CHAPTER III

EXPERIMENT

~The scope of exberiment in this study was divided into two

~Parts. The first part was concarhed about synthesis of zeolite crystals

whereas the second ones was cl ara on of the product cfysta]s;
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used in crystal

synthes1s under hydroghepmal tre: geneous pressure. Maximum
‘ Iff il %
al]owab1e work1ng presstire ﬁ% S e can be used is 60 kg/cm2
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gauge at temperatureflnder. 370 “C n and construction of high
pressure autoc]ave _were '_!; appendix A., and fig.3.1 shows the
scheme of high ‘ : e _set which— consists  of autqc]ave;
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Centrifuge was used to separate ultrafine part1c1e from :
solution. Its speed was up to 9,000 rpm and sold by DAMON/IEC Devision.

Reageﬁts Used

Reagents used in catalyst preparation, solution for the

gel preparation and decant solution preparation, and preparation
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- Table 3.1 Reagents for catalyst preparation
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procedure were shown in table 3.1, 3.2 and fig.3.2 respectively.

Table 3.2 Composition of A, B, and C solution [39]

Solution for the gel Solution for the decant-solution

_preparation . preparation

Solution A-1 lution A-2

AT(NO3)3.9H,0 Apa)a.gﬂzo, % g

TPABr@ paee—, | SSewRAREd . 190 N
NaC1 ' . d Hy0  24.0 m

dist111ed H20 1.36 ml

cong. H2804

’\§Q§x:;n B-2

Solution B-1

water g1assb 20. water glass 20.14 ml

RTINS o i

~distilled Hy0 distilled Hy0 18.0 ml

L

- Solution C-1 v

TPABr m:.ss g

o AUEThan oAy - "

ATl 1INt

10.52 g

8 Tetra-n-propylammonium Bromide, [CHyCH,CH,)4NIBr
P composed of 9.3% Nay0, 28.5% Si0,
X Based on mole ratio of Si/A1, method of calculation see in appendix B

The procedure and preparation -méthbd of zeolite crystal synthesis  as
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The scheme of high pressure autoclave set

Figure 3.1
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described above were used throughout. this study.

3.1.2 Preparation Condition

In preparation of the catalysts, reagents used and the
preparation procedUres were shown in table 3.2 and fig.3.3,
respectively. Firstly, a gel m1xture was prepared by adding solution
A-1 and -solytion B-1 into st while ma1nta1ning a pH: of 10
(solution A-1 and so]utE ' ) &ned in burets and solution

emperature and v1gorous]y

stirring with the hg ; 1’“w ipitate was separated from
»solution by centrif ; ¥ 3 i11e ;:f ing a manual porcelain
motar unti]ifhe preci j :‘1"_ a: particles. Separately, a
supernatant of decant- ' .ﬂ ;7f‘ By adding so]uﬁions A-2 and

ion of precipitate by

¥ "j p“‘i‘
in the autoclave. was rﬁb?ﬁéé&

rate, 1.6 °C/min, an h iﬂheating rate of 12 °c/hr

(temperature control 13n s of each expe riments were shown in append1x C.

ose. sarameeBbb) S V) W T PRI R ror s stuir

The produced cr@gta1s were waghed with 1st111ed wa e by using the

conr QA A BB/ K I B s s

The crystéhs were dried at 120 °c for at least 3 hr., and then calcined

at 540 °C for 3.5 hr.

3.1.3 Variation of Synthetic Factors and Conditions

The purpose of study in this thesis was. to know the
effects of synthetic factoré and conditions on structure of = synthetic
crystal. Therefore, in the cata]yst'synthesis under ponditions éection,

the interesting efficts were chemical compositions of crystal, initial
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pressures in the autoclave, pH of mixing sb]ution, temperature rates

in crystal synthesis, and temperatures and times in calcination process.

'3.1.3;1 Chemical Compositions of Crystal

Chemical compositions of crystal were studied by
the variation of Si/A1 mole ratio in the range of 20 and 200. By f1x1ng

of Si mole ratio, the amounts, waterg]ass used in th1s sytudy were

all constant and Al mole r \ ‘,ﬂiﬁ with amounts of Al(NO3)3 9H20

as shown in table 3.3.

with mole ratioyof Si/Al

Table 3.3 Amounts o /// “ ._

] JF
mole ratio of Si/Al 140 © 200

A'I(N03)3 9H20 » 8 ﬂl .1!"- A 962 1.401 0.982

o ‘ \
?H’K .
—initial Pressdre in the Autoclave

a clesed system reactor, when

it was heated by T e, system was increased

1tse1f and was Different initial

‘pressure caused ferent pressuréﬂ]so and because final

pressure was Fihe pszﬁre of the s {Kem in ;].‘ﬁ%hzation step which
was sudgested ueEqu uﬂn Therefore, initial

pressure Vﬁvarjaeciinfi% ral‘ge of 1 tolh kj/cm i ﬁéﬂ

However, one of the most important factors in the
synthesis of zeolite crystal was pH effect .[28]. For the more
understanding of the effect, pH of mixing solution was varied as shown

in table 3.4.
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Table 3.4 Si0,/A1,05 mole ratio and mixed pH used in 3.1.3.3. '

Si/Al -mo‘le ratio - mixed pH
2 - ' 8, 10, 1
100 ﬂ : 808 10,8
200 §. B, 10,12
400 4,6, 8,9, 10, 12

N |
3 | 34T emp A.....n es in Crystal Synthesis

13 n synthesis step was —
,\\\

effected by tem \ \ t1mum temperature rate,
complete crystal. ‘med, 450 ther e study both teperature
rate chénge and cr imes when temperature

rate was changed. shown in table 3.5 and

tig -3.3.
Table 3.5 Heating ra d data in section 3.1.3.4.
1st heating.®  heated fr ! ected data at
; T A
rate (°c/min. m (hr:min)

AU :z:r;ﬂm"mmmm

QoM Leme 30 i .."_.

3.1.2.5 Temperature and Time in Ca]c{nation Process

The effect of temperatui‘e and times in calcination ‘
process was studied by vari’ati,on of conditions as shown in tab]el 3.6
and for constant compositions of crystal, Si/A1 mole ratio was fixed at

140.
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Figure 3.4 Operating lines for various heating rates in crystallization step.
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Table 3.6 Temperatures and times used times used in calcination process

Temperature (°C) Time (hr)
450 3.5
540 1.5, 2.5, 3.5
630 o ‘ 3.5

Crystal i ‘f S d into four sections as

follows . : cryst structure analysis,

analysis.
3521

CrystaT]‘ iy tal was determined by X-ray

diffraction (XRD) sps type was PW1390 channel

control and supplied by ,;-rwf‘ he intensity of crystal pattern range
& i

was set at 103 counter/seci Time o

sonstant was equal to 1 and Cu-light
CELION ' ’ ‘

2 A

source was used andy g

Proce P

;o Mi1§ﬂ cryste §

Pack 1in the»t@sr and‘bﬂ: the tray iAto goniometer and close the window.
4

ey blgbmé ultrafine particles.

HE 3 NEVLQWBELN Be speed of aetector

to 2 °/min., set-speed'of.gfapﬂ paper on gecorder .at f.em./min.

Qq W;] aﬁtn §mra~]am1:]a@ % &rldf] @&t 6n the graph

4. Switch on the goniometer and recorder at the same time.

paper. .

5. After get the data, bring the value of 26 of 3 maximqm
_peéks to calculate plane of pareallel, d. .

6. Use these 3 d-values to check the data from Powder
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‘diffract'ion‘ file [29] which gave name of crystal.

Method of Ca'lcu'lat'lon for d-value (p]ane of paraHeU [30]

From the equation of Braggs Law 3 "nA

= 2dsin®
For. n.s 1, ,'?‘Cu = 1.542 A
Example at 2© (from graph paper) = 40 °
' | = 200

8 =on kN /25100
(1)(1.542)

3.2.2

Scanning

\\ -\\ EM was used to study

external structure ang o¥ite Ci This type was Jeol mode1

JSH-35CF. e o
P

. dNaiadias - ] -

1. Dry and _.. J crystal at optimum temperature and

Procedure

" times (120 °C 3 hr s ¢ 3.5 hr., iyely).
2. *'#\'f fwo-face tape and pressed

it on the dry crystﬂ JB R

Coat? the stub togéther with samp]e w1th gold" and then

oA ks tﬂw’afnﬂmwmm

4. Switch on the system of. SEM , choose the picture of
crystal Q Wﬂwa lﬂ{]pﬁmfll mﬂ % m’.] @tﬂraph

From SEM photograph, it shows the multiplication of the
picture and the micron: length units which can use to estimate size of

crystal.



105
3.2.3 Fuﬁctiona] Group Analysis . -
Infrared spectrophotometer, IR was used to analyze
functional group of crystal. Thé used type was Shimadzu 440.
An infrared spectrophotometer provides the ._following
’functions;' to obtain a spectrum of monochrOmatjc’IR radiation radiated
from the light source, tolirfadiates infrared rays to a sample by

continuously changing the wavelength, to measure the intensity of

infrared rays tranSmitte'. sample, to record the percent

transmittance according e number scan, and to record

Almost - %/ k) 1hJﬁ;‘ “nfrared spectrobhotometers
available on the marlk . ’ a percent transmittance °
curve in terms of ic system is based on
~ double-beam, optical al principle of the double

beam, optical null met d |

funy

After : it 1 mg of a solid sample 1in é
g;r{A‘,J-jf .

mortar, add 200 m?:gf KBr cry§f§1ffé t sample, and fully mix

them with each ot ;»' 5e & ;ﬁ“ : ted” in fig.3.6 to make this
mixture - into a t@'le N the &ight of 8 tons while
removing water vapor- coptained in the sample after reducing the pressure

to mmHg m M@ogaﬂ&ﬂt@wfﬂﬂﬂﬁ of the tablet is

usually about 1

9 RAN ‘rsmtu«ma RENVBEr 1o o
contains no samp]e powder should be placed in the reference beam to
compensate both scattering loss of infrared radiation caused by the
tablet and water adsoebed by KBr which is apt to adsorb moisture. Since
KBr s free from absorptioﬁ between 2 and 25 u, this method possesses

the merit that the whole wavelength range can be measured with only = KBr
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tablet.

'3.2.4 Chemical Element Analysis

Atomic absorption spectrophothmeter, Varian Techtron model
Spectra 30/40 was used to determine chemical element.

The‘principle components of the IL551 were [32] :

-Cathode-ray tube (CRT) display ‘

-Micromomputer

”' ith lenses, beam splitter, rotary
@ted digital elextronics.

-Optical syst

modulator and monochromz

-Photomw

-Premix ,:

. Atomic makes use of the fact that

neutral or ground statefatbms. af an elé :1tt i11 absorb electromagnetic
radiation over a series.

L 3
flame atomic absorption

ow, sharply defined waveiengths. 1In
. o

e dissolved sample is aspirated

- e"-'l‘ﬁ‘

as a fine mist 1n%2la f!aﬁi’ﬂhﬁ

an atomic vapor,‘g33f?f‘" ‘
therefore capab]ezﬂ o] >-ctr4ﬂpgnetic radiation of
charactar1st1c wave]gn hs. This digcrete radiation is wusuallysupplied

by a hollow ﬂ%%’a{% wgﬁwg Wrﬂﬂlf}ﬁrce cons1st1ng of a

cathode conta$£1ng the e]emeny to be deﬁaerm1ned a]o with an anode (
o QR S BN VIR H Wy e e 12
electrodég the filler gas is ionized and the ions are accelerated
towards the cathode. As these ions bombard the cathode, they cause the
cathode "material to "sputter” and form an atomic vapor in which atoms‘
exist 1in an excited electronic state. When the excited atoms return to

the groung state the characteristic spectra of the ana1yte elements are
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emitted and pass thfoUgh the flame whefe they may be absorbed by the
. atomic vapdr. t | : »

- Since, génera11y,' oh]y the téét element can absorb this
radiation, the method becomes very specific in addition to being
sénsitive.' .

‘Sample Preparation[33]

~

1. Weight 0.1g sample in Ni-crucible.
2. Add NaOH 0.3

3. Dissolve ater in the beaker.

4, Add 10m1_HClewie '  ;-T-==-—§r-r Bath, »

- » 0, slowly until the
solution is clear. ;

6. Make olumetric flask by adding

distilled water.

7. Filtere &

1nstrum --fgrbance

A
:"5 %
ncentration

‘lgtegration

wRLGINENINGINT

slit w1dth (nm) ,

RSN T0 um'mﬂ'm

calibrat I

measu remerm mode

wavelength (nm) ' 250.7
flame : N20-acetylene
sample introduction . : manual-
delay time (sec) ; “ _ ‘ S

time constant | ' 0.05 x
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- measurement time (sec) . 3.0

‘ rep]icétes» g 0 ‘ ; : - I

background'correction_ off

~ N20 flow (L/min) 1.0

acetylene f]ow-(L/mih) ; 6.0
recalibration rate . 0
reslope rate | L 0

v

on and a1um1num were shown in

4__)«...

. Conditions"For Alu um Dete £CL 1ol S 2

calibration cury
fig.3.7 and 3.8, respective
instrumen node 7TARN absorbance

calibratig concentration

integration
~ lamp posi NG _ 4
“ | 10
3.5
slit height * normal

- ' 32 I8 -
vaveleagthailiaaZ A 237.3

F“'O acety]ene

sample ﬁro il . | manual

f1ame:§ﬂ————"——"

delay time (sec)

ﬁmﬁ’iﬂﬂﬂﬁwmﬂ‘ioos

‘me urement time (iec)

’QW']@*%T]?MWTJV]EH&H

~background correctlon of f
N20 flow (L/min) e Py S & I
Acetylene flow (L/min). " el
recalibration ratev - ‘ “y o 1

reslope rate , 0
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