" the characteristics of s

CHAPTER IV

RESULTS AND DISCUSSION

As mentioned in Chapt W & the mAth factars which affect
/;”)were concentrated on the
AfoHowi‘ng aspects: 1. 'cﬁpoﬂ-of crystals, 2. initial
g solution, 4. temperature

pressure for crysta1 . . : |
and time in crysta @5 ‘ ) perature and time 1in

calcination process. of these factors were

discuseed as follow. :
4.1 The Chemiga \ » S
R product crystals by

: eolite from varipus Si/Al
mole ratios at ini : A » —'"'“—"‘K‘ were shown in fig.
~4.1.1. From each pa u agg’s equation were
ca]cu]ated by choosing at least three pomt ot the 28 which have maximum

1ntens1ty Thesﬁﬁﬁﬂwﬁw?ﬂﬂﬁﬂ“?e type of zeolite

crystal by compafiing with the data of powder d1ffract1on file in section
Balely ﬁ?mnﬂﬂ}og ﬂﬂﬂ s. As for
crysta]hﬁ these so related to the -intensity oﬁ major XRD-peaks
for the amounts of‘ sample, i.e. the h1gher 'm intensity of peaks, the .
more crystallinity (at 26 = 238.39. g9 and'24°'). From fig. 4.1.1, at
: Si/A1 mole ratio of 2q, the XRD-signal just had developed to be peak.
It 1illustrated that the erystaﬂnity was very low (from intensity of

XRD-peak) and not clear to specify the type of crystal. However at 32°
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Figure 4.1.1 XRD patterns for pentasil zeolites from various Si/Al mole .

retio= at initial pressure of 3 kg/cmz (gauge
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-.of 20, there was a medium intensity peak which this éorresponsed to the
sodium chloride crystals those remain contaminated after washing step of
crystal. The XRD-patterm of NaCl crysta] was shown in fig. 4.1.2.

| on the oﬁher hand the XRD-signal of Si/A1 mole ratio 40
showed clear pattern of pentasil zeolite. After the calculation for d

va]ueé from the 20 of three maximum peaks, the re8ults indicated that

crystallinity of produ 1s ”\4 _ mo]e ratio of 100, 140 and

the product crystal was ZSM-5
In addition ios of 100, 140, and 200 the

zeo]1te Furthermore the

200 were -very high ¢ , '_%”3- a”},rat1o of 20 and 40. The
order of crystallinityfo 5,;' si ' ‘ ratio was as the following
0.< 140 > 200

The results indicat s for ' atio ranging from 20 and
200, the crystallinityfof SM{é%?_ ' - increased with increasing
rati 140;'showed the the highest

y) analysis by

SEM—photq?1crographs of S1/A1 mole ratios of 20, 40, 100,

gkt ﬁ“ﬂ‘ﬂ‘%ﬂ BTG R

rom fig.4.1.3, SEM—photom1crograph showed that the product

crysta]ﬂ'ﬁ ﬁ’o&fﬂ:ﬂw ﬁﬁ%sﬁ El'né']tﬁ Ere size (about

1-2-um). § It was shown that there was no ZSM-5 crystal which had been

developed in crystal synthesis at Si/A1 mole ratio 20 and 1n1t1a1(
préssure 3 kg/cm2 (gauge).

Frdm fig.4.1.4, the product crystals contained amorphous

_ forms and spherical forms of .ZSM-5 zeolitebwhich had the average size

about 10 um. Because at Si/Al mole ratio 40, ZSM-5 crystals had been



115

| ﬂumwﬂmwmm _
C o W"mﬁﬁ’ﬁmﬂ“‘r‘a"wma -



116

developed about 60-70% of product crystal, this condition would be the
optimum condition for zeolite synthesis.

For the SEM photomicrograph at S1/A1 mole ratio of100, in
fig. 4.1.5, product crystals contained 70-80% of spherical formed ZSM-5
~ zeolite and impurity. The size of ZSM-5 crystals was about 7 um,

therefore this condition was bette than that at Si/Al1 mole ratio 40

The SEM-photomicre oduct crystal at §1/A1 mole

ratio 140 was shown in s were the same as at S1/A1
mole ratio 100 but' percs 1s were 75-85% of product
crYstaTs. ‘When the aphs. were compared with
each other, from v ‘at initial pressure 3

kg/cm® (gauge), the ptAmyn_Si o1 tio for ZSM-5 synthesis

was 140.

4.1.3 FEung

The Infrare Fzeolites at various Si/Al mole
ratios were shown in fig. 4 :- ‘71 mole ratio of 20 there were
strong bands at 9&9;1 250 Eh ﬁg? asymmetric stretching

1lstrated bending mode of
T-0 bond in T04tetr45Ldron'h 750—&Eb em™!, it was symmetric
stretching band of extérnal linkage modes.

£ U)o WA S a1 e o .

those at Si/Al mo]e ratio 20 €éxcept thegsstronger symmetric stretching
pand of’il Sarob 5\ okase) @nLiL%ﬁl the] abbearad | &1 douvre ring
‘externa] ?1nkages band at 500-650 cm~

In the case of Si/A1 mole ratio 100, bands of doub1e ring
and symmetric s;retch1ng_of external 11nkages were stronger than those
at Si/ Al mole ratio 40 the other results were similar. :

At Si/A1 mole ratio 14b, all the results were the same as

those at Si/Al md]e ratio 100 but the.sizes of double ring and symmetric
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Figure 4.1.3 SEM photefiiéréduaph: of produet erystals at Si/Al

ratio 20

Figure 4.1.4 SEM photomicrograph of product crystals at Si/Al
ratio 40

mole

mole
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Figure 4.1.5 SEM photg ;Hgghﬁoﬁkproduct éfysﬁals at Si/Al mole

= 1\

ratio 100

Figure 4.1.6 SEM photomicrograph of product crystals at Si/Al mole
ratio 140 |
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Figure 4.197 IR spectra of product crystals at various Si/Al mole ratio
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stretching bands were the strongest when compared with the other

. 3 .
conditions.

From all results mentioned above, it could be found that
all of product crystals had T04tetrahedron frameworks and when Si/Al
mole ratio were increased from 2b to 140 , band sizes of double ring and

symmetric stretching of external linkages also were increased therefore,

the structure of external 1lin more complete.

4.1.4 Chemigcal elemen

In the '_ i :===::‘§ of crYstei chemical
compositions , the ré'sf_———' n "l"'-..-.r-ezjon Spectroscopy AA were
shown in table 4.1, . 5.4, f{al}u ;jy. These real Si/Al mole

ratios showed the qua P — i | wand. Aluminum in the product

crystals.

From No ios were increased, the
real Si/Al1 mole ratios” wegre i e e, . but in the lower rate than
Si/A1 mole ratios and t séﬁigggjtéf indica that higher Si/A1 mole
ratios made higher quantiiié@?qﬁu- inum whfch incorporated 1in

when a f d above were compiled

together, there showed that the most opt1mum Si/A1 mole ratio in ZSM-5

e e 140 R 94

4.2 Initial pressures 1n the crystallization per1od

AWAA oeng

) Pdrystals by
L
crystalliniity analysis.

Figures 4.2.1 and 4.2.2 showed the x-ray diffraction
patterns for pentasil zeolites for various Si/Al mole ratios at initial
pressure 1 and 5 kg/cm® (gauge), respectively. From fig. 4.2.1 at Si/Al
mole fatio 20, the XRD-signal was Very few developed to be peak, the

crystallinity being very low, therefore, it was difficult to specify the
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Figure 4.2.1 XR% patterns of pentasil zeolites from various Si/Al mole

ratios at initial pressure 1 kg/cm2 (gauge)
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type of crystal. However, it was suggested that the crystal of very
few Adeve]oped- peak was zeolite because of it’s position on XRD-pattern.
In this product crystals there were NaCl crystals mixed with t_he others. -
The NaC]t peak of XRD-pattern was high intensity even if tﬁe crystal was
small, however, it had not the gffe‘ct on XRD-pattern except the

- appearence of NaCl peak at 32°.

At Si/A1 mole ratio 40 eak intensity was higher than that
at Si/A1 mole ratio 20 but ,/]

. \_ / ther had low crystallinity.
However, it could be specif ‘ ystal was zeolite by using
—

rystal contaminated with

other product cryst RD-pattern.

At Si/ et crystal had amorphous

forms. The crystal XRD-pattern, this case

could not indicate t ecause XRD-data was not

enough to interprete th

At Si/A1 m ei.,ﬁ‘ne—_
r————— ; .
developed and gave the cl_evarr—,g‘ tern- fl pentasil zeolite. After

) : -""5'{5‘;;’_ _I'f B Y e 5
calculation for d;‘ﬁalbes and emm“ t

diffraction file, ¥ was found

crystal peak was well-

e data from poWder
as ZSM-5 zeolite. Its

crystallinity was memum and the NaCl peak was ‘&t found in XRD-pattern.

When the crystallini )” 1.pr u3’ rystals was_compared with each
other, the cr%ﬂiﬂtﬁcﬁ ﬂ«ﬁ omﬁ ﬁﬂhﬁt]y increased with
the increasing of Si/Al mole rftio in thésrange of 20%and 140 and was
the higr& ﬂ@#ﬁ mﬁmﬂJﬁaWtheﬂ:laﬂhw initial
pressure, qthe optimum Si/A1 mole ratio for ZSM-5 synthesis also was 140
among the mentioned rangé.

From fig. 4.2.2, the XRD-patterns of each S1'/A1' mole ratio

~at initial pressure 5 kg/cm2 (gauge) were nearly the same as XRD-

patterns at initial pressure, 1 kg/cm2 (gauge) except at Si/A1 mole
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ratio 100, XRD-peak of ZSM-5 zeolite appeared. When fhe crystallinity
of all product crystals were compared with the others, illustrated that
the crystallinity of #ZSM-5 zeolites were increased with increasing of
Si/A1 mole ratio in the range of 20 and 140. 'So was the intial pressure
of -1 kg/cmz (gadge), the highest crystallinity of XRD-patterns was at

Si/A1 mole ratio 140 which was the optimum value for mole ratio of

Si/Al. | ' | ;
A When the XRQ—@ sil zeolites were compared at

different initial press ; ‘ elg:ti “optimum Si/A1 mole ratio at
140, the results wy n, ‘ ig
crystallinity of :p : /

compared with other

JWSAt this mole ratio, the
st and clearest when
same initial pressures.

Therefore, it was ¢ was the best value for

crystal synthesis in tio 20 and 140. In fig.

4.2.3 all XRD-pattern there was ZSM-5 zeolite.

Comparing XRD-patterns t » eagﬁ.‘ the e conclusion of the optimum
o

intial pressure used in cgy_@@#@_jza,

eriod, this figure illustrated

that the initial the optimum pressure

* and the order of i ﬂh‘zation product was

< R0 e T e t‘hat e optimum pressure which™Could be used in crystal

synthesis in ‘3 i L“ n kg/cm? (gauge) and
Si/A1 mole ratﬂ' urgld mﬁnjﬂﬂsmfi kg/cm2 (gauge). -

h PR, LI ﬁ 1§ jo and initial
pfessure%ﬁ?ﬂ@sﬁﬂjmmiajo ma::' ﬂions were 140

and 3 kg/cm2 (gauge), respectively. The crystannity of‘product crystal
were plotted versus variou§ Si/A1 mole ratios and was éhown in. Tiy.
4.2.4. The results froni this figure were the same as those discussed
before. The crystallinity of product crystals was all increased with

the increasing of Si/Al1 mole ratio in the range of 20 and 140 and at
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pressure (Si/Al mole x‘!atio 140)
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Si/Al1.mole ratio 140, the crysta]]infty of all proddct crystals at
various initial pressure were at it maximum. Various initial pressure
affecteq the crystallinity of crystal product, for initial pressure 1
and 5 kg/cm®(gauge), the crystallinity of each Si/Al mole ratio were low
and initial pressure 3 kg/cm2 (gauge) was higher than the others.
Therefore, at Si/A1 mole ratio 140 and intial pressure 3 kg/cm2 (gauge)

in the crystallizer were the bes cond1t1ons for crystal synthesis in

thesé mentioned range.

4.2.2 Exte

0
microscope. 1 s
In thg.'!ﬂ"’rf t of imitial pressure on product

n because of the highest

crysta111n1ty of pr S, ; _H ' ed with other ones. SEM

ere shown in figs. 4.2.5,

From SEM-photoms 'f__”f of product crystals at initial 1
: kg/cm2 (gauge) as shown beEfT' 4.2. all of the products were

amorphous and had:sma11 size wh"lv,,._,i - d1y constructed. There was

from these

no ZSM-5 crystal,developed il thesis) so that,
results, it was sU@ste'd' B rystal -@re more s]ow]ly developed
than the  other at initial pressure a't..ltgl/cm2 (gaugﬁ (fig. 4.2.6), ZSM-

s sonoona sl apitbe T o] bl

had whole s1zes at 10 um. So this pressupe was the optimum condition for

zon-s ciReid |1 e Gloddlod bl Wit oressure

kg/cu? (gauge) was as same as the one at 5 kg/cm2 (gauge) excepted the

M-5 droduct crystals

higher percentage of ZSM-5 crystal (about 90%). It was concluded that
the most optimum condition for initial pressure which was used in ZSM-5

synthesis was 3 kg/cm2 (gauge).
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-gigure 4.2.4 %Mi’iﬂﬂmjﬂﬂﬁ ﬂ"irious Si/Al mole

ratio

" AMAINITUAMING AT



129

4.2.3 Functional groups analysis

Infrared spectra of zeolites at various initial pressures
were showh in fig.4.2.7., at initial preseure 3 kg/cmz(gauge), there
were strong bands of asymmetric stretching (950-1,250 cm™and T-0
bending (420-500 cm'T) of;internaT tetrahedra and dbub]e ring (500—650‘
em™ ") and symmetric stretching (750-820 cm™ ') of extérna] linkages. In
the case of -initial pressut.‘ 5 kg/cm2 (gauge), the bands of

“/) xternal linkages were weaker

cn&ga refore initial pressure 3

‘---*% ZSM-5 synthesis.

4.2.4 L;\ ’-‘K

R
N

~symmetric stretching an

than at initial press

kg/cm (gauge) was the 0

S¥e

4 i/A1 mole ratio was the

From NoO.

highest at initial HregEufe ; ;';‘ \\ that at this pressure,
the amounts of siligbn the highest . (when
compared with the other St a l '-- on the same amounts of

aluminum).

”’ﬁ‘WEJ’]ﬂ‘i

The stﬂdy of pH effects on crystal structure were used S1/A1

= " WIRIT FE HR VI TRY e =

interesting.

’4.3.1' Characterization 'of product) crystals by

crystallinity analysis.

At Si/Al mole ratio 2, XRD-patterns for pentasil zeolite
from various pH of mixing solution were shown in fig. 4.3.1. At pH 6,

XRD-pattern showed that the product crystals were Sodium si11cate
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Figure 4.3.3 XRD pattrens for pentasil zeolites from  various pH of

mixing solution at Si/Al mole ratio 200
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20 , degree g

Figure 4.3.4 XRD pattrens for pentasil zeolites from various pH of

mixing solution at Si/Al mole ratio 400
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Figure 4.3.5 Crystallinity of-pfoduct crystals'at various Si/Al mole

ratio and pH
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hydrate (Na,Si03 - 6H,0). Therefore, this pH was not suitable cdndition
in pentasil zeoiite synthesis and alumina could not form bond with
silica to get alunino silicate compounds, so that the crysta]linity of
zeolite was zero.

At mixed pH 10 of this Si/A1 mole ratio, XRD-pattern showed
that th1s conditions was not o t1 um for ZSM-5 zeolite synthesis too,
because the product cryst@,& e (alumino silicate structure)
which were not ZSM-5 § é . A

—

'“
For mixe v
product crystals w

HZO). These were n

~ XRD-pattern showed that

ate hydrate (Na-Al-Sio.
se ones at pH 10.

with each other, they
lumina could increased in

the bond forming with f81jcad Gbtaim Tuminosilicate frameworks.

But all of product crystdls géfe not Zsy so at Si/A1 mole ratio 2 in

mixed pH range 6-12, s condition to synthesis ZSM-5

zeolite.

. At S ~mole rat s were shown in fig.
4.3.2. From this éELuré, peaks 1inthe product crysta]s of
mixed pH 6, hence thfsseondition watJnot suitable for ZSM-5 synthesis.

a5 i il ummmwm b o 255 orystas,

the crysta111n1ty was very high, so was atamixed pH 102&nd crystallinity
of mixeﬂl-WOf]/a ﬁcﬁ]hilm NMQIJnnEL:]a &lt in the case
of mixed pH 12, XRD-patterns was the same as at pH 6, in conseguence,
the most optimum pH for ZSM-5 sYnthesis at Si/A1 mole ratio 100 was pH
10.

At Si/Al mole ratio 200, XRD-patterns for product crystal
from various pH of mixing solution were shown in fig. 4.3.3. Almost of

results were as same as at Si/Al mole ratio 100'but.the_crysta111n1ty of
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ZSM-5 producﬁ cryst§1 at mixed pH 8 was much higﬁer than that one at pH
10. -It wés concluded that at Si/Al1 mole ratio 200, the most optimum pH
for ZSM-5 synthesis was pH 8. . :

At Si/Al mole ratio 400, XRD-pattern of product crystals

were shown inkfig, 4.3.4. For p

of mixing solution 4, the result from
/ duct crystals were ZSM-5. For
‘éﬁ the effectiveness on ZSM-5

3 the results were the same

XRD—pattern 111ustrated t;f;;:‘i

this reason, acidic v
zeolite synthesis.
as that one at pH. -pattern showed that the
broduct were the could not spec1fy type
certainly. There | : ‘,' ; : t, at mixed pH 12 1in

preparation step of Tyst, “ordde was not appeér. wWhen the

. 4.3.5. there were

's at, various Si/Al mole

- ratio and mixed pH:]hat at‘S1‘A mole ratio E] ZSM-5 zeolite could not

developed, Fj’\ si/Af iﬂ ﬁ ﬁ mﬁ 1%]ipercentage of ZSM-5
crystals wer micr f] ZSM-5 crystals were
varied re]ated with both Si/A¥ mole ratiGsand mixe "éiEJMmed pH which

save 18] k1o CHHekioh e o Vbl a2k

and 400 were pH 10, 8 and 6, respectively.

atio 100, 200,

4.3:2 External structure analysis by scanning electron-

microscope. ,
SEM—photoMicrographsAof product crystals from the study of

effect of mixed pH at various 8i/A1 mole ratio were shown in fig. 4.3.6

= 4321
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At Si/A1 mole ratio 2, for mixed pH é, SEM—photomicrograph
(fig. 4.3.6 showed amorphous forms of pfoduct crystals. The products
composed with many phasés, other phases were spherical type, small
‘granules and the other were non-geometric forms with large size.
Therefore, this pH could.not use to prepare ZSM-5 cata]yst, For mixed pH
12, SEM—photographs.were_shown in figs. 4.3.8 and 4.3.9 , the product
of 0.3-1.0 um. On each crystal,

crystals were spherical form

it was ununiformly. comp bules until it had spherica1—.

: formed granules. Fousm' ; ﬂsuggested to be the first
(’ ‘\s% finally.

For the ,[-‘u ixed pH at Si/Al mole ratio

forms which would deve

100, at pH 8, SEM-p 4 was. ig. 4.3.7, the products

cbntained with 95% ly and there were little

impurities contamin he crystals had spherical

form with the same si was illustrated that, this

==
S

mixed pH was one of th oﬂg =
ZSM-5 catalyst.

which was used to synthesis

tograph of product crystals at
mixed pH 10 was 2 -m-‘—--“—w'-'—"—‘—-—-'==2—¢ . 4.8.10), all of the

product crysta]s wgfj"“ ' e size about 6-7 um. of

ZSM-5 crystals. Thﬁre was no 1mpur1ty in product crystals. For

‘mixed pH 12, ﬂ‘% %’}h%ﬁaw %%rﬂ’]ﬂfjg 4.3.11, crystal was

“amorphous w1thﬂ$any forms wh1cg were non- geometry, consequent]y, this pH

s ro R BP ST T RS ST TR Byen roswss o

each m1xéh pH at Si/A1 mole ratio 100 were compared with the others, the

conclusion for optimum conditions in preparing of ZSM55 were ordered as

follows: pH 10>8

For the study of zeolite synthes1s at Si/A1 mole ratio 200,
SEM—bhotographs of product crystals of various mixed pH were shown in
figs. 4.3.12 - 4.3.14. At mixed pH 8 (fig. 4.3.12), SEM-photograph

showed that the product crystals were cubic-spherical form contained
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Figure 4.3.6 SEM Photdgué £ product erystals at Si/Al mole ratio 2
=“ K : 3

"a,

. and pH8

Figure 4.3.7 - SEM photograph of prdduct crystals at Si/Al mole ratic 100
and pHS?.-'



Figure 4.3.8 SEM pt
and pH 12

F ig‘urg-f 4:3. 9 SEM photograph of product crystals at Si/Al mole ratio 2
and pH 12 ~

§ .

‘ . : i
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and pH 10 : \ \ e

Figure 4.3.11 SEM photograph of product crystals
‘and pH 12

at 8i/Al mole ratiol00
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Figure 4.3.12 SEM phéto
and pH 8

Figure 4.3 .13 SEM photograph of product crystals at 5i/Al mole ratio200
and pH10 ‘
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Figure 4.3. 14 SEM ph product crystalshat Si/Al mole ratio200
and pH12 =

Figure 4.3.15 SEM photograph of‘product crystals at Si/Al mole ratiod(Q0

mmd PR T
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et crystals at Si/Al mole ratiod00

¥

of produ

L

o}

SEM

16

3

Figure 4
and pH4

i/Alvmole ratiod00

17 SEM photograph of product crystals at S

3

gure 4.

Fi

and pHE
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Figure 4.3. 18 SEM phoi ..; ah '“pﬂ':duet crystals at S5i/Al mole ratiod00
and pH8 AN

Figure 4.3. 19 SEM photograph of product crystals at Si/Al mole ratiod00
and pH10
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; i ; 4. 40 \ X
Figure 413. 20 SEM phatiog ph/ of-product. crystals at Si/Al mole ratiodQ0

and pH9v

Figure 4.3.21 SEM photograph of product crystals at Si/Al mole ratio400
and pH9 : '
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with some shpere form. The mean size was about 8 um. These two forms
of crystals were ZSM-5 zeolite. There was observed that cubic—sbherica]
form of crystal could developed to be spheriga] form finally, by adding
crysta]vsheets. Therefore this pH was.optimum-for Z§M—5 synthesis. In
fig. 4.3.13 (mixed pH 10), the crystals were spherical forms with 6 Am
size. There were very few impunities cohtained with ZSM-5 product
crystals, so was pH 8, this pH was optimum to use in ZSM-5 synthes1s

";/ySEM-photograph in-fig: 4. 3.14
‘s

sp with amorphous granular form,

But at mixed pH 12,

needle-formed crys ' morphous product, and many

impurities, so th HH /was ot a condition to prepared ZSM-5

zeolite. Wheref ‘ | for ZSM-5 synthesis at Si/Al mole
o % -

Figure 4.3.15 had the m&@ﬂ icity at 6,000 and fig. 4.3.16 had ‘the

multiplicity at2,000. = Igh?f! it crystals were going to be cubic-
l-l eveTopment of crystal shea They had the same size
about ‘8 um. Fié;r; 4". earia that the deve]opment of;
crysta] from smalled size to 1argalp1ze started from the center of the

sheet on c@t‘u i gpribaded Ui Favered|dht ormer sheet, afterward,

the crytal wou]d developed now sheet subsequently. therefore ac1d1c pH
con@yal] th B ARE b ibaficd ripiis’] Bhrtdea oh o s,

the resu1ts from SEM- photographs were same. Almost of the product
. crystals were ZSM-5 crystals, there were very few of impurities
deposited on sufface of ZSM-5 crystals. The difference between these two
results was the size of crystals. At mixed pH 6, mean size of ZSM-5

cfystals was 20 um but at mixed pH 8, mean size of ZSM-5 crystals was 8
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AMm. These two product crystals had spherical form. So, mixed pH 6 and
8 were optimum pH in ZSM-5 synthesis. For mixed.pH 9, SEﬂ-photographs
were shown in - figs. 4.3.20 and 4.3.21. There were 70-80% of ZSM-5
crystal in product crystal. At mixed'pH 10, SEM-photograph (fig.
4.3.19), shdwed that the product crystals composed of needed-formed

crYstal and non-geometric form which were not ZSM-5 zeolite. Therefore,

when all results from var1 compared with each other, the order

of opt1mum mixed pH was%

As men ovaj 1t:!H=:§iggested that the opt1mum mixed
d with Si/A1 mole rat1o

p 6>8>4>9

pH for ZSM=5 syn
Wherefore, the most _ePtifum /mi '  W no fixed at constant value,

but Si/A1 mole ratiowas reas opt imum xed pH was decreased.

Figuréd 443 2 showed IR\spectra of product crystal at

ole ratio 2. From this figure,

various PH of mixing" sg ut1ﬁ§‘er."
b

at pH 6,8, and 10, ~appearance of stretching band (950-

1,100 cm 1) and S1-0H bsgqjgg 9f‘?1'ﬂn§a] tetrahedra‘[1] but there was -

not strong band. Gf 0 bending _é;:m::.:_i rahedra appeared in this
figure. For pHi2, i?h~ e were a: ; P‘ 1ng band (950-1,100 cm 1)
and T-O bending band (420- 5000m"1) of internal tetrahedra, symmetr1c

stretching ﬁr‘“(ﬁﬂ%ﬂ%?awgrq ﬂ?ges, and double ring

band (600-65 ) of external 1i ges in IR spectra So at pH 6,8, and

Qﬂ?wn mt gkj a ﬂot complete and
at pH prod uct crystal opments were better than the others but

these crystals still were not ZSM-5 zeolites, therefore, Si/A] mole
ratio 2 was not the suitable condition in ZSM-5 synthesis.

~-For Si/A1 mole ratio 100, IR spectra were shown in
fig.4.3.23,‘product crystrals from all pH of mixihg solutions showed

well-development of primary building unit. The band at 750-820 em™! was
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Figure '4.3._23 IR spectra of product crystals for Si/Al mole ratio 100 at

various pH *
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Figure 4.3.25 IR spectra of proguct crystals for Si/Al mole ratio 400 at

various pH
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symmetric stretching mode of external linkages. But double ring external
andges bands were only found in the case of _.pH 8 and 10 .they
jllustrated that at these two pHs, external structure of product
crystals had completely developed and at the others were not complete.
And IR spectra (fig.4.3.24) of Si/A1 mole ratio 200 gave the same
results as Si/Al mole ratio 100,
l ” 00 fig9.4.3.25 showed IR "spectra at
/ 1 pH had completely developed of
ra*woﬁthere was the appearance of

jouble ring external linkage

In the case
various pH, the produ
primary buﬂdiné u
‘externa1 linkage.
bands only appeared 9. They showed that only at
these mentionéd pH, eveloped .ZSM-5 zeolites so
that these were opti ! .

4.3. |

Table /4. N%ﬂ.gﬁ /7 ho ed ‘the results from AA for the
study of pH of mixing sdlitic s* '

At m/M-uéﬂﬁ‘i’ tat

change when ka angedexcept—at—pH-—12_so the
: x4

“real Si/Al mole rat'ios did not

at high pH, silicon could

incorporated in re than the lower pH.

At S1/A1 mole rat1os 100, 200 and 400, real Si/Al mole

ratios wouﬂ ﬂrﬁj ’3%&' Qﬂ %cWEt’?Iaﬂo?nd increased when mole

ratios incrBased so that m this case pH was no effect on real Si/Al
- AR TN NG

When n the results were compiled together, they showed
that low Si/A1 mole ratio (2) was not.suitable for ZSM-5 synthesis. At
Si/A1 100 and 200, optimum pH were 10 and 8, respectively. And from
p'roduct 'crysta1s at Si/A] mole ratio 400, it was shown that acidic pH
(4-6) could used to prepare ZSM-5 zeolites and the most optimum pH for

ZSM-5 synthesis in this case was pHS.
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Table 4.1 The results from Qhemical elefment analysis by Atomic
Absorption Spectroscopy
No; -Titles of effects Preparation %51 %Al Real Si/A12
conditions mole ratio
4.1.4|Chemical Compositions | Si/Al mole- 20| 22.42 | 4.57 4.72
of Crystais - 40 00 | 2.85 9.79
‘ .69 1 2.07 14.25
o | wme
4.2.4|Initial Pres 36 | 1.88 | 15.22
 Crystal Syntiéfiss 24 | 1.72 | 18.57
(Si/Almole rati 5.98 | 2.60 | 13.30
4.3.4 pH of Miéang Solufiior 19.11 0.47
| 17.90 0.47
14.39 0.47
15.58 0.78
2.20 17.98
2.17 21.60
< ‘a 45,17 | 2.22 | 19.55
AUEINeNIFHING|.% | o
Si/A1=200 / 23.71
RAIN SRS NRINE |2
pH10 |36.26 | 1.41 24.71
pH12 ‘32.53. 1.43 21.88
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by Atomic :

Tablé 4.1 The results from chemical element analysis
Absorption Spectroscopy (continued)
No. Titles of effects Preparation %51 %Al Real S;/Al
‘ conditioné mole ratio
Si/Al=400,'pH4 34.86 1;06 31.60
| pHE |53.60 | 0.86 . | 59.89
48.12 | 0.78 60.84
33.81 { 1.03 31.07
37.98 | 0.886 41.76
4.4.4 Temperatureir- s Anf fheating
crystal synthe
'(Si/Almolg‘r: 1ol S2:.78 | 2.07 15.22
32.56 | 1.99 5.2
33.33 | 2.41 13.29
82.77 [ 1.94 J 16.88
E&‘n .98 12.01 15.30‘
0:43.5|33.41 |2.15 |14.03
1:03 30.70 | 1.99 14.83
ﬂuﬂ( ﬂ%ng’] % 2.07 |14.3¢
¢l.2 33.48 & 15.78
RNAN TRV |
: 0:43.5 3?.91 1.90 37,48
2.0 - 1:03 |32.68 |1.80 |18.52
2.0 -1:21 [3s1.89 |1.89 |18.11
2.0 3:51 [27.64 [3.8¢ | 6.90
2.0 '5:30 29.10 |3.96 7:.08




156

L4 Table 4.1 The results from chemical element analysis by Atomic
Absorption Spectroscopy (continued)
No. » Titles of effects *Preparation %51 %A1 Réal Si/Al .

conditions . ' mole ratio |
4.5.4 Temperatures ands | /Tatf 31.99 | 2.01 | 15.30
 Times ip
° : calcination pPECE ‘ . &d [31.10 | 2.09 | 14.30
| (3i/Almole FALi // | \\

"\
2 real Si/Al mol atfio f" \\\}k °i) = 0. 9609(51/A1)
b crystal synthesided .nn.- \\‘
d ! ¥ \

ﬂ‘UEl’JVIWIﬁWEI’]ﬂ’i
QWW@\‘]ﬂ‘iﬂJNWTm?J'mEI
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Figure 4.4.1 XRD patterns of product crystals for heating rate - 1.6

OC/min. at various crystallization time in the crystallizer
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4.4 Temperature rates in crystal synthesis.

The guide line for this study was clearly shown in fig. 3.4 of
chapter III, the héating rate which used in this study were 1.2, 1.6,
and 2.0° ¢/min.

4.4.1 Characterization -of ' product ecrystals by

crystallinity analysis.

By using the firs

cating rate at 1.6°C/min. to study the

g,: Zes and times of crystal synthesis
~at 43.5 min., XRD data (fig.
- '_ .

ore - in this stage, the products

crystal formation at vapious
in crystallizer. When&n:h.

y | m——
4.4.1) showed no
were amorphous a ted time 1 hr. and 3 min.
and 1 hr. and 2#mi 11, 4t took, * %ime 3 hr. and 51 min. (by

heating up from

appearance of ZSM-5
this time, the ZSM ystals were incomplete developed.

Therefore, if there wer Wl higher temperatures, the product

hr. and 30 min.,j(-?pa}f,

zeolite with veIi high yst'a111ni£y.
synthesis of«Z ﬁ.ﬁ ’e ﬁ 108° min., the optimum time
in crysta]]@eﬁyao‘j{] ﬂ:fr ﬂﬂnntﬁh could gave complete
devel ew d rustal$ mqreat & éﬂ L

; a; Fta ﬁ}:‘[imglmpjt @ﬁ:] TE' results of XRD-

patterns of various sample detected times weref shown in fig. 4.4.2.

“Consequently, 1in crystal

A1l of XRD-pattern showed that product- crystals at various sample-
detected times were amorphous, there was no ZSM-5 zeolite crystal in the
products. For this reason, the heating rate constant 1.2°C/min was not

opthﬁum for ZSM-5 synthesis.
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Figure 4.4.3 showed XRD-patterns of product crysta]é at
various sample-detected times in the case of first heating rate
2.0°C/min. When times passed for 43.5 min, 1 hrd. and 3 min., and 1 hr.
and 21 min, XRb-patterns illustrated that product crystals were
émorphods, aftér time passed for 3 hrd. and 51 min. (heating up from
190°C with heating rate 12°C/hr.), the XRD-pattern showed that i;here
were ze011te crystals (not Z 15) mixed in product crystal and the

crysta111n1ty was very hﬂ

own that at this time, crystals

had comb1ete.deve1o» 1me 5 hr. and 30 min. When

these two results mpare with each other, the
crystallinity of r. and 51 min. was higher

than that one at

"X
time past for 3 hrgd'a f QGQQte crystals were destroyed
by high temperaturesan e crystallinity was decreased
When al ‘%Er us heating rates were compared

aI, ing rate 1.6°C/min. was the most

5 synthes1s, it was foug%?%%

rate constant.._
microscope. : ij axmn ‘ : :

; ﬁﬁe ‘aca. ﬁzj ﬁfwﬁ ﬁh crude crysta1s-wh16h
were detec e crysta111zer, the
&ma&mzﬁumﬁ"ﬁﬂﬂﬁ L e

For the study of effect of temperature rate on structure of

optimum heating

ze011te, at the first heating rate 1. 6°C/min and sample-detected time
43.5 min., 1 hr. and 3 min, and 1 hr. and 21 min, SEM-photographs were
shown in figs. 4.4.5, 4.4.6 and 4.4.7 respectively. These three results

were the same, the products were amorphous form which like small
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Figure 4.4.3 XRD patterns of product crystals for heating rate 2.0

OC/min. at various crystallization time in the crystallizer
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the crystallizer

Figure 4.4.5 SEM photomicrograph of product crystals for heating_ rate

1.6°C/min and sample-detected time 43.5 min.
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Figure 4.4.7 SEM photomicrograph of product crystals. for heating rate

1.69C/min and sample-detected time 1 hr. and 21 min.
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"aghigf:ppoduct.é?ystals for heating rate
13 hk . \arid 5% min.
_ A

%

Figure 4.4.8 SEM p
1.6°C/min and sample

X

_ Figure 4.4.9 SEM photomicrograph of product crystals for heating rate

1.8°C/min and sample-detected time 5 hr. and 30 min.



Figure 4.4.10 SEM phétomdicuo rate

1.29C/min and sample-gétedtef

Figure 4.4.11 SEM photomicrograph of product crystals for heating rate

1.29C/min and sample-detected time 1 hr. and 3 min.
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i

Figure 4.4.12 SEM phe -" ;-H'éfiprﬁduct crystals for heating rate
- &8 A L .
57

B

1.29C/min and sample-dgte S and 2T min.

Figure " 4.4.13 SEM photomicrograph of product crystalé for heating rate

1.2°C/min snd sample-detected time 1'hr. and 21 min.



167

Figare 4.4.14 SEM photomiérofy rate

1.2°C/min and sample-defecie

Figure 4.4.15 SEM photomicrograph of product crystals for heating rate

1.2°C/min and sample-detected time 5 hr. and 30 min.
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Figure 4.4.16 SEM phStomfcubdra: gf; pre cr;Stals for heating rate
2.0°C/min and sample-dét timg 436 mi

Figure 4.4.17 SEM photomicrograph of product crystals for heating rate

2.0°C/min and sample-detected time 1 hr. and 3 min.
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rate

Figure 4.4.19 SEM photomicrograph of product crystals for heating rate

2.0°C/min and sample-detected time 1 he, ‘and. 21 min,
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F ‘ - -I i ‘ ‘.
Figure 4.4.20 SEM photafii Aph §f¢p¢oduct crystals for heating rate
, ot 1\ .
2.0°C/min and sample<de time ghag.\.,mand 51 min.
o \

-i:.l‘ \ \

Jeskds 43\

Figure 4.4.21 SEMvphotomicrograph of product crystals for heating rate

2.0°C/min and sample-detected time 5 hr. and 30 min.
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granules, and no ZSM-5 crystal contained in the'products. When
detecting the sample at the time 3 hr. and 51 min., the result was shown
in fig. 4.4.8, there were spherical fQrm of ZSM-5 crystals mixed with
amorphous formed products. Therefore, at this time, some crystals had
complete deve'lobed but more rthan' half of product were still amorphous

form. When the products were synthesized in the crystallizer for 5§ hr.

and 30 min. (fig. 4.4.9), . als was 100% ZSM-5, there was no

impurity mixed in proq% % crystals were well-developed
with size about GMES séen Qe were same small spherical

forms of crystals whi obéd crystals. Therefore, at
heating rate 1.6°C/>' 4 ‘ i ¥3w f” n;ch used to synthesis ZSM-5
crytals was 5 hr. ' ‘
‘not studied about

At t °c/min., product crystals
were all amorphous allizer passed for 5 hr. and

30 min., as shown i , for the sample-detected

times at 43.5 min., 1 hr‘ féﬁa’z‘j" hr. and 51 min., and 5 hr and

mall granules with size
about 0.1-0.2 um. : r'ﬂ]e constant was not optimum -
for ZSM-5 synthes1s '

A O IRy /min: wron i o

crysta111zer'§.‘lassed 43.5 m1n Y ohr, and 3 min., and 1 hr. and 21 min.,
i ; w*mmmmw )
respectfvely. A1l products were amorphous forms with size 0.1-0.2 um..
In fig. 4.4.19, at sample detected time 1 hr. and 21 min., it was
clearly seen the embryo of crystal. Thése embryoes were spherical forms
which still incomplete developed. At the time passed for 3 hr. and 51
min.‘, SEM-photograph of product crystals was shown in fig. 4.4.20, the

product crystals were composed with 90% cubic forms and spherical forins
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with very different sizes. They were suggested to be ZSM-5 crystals
with had,fast-developed. The results of SEM;photograph of product
crystals at sample-detected time 5 hr. and 30 min. was shown 1in fig.
4.4.21. The products were amorphous forms. From this result, it was
concluded that at very high temperature and pressure, the crystal could

be destroyed. Consequently, thé optimum time 1in crystal synthesis at

heating rate 2.0°C/min. wez ‘;'V and 51 min.

At f15 : Qmm the IR spectra1 of i

product crystals fro s/ i | sta111zer showed the comp]ete
development of TO | W 1 linkages still incomplete
developed except at gfhgf ds’ 5. »v._‘ min. they illustrated that

ing rate was 5 hr. and 30

ameworks and some external

Tinkages but had_not doﬁg%éﬁkfﬁgafd Of .external linkages. Even if the

times 1in crystaltiizer _"- * ;{~*** 33 al linkages structure of
zeolites still 1nfjmp ete deve 1i]heat1ng rate was not ZSM-5
synthesis. | '
y i P g ., :
P B AR T o0 s o

product cry§1h1s at var1ous synthet1c time were shown 1n fig.d.4.24.
e QY YEGPTS BRI ) O] s
the in@reasing of external linkage band when synthetic times were
increased. Product crysta]s. developed completely when the synthetic
times was 3 hr. and 51 min. but was not ZSM-5 crystallites.

4.4.4 Chemical element analysis

From No.4.4.4 in table 4.1, at various heating rates and

synthetic times, all real Si/Al mole ratios were constent except at



AR

e ol ; o
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°C/min. at various crystallization times
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heating raté 2.0 °/min. and time 3:51 hr. and 5:30 hr. Therefore, fea]
Si/A1 mole ratioé'a1most were not affected by temperature rate in
crystal synthesis.

From'those mentioned results in sections 4.4.1-4.4.4, all
the resu]fs showed that thelmpst opt imum temperature rates in ZSM-5
synthesis was 1.6 °C/min. with the synthetie time 5:30 hr. For heating

rate 1.2 oC/min., the rate was Tow. to synthesize these crystals but

at heating rate 2.0°C/hﬂ" ‘: types of zeo1ite' crYsta]]ites
appeared; l

4.5 Tém-e “-inatidn process.

In this

¢ghg;-s were varied to observe
their effects on ¢ '

product:: crystals by

: 4.5
crystallinity ana] j!

XRD-patge stals were shown in fig. 4.5.1
From this figure, a]] 'Dﬁﬁﬁ?ﬁgﬁi ~she ed clearly that all products were
ZSM-5 crystals. When q{jﬁ@rlly-":jgf each crystals were compared
together, it wasifound t tallinit v lwas ordered as follows:

3.5 hr. > calcined

crystallinity; “450°¢,

at 540°, k2.5 hr.-

" YA nﬂn%’mmmm
L D S0 T

time in calcination process had a little effect on crystallinity of ZSM-

> calcined at 6340°, 3.5

5 crystals.

4.5.2 External structure analysis by scanning electron

microscope

SEM—photographs of product crystals at various temperatures
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N Figure 4.4. 23 IR spectra of product crystals for heatlng rate 1.2

OC/min . at various crystalllzatlon times



176

0:435

» g ]
TR RS

" r -
Y ¥+ N AL
2l i —= - i s
; E‘n"‘!‘a; % S
|| BRI ol —— -
‘ it R
— :
e - - s y /|

' u'

. e
o 00 ann - ;T'II' Y —
AUGETBNINEANT

¢ _

o ATDINAININEIRE,, L.

~ 9C/min. at various crystallization times



177

5,
P s
@
5'35 6u9 P (&
%’ a"ll.'l'i:w i 630 ‘3)
'@ fr-r‘i-' 4 "
o ’ %- -
b
£ %o il
Q. ey |
Q§ £ %035
o 240,45l X '
QO g | o ! SZO
& - 40,25
~$3 4
& 450
1 TUTel R AL:
G/C/'n@d j

98 degree

Figure 4.5.1 XRD patterns of product crystals at various temperatures

and times in calcination process



Figure 4.5.2

Figure 4.5.3 SEM photograph of product crystals before ‘calcination
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Figure 4.5.4 SEM phefogs temperature
450 °C and times 3.5 M ' - O\

Figure 4.5.5 SEM photograph of product crystals at calcined temperature
540 °C and times 1.5 hr.
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Figure 4.5.6 SEM photogs#fp '*Srbdéé% crystals at calcined temperature

540 °C and times 2.5

15KU.

Figure 4.5.7 SEM photograph of product crystals at calcined temperature

540 °C and times 2.5 hr.
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Figure 4.5.8 SEM photod
| 540 °C and times 3.5 hr

calcined temperature

Figure 4.5.9 BSEM photograph of product crystals at calcined temperature
830 °C and times 3.5 hr.
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before_calcined

- Transmittance

Figure 4.5.11 IR spectra of product

2 ﬁ‘um %mwcﬂm:m ———
i &mmmmmmmaﬁ '

at various calcined temperatures
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and times in ca]dination process were shown in figs. 4.5.2 - 4.5.9. Al]
of SEM-photographs showed clearly that product crystals#were 100% ZSM-5
crystals. These crystals had spherical form with crude surface. In
fig. 4.5.3, with multiplicity of 6,000, these was 2SM-5 crytals of
products which were not calcined. It was clarly Seen that the crystal

was compoéed with _smaH sheets to form spherical _crysta] with size about

~ For the pr ‘&/ t calcined temperature and time
450°C and 3.5 hr. ,&1 %tograph (fig. 4.5.4) was the

same as the one ofﬂﬂ—’ ’llcn__

herical form.

6-8 um.

rystals. - All crystals were
’ZSM 5 zeohtes wi
The phs at 540°C for 1.5, 2.5,

and 3.5 hr. and in figs. 4.5.5 - 4.5.9,

@ﬂﬂ . o - ' j from the study of
temp gﬂ‘ ﬁ é( i figs. 4.5.10
and 4@%1 a{ﬁj jlm ?I}Jif ?j same,IR spectra
showed the bands of asymmetric stretching and T-O bending of internal
ietrahedra and symmetric stretching and double ring mode of externaal
11‘nkages.v These bands illustrated that the product crystals were well

developed ZSM-5 crystals. So it _wou1d concluded that this factor had a

Tittle effects on functio'nal groups of zeolite crystaﬂ‘ites.
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4.5.4 Chemiéa] e]emgnts analysis

The results from AA were shown in No. 4.5.4, table4.1. They
illustrated that real Si/A1 mole ratios did not-change when temperatures
and times 1in ca1cination\ process were changed. So, temperatures and

times in calcination process had no or little effects on the structure

of ZSM-5 crystallites.

acts on the structure of pentasil

be detroied by thermal. The

calcination process ha
zeolites because the
optimum temperatur :' v inl cz \g?;:ft\‘-rocess were 540 °c and 2.5

hr.
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