
CHAPTER V
MORPHOLOGY STUDY OF MFI ZEOLITE SYNTHESIZED DIRECTLY 
FROM SILATRANE AND ALUMATRANE VIA THE SOL-GEL PROCESS

AND MICROWAVE HEATING

5.1 Abstract

Silatrane and alumatrane were prepared via the oxide one-pot process, and 
used as precursors for synthesis o f  MFI. The effect on MFI m orphology o f  tetrabutyl 
ammonium hydroxide (TBA) and tetrapropyl ammonium bromide (TPA) as organic 
templates w as compared. The influence o f  aging time, and o f  the sodium and 
hydroxide content o f  alumatrane were also investigated. TPA shows better 
performance as a template for the MFI synthesis than TBA by decreasing aging and 
heating times. Different templates produce different morphologies and growth 
directions o f  MFI crystals due to the steric effect o f  the template m olecule. Increase 
o f  alumatrane loading retards MFI crystal formation, but no significant effect is 
observed on varying sodium and hydroxide concentrations as previously found for 
pure silicate MFI.
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5.2 Introduction

ZSM 5 or MFI zeolite has becom e an increasingly important zeolite over the 
past decade as it has found a variety o f  applications, especially in the petrochemical 
industry. Here, the major uses are in reforming processes because it is a strong acid 
catalyst. One example is its application as an octane booster via the cracking o f  
alkanes on H-ZSM 5, known to be a selective catalyst which cracks only linear 
hydrocarbons and preseves branched alkanes. MFI has a uniformity o f  pore size that 
enhances specific interaction with selected hydrocarbons. Moreover, it is also used as 
a metal catalyst support due to its high thermal stability and high surface area.

MFI is a synthetic zeolite, not found in nature due to a formation o f  a unique 
pore structure requiring the presence o f  an organic m olecule as a template or guest 
species to stabilize the pore. Relative to other types o f  zeolite, MFI is a high silicate 
type, containing only a few aluminum atoms or other heteroatoms substituted in the 
structure. In the case o f  high aluminum MFI, it is known that use o f  a template can 
be exempted [1], whereas the synthesis o f  pure silicate MFI cannot succeed without a 
template. Several templates from the family o f  tetraalkylammonium salts or 
hydroxides have been examined [2-7] in MFI synthesis, and their mode o f  action 
evaluated using theoretical calculation [8-9]. Recent work indicates that the 
tetrapropylammonium (TPA) salt is the template o f  choice for MFI synthesis [5,10- 
18],

Inorganic compounds such as fumed silica, silicic acid, and sodium silicate as 
w ell as organosilicates such as tetraethoxysilane, were studied as sources o f  silica for 
MFI synthesis by D e Moor et al [5-6,13] and Martens et al [14-16]. These authors 
investigated the nucléation and growth mechanism o f  MFI formation in the presence 
o f  TPA as template. However, recently, it has been shown that by using a novel 
precursor, silatrane, MFI can be successfully synthesized using tetrabutylammonium  
hydroxide (TBA) [19]. Normally TBA prefers to form ZSM11 or MEL zeolite 
topology, as demonstrated by Kirschhock et al [16] using x-ray scattering analysis. 
Burchart et al [20] studied both templates and explained the preferential interactions 
between these templates with MEL and MFI by molecular mechanics calculation. 
Two properties, which make silatrane different from other organosilicates, are
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decreased susceptib ility  to hydrolysis by  w ater, and release o f  larger ligands during 
hydrolysis. A s discussed later, these effects m ay act to yield M FI form ation.

B oth silatrane and alum atrane have been used successfully  as precursors for 
synthesis o f  m icroporous [19,21-22] and m esoporous [23] zeolites via  the sol-gel 
process. As a continuation o f  these studies, w e investigate here the effect o f  the 
tem plates, T B A  and TP A, on the synthesis o f  pure silicate and alum inosilicate M FI, 
including the influence o f  form ulation variables and reaction conditions.
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5.3 Experimental 

Materials
Fum ed silica w ith  silica content 99.8%  (SiC>2 ) w as supplied from Sigm a 

Chem ical. A lum inum  hydroxide hydrate (A l(0 H )3 .xH 2 0 ) w as purchased from 
A ldrich C hem ical Co. Inc. (USA). T riethanolam ine (TEA, N [C H 2C H 2 0 H ]3) was 
supplied by  C arlo E rba reagenti. T riisopropanolam ine (TIS, N [C H 2C H C H 3 0 H ]3) 
w as obtained from  F luka C hem ika-B ioC hem ika (Sw itzerland). E thylene glycol (EG), 
used as reaction solvent, w as obtained from J.T. Baker. Sodium  hydroxide (NaOH) 
and sodium  chloride (N aCl) w ere purchased from EK A  C hem icals and AJAX 
chem icals, respectively . Tetra-butyl am m onium  hydroxide (TB A O H ) and tetra- 
propyl am m onium  brom ide (TPA) w ere obtained from  Fluka C hem ical AG. All 
chem icals w ere used as received. A cetonitrile (C H 3CN) w as obtained from  Lab-Scan 
Co., Ltd. and d istilled using standard purification m ethods prior to use.

Instrumentation
FT IR  spectroscopic analysis was conducted using a B ruker Instrum ent 

spectrom eter (EQ U IN O X 55) w ith a resolution o f  2 cm ' 1 to m easure the functional 
groups o f  m aterials. The solid sam ples w ere m ixed and pelletized w ith  dried KBr. 
M ass spectrom etry w as carried out using a V G  A utospec m odel 7070E from  Fison 
Instrum ents w ith  V G  data system , in the positive fast atom ic bom bardm ent (FAB+- 
M S) m ode and w ith  glycerol as the m atrix. C sl w as used as a reference, and a cesium  
gun was used as an initiator. The m ass range covered w as from  m /e =  20 to 3,000. 
Therm al properties and stability w ere analyzed using a Perkin E lm er TG A 7 analyzer 
at a scanning rate o f  1 0 °c /m in  under nitrogen atm osphere, and sim ultaneous therm al 
analysis (STA ) w as conducted using N etzsch instrum ent STA  409 at a scanning rate 
o f  2 0 °c /m in  under nitrogen and oxygen atm osphere. The crystal m orphology was 
รณdied using a JE O L  5200-2A E scanning electron m icroscope. C rystal structure was 
characterized using a R igaku X -R ay D iffractom eter at a scanning speed o f  5 
degree/sec, w ith  Cu K  line as incident radiation and a filter. The w orking range was 
3-50 theta/2 theta, w ith  1 degree and 0.3 m m  setting o f  divergence for the scattering



42

and receiving slits, respectively. The Si/A l ratio w as m easured by X -ray fluorescence 
spectroscopy (B ruker m odel SRS 3400), w ith  99.8%  boric acid as binder. 
H ydrotherm al treatm ent by  m icrow ave heating technique w as conducted using 
M SP 1000, C M E cooperation (Spec 1,000 พ  and 2450 M H z). Sam ples w ere heated 
in a Teflon tube, using the inorganic digestion m ode, w ith  tim e-to-tem perature 
program m ing.

Methodology
A lum atrane synthesis

A lum atrane (tris(alum atranyloxy-i-propyl)am ine or A1TIS) w as synthesized 
using the m ethod  reported by W ongkasem jit et al [24] by  m ixing 0.125 m ole TIS 
and 0.1 m ole A l(O H )3  in 100 ml o f  EG. EG w as rem oved after com pletion o f  the 
reaction by  distilla tion  under vacuum  (8 m m  Hg) at 110 ° c  until dry  crude product 
w as obtained. The pale-yellow  solid was w ashed three tim es w ith  dried acetonitrile 
to obtain a fine w hite  pow der. The purified product w as characterized using XRD, 
TG A , FTIR  and FA B +-M S.

Silatrane synthesis
Silatrane (tris(silatranyloxy-ethyl)am ine or SiTEA ) w as synthesized using 

m ethodology identical to that for alum atrane synthesis by  heating  a m ixture o f  0.125 
m ol TEA, 0.1 m ol SiC>2 and 100 m l o f  EG  at 200 ° c  under nitrogen atm osphere. The 
reaction w as com pleted w ithin 1 0  h and the m ixture w as cooled to room  tem perature 
before d istilled o f f  the excess EG under vacuum  ( 8  m m H g) at 110 ° c  for 3 h. The 
brow nish w hite  solid  w as w ashed three tim es w ith  dried acetonitrile to obtain a fine 
w hite pow der. The silatrane product w as characterized using X R D , TG A , FTIR  and 
FA B +-MS.

Synthesis o f  pure silicate M FI
SiTEA  equivalent to 0.25 g S i0 2 w as dispersed in 5 m l o f  w ater and 

continuously stirred before adding the tem plate m olecule (TB A  or TP A). In the case 
o f  TB A  tem plate, N aO H  w as added to balance the total hydroxide, and N aC l was
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added to balance the sodium  ion concentration (N a+). In the case o f  the TPA  
tem plate, N aO H  w as added to reach desired hydroxide concentration, N aC l w as used 
for adjusting total sodium  ion concentration. W ater w as then added to all sam ples, 
according to the stoichiom etric formula. To establish the optim um  reaction 
conditions for pure silicate M FI synthesis w ith  the tw o tem plates, TB A  and TPA, as 
in  previous w ork  [19], the heating tim es at 150 ° c  w as fixed and aging tim es at room  
tem perature w ere system atically  varied. The form ulation w as fixed at the m ole ratio 
o f  Si0 2 :tem plate:0 H ':N a+:H20  =  1:0.1:0.4:0.4:114. P rior to heating, all prepared 
sam ples w ere aged for different periods o f  tim e at room  tem perature w ith  continuous 
stirring.

Synthesis o f  A lum inosilicate M FI
Since alum atrane is m ore susceptible to hydrolysis by  w ater, it w as added at 

the end o f  the above-specified procedure to prepare pure silicate M FI. Again, ratios 
o f  Si/A l, O H ' and N a+ concentration, and the tim e period for addition o f  alum atrane 
w ere varied to elucidate their influence on the m orphology o f  alum inosilicate M FI 
crystals in bo th  T PA  and TB A  tem plate systems.
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5.4 Results and Discussion

Silatrane and alum atrane w ere successfully synthesized via the Oxide One 
Pot Synthesis ('OOPS) synthesis. The crude as-synthesized products, alum atrane and 
silatrane, ob tained before distilling o ff  the excess EG, w ere characterized using 
FA B +-M S, as show n in tables 5.1 and 5.2, respectively. FT IR  spectra confirm  the 
presence o f  the characteristic peaks o f  the silatrane and alum atrane products, as 
follows. Silatrane: 3422 cm ' 1 (v OH), 2986-2861 cm ' 1 (v CH), 2697 cm ' 1 (v N->Si), 
1459-1445 cm ' 1 ( 8  CH), 1351 cm ' 1 (v CN), 1082 cm ' 1 (v Si-O -C), 1049 cm ' 1 (v CO), 
579 cm ' 1 (v N -»Si). A lum atrane: 3404 cm ' 1 (v OH), 2937-2881 cm ' 1 (v CH), 1650 
cm ' 1 (v O H  overtone), 1460 cm ' 1 ( 8  CH), 1089 cm ' 1 (v A l-O -C ) and 500-800 cm ' 1 (v 
Al-O).

X R D  analysis w as carried out to confirm  that these tw o products have their 
characteristic crystal structures, as show n in figure 5.1, although the diffraction 
pattern o f  alum atrane (Figure 5.1(a)) indicates the presence o f  som e am orphous 
starting m aterial, A l(O H )3 . The char yields o f  both  silatrane and alum atrane are 
show n in figure 5.2. S ilatrane exhibits only one w eight loss transition at around 
4 0 0 °c , corresponding to the decom position o f  organic ligand. The char yield is 
around 20% , w hich is close to the theoretical yield  o f  S i((O C H 2CH 2 )3N )2H 2 (18.4 
%). A lum atrane show s tw o m ajor transitions at 140° and 3 8 0 °c , corresponding to 
decom position o f  EG  solvent trapped in the product pow der and the organic ligand, 
respectively. T he final char yield, ~30% , is black in color and larger than the 
theoretical value, 23.72% , by 6 %, presum ably due to incom plete com bustion.

MFI Synthesis
In th is w ork, TPA  and TB A  w ere used as the tem plates for producing M FI. 

A s noted earlier, w hile  previous w ork [16,20] show s that TB A  is a M EL directing 
agent our studies [19] show  that TB A  w ith silatrane as precursor produces M FI. 
Follow ing ou r previous study [19], the form ulation used is S i0 2: 0.1TB A (or
0.1TPA): 0 .4O H ': 0 .4N a+: 114H20 .  W ith TBA , our previous study [19] show ed that 
the optim al aging and heating tim es w ere 84 h  at room  tem perature and 15 h at
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1 50°c , respectively. W ith TPA, it w as necessary to investigate the effect o f  variable 
aging times.

Effect of aging and heating time on pure Si-MFI using TPA and TBA templates
From  our previous w ork [19], we know  that either too high or too low N a+ 

and O H ' concentration  gives poor results for pure Si-M FI synthesis. Thus, we 
utilized the sam e form ulation for TPA  as for TBA, i.e. S iÛ 2 : 0.1TPA : 0.4Na: 0.4OH: 
114H20 .  Since T PA  is a m ore efficient tem plate for M FI than TBA , we used a 
shorter heating  tim e, 10 h. The SEM  results from  different aging tim es are shown in 
figure 5.3. Surprisingly, the M FI obtained using TPA  show s a d ifferent crystal 
m orphology com pared to that observed in our earlier study w ith TB A  as tem plate
[19]. A s illustrated in Figure 5.4, the TBA  tem plate results in rectangular crystals 
elongated along the crystal c-axis (Figure 5.4a), w hereas square crystals are formed, 
w hen using the TPA  tem plate (Figure 5.4b). M oreover, w ith  the TB A  tem plate, the 
crystals tend to grow in size, and contain less am orphous m aterial as the aging tim e 
increases [19]. In contrast, as seen in Figure 5.3, w hen using the T PA  tem plate, large 
crystals are form ed at short aging tim es, together w ith  som e crystal scrap, probably 
due to cracking o f  crystals that are too large. A pparently, decrease o f  aging tim e 
results in less nucléation w ith  TPA, as a result, producing larger crystals. H ow ever, 
both TPA  and TB A  show  the same correlation that m ore perfect crystals are obtained 
w ith  increasing aging time.

The distinct m orphological features observed w hen com paring these two 
tem plates likely  originate from steric hindrance during crystal form ation. These 
d issim ilarities arise because the length o f  alkyl chain o f  TBA  is longer than that o f  
TPA. Indeed, differences in the m echanism  o f  nanoslab aggregation due to the 
different steric interaction associated w ith TPA  and TB A  tem plates has been 
suggested as the source o f  the preferential form ation o f  M FI by T PA  and M EL by 
TBA  [16,20], The sinusoidal open channels lie along the a-axis and the straight open 
channels lie along the b-axis, therefore the longer alkyl chains o f  TB A  tend to 
encounter greater steric hindrance in grow th along these directions. Thus, crystal 
form ation w ith  TB A  tends to grow along the c-axis rather than along the a- o r b- 
directions. M olecular m echanics m odelling [20] indicates that the difference in
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stability  o f  M FI and M EL zeolite structures, using TPA  versus TB A  as tem plates, is 
m arginal w hen the zeolite voids are not com pletely filled by tem plate m olecules. 
Thus w e speculate that w hen using silatrane as a precursor, because o f  its decreased 
susceptib ility  to hydrolysis, the M FI structure m ay be k inetically  favored.

O ur previous X RD  results in the case o f  T B A  as tem plate [19], w hen the 
heating tim e w as varied, support this interpretation, as show n in figure 5.5a. A fter 
heating for 5 h, w ith  sam ples aged for 84 h, tw o barely  perceptib le  peaks (see 
arrow s) are observed near 9 /2theta and 8  /2theta, w hich correspond to the expected 
positions o f  the 8.89 (020), 8.83 (200) and 7.95 (101) d iffraction m axim a. A fter 10 h 
heating, the peak  near 9/2theta dram atically increases com pared to the peak at 
8/2theta, w hich  show s a sm aller increm ent. H ow ever, on further heating, the peak at 
8 /2theta continues to increase, w hereas the peak at 9 /2theta dim inishes. This 
evidence supports that the crystals obtained using the T B A  tem plate have steric 
hindrance, w hich  inhibits the crystal to grow along the a- and b-directions. By 
shortening the alkyl chain as in TPA, less steric h indrance occurs, enabling the 
crystals to grow  m ore easily in the a- and b-directions. Thus, the shape o f  the crystals 
w ith  TPA  becom es square w hereas those obtained using TB A  are rectangular.

On varying the heating tim e betw een 5, 10 and 15 for 60 hour aged sam ples, 
no change in X R D  patterns was observed (Figure 5.5b), w hen using TPA  as 
tem plate. M ore perfect crystals are form ed at shorter heating tim es w ith  TPA  
com pared w ith  TBA. From  previous w ork [19] using the TB A  tem plate under 
equivalent conditions, i.e. 60 hr aging tim e, crystals w ith  no am orphous phase w ere 
obtained after a heating tim e o f  20 hr versus 10 h for TPA. H ow ever, the TBA  
tem plate produces larger perfect crystals [19], ~10 m icron size, com pared to ~  4 
m icron size for crystals obtained w ith  TPA  (Figure 5.3c). It is evident that the aging 
tim e has a greater effect on m orphology in the case o f  TPA  than the heating tim e, 
w hereas both  aging and heating tim es are im portant w hen using the TB A  tem plate.

Effect of alumatrane content on crystal morphology
W e investigated the influence o f  alum atrane loading on crystal m orphology 

at ratios o f  Si/A l equal to 75:1, 50:1, 25:1 and 10:1. The o ther ingredients o f  the 
form ulation w ere fixed by correlating to the Si content. A ging tim es o f  60 h at room
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tem perature and heating tim e o f  1 0  h  at a tem perature o f  15 0 °c  w ere applied for the 
TPA  tem plate m ixture, com pared to 84 h  and 15 h  aging and heating  tim es, 
respectively, at the corresponding tem peratures, for the TB A  tem plate system. 
Figures 5.6 and 5.7 show  the change in m orphology o f  crystals using the TB A  and 
T PA  system s, respectively, due to the change in alum atrane content.

Several previous w orks have reported [1,4,10] the difficulty  in achieving a 
perfect crystal M FI at a Si/A l ratio around 10. This w as confirm ed by  our present 
study. A t low er Si/A l ratios, w e encountered greater difficulty  in M FI synthesis w ith 
both  TPA  and TB A  tem plates. Clearly, introducing h igher levels o f  alum atrane 
increasingly im pedes M FI crystal form ation. As seen in Figures 5.6 and 5.7, for both 
TPA  and TB A , the shape o f  the crystals becom es rounder on increasing the 
alum inum  content. A lso evident is the fact that the crystals are m ore oblong for TBA, 
w hich correlates w ith  the expectation that the tem plate m olecule affects the grow th 
direction o f  the crystal, as discussed above. A m orphous alum inosilicate was 
produced predom inantly  w ith  the highest alum atrane loading. H ow ever, at the Si/Al 
ratio 10, using  the T PA  tem plate, som e M FI w as obtained along w ith  am orphous 
phase, as seen in Figure 5.7d. W ith this form ulation, low er levels o f  am orphous 
phase can be  achieved by  increasing the heating tim e or the aging tim e. This result is 
consistent w ith  the expectation that TPA  is a m ore efficient tem plate for M FI 
synthesis. U nder com parable conditions, only a Si/A l ratio o f  25 enables M FI 
form ation for bo th  TB A  and TPA  systems.

X R F analysis w as applied to confirm  the com position o f  Si and A1 in the 
structure o f  the M FI, and the result are sum m arized in Table 5.3. A  linear relation is 
found betw een the com position loading and the actual Si/A l content. The Si/Al ratio 
decreases as the alum atrane loading increases though the alum inum  content is low er 
than the actual loading by  a sim ilar ratio in every form ulation. W e further note that 
the X R F resu lt indicating increasing A1 content in the M FI crystal is consistent w ith 
the evolution o f  m orphological changes seen by  SEM . Finally, T able 5.3 indicates no 
significant influence o f  the tem plate structure on the incorporation o f  A1 in the M FI 
fram ework.



48

A t the h ighest loading o f  Si/Al equal to 10, a sam ple was prepared w ith 15 h 
heating tim e at 150°c. A s indicated in Table 5.3, the resulting  m aterial had a high 
m easured alum inum  content (Si/Al =  15.3), and a distinctive m orphology w hich 
appears to consist o f  m any sm all fused crystallites, as seen in the SEM  m icrograph in 
Figure 5.8.

Effect of NaOH concentration
A s m entioned previously, either low or high ratio o f  O H '/S i gave poor 

results for the form ation o f  pure silicate M FI. The new  question o f  the influence o f  
the N aO H /A l ratio  on M FI m orphology was studied by setting the N aO H /A l ratio at 
5, 10 and 15, producing the results show n in figure 5.9. The TPA  system  w as chosen 
due to its superior perform ance, as discussed above. A t Si/A l ratio o f  25 w ith aging 
tim e 60 h, it w as found that at the highest N aO H /A l ratio, sm aller M FI crystals w ere 
obtained together w ith  substantial am ounts o f  am orphous phase, w hereas larger 
crystals w ith  a sm all am ount o f  am orphous w ere obtained at the low est N aOH 
concentration. A t the interm ediate N aO H  concentration, round crystals w ith little 
am orphous phase w ere produced.

From  these results, evidently sodium  or hydroxide ion concentration 
influences M FI crystal form ation. In earlier w ork, it w as show n that the sodium  
cation participates in the nucléation step by stabilizing the polysilicate anion, form ed 
as an interm ediate [19]. It is also know n that, the h igher the sodium  cation 
concentration, the m ore am orphous phase is produced due to steric hindrance 
betw een the tem plate and the polysilicate anion (c.f. F igure 5.9c) [11]. W e further 
studied the effect o f  sodium  concentration on crystal m orphology, by  fixing the 
form ulation at S i/A l/T PA /O H Æ FO  o f  25/1/2.5/10/2850, and varying the N a+/A l 
ratio betw een 10, 15 and 20. The results are show n in figure 5.10. Too high 
concentration o f  sodium  cation causes retardation o f  crystal form ation, sim ilar to the 
previous results. A s the N a+ concentration increases, the crystal size increases, and 
larger am ounts o f  am orphous phase are formed. A t the highest N a+/A l ratio o f  20, 
M FI crystals are rarely  form ed, as indicated by  XRD  analysis.

To รณdy the effect o f  hydroxide concentration, the N a+/A l ratio w as fixed at 
10 and the OH7A1 ratio w as varied from 10 to 5 to 2.5. The SEM  result is essentially
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the sam e as that show n in figure 5.9a, at the OH7A1 ratio o f  5. This is surprising, 
considering the fact that the pure silicate M FI w ith  TB A  as tem plate gave only 
am orphous phase under these conditions [19]. On low ering hydroxide concentration 
to 2.5 OH7A1, very  few  M FI crystals w ere detected by X RD . It is possible that M FI 
can form  under these conditions because TPA  w as used in the present study rather 
than TBA. H ow ever, it w as observed that w ith less hydroxide ion the aged sam ple 
form ed a gel as quickly  as a sam ple w ithout N aO H , i.e. w ith in  one hour. In addition, 
the form ation o f  substantial am ounts o f  am orphous product indicates decreased 
interaction betw een  precursor and the tem plate.

Though the sodium  ion is generally present in zeolite to stabilize the 
negative charge in the fram ew ork structure betw een Si-O -A l linkages, adding m ore 
sodium  does not prom ote m ore A1 ion to incorporate in the structure, as XRF 
analysis o f  the  crystals show n in figures 5.10a, 5.10b, and 5.10c indicates, for Si/Al 
ratios o f  34.3, 34.3, and 30.5, respectively. Thus, it is c lear that excess sodium  ions 
have no effect on the Si/A l ratio. In contrast, by  increasing the N aO H /A l ratio from 5 
to 10 to 15, X R F analysis o f  the crystals show n in figures 5.9a, b, and c indicates that 
the Si/A l ratio  decreases from  37.9, to 34.3 and 21.8 respectively. It follow s that 
h igher sodium  hydroxide concentration can prom ote m ore alum inum  to incorporate 
in the zeolite structure.
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5.5 Conclusions

Silatrane and alum atrane w ere synthesized and used as precursors for 
synthesizing M FI zeolite. Tw o types o f  tem plate, T PA  and TBA , w ere studied to 
com pare their effect on the M FI m orphology. The T PA  show s better perform ance by 
decreasing the aging and heating tim es w hile show ing no significant influence on the 
Si/A l ratio. D ifferences in the m orphology o f  M FI w ere also observed betw een TPA 
and TBA , w hich  appear related to differences in steric hindrance o f  the tem plates 
during crystal form ation. The Si/Al ratio in M FI zeolite increases linearly  relative to 
the loading com position, how ever, the alum inum  content can be enhanced by 
form ulating w ith  h igher sodium  hydroxide concentration. Increased alum atrane 
loading causes m ore difficulty  for M FI crystal form ation, how ever, the tendency for 
M FI form ation is im proved by increasing the aging and heating tim es.
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CAPTIONS OF TABLE A N D  FIGURES

Table 5.1 FAB+-M S Spectrum o f  alumatrane
Table 5.2 FAB+-MS Spectrum o f  silatrane
Table 5.3 Si/A l ratios o f  MFI Specimens by XRF Analysis

Figure 5.1 XRD patterns o f  a) alumatrane, a’) alumina oxide, b) silatrane and b ’) 
fumed silica

Figure 5.2 
Figure 5.3

TGA analysis o f  a) alumatrane and b) silatrane 
Effect o f  aging time on morphology o f  pure silicate MFI using the 
formulation o f  Si02: 0.1TPA: 0.4NaOH: 114H20  with 10 hr heating at 
1 50°c . Aging times are: a) 12 hr, b) 36 hr, c) 60 and d) 84 hr.

Figure 5.4 Crystal morphologies o f  pure silicate MFI with different templates: a) 
TBA template aged for 84hr and heated at 150 ° c  for 15 hr, and b) 
TPA template MFI aged for 84 hr and heated at 150 ° c  for 15 hr.

Figure 5.5 Effect o f  heating time on XRD patterns o f  pure silicate MFI a) TBA  
template after 84 hr aging and b) TPA template after 60 hr aging.

Figure 5.6 Effect o f  alumatrane content on MFI m orphology using TBA template 
at Si/A l ratios o f  a) 75, b) 50 and c) 25

Figure 5.7 Effect o f  alumatrane content on MFI m orphology using TPA template 
at Si/A l ratios o f  a) 75, b) 50, c) 25 and d) 10

Figure 5.8 M orphology o f  MFI with formulation Si/Al/TPA/NaOH/H20  =  
10/1/1/4/1140 after aging at RT for 60 hr and heating at 150°c for 15 
hr.

Figure 5.9 Effect o f  hydroxide concentration on MFI m orphology using the 
formulation Si/Al/TPA/NaOH/H20  =  25 /l/2 .5 /x /2 8 5 0  with X =  

NaO H /Al ratios o f  a) 5, b) 10 and c) 15
Figure 5.10 Effect o f  sodium cation concentration on MFI m orphology using the 

formulation Si/A l/T PA /0H 7H 20  = 25/1/2 .5 /10/2850 at Na+/A l ratios 
o f  a) 10, b) 15 and c) 20
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Table 5.1

m/e Intensities Proposed structure
192 100 N[CH2CHCH3OH]3H+ (TIS)
216 6.25 N[CH2CHCH30 ] 3H+A1 (monomer)
407 11.5 H+N[CH2CHCH30 ] 3A 10H +CHCH3CH2N[CH 2CHCH30 H ]2
431 19.25 2 N[CH2CHCH30 ] 3H+A1 (dimer)
577 1.46 [H 0C H C H 3CH2N[CH2CHCH30 ] 2A10CH CH 3CH2]2N +CH2
646 0.38 3 N[CH2CHCH30 ] 3H+A1 (trimer)
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Table 5.2

m/e Intensities Proposed structure
174 100 N [C H 2CH20 ] 3Si+
236 11.3 H2+OCH2CH2OSi[OCH2CH2]3N
291 1 N[CH2CH20 ] 3OSiOCH2CH2]ร!+[CH2CH2OH]CH2
323 2.6 H+[HOCH2CH2]2NCH2CH2OSi[OCH2CH2]3N
409 0.04 N[CH2CH20 ] 3H+SiOCH2CH2OSi[OCH2CH2]3N
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Table 5.3

Formulated Composition Si/Al o f  MFI with different templates
Si/A l TBA TPA

10 - 15.3*
25 32.0 33.3
50 62.9 64.0
75 91.8 88.0

* Extend heating time to 15 hr
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Figure 5.1



58

T em perature °c

Figure 5.2



Figure 5.3
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Figure 5.4
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Figure 5.5
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Figure 5.6
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Figure 5.7
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Figure 5.8



65

Figure 5.9
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Figure 5.10
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