) d ec rea ses  th e  
su sc e p tib ility  to  s tru c tu re  d ecay  a fte r ca lc in a tio n  (fig u re  6 .9 a), as co m p ared  to  a  
lo w er w a te r  c o n te n t (H 20/S i= 50) sh o w n  in  fig u re  6 .9b.

F ro m  p re v io u s  s tu d y  [21] h ig h  so d iu m  h y d ro x id e  c o n c e n tra tio n  cau ses  
frac tu re  and  fu se  fo rm a tio n  in  th e  s ilica lite  sy stem . In  fac t, b o th  h ig h  co n cen tra tio n  o f  
th e  so d iu m  h y d ro x id e  an d  h ig h  tem p ra tu re  red isso lv e  th e  g ro w in g  z e o lite  in to  th e
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su p e rsa tu ra ted  so lu tio n  d u rin g  sy n th esis , p o ss ib ly  le ad in g  to  h ig h e r  d e fe c t leve ls  in  
th e  s tru c tu re  o f  th e  ze o lite  c rysta l. In  th is  case , h ig h  v a n a d iu m  lo a d in g  re su ltin g  in  
co n d e n sa tio n  o f  v an ad iu m  in to  th e  zeo lite  s tru c tu re  can  b e  c o n s id e re d  as  c rea tin g  
d efec ts , p ro d u c in g  h ig h e r  stress  in  th e  fram ew o rk  s tru c tu re  d u e  to  th e  la rg e  a tom ic  
s ize  o f  v a n a d iu m  as co m p ared  to  th a t o f  silicon .

It is o b v io u s  th a t h ig h e r so d iu m  h y d ro x id e  c o n c e n tra tio n  n o t o n ly  leads to  
th e  ex trin s ic  fo rm a tio n  o f  v an ad iu m , b u t a lso  w ill n o t p ro m o te  in se rtio n  o f  v an ad iu m  
in to  th e  fra m e w o rk  stru c tu re . R a th e r it w eak en s  th e  c ry s ta l s tru c tu re , m ak in g  th e  
c ry s ta ls  su sc e p tib le  to  b e  d e stro y ed  d u rin g  ca lc in a tio n .

T h e  n o v e l s ila tran e  p re c u rso r  show s u n iq u e  an d  d is tin c tiv e  p ro p ertie s , as 
d e sc rib ed  p re v io u s ly  [21 -22 ], O ne ex trao rd in a ry  p ro p e rty  o b ta in e d  u s in g  sila tran e  is 
th a t it p ro d u c e s  u n ifo rm  c ry sta ls  o f  sm a lle s t size , w h en  co m p ared  to  o th e r s ilica  
so u rces  su ch  as te tra e th y l o rth o silica te , and  fum ed  s ilica . M o reo v e r, it sh o w s h ig h e r 
p e rfo rm an ce  fo r p re p a ra tio n  o f  h ig h  a lu m in u m  lo ad in g  in  Z S M -5  [22]. T h e  p re sen t 
w o rk  sh o w s th a t s ila tran e  as p re c u rso r p ro v id e s  re m a rk a b ly  h ig h e r  p o ten tia l to  
p ro d u c e  h ig h  v a n a d iu m  lo ad in g , as lis ted  in  tab le  6 .2 .is th e  lo ad in g  can  b e  a lm o st as 
h ig h  as 1 v a n a d iu m  a to m  p e r  3 u n it ce ll o f  M F I, a  lev e l th a t h as  b e e n  p rev io u s ly  
d iff icu lt to  o b ta in  v ia  th e  h y d ro th e rm al syn thesis .

E ffect o f V an ad iu m  Concentration
S E M  re su lts  o f  th e  e ffec t o f  in c rea s in g  th e  so d iu m  h y d ro x id e  co n cen tra tio n  

o n  sam p le s  w ith  in c reased  v an ad iu m  lo ad in g  (S i/V = 2 5 ) a re  sh o w n  in  fig u re  6 .10. 
T h e  re su lts  c a n  b e  co m p ared  w ith  th o se  in  fig u res  6 .6 a-c  at d e c re a sed  v an ad iu m  
lo ad in g  (S i/V = 4 0 ). T h e  m o rp h o lo g y  o f  th e  V S-1 a t h ig h e r  lo ad in g  sh o w s la rg er 
c ry s ta l s izes ( f ig u re  6 . 1 0 ), in  ag reem en t w ith  p re v io u s  d isc u ss io n  th a t in c reas in g  
v an ad iu m  re su lts  in  la rg e r  c ry sta l s izes due  to  le ss  n u c léa tio n . M o re o v e r, as n o ted  
ea rlie r  fo r lo w e r v a n a d iu m  load ing , th e  c ry sta l s ize  in c rea se s  w ith  d e c rea se  in  th e  
h y d ro x id e  c o n c e n tra tio n  a lso  at h ig h  V  load ing .

T h e  q u a n tity  o f  v an ad iu m  in co rp o ra ted  in to  th e  M F I fra m e w o rk  s tru c tu re  
w as in v e s tig a te d  b y  th e  X R F  tech n iq u e , and  th e  re su lts  are  g iv en  in  ta b le  6.2. T h e  
a m o u n t o f  v a n a d iu m  o f  u n trea t am m o n iu m  ace ta te  at lo w  v a n a d iu m  lo ad in g  and  
am m o n iu m  a ce ta te  tre a te d  sam p les at h ig h  v an ad iu m  lo ad in g , d o e s  n o t show  a
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s ig n ific an t d iffe re n ce . M o reo v er, th e  E S R  sp ec tru m  sh o w n  in  fig u re  6.1 lc  (w ith  S i/V  
ra tio  o f  25 ) sh o w s a  s im ila r am p litu d e  to  th a t o f  th e  tre a ted  sam p le  at lo w er 
v an ad iu m  lo a d in g  in  fig u re  6 .8c  (w ith  S i/V  ra tio  o f  40 ). T h e  V (IV ) in te n s ity  o f  th e  
E S R  sp ec tra  is lo w e r th a n  it sh o u ld  be, a cco rd in g  to  th e  X R F  resu lt. T h e  rea so n  m ay  
a risee  from  th e  fac t th a t te trah ed ra llly  c o o rd in a ted  v an ad iu m  can  n o t b e  d e tec ted  b y  
E S R  at ro o m  te m p e ra tu re  d u e  to  its  sho rt re la x a tio n  tim e. M o re  th an  h a lf  th e  
v an ad iu m  sp e c ie s  a fte r  red u c tio n  and  trea tm en t w ith  am m o n iu m  ace ta te  co u ld  be  
p re se n t in  th e  fo rm  o f  te tra h e d ra lly  co o rd in a ted  sp ec ies  [28], L ik ew ise , th e  h y p erfin e  
co u p lin g  c o n s ta n t an d  g fac to r show  no  ch an g e  at ro o m  te m p e ra tu re  w ith  ch an g e  in  
th e  v an ad iu m  co n cen tra tio n .

W ith  d e c rea s in g  w a te r  con ten t, th e  h y p e rfin e  c o u p lin g  is n o t ch an g ed  w h ile  
th e  g fac to r seem s to  d ec rease , see  fig u re  6 .5a. H o w ev e r, th is  re su lt is  am b ig u o u s, 
b e c a u se  b ro a d e n in g  o f  th e  sp ec tra  cau ses  th e  g fa c to r  to  b e  le ss  w e ll reso lv ed . 
H o w ev er, b o th  h y p e rfin e  co u p lin g  co n stan t and  g fac to r a re  c h a n g e d  a fte r  trea tm en t 
w ith  am m o n iu m  ace ta te  at all v an ad iu m  load ings. W ith  reg a rd  to  th e  g  fac to r and  
h y p e rfin e  c o u p lin g  co n stan t, it is k n o w n  th a t th e  d is tan ce  b e tw e e n  v a n a d iu m  and  
o x y g en  in  V 0 2+ g ro u p  is d irec tly  re la ted  to  th e  Ag ||/Ag 1  ra tio  and  th e  h y p erfin e  
c o m p o n en t A  II [2 9 -3 0 ]. In c rease  o f  th e  Ag II /A g 1  ra tio  o r  th e  h y p e rfin e  co u p lin g  A  II 
is  a  sen s itiv e  in d ic a to r  o f  te trag o n a l d is to rtio n  v ia  a  d e c rea se  in  th e  v=0 b o n d , o r  an  
in c rea se  in  th e  d is ta n c e  b e tw e e n  th e  fou r o x y g en  lig an d s  in  th e  b a sa l p lan e . T h e  ra tio  
Ag||/Ag 1  c a n  b e  c a lc u la ted  acco rd in g  to  th e  fo llo w in g  eq u a tio n ;

A g || =  ( g | |  - g  1 )

A g ±  ~  ( g ± - g e )

In  o u r  case , c o m p arin g  fig u res 6 .8b  and  6 .8c , a fte r  ex tra c tio n  o f  th e  ex trin s ic  
v an ad iu m  b y  a m m o n iu m  ace ta te , it w as  found  th a t th e  Ag II /A g 1  ra tio  and  h y p erfin e  
co n s tan t A  II in c rea se  fro m  2.8 to  4 .9  and  118.3 to  124 .3 , re sp ec tiv e ly . H ig h er 
v an ad iu m  lo a d in g  in  fig u re  6.11 a lso  g ives h ig h e r  v a lu e s  o f  th e  Ag II /A g 1  ra tio  and  
A  ||.. F ro m  th e se  da ta , it can  b e  seen  th a t in trin s ic  v a n a d iu m  cau se s  m o re  la ttice  
d is to rtio n . A fte r  le ach in g  o u t th e  ex trin s ic  v an ad iu m , it  is  lik e ly  th a t so m e  v an ad iu m  
s ites  are m o d if ie d  su ch  th a t th e  te rm in a l b rid g es  w ith  s ilic a  a to m s a re  b ro k e n  to  fo rm
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hydroxyl group terminals, resulting in an increase of Àg II /Ag 1  or A ||, based on 
previous reports that an increase of Ag II /Ag 1  occurs when vanadium interacts with 
water molecule, forming terminal hydroxyl groups [15].
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6.5 Conclusions

VS-1 zeolite was synthesized using silatrane as precursor and the factors 
รณdied that influence the properties of the product. Lower water content with higher 
reaction temperature is the preferable condition for VS-1 synthesis due to higher 
promotion of vanadium condensation into the zeolite structure. The amount of 
sodium and vanadium loading strongly influences the amount of intrinsic vanadium 
species within the VS-1 zeolite. Lower sodium hydroxide concentration gives higher 
vanadium in the structure, with less leached out, when compared to VS-1 formed 
using a high sodium hydroxide concentration. Therefore high sodium hydroxide 
increases extrinsic vanadium formation and does not promote incorporation of 
vanadium into the framework structure. Samples prepared with high sodium 
hydroxide concentration are susceptible to destruction during calcination. ESR 
spectroscopy at room temperature shows that the vanadium species in all samples are 
immobilized and well dispersed in the MFI structure. Thus, the silatrane precursor 
provides good potential for preparing VS-1 zeolite with high vanadium loading via 
the hydrothermal synthesis method.
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CAPTIONS OF TABLE AND FIGURES

Table 6.1 ESR Parameters of vanadium species in VS-1 synthesized using the 
formula Si: V: TPA-Br: H20  of 40: 1:4: 2800

Table 6.2 The effect of formulation on Si/V ratio of VS-1, made using the ratio 
H2O/V=70 with 84 hr aging and 20 hr heating at 180°c, determined 
byXRF

Figure 6.1 SEM micrographs of VS-1 samples produced at the reaction 
temperature of 150°c with varying H20/Si ratios: a) 50, b) 70 and c) 
100

Figure 6.2 UV-visible spectra of as-synthesized VS-1 zeolite made using 
formulation 40Si:lV:4TPA-Br:16NaOFl, at reaction temperature of 
150°c with H20/Si ratio of a) 50, b) 70 and c) 100

Figure 6.3 SEM of VS-1 zeolite made using formulation 40Si:lV:4TPA- 
Br:16NaOH, at the reaction temperature of 180°c with H20/Si ratio of 
a) 50, b) 70 and c) 100

Figure 6.4 UV-visible spectra of as-synthesized VS-1 zeolite made using 
formulation 40Si:lV:4TPA-Br:16NaOH, at the reaction temperature 
of 180°c and the H20/Si ratio of a) 50, b) 70 and c) 100

Figure 6.5 ESR spectra of VS-1 zeolite made using formulation 40Si:lV:4TPA- 
Br:16NaOH, at the reaction temperature of 180°c and the H20/Si 
ratio of a) 50, b) 70 and c) 100

Figure 6.6 SEM of VS-1 zeolite, fixing the Si/V ratio at 40 and the H20/Si ratio 
at 70 with the NaOH/V ratio at a) 12, b) 16, c) 20, and, fixing the 
H20/Si ratio at 50, with the NaOH/V ratio of d) 12, e) 16 and f) 20

Figure 6.7 UV-visible spectra of Vs-1 zeolite, fixing the Si/V ratio at 40 and the 
H20/Si ratio at 70 with the NaOH/V ratio at a) 12, b) 16, c) 20, and, 
fixing the H20/Si ratio at 50 with the NaOH/V ratio at d) 12, e) 16 and 
f) 20
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Figure 6.8

Figure 6.9 

Figure 6.10 

Figure 6.11

ESR spectra of VS-1, made using the formula Si: V: TPA-Br: NaOH: 
H2 O = 40: 1: 4: 12: 2800 for a) as-synthesized sample, b) reduced 
sample after calcination and c) reduced, calcined and washed sample 
XRD results of calcinated VS-1 samples having Si/V=40 and 
NaOH7Si= 0.5 with a) H2O/Si=70 and b) H2O/Si=50 
SEM of VS-1 zeolite, fixing the Si/V ratio at 25 and varying the 
NaOH/V ratio of a) 7.5, b) 10 and c) 12.5
ESR spectra of VS-1, made using the formula Si: V: TPA-Br: NaOH: 
H20  = 25: 1: 4: 12: 2800 for a) as-synthesized sample, b) reduced 
sample after calcination and c) reduced, calcined and washed sample



T a b le  6.1

Normalized
NaOH/ V 

ratio
double

integrated
spectrum

g|| g i All
(G)

Ax
(G)

12 4.30 E+5 1.9165 1.9745 209.3 74.4
16 3.33 E+5 1.9175 1.9751 209.4 74.1
20 2.70 E+5 1.9169 1.9722 209.0 74.2



8 6

Table 6.2

Si/V loading
Si/V

NaOH/Si loading Calcined
sample

After treated by IN 
NH4OAc

40 0.3 281 477
40 0.5 384 880
25 0.3 122 284
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F ig u re  6.1
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K i=  1.968, A l  =  74 G 
I I I r i  I I—I

e i =  1.970, A x =  74 G  
r r i ITI I I I

Figure 6.5
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F ig u re  6 .6
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Figure 6.8
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Figure 6.9
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Figure 6.10
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Figure 6.11


	CHAPTER VI VS-1 ZEOLITE SYNTHESIZED DIRECTLY FROM SILATRANE
	6.1 Abstract
	6.2 Introduction
	6.3 Experimental
	6.4 Results and Discussion
	6.5 Conclusions
	6.6 Acknowledgements
	6.7 References


