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Project Title: Synthesis ol 3hape Moleéulnr Sieve Catalysts in High

Pressure System

. Name of Investigator: Mr. Dhongchai Medhanavyn

. Year: ApriL,IIQBQ

Shape molecular sieve catalysis were synthesized under high
pressure system via rapid crystallization method. Various condi-
tions were studied as use and non use of template,. initial pres-

sures from 1 to 5 atg, Si/Al mole ratios from 20 to 400, heating

‘rates from 0.8 to 2.0 C/min., and crystallization times from 45 min

to 24 h.. The phgsical characterizations 6£ product crystals were
determined for; chemical compositions by the aéomic absorption,
morphology by the X-ray diffraction,.shape and size by the scanning
electron microscope, and crystal topology by the infrared ahsorp-
tion. .The results showed thal the s&nthesized melecular sieve
crystal, namely ZSM—S; could be synthesized in the absence of tem-
plate, However,.'formation rate nand uniformity of produéts were
less than thaq using template. The quantity of product crystal
increased as Si/Al-mdle ratio increased, however, crystal size de-
Crease&. The maximum yield of ZSM—5 was obtained at initial pres-
sufe of 3 atg,;_Under rapid heating rate, the qrystallization reac-
tion underwent parallel mechanism ;esulting in less uniform product

than at slow heating rate, where the reaction was via series mecha-

nism. The dévglobementltimn for initial crystal formation was found

to be 3 hours whéreas the longer crystallization time produced the

w

less stable crystal productks.
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1. X-ray Diffraction (XRD) patterns

2. Scanning Electron Microscope (SEM)
3. Infrared (IR) spectroscopf

4. Atomic Absorption (AA) spectroscopy
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n.1 X-ray Diffraction (XRD) patterns

1 b
MUAIUTBIIENISAIU XRD HU ﬂﬁtﬁaﬁﬂuwﬁvzuuuuﬁﬂsqa¥wquav

AN LABUAUTUNUYIASIATINNIATIT Y finnssan dutuinty & ndu
08 HANTRINISNI193R ATy nninans A TS (AR e
ﬁﬂgﬂﬁiﬂ%UanwanztU%HUtﬁuuiﬁﬁqﬁutﬁqqmnwwuazu%uwm 1601510
SR 1aee mo 1l

1, SYHHANAI0YINANINISBUUNNURY 0.200 NS4
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2. uwwqwﬁnnuquwamussaaeﬂuﬂ1amnﬂ§a1nsu1m XRD
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wiouMv USRI wiN L Sy
3, WIAA ]

|

¢ o
ﬂﬂ?ﬂﬂjﬂjﬂqﬁiﬂTBQQﬂ
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n

-9

. vasannuiwatoenused uae nm@uﬁwn%uﬁﬁnﬁﬁﬁﬂ

1ATDNNDNIYAD X-ray diffractometer ¥V Philips PW1390

7e1dautlunidne Cu lighter source N wave length 1.54178°A

range Y0V recorder = 10® counter/sec URY time constant = 1

n.2 Scanning Electron Microscope (SEM)

o L [ d' a

dU5U7 Eﬂﬁ?ﬂ?ﬂaﬂu SEM ﬁ7ﬂ15ﬂ51?1ﬂ IWOANYS Uﬁ?“ﬂﬂ YA
] b

ﬂaqaunﬁﬂwan (shape and size of particles) #NNIUABUNISNINAG

ﬂ????ﬂ‘ﬂﬂ¢ﬂﬂ1ﬂu

o e ' o H [
1. HIMNKANINDUINNININITOUAIMUNNY 120°C  (UULE2A0
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3 #1174y ﬂﬁjﬂqqﬁlﬁu TaynIsinuliItUIntnudaIsUny

" X
NUAIINYU (descicator)

2. HIHIHANNUMNMTTSUANUY metal disc NUNSEAIENID

p

v »
ANTIURY UINT

: . - vy o4

3. ﬂﬁgnnwwluWﬁu LUN DN KANHINAANIIDEN VYL WD
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ABYNIT T UYDYBYNIAldDuNe NN LIUNIE TR L IUYY

4. W1 metal disc 141ULASDN IARBUNIAIENBY 20 UTW

o ar ) .d' a {1 [ (1] 1] o w

5. u?qﬂﬂqﬂU1QWlﬂﬂﬂunﬂﬂuﬂqqﬂqunﬂﬂﬁ wWsoUnNIN97960

Al 4 S, v i i X

IASOYNBUAL 130U TINIEIUNISASIITANISYRE LDUARYY JSM-35CF

NIBHIANUUAIBEIN = 20 KV NIavnsg

Ae
21a

YN USEN JEOL ANANYEN§N

1
YYIUNIN (magnification) DHINTIN 200-60000 111

nN.o Infrared (IR) spectroscopy

] L

o r [ L o
d7M9U IR spectroscopy 18@5237M lﬂDﬁHUWQmﬁNUﬂﬂWQiﬂﬁ

1 1

X o 2 a
YOVHURY (surface chemistry) ¥BYHAN  Z43LNIIUNSIUINANINUIA

o

qoNYDY Si uar Al N LAARUEE NN LANADNY AULUUTASYAS 1N YDIKAD
v

o .‘_: ' w (] 1 7] o
AL LDUAYUABUNITASITANTAN YN
1. %7 1 mg YONWINANAIDEINHIUAAUAL LDYAIH motor

2, LAY 200 mg YONWAN KBr AvAuAI08INUASHANINLY

r

J ' o
NUHLUHBYINRA

o [

: [ ’ : ar [ w w
3. WIUBNKANANNAIIITIATONONINRN (USYNAFU 8 AU )

o & w ' 2 4 [
4, UNLUAAIBE N LYNLASDNIN

a | ar a d' v w4
LASOYNDIAUAY LIUTUNIEIUNISTRNSIIINAD Infrared adsorp
'] 1] C’ " 1]
tion spectrophotometer Y84 Shimadzu 440 ﬁ11n11unag$zu1ﬁﬂ

300-5000 cm-1
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n.4 Atomic Absofption.(AA) spectroscopy

[ q ) v a [ [1 N o
d7U AA spectroscopy HU 1HIHBATIIANIDNAUSENDUNIN LAY

(chemical comp051t10ns) YONHAN WA ﬁnsnﬂﬁ ﬁqn1n1snnUNm1uqnﬂ'

NﬂﬂﬂqIﬂﬂﬂ1ﬂm1¢ﬂﬂ“ﬂﬂﬂ1)Iﬂqﬂﬂﬁﬂﬂﬁﬂﬁﬂﬂﬂ Si Al uURe ﬁﬁ?lﬂ”ﬂﬂﬂ‘ﬂ
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o & o ar ar gy o
onnay ﬁﬁH?UUHﬂﬂH?WBRSIEUﬂUﬂQﬂW?W$QQ7ﬂNﬂ

ar

a
yu

N5 IASBNFITALRIVAIBEIN 1HDASIITIA Si WAE Al [29]

#4108 0.1 N¥N 18N Ni crucible
$n15uANEIY 0.3 N¥N YEY  NaOH

AY AW YD HANTNABNUAINIBTINAY 30 ml UAE (HAYIY
beaker

(A% 10 ml ¥8Y 1:1 HCl VM beaker uﬁ1ﬁ11u@u
Ud water bath

ADYLAN Hz0z AVIUUSENTIN 3 MBA  AUIUAISATANY
a8 (1#otavfun1sifin  Si hydrolysis  WiA15H
AINSaULAY 160°C )
HIUSHIASHI9AEANEMI08 1IN 100 ml U volu-
metric flask ﬁ?ﬂé?ﬂsu

§1a79aE A1URIANIRINNNS0Y  uAa LRy LR 1T dnsaa

/

'S [ 3
21Aa51Euas 1y

o '3 o a
NI9A971IT1BIILEWN ﬂ11ﬂ8n131§lﬂﬁﬂi AA spectrophotometer

¥8¥ Varian Techtron model Spectra 30/40 Jd193¥1UNIATIFOIU

815U Si Ul

Ufz 400 ppm

Al 1%v0Y BDH inudntaSsuadie’ uivudy 100 200

o ﬂ' ﬂ‘ H w .
SIYAL L1DYA N DUTYYEY LATEN NI UAL LAUNISUSUATAL N

ONABY (calibration curve) &MU Si uAz AL 1duaav1ilusy n.1

HRE N.2 AITNRIAU
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Interference from hydrofluoric

el = - <O

B_g33 |
8 COHCENTRATION
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n.1

=7 Si
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CALIBRATION MODE
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LAMF FOSITION
CURRENT (m&)
SLIT WIDTH (nm}
BLIT HEIGHT
WAVELENGTH (nm)
FLAME

EAMPLE IH]EJD'ETINN
DELAY TIME (sesc)
TIME CONSTANT
MEASUREMENT TIME
REFLICATES
BACKGROUND CORRE
20 FLOW (L/min)
ACETYLENE FLOW (L./min)
RECALIBRATION RATE
REEBLOFE RATE

( c5-»..\..
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Z25@2.7 nm

HBbU EQHCE
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KANMIKAR
B7/6/89-
RESEARCH -
16 " Al 237.3 nm
INSTRUMENT MODE ABSORBEANCE

CALIRRATION MODE :
MODE
LAMF POSITION
LAME CURRENT (m&)
WIDTH (rm)
LIT.HEIGHT
WAVELENGTH
" I._Hn 1= :

(nm}

CONCENTRATION |
INTEGRATION

E!

1@

‘@.5

NORMAL
237.3
NEO-ACETYLENE

CONCENTRATIOH

n.z

PFil

IQau1vuaqlﬂ%aﬂuaz15uﬂ$uéwgn59e51u€un16?n

SAMFLE INTHRODUCT ION . MANUAL
DELAY TIME (sec) 5
TIME CONSTANT B.05
MEASUREMENT TIME (sec) 3.0 '
REFPLICATES ; B
BACKEROUND LURRELTEDN OFF
NZ0O FLOW (L/min) 11.8
GCETYLENE FLOW (L/min) 6&6.@0
RECALIERATION RATE @
RESLOPE RATE @
CONDITIONS FOR Al _ _

_ : - _ ; TS — g = =
IAVEL ENETH SLIT WIDTH CONC FOR RELATIVE LA
WAVELENG . & e apo INTENSITY

nm o mog Al . o
509.3 @.5 L 4An.@ 2 FEE
237.3 @.3 . 2R3.u 3
25&.9' @.5 T 700.0 4
. IC!'"‘IJ. ation’ ELIDQFEEEEP{_ recommended .
Matchad standards recommendesd for mLﬁlmlTatan
mf interferences. '
8.283 N O
J‘f’-’
5 4 R ffd-ﬂ'.’!
E .;ﬁf”f”ff |
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8.880 L
a.g - 4488
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". a & ]
TANIMUATSUNA L ABTUNN AT INURDANY (safety factor) 17 NIANIN 4

N1 (>400 %)

‘ ) a a [4
1.2,.2.1 aavungad LAsovugnaa

()

1.2.2.1.1 d@upiN (wall thickness)

' w~ dl a ['d » o
ATINNUIYBY AIUNTN Y LASONUDNS A INITAAIUINTIAIIN JNNTTN

] |
%§51u1mu1ﬂ11uuu1ﬂaqn1ﬁusnﬁqnizuanﬁﬂﬁﬁwnsUﬁzUUﬂ?ﬂuﬂu§¢n1ﬂ1u

[34,36] fAD

t = Pbair / ( SE - ao ) (4-1)
198 P = Design H%D allowable working pressure, psi
S = Stress value of materials, psi (8IMAIAIINATITIN
i-1)
D = Inside diameter, inches
E = joint efficiency (1481 = 0.85 )
dM9U  Cylinder vessel ; ao = 0.6 , a1 = 0.5
Flanged head a0 = 0.1 'yca1 = 0.88
UNUATRIRYSAIY M 3813
P = 60 atm = 60 ( 14,223 ) = 853.38 psi
s famuniiaInin 370%  WA" = 25,000 psi
Lﬁuﬁﬂguﬁnawqﬁwuuanuaq vessal = 6 117

t = [853.38(6.0 - 2t)/2] ) [25,000(0.85) - 0.6

e
“a
e
=

(853.38)]
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0.119 + 0.005 (corrosion allowance, ﬁ1/ﬂﬂ)

0.124 inch., (3.14 mm)

¥.2.2.1.2 @2uniuUay  (Flanged)

MUHIUYDINUILUAY . NITATUIRAINISAAUINIARINANNTT (V-1)

) L
TAUNITUNUAIA NIRRT U

Flanged Thickness ; t [ 853.38 (0.88) (6.0 - 2t )] /
[ 25,000 (0.85) - 0.1(853.38) ]

0.119 + 0.005 inch.

0.204 inch, (5.18 mm)

¥.2.2.2 35081808 (welding)

; a o @ f
NITATUINNIAIINHUIYDNSOU L FANAINISOATUINIAIINATI TN NN UG

d' 1
111 .
WSYNTOU ITONABNSY = WSVAUNIBAUIINDIGUSL (3-2)
o a
Huno
2qrts = p,.—rz _ (¥-3)
g O p
1N ts = SANVONTOUIBON ( mm )

tensile stress = 0.49 (x)
(A1 x DIUIAIINAISIN ¥-2 [35] TV S nguuniinini 370°c &1 =
25,000 psi)

r = SANDIBUDBNYEY vessel

6 " (144.4 mm )

p= 0.49 ( 25,000 ) + 12,250 psi

1

t = 853.38 ( 144.4 ) / [ 4 (12,250) ]
ol

o«

= 2.51 nmm (AIAIIARADYIARN)
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¥.2.2.3 uuﬂﬁuaquqnﬁqﬂn (studs)

o ) ’ [ & v & a
NAITATUTINNIVUOIM (lguNWQUBﬂﬂjﬂ) UBQWQQﬂTUﬂ dHIT0A U

1A INANNIS (¥-4)

.

D =  Ppd? / 4qL | (v-4)

iun L

n

AITNANYDYSEYE INALY ( 20 mm )

D"

L ' [
nuwﬂlauwﬁguunaﬁv STUDS ,mm

d' Aa ] (- B}
S ¥DY STUDS NRWWANAINIY 370° ¥A7 = 11,000 psi

p = 0,49 ( 11,000 ) = 5,390 psi
(W5 At
; Dmnin = 853.38(144.4)% / 4(5390)(20)
= 41.27 mm / 8 studs (Muuaitazidaata 8 1)
= 5.16 mm / 1 studs ( minimum requirement )
U ¥-1 Ul U v-2 UEAYSIBAE LHBATUTINUAE IUIAYDY EA

1; a fd o
tATaNURNSaNDaNIUULAE IAHT 1Y
nr ] o fi
¥.2.3  NITIAUTENBUTEUUNDAT UAE QUNTAATINY

ri o ar I ¥ a a & o o
LID1ANINTSEBNUUVNAE ARSIV AIusaN tATavURnS a5t Suuson

Ly L3 o a o 21 .n ':: w 3 o
nan naﬁuﬁlaﬁlﬂﬁﬁﬂﬂgﬂ?mﬁ1ﬂmmmqﬂﬂuu§1u$0q3u %ﬂ‘ﬁ?ﬂﬂ%?ﬂ“ﬂz

¥ ir
(-] [ i [] &
NINISARANUSE NBUAIUTON LANIUATIINSOUTIISHUSBUNAT  ADAITINUK 3V

P

o w &Y ' ¢a o o “ 4 a

NINITAAUTLNDUVURL QAR ?=UUﬂDﬁ1ﬁuﬂ$QUﬂ3m5HﬂﬂQ7lUU dINTIURY
o v X

lopantu

o

9.2.3.1 1=uufﬂuazﬂ1uquqmunu

¥.2.3.2 SrUUNDNINTBLYA
¥.2.3.3 Ssuunauinlgeen

.2.3.4 18UU€ﬂHﬂBﬂ1UQHﬂ1ﬁNﬁH
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AT 1-1  AaAulATavIAATANE LUANAINY [34]

Maximum Allowable Steess Values in Tension 1000 psi. ™

Specification For g‘li?:i?'l’cm erau:lre Not Exceeding Deg. F.
Number | Grade :sqt:u ?3};.‘ 750 :uzo'rt;ssoﬁf:‘tll:“e?oozmso 1100 f1iso 1200
SA-283 | C 27 s cficssf ey Fo s fo s % 4
“sass | ¢ [i3sfi3aizifo2] sales|- |- |- |- |-
SA-515 (55, [13.8[13.3(12.1{102{84 ( 65(4.5]25(- |- | -
SA-515 | 60 |15.0]14.4|13.0(10.8 | 8.7 | 65| 45| 2.5}-- | - |-
SA-S15 | 65 [163[155]13.9[11.4/90] 65| 45] 25| - | - | -
SA-515 | 70 ]17.5/16.6)14.8]12.0] 9.3 65| 45|25} - | - | -
SA-516 | 55 . [138]13.3]12.1]102] 84| 6.5[ 45[25) - | - | -
SA-516 | 60 -|15.0(14.4/13.0/10.8|8.7| 65| 45( 25 - | - | -
SA-516 | 65 [163115.5[13.9]11.4] 90|65 a5|25( - | - | -
SA-516 | 70 [17.5{16.6{148|12.0| 93| 65] 45| 25[ - | - | -
. SA-105 [ 1 |17.5{166|147]120] 92| 65| 45| 25| - | - | -
SA-181 | 1 . [15.0{14.3[12.9/108| 86| 6.5] 45| 2.5[ - | - | -
saas0 | HEL As ol sl lile 1s |- ] <o -
SAS3. | B 15.0{144{13.0{108| 87| 65| - |- .
SA-106 | B 15.0{14.4{13.0{108{ 8.7 | 6.5({ 45|25 -~ - | -
SA-193 |B7£2:4'125.0(25.0{23.6(21.0|17.0 {125 | 85| 4.5) - | - | -

* Ths Stress Values in this table may be interpolated to determine values for

intermediate temperatures,

A58 B-2 qmﬂuﬁﬁﬁaq?auzliausﬂu [36]

Bank Frertwonn

CaaTnn Fuecrnone

I'orrnry

Min, Max, Min. Mavx.
Yield point, Ih. per sq. in. 35.000 10,110 42,000 55,000
Ultimate strength 5,000 05,0600 LG00n0 Tmn
Taduranre strength 16,0030 24,100 20,000 0,080
Pereentage elongation, 2 in. 8 15 25 :l:::
Percentage redielion of aren 15 i 45 65
Tmpact strengihy, Tzod, T, B 15 ;]l) :'.i]_
Density, g. per ce. (<peeifie geavity) 7.5 7.4 7.81 .89
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