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Abstract

The effect of framework topology of zeolites FAU and EMT on pyrolysis of high density
polyethylene (HDPE) was studied from degradation patterns and degraded products using

thermogravimetry (TGA) and gas chromatography (GC) techniques.

In this study, zeolite FAU and zeolite EMT were synthesized and modified to possess
acidity and bifunctionality by loading platinum (Pt) into the pores of zeolites. It is shown by
thermogravimetry that charge balancing cation remarkably affect the degradation activity of the
catalysts. When the charge balancing cation is Na' , Na-FAU and Na-EMT, do not exhibit the
catalytic activity. In contrast, H-FAU and H-EMT which contain proton as charge balancing
cation, possess high activity in degradation of HDPE. The fact that zeolite EMT contains 2 cages,
namely Hypercage and Hypocage which are respectively larger and smaller than the Supercage in
zeolite FAU, catalysis by zeolite FAU gives relatively lower percent weight loss and higher coke
formation, as compared to that of zeolite EMT. Using the bifunctional catalysts, hydrogen

addition facilitates an increase in catalytic cracking temperature of the reaction under hydrogen, as



compare to that takes place under nitrogen. However, a reduced thermal cracking temperature is
observed in the reaction under hydrogen and this trend can be found in both reactions using
zeolite EMT and zeolite FAU as catalysts. Hypocage in H-EMT plays a significant role in
products selectivity. It is shown by gas chromatography that catalysis using H-FAU gives wide
range of C,-C, hydrocarbons and C, hydrocarbon is the major product. On the other hand, the
products obtained from the reaction using H-EMT are C, and C; hydrocarbons, from which C,

hydrocarbon is the main component.
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51 2

ZzOLITES AND THEIR PORE (APERTURE) DIMENSIONS®

Number of Oxygens

10 x Aperture

Zeolite in the Ring Dimensions, nm
Chabazite 8§ 3.6 x 3.7
Erionite 8 3.6 X 5.2
Zeolite A 8 4.1
ZSM-5 {or silicalite) 10 5.1 X 55;54x%x5.6
ZSM-11 10 5.1 x 5.5
Heulandite 10 4.4 % 7.2
Ferrierite? 10 43 x 55
Faujasite 12 7.4
Zeolite L 12 7.1
12 7.0
Mordenite 12 6.7 x 7.0
Offretite 12 6.4
° The framework oxygen is assumed to have a diameter of 0.275 nm.
® There are also apertures with cight-membered oxygen rings in this zeolite,
0.6 0.4 .4~Linear paraffins
TR Zeolite A {0 )
2 /
07N\ 1A Erionite
\\ /
AW //g
Vv Ferieite  E
\ A SR T M e &
0.9 (A § {—=_-Benzene \
\’v = & [~ 2-Methyl-substituted
- ZSM5 S olefins
10 // I\ 5 E [ lsoparatfins
;' / W\ &) Tl —o-Xylene
uf LS 2
i VAL gL P
Yy \ \< 0.6 s 08 Eg
SIS \ \ - &€
N \ Offretite Ki} g
N z
EnF \\ \ &}
8 W Mordenite
4 \\lor H0.7
= A\
¥ \\
OH.S ’*r___. Faujasie —Naphthalene

r'd =
laTasmisusuinesiia [2]

[4 a
yavegnguveadlelad uazuuiaingm (Critical dimensions) vesm131lszney
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2. mstdiengals 1w Ineaa1ueNs AU (Transition-state shape selectivity)
N i3
o @ o . a ’ o a aaa ta J
MINEISUTEUA (Intermediate) MfATUsTHINANTUIZATo TV lngifundvug
I'd a o P o w 3 o 1 =y 4
voalnsevesdlelad wanduaine: ldonasdsduatiunee luaunsanaduld

3. m3feng1s19vesesKAASUN (Product shape selectivity)

It

14
Tunsiinl§isoudazases ldndatasiaiase @ eoawn wuhaswiasasng
o 144 4 ' P (4 ' g o/ a w st
vinaanee lifidymluseamsunseonsinInswosdlelad  uadmSuaswdadusing
walng winliagnseeenninInsdld  ewidalffisodeld  wSeerndludiiavie
14 )
(Block) TwsewesdTelad iR Tuanaasdeiuduliaunsodhuinlgisndelyld

14 []
M518eng1l519 (Shape selectivity) 13 3 Uy ugas lanagali 3

2.5 Whnaeglittaumazainuilunsa [2]
#To ladeunsedadiunguld Taverduasnsdrudanounsogiiitivudamisieh 2

mshi2 &Teladlugdnsaniindasidiusenitdaneudsegiidfion (SVAl) [2]

Si/Al Atomic Ratio Zeolite Properties
Low (1-1.5) AX Relatively low stability of framework;
low stability in acid;
high stability in base;
high concentration of acid groups with moderate
acid strength
Intermediate (2-5) Erionite
Chabazite
Clinoptiolite
Mordenite
Y
High (~10-e0) ZSM-5 Relatively high stability of framework;
Erionite high stability in acid;
Mordenite low stability in base;
Y low concentration of acid groups with high acid
strength
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(Tetraammineplatinum (II) nitrate, [Pt(NH,),J(NO,),) Tumsiimsiean msﬂs:nawmﬁaﬁ
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Ni(NO,),, H,IrCl, NH,VO,, NH,ReO,,
UO,(NO,),, (NH,)Mo,0;,
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ethylene glycol IS0 X €73 X 673 K
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Tasidlon (Co Twdudily (Mo) uaziaauuudsessy niezdeszishilddsediuy
aond ladf laviy 15y msﬁmj‘laﬂsan«?auuﬁuﬁwamqﬁm Jymilawseminldlng
msldanudeusvegivineuiigunad 1100 wadu  wdeusumsiidifugaanme
(Evacuation) mg:"lamanc‘ﬁa%zgnf‘iﬁﬂw%'anﬁ'uﬁmsﬂaﬂﬂdaaﬁlmenm NSAAIES
Usznoudedouveslansmivedia Tuussnmavesaiios wu Fiden widkafianini
muldquanme meldanmefieraunsodudnalnnssaudavedlanz1d mldldi
Tangiifioymavinaiin innn1smaaqwui1ﬂ?u1mmaaiawzﬁﬁa§%zﬁ‘;‘uﬁ'vﬁ?u‘?;'inmu'lu
qiedine e ldenyzariueilaTufufty (Mo(co)) Wl ludTelad FAU fieglugl
voansa (HFAU) USnavesmistsznoudidouvelanzmiveiiaiidhllugTolad1a
fio nil Tuanadeynledine (Supercage)  daanshivutavesTnselilvgiwedlozqes
szneuBedoumsveiaveslanzaesluana  uandsnniimsaaionynisueiaves
Tuanaveusnazarsvedialuauatn  (Mo(CO),) %zﬁ1‘113:"1“1‘7;5Ni}j’umﬂ‘lwxgﬂnﬂes’mﬁa
ansaerldmsdssnouifadouvasTansmsveiadnll1d8n  makuguiia Widos B
witlumsiinSinaves TuduAiuilaidh 11§ To lad

Funadensedugamalud Toladdualunsiudnonmlumsiudage
UfnsewosTangiiogmelugwuideioutufsesiusmonedugiu  dmsvlossuves
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1BANY f (Homogeneous catalyst) [1]

2.10 41elan FAU (Faujasite)

FAU (Faujasite) ifudTo ladidns idiiudausagisodumnaiiqga S
Uszanm 0.74 uluwns @ Oxygen 12 azaoululy) uazdilnssadnvesgnyuuuuiila 3 #in
N (Three-dimensional pore openning structure) ﬁav‘iﬂﬁumQamaa"laiﬂsm{uauﬁﬁwm
Tng) by wuwman dhllugngld  dou FaU Snldlunssuunsunnaaedaodaise
{36 (Catalytic Cracking) voed Tnsidoah W 1dnaadaaiiitvina Tuanaidinas

A543 (Framework) ¥04 FAU fignvaisdugiundondenudlolad A udlnse
Taa1lad (Sodalite cage) Tu FAU fimsiaBesirlumniifissozviananhludlolad a

\ J o é 1 % -3
uaz TnsaTam ladudas Tnsegndeny TnseTea landu q 8 4 Twse Tnomireniidnuue
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5191 7 Tnsaar31aved FAU [2]

-

Py a4 Y % Ja d = =2 a 4
ﬁh’] 8 ﬂWW'ﬂhlﬂﬂ']ﬂﬂa@Qﬂqﬁ'ﬂiﬁﬁu@mﬂﬂiﬂullU‘Uﬂ'J"IlJazlﬂﬂﬂf‘TQ‘U@QNaﬂ%I'ﬂ‘laﬂ Na-FAU

(2]

ﬁavﬁuwﬂmﬁswﬁﬁawanaaﬂ%mudaag 6 9mON (Six bridging oxygen ions linking the

1 o ] o ~ 4 1 4 d 1
hexagonal faces) voanuIvlzarlad 2 vl simthiieuaeszninaInsaloe ladusaz
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i 4 ]
Toosulelasinu Fmsdwndniilunswiondleladlfedlugiveslossulelasouinld

fuTaoiialal

5199 Aunidsvewanlessuludlelad X uaz Y [2]

2.11 @lalad EMT

Tnseadaves EMT Tdnuasiiuandielnnlasiadieves FAU fle umisves
Twselam ladfamsdaden lfagld 10 ildRamsiadeedathTnsaiivsnei
FeveaTnsanndy uasimssadoadatiudu (Stacking) #1991 FAU  4euanmedn
UsgmsnilsfiodTo’lad FAU fqplulesing (Supercage) tiinsetraimen vaizidlelad EMT
(Hexagonal faujasite) 31 Tw3a 2 vy Tao TnsauuuusniSoni lenlesing (Hypercage) Sianyaie
furSiduriugudnarsszina 1.4 x 1.3 wiluwwas Swihewue 12 ezaen T S5
wie  Tnswun@ 2 Bendlaliine(Hypocage) Hndhaeuua 12 evaeu T $12u 3
wihan  lelilimsszfivinadnnitlenlesinsuazplalesineves FAU - mstaSeedaves

Tnssadrawind Te laa EMT iunuy Hexagonal cubic uuu AB da3ildi 11 [3]
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faujasite sheet
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51% 11 nssaSuedivosdlelad FAU uag EMT [5]

22



NOEHuAZUANNNT

212 Ufidenmsunnamelasldiaisslfiden (Catalytic cracking)

o sy oy 3 s 1 o a0 H Qﬂ’
Ugasomsuanaawvesnslunatuld Taslddus winsodsignidu
T o ° o as (] aaa 1 1 aaa Y] []
nsey @ le'lad mmummﬂgnswﬁa"laﬁmmam‘lﬂunmﬁﬂgﬂsmﬂztﬂuﬁﬂmu
Y Y 9 1 P o ] a Y 9 [] 2 o o dao
puanududuvesnynsaludloladudazatia  aududuvesnminsadsazduwusiy
[} & = Aan o 1 . .
AlO,tetrahedral 13 &10'lad H-zsM-5 FedilSuadaneunn dwvianse (Acid site) 92
Wunsauntasin (Superacid) TsaunsoliliseoudumsAulaa  mldlgisonnmsuan
s v aaa a é‘
aaelngdusalnsensuauy
H

R \)\
~ . + HF NPT R b

asifsdudlossums Tuilon (Carbonium jon) Mina9INnsduTilsaeuves
wmnuzamsuand Iiiduasnansast a1 q @wu lelasey Wiy wazTewndly
Hudu

dwugluuumsuanaaieuuudy q 1dud n1s1¥Tsaeuun Teadly
@Guinlddrenimsily ield 14 leeoumstifion udrnzansuangaisupuion
(B-Scission) I I¢lessumsiifloufidnaumzTowuddy  Fuduifisergnlalas

Usingilunsisalfisedaedane (Autocatalytic)
Initiation

Olefin+H  -——> R’

Chain propagation

Rt + RH — RH + R'

R+ —> olefin + RF

Ce

o

J a o { a aaan o a
wenont leaufidumsndadusiifenmlfisomsuanaats  Aniufeziia

aan 1 ° :l 9 9 J =% a anaa A
Ufsomsuanaatene I Tasidinalndedy waswuheniimaialgnsndu q swnu
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] a 4 a ) o
PISUANTAIWA Y ¥ uUnisiialelewes (Isomerisation) uazdA ansowoFudu
. . . fiJ] ¥y 4 o Y a o dda 4
(Disproportionation) tJuau Fom id ldndnduainfinnunarnvaisnniy
a  |aaa & e o w ) ' 2 o q %
nfnsemiadilinnudvguinae msoieToulalasou deesilims
v ] E4
uanaareitimasagnindedTe landuiiulil1d Tavididardadasiiluites lsindn

2 £4
wazwin RN et fisendsil 2]

Olefins + Isoparaffins —> Paraffins + Aromatics

2.13 ﬂﬁnsm"laimuﬂsnﬁe (Hydrocracking)
4
a o o’

UgAsenlaTasunsniuilunszurumsalfoumalsznoulalasmsuouiitimi
Vet S LY o & a o Jd a
Tuwegaldthhwinlumgadies Fezansuaniuszyesmsueuuazmsaylalasiou
2 a 4 o @ o @ (] ana i
(Hydrogenation) ~ &so1unaduawdniy  Iaonaliddus algasernldlunszuaums
a o L] oo o a/ 1 é
laTasunsnisfie duswulfnSosianyflendug (Bifunctional catalyst) — ¥9lszneudae
uwaad (Pt) uaz Waaufew (Pd) w3o Tane Non-nobel metal ¥y VI uay VIIL 13U fifa
= o W o \ H A i 3
i) Taueat (Co) Tuudda (Mo) uag visenau (W) Wudu wazdwiidlunsaduiudi
iliiansuanamelwanavesasdszneulalasasuen  Taedlgisoudarulessu
T (4 .
Ao US1wVBe Nobel metal  AAlFaziianiosndh 1 nlosiudlamimin  vah
b4 ]
Non-nobel metal 9zhUSinalugae 28 wlesiwudlamimin  warnwyhduinlfnsedn
Usznaudislanzvarewiinesfitsz@ninmlumsinlfnsengs wu dwsulfnsedlelas
& aa 4 d a
FAU i 83iiiow (0 0.1 nleSiun Siflon (Re) 1.2 nlofiaud  sxlinvwannselumsiia
aaa a 4 [T L aan )
U5 lalasunsnisvesmsilszoey lelasmiveunnahdusal jiseiinaadou (Pd)
P} A A =y L] = -4 : < ' o ar ] o an 1
w30 Sifloy (Re) Misseduder  Auludmnsamnidnyusvesdausuljnsesdnin q

o _ w as [} A o 9/ o a s dy
audwuvesinemwvesd vy la Tasuasi
Ni-W > Ni-Mo > Co-Mo > Co-W
' a o 4 o ] < s g
waznuhuwandiy Py dieds luignudsuldidiuasszaeulugildalddeslinuamse

Tumsidnlelasounniiga  vinmsldTangnaerianuidandivesaeuiiminzauige

dmiumsilgnselalasuasnns fle
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Tanewy vill / (Qavtewy VI + lanewy VI)=  0.25

LY T Aaan P o ) aaa a L) 4 Y aa
ansalgnsenimssulddmsulgnsenlalasunsnia fe da lddvesisaau dfa
b4 1 X
uay Tuduaiy uathyiuilldnAsudlumslddusalfisndle ladunu tewnauiadu
. 3 [] 1
anummzmznreglsnvesiusiisondlelad  Tasmsdsduiivuie luanafivang
k4 H 1
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) k4 [ '
v Tuanafivnnsauhduiannsodeenuuengnguld  dudalfiiendlelasild
Tuljnsenlelasunsnia 18un X Y Mordenite Erionite uaz ZSM5 lasmsiialgisen
- ‘
leTasunsnisozduiy
d s L] aaa
- aAlsznovvesus TN
- sz siinveslany
-anudiunsavesdlelad

- aaulsueal§nse [10]

2.13.1 U§a3enTlslasunsnfslaalialelad
msfnul§nsenlalasunsnialaelffasalfnsndlelad Nildlimsldamet
T ar & a aaa ~
TonWuuaialdmums fusazuudiiu Fnalnarsfadfisodruduuny lesounistidioy
A o o . 3 ] @ 1 ana o g ° Yo o
leanndnyazilianummzmzwseglsnvesdusalfisedlolaa  Mlndinamwe
b4 [] ¥ L4 1)

msasduifivuaTuagaimnsaumniufiaansedudh I lugnguuasadgnsenla

uaz lukusuReiiuaskiadusinivina luanafmnz sulemnsomusenmuengugy
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fusnlfasoninsFul¥dwmsulniSolalasunsafisfie daldvsaismau
¥

finiiia uaz Tududrdy ualegiiuiilinis 143 Te ladunu
2132 nalnmanadfidenlelasunsnia
Ugnsomsuanaaolaslddausalisoniiulfnsanidudouannsondas1d Tneld
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nquj) leeeun15Tifioy (Carbenium ion theory) lovoumiitifionfadu ldnaemagums

yuTlilsaaudreToaily

H,C=CHR + H - >  CH,C"-HR
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aq Y

dusslfnsenlalasunsnisi I luilegiududnd alfisorsiansy) #andug
. . ) 3 U d' o Y a aan a 'Y}
(Bifunctional catalysts)  lagiivsduin IdidadfAsmmsduazmsvialalasoy

s 4

(Hydrogenation-dehydrogenation) uaz daudfigniilunsa  1ilesninduselfnsendleladil
anuanzmiznluglin . mafel§isovesTuanauazmaiessniniuaiazgnimua

Taodnyuzveagn HYeIA s NS e [2]

2.14 M3ihaaulAn (Coke) Judasnlfden

vennimlfsemsuanaatslaslddusalfisewesasilsenenlalasasueunda
Sefinsifat Ifnsadae madaswIfniinwaduasiado Tude e ddusalfnse
Woumnmedesady  ualudnudnilidmIdnduiluundveslalasoudwmiumsinm
AN (Stabilize) maawﬁmﬁmw‘i’ﬁﬁﬁmﬁniumqm‘h esnuaugaveslelasiouTass il
nszvumsuanaats lelaswui i Teniufamsdud - deldinenmslalasmsvend
enidoudlues TanAnniedwifn  TaowalamTdnesfi Tnsesadredasznoudaons
uufinuiuvesweailundeses 151An  (Polyanuclear aromatics) M8nYBIZARIY
unsId & sz et ulunszuaunsndounadlslasmfvowdeuianun  ms
"laimmé’uauﬁﬁﬁymﬁ'ﬂTmaqauazmm"hiéuﬁ'qqq YNGATUBHIUTIVUAIVBIAAI
Ugnsen  dmFuwinlu §asimsunnaarsiaansfad 1dneziududevmin
Tmaqmaqmsﬁgaﬁ'mﬁu?fu pazdmsunsiufiiinaunsveusmils  sasimsiadiy
Thnezduiusunsil)izen (Reactivity) veamisfiu nande

1. Sammstas fnezituiy AT WeINIAYeIR ISl §AT IR A IS
veuuavesens lalasmiveuSuduiinuiy

2. Sanmaiad i IAnwmuiudenmmuuniuvesdumisvensa (Acid site)
vealfisouiniu FaselfisndTeladimumsiiudyuda (Pretreatment) Faazanaim

usaEzANUNUILNTBIRUenIe i lfeasimafaouldnanas [10]

2.15 mahdleladhAfifludusalfasenlunszurumsenmvnss [10]

imshdTelad Wlddudusalfisonludan q newdugy  lugaamnssy

- - - Y A4 A Y] T |
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lunszanunsildaleladdudsnlfisomiue dannnezlilss Tomfves
1o ladnnauiafifinuusaveansage (High acid strength) uazmmmmnﬁmmmmﬁq
asRaduaznaasus Idedfivssdniam  Tuniszuiuniswanii 198 Telamfuduss
ﬂﬁﬁ?mﬁm%’ummé’u?ﬁmﬁaufi’ﬂanﬁy‘aﬁmsxmm 700,000,000 (W3 ouansgA0ll
(350,000,000 (M3agyarnsgavilmniz luanigomin) unefimn Tudviuetudeiedias

o
sz 5 wlestarua

[ [l
A as 1

o & ' 12t L) 4 o
Tunszuaumsienuail asziumsAvanunues ngigalums1ddTe lasiiud,

' aaa & 1 aaa . . o_at (4
alfisende nszurumsuanaals Inon1sisalfnsen (Catalytic cracking) Tagn151ind Te'lad

8k o 1 9 1 a dy
T ugaamnssundn q aunsaunieididungy q dail
1. msuanaaielaenissalgnien (Catalytic cracking)
2. lalasunsnia (Hydrocracking)
3. msuanganelnelinisiaen (Selective cracking)
a 4 y )
4. manaleleues (lsomerization)
5. Msimunydafavetas 13u1An (Alkylation of aromatics)
6. manlasumniueaiilumarle@u (Conversion of methanol to gasoline)
7.  msUSuanw (Reforming)
8. munalelmuesvesladu (Xylene isomerization)
9. msfnaly (Dewaxing)
10. MIFUATIEHBNAUUTY (Ethylbenzene synthesis)
o L4 = = a s
11. ﬂ‘liﬁﬂlﬂi‘l:ﬁﬂ‘li’lmﬂﬁiﬂgﬂu Ll’d:'ﬂ’li‘llﬂ‘ﬂt’lﬁ‘iﬂi‘ll (Paraethytoluene and

Paramethylstyrene synthesis)
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MIAUUUM IV

3.1 ;siadl

1. msuvauasedamhnh (Si0,) 40 wedudTanimiln

2. lmAouogliua (Na,ALO,)

3. Twidoylaason’len (NaOH)

4. asYiBmes 18 (18-Crown-6, C,H,,0,)

5. A31NIBIMBI15 (15-Crown-5, C,;H,,0)

6. inls1ronTeven (Deionized water)

7. WodleNaurtinnIUNUNNUGA (High density polyethylene)
8. inanszuouliuuwaadiuan naslsd weuslamsa ([PLNH,),ICL, H,0)
9. wenludlonlumsa (NH,NO,)

10. TsRgunn 118150 (Na,B,0,)

11.Teud7

12. Twunandou lalasounamuas (KHCH,0,)

13. Huonniau (Phenophthalein)

14.ns50 lalasnassn (HCl)

15.ueu Tantlon laason laq (NH,OH)

16.1uTasiouMan (Liquid nitrogen)

3.2 minsaiuazinsesiie
1. MyuzdunsIEIAUAUGI (Autoclave)
2. v3fFwainseud luesfiiams
a o 4 o 9 a wa
3. Ushumnanaanluvisalfiams

o o
4. YIAANNTY
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10.
“11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,

23.
24.
25.
26.

27.

28.

¥ laais (Vial)

asr 4 od
aeduA2 1wiSn (Pyrex)

v ]
YIAUINTU
nszuonld lulaswuman
A
IAT99%9
.s' ] (=4
(ATDINIUUIINAN
I'd =Y Y v
ATEATEATOUUDS 42 ¥iin 151
NSZATHIA pH
YANTBIAANNNAU
YATHANT (Reflux)
o

9a 1%A218U (Cooling)
n5eal¥inuTou (Heating mantle)
9
dou
M UN VLN

¥
VIR
deo
N3 (Clamp)

21N (Ring)

N1TANIRNNTINE

q o = L)
nTeumed lunsdumsnew lawes (Thermogravimetric analyzer, TGA)

: Thermogravimetric analsis ﬁ: U TGAS]1 , TA Instrument

4 o Y .Y o &
wnseiams@eaunvesfidiond (X-ray powder diffractometer, XRD)

nABIgaNsSAMIBIAANTOUIHBINTIA (Scanning electron microscope, SEM)

insoaia InsunTnasunes (Gas chromatographer, GC)

inTevezaoviinuouaesHFuain Ins W Taflines (Atomic absorption

spectrophotometer, AAS)

: Varian SpectrAA 300/400

5o luTasn lanaines (Microwave digester)

: Milestone MLS-1200

A = a o
wSesyfiSesnyuddesu-dursusaanlnIns T Tafives FT-IR)
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33 TuaaunIsIan

3.3.1 msduanziaasal§isndlelad (Zeolite catalyst)
3.3.1.1 msdunnizdauswlfsedle’lad (Zeolite catalyst) ¥ila EMT

3.3.1.2 nsdunsizdiusufisnndle’lad (Zeolite catalyst) ¥iia FAU

3.3.2 mam3euiaus sl §isendlelan (Zeolite catalyst) IautiAilunsa

3.3.2.1 mswisudauswlfisedleledsiia EMT Wiiawiadunsa

(H-EMT-Cal)

3.3.22 mawsouausulfnindleladaiia FAU MWiamiddiunsa

(H-FAU-Cal)

3.3.3 mamseuias sindendlelan (Zeolite catalyst) ifludasalffseniding

ﬁaﬁ%’ug’ (Bifunctional catalyst)

aaan <

3.3.3.1 muaioudnswfisedleladeiia EMT Wling#laddug

u

(PtH-EMT-Cal)

o a <8 1]

3332 maasoud w3 wfnsedleladeiia FAU Wfing#fleddug

L]

(PtH-FAU-Cal)

3.3.4 manaaevmninne q wesiasvfnsedlelas (Zeolite catalyst) fin 3oy

334.1 l¥ndesganssaididnnsounyudednsia (Scanning electron
microscope, SEM)  ieas29gougls unadnvesdus slfnse
o e o s
%o laanduns 1z
¥ A o d’ o g o .

3342 1HaTeiams@euuusIdont (X-ray powder diffractometer, XRD)

A 9 a aaa = St @ e’dy
iwenvaeu Insadevesdnssgnsendle ladiidunsvau

4 a o ) 4 .
3343 195 09ozaouilnuovyed U ualnInsIdlalimes (Atomic
absorption spectrophotometer, AAS) A9 ATIAIUTANOUAD

agiidioy (Al veskusnlfisndleladhidunszd1d
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3344  m3lnmsaiemaSnannuilunsavesdusuljniondlelad

d‘d e 1:' L= lg
AtmuniadlunsafinIouiiu
3.3.5 mamlandiediswedeiiduriiannunuuniugs

3.3.5.1 mMamToNA29819weaoNa uYHAR NUUU MU UEIN Y519 1nA s

U353 Telad

3.3.5.2  MIw3eNAI9 1IN NAUFHARANUNUMUUGINTMIANANI

UfnsedTelad

3.3.6 msf nyIMsaaIEn I eaN3ouvesedefiduranninuiug il

In5849 TGA

3.3.6.1 msAn¥INITaa196 14 2wa21u35 suvened e A uriannu
1 o L ana o o 24
winuuugeilswenaus g nsendTelaa luussernavesing

Tulasiu

3.3.6.2 A1SAAYINITAAIOA IR FWA1INST DUVDINDA 1T B T AR
] Ao a o 1 aaa = o 4
wuiugealnaauduswulfnsend lelaa luusseniavenies

Tulasou

3.3.6.3 N1SANYINITAAIOA IR 19ANUS DUVBINDA 18N 8 UFT ANIY
[] d'as o as T aan P13 o o
ﬁmuuuqmumimnmmﬂgnstnﬂa"lam“lu‘ussmmﬂ‘umnw

1aTasiou

3.3.7 msamsizi Inssad wvesmisi ld o mnmsaated 24 202113 suves

£ 4
wodefituriiannunuumiugdremsssmalasininnsuves (Go)

3.3.8 msamsedawlanfidaivluduswfisndleladfinumsldauuds

dnIenySuinnudiesu-dudsusaanlalnslviinfines (FT-IR)
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3.4 3Ems39n
3.4.1 nsfuns i usnfisendlelad (Zeolite catalyst)
3.4.L1 Msdunsizvidleladyfia EMT (Na-EMT-As) Faifignsioadail 6]
10Si0, : ALO, : 2.4Na,0 : 0.7 18-Crown-6 : 140H,0
¥ b
* azatelafeoy laasenlyn (NaOH) hwmidn 1.5120 3y lurinlswaenlessu
E
UIMUN 21.7430 ASY
E )
* iy TmAouegiiig (Na,ALO,) ¥miln 23716 afu niuliazarsTaeldinies
ATUUNIMAN
E ] F
* AUAT1BMeS 18 (18-Crown-6) 1Miin 2.5669 niu  naulkwauduiluile
=) s
Aeauasazae
4
* fley q ANATAZAILABARBIAYITANT (Ludox) 1Min 20.8350 nsu  Taeld
asaeuen nelunal 30 w1
* Jlunumsnauiimion ldnnoano (Aging) w24 $lue  Higungd 20
ORLAIG e
* dhamswanlddremasundnidromvasuldmausfunsiziiinnudugs
o o o o 19 ¢=' = = o
* shimauzdunszvanudugeldgeviinavgd 115 esrmeados duna 7 Ju
(168 92 119)
* iensud muananihmruzdunsigianudugieennngey  udnirdae
masuoaNINMITU FUANIZHAINAUGS
t 9
* nyedmsiaunTIEy Ididadaonssanseaes 42 audasihilsirnnleossu
suidlupan
° 3] PR A = A &
* 1hens lddeufigungil 60 - 80 esrugaiFoaioszmeitoen
* 1haleladndunswdld (Na-EMT-As) vssyaslunedniudnivduausuuy
] ° U a du’d' o = 9 o 9
o Wimswn lamuwandunidiigungil 550 esruwaidod AwdasINsId
. Y ~ 1 = o [-4
anuiou 2 ssraiFeaasiundl iunal 6-8 ¥ Tue luussemame luTnsou

22 18% To ladnrmumamn laamsdsenoumumandunsd (Na-EMT-Cal)
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3.4.1.2 MiFunnzidle lanviia FAU (Na-FAU-As) éaﬁqnsmaﬁ'«‘ﬁ [6]
10Si0, : AL, O, : 2.4Na,0 : 0.7 15-Crown-5 : 140H,0

* azarolwidonlenson’led (NaOH) tmiin 15120 n3u lwinlsennleseu
viwirin 21.7430 ndy

* 1@uTmRoneginug (Na,ALO,) Yimin 23716 afy  nulfazawlaeldindes
AIULMAR

* @uns1famed 15 (15-Crown-s) vmiin 2.1391 nfu  muldwauduiiuie
wenvUasazay

* figy 9 IANETAZAUADAABYIAYEITAN (Ludox) vimin 20.8350 n¥y Tauld
ASILLLA

* Supumswaiiesouldaaoanal (Aging) uru 24 $2Tue

* yheslddrumasudnihdromraeuldmaus Funsediinnuduge

% (hnruzdunsedausugsldgeviigungil 115 esrnsades iWune 6 5u
(144 $1T13)

% (easudmuananimsusFunsisianudugeoenangen udnidae
mvlasusennmyurdunsieianudugs

% naesmsidanneldudadionszanseanes 42 fedaetinlsieeinleoey

suilunans

[]
=4

* yhanslddeuiigungil 60 - 80 saruwaFoa ieszmerven

* 1hiTeladfidunsied (NaFAU-As) TRussyaaluneduiudninduausuy
e dhnswn lamuwandundiigumgll 550 esnwado fresasimsiy
anwdeu 2 esrwaiFsademidiunm 68 $1lue TuussomafeluTasiou
12183 To ladirunswn laarsyszneumumwandun3s (Na-EMT-Cal)

QA

342 manssudasalfnindlelad (Zeolite catalyst) Iiandimdunsa

3421 mundsudleladviia EMT fudus wlfdendifianddidunsa
(H-EMT-Cal)[ 7]

* 113 Tolafwiia Na-EMT-Cal hniin 0.17 asy ldasluviadunauvine 50

Jaauns
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* shnmsuannfdeuleseulasdvarsazarouen Tudionlwase (NH,NO,) diudu
1.0 Tuan3 11 20 Haddas asluviafunay
* haafunaudedfuyesvdnd Ianufousuasazaeligungll 80
= o Y A [] o o
seruraien TagviinismudionTonuwimanaasaaIiIu 6 32 1u9
o 4 o
% pyssEsazaedlegansosaaniudy  lagldnszamnseuves 42 msdnu
14
deidougungil 80 o uymFed
. d LU
* fimsuaniasu lesoudndn 2 s

o =

* 1hiToladfinsesldeuiigungi 80 esrraifon
* 1hiTelad (NHEMT-Cal) vssqadlussduniudnivduaimuve  vins
wlaueuTudiofiguugi 550 ssmwwaifes  drwsasimsldnawiou 10
] 4
aaruradeadeuii lunssemanasluTasmuduna 6 $1lue mntiusins
ag Yo ; 1 =
angauugiiIviinmnd 100 sseafoe
o
* I¥anudeuundle ladonnssaresasinmsiianuien 10 ssruraFoadauii
= aQ v oo = d'd Y (]
wilgamglmify 550 essrmwades lunssomaifeneuis lvasuiy
nailuna 6 ¥ Tus 12 1dd To ladndauiadiunsa (H-EMT-Cal)
3422 maaseudlelanviia FAU 1l ud s al§ A3 enfifl anti@id unsa

(H-FAU-Cal)

aa  da

* Mmsneassgumeanunswiondle ladeiia EMT TWilududal§isendd
auiadunsn - Taowdousiingleladiuaiia FAU 221145 Te ladiia
FAU fifieuni@isiunsa (H-FAU-Cal)
343 mawdnasal§isnaTelad (Zeotite catalysty Whuiasal fisenfisinaiadiug
(Bifunctional catalyst) [8]
3.43.1 mawsuudusulisndle laduiia EMT IWfivajWandug (PH-EMT-Cal)

9 = a :’ o (.4 13 J
* 1hileladwila NH,-EMT-Cal 1hwin 1.0 afuldlunumzde
* azaomaszuouliuuwaamiy (1) aaslsd wewelamsn  ((P(NH,),JCL'H,0)

1 d 1 d ] d'
imin 00144 nfy  dainlnaenlessulSinastesiigaiaunsaazane

maszuenTuunandin (1) nae 1@ veuelainsa ((PNH,),ICL, H,0) ldvua
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NNTANIUNNTIRE

neamsavauaaszueniiuunandmin () saelsd  ((PtNH)ICL) aslu

1o'ladwila NH,-EMT-Cal suvua udinuvewauldidiv

3
~ o

{ o 2
To'laddlon luvmseuludeugyamefigungil 100 esrusaifona nali

o
U1
¥ A

YIUAU

1

] { o™ da
haTe ladnouududiussyasluneduiiitiloudasesdueg

L

Tanwfouundleladningamgiiesis 200 esmuwadoa Arwdasimsld
¥ ] i3
audou 5 ssruraFeasoui meldanzntieinmandsieein leti Inasiu

ARDALIAN

TWanudounsiifigamadl 290 esruraidos dunat 2 F1Tus
14
3 Telad IWidusuiigungliviugungiives Tnstiorne lnasu

wms laemeeesnaindlelad Insdume luTasmudhgneduifigamgiives

@«

Tianufeounndloladdudasmsivaindou 10 esrmuvaGoadouriiond
gamgil 300 ssruwadod Taefime lelasoulvaskudlelSum 5 Gasdensy
¥ To ladnod Tus

Ttanudeounsiin 300 esruraFod Wuna 4 42 1ue

a 1

g .: o f o ay a o (]
mnsnaldidusuligangliviiuguvgiives Tasliniy lalasau lnaru

b

wins lamarleTaswuiiniegluneduifrema luTasou dunar 30 wid

3.4.3.2 mamseun s dle ladviia FAU 1¥finyileniug (PtH-FAU-Cal)

%k

° [} P ar =t ) ' aan = d a Y ]
mimsnaasusueIiumsmsend s wlgnsndleladyiia EMT 1liny

Handug uanlfsusiiavedle lasilusiia NH,-FAU-Cal

3.4.4 ManameuaNAN1e 9 vesdusslinsendlelan (Zeolite catalyst) TunSeniu

3.4.4.1 msanevevinssaievesiusaulfiindgleladdamiesiamaeuuy

vaeSadeng (XRD) Taeldesr 20 luv195-50 umasiutiauas CukOl

x
3.4.4.2 msf nu3 1l N ufi2vesd a3 WS erdTelad A rundesganssmi

*

dldansoutuudeInIIa SEM masuenaluig 700-10000 1

o w T aan P d a o ] o Yes
ihduslgnserdi T ladviia Na-FAU-As 1@aUuniusedsy (Support) MWiinis

@ At
NITNYNINA
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* 111 llindeuneutuna 3 i Taslinszua Iifwmdy 10 Tadueuls (mA)
moldannzgyainia
14 T ] } 4 .
* hyunuiesey 1dldlunnduaulunies SEM
* 1IMIUFuAIANNAI-ANUAN (Brightness-contrast) A 1WAT wazfidiveny
i Idrunwlddany  udraenmideiniseenu
o :l 1 d' a o v “ d =Y
* fiimsnaassduandousiiaiie1ad e laailuesiia Na-EMT-As Na-FAU-Cal
Na-EMT-Cal H-FAU-Cal H-EMT-Cal PtH-FAU-Cal tiay PtH-EMT-Cal @1
Ay
3.4.4.3 msmmdandauvesinounioegiittin  (SVAD  AamAToseAoNiin
souaasvsumnInsinlnfiines (AAS)
3.4.4.3.1 MAILNTITATMHINAIGIUTINOY (Si) 1944 50 100 150 200 taz
250 NnanTureans
* Yulaasazaemiasigudanoududu 1000 daansudedasui 5 10 15
20 uag 25 Haaans ldluvialadSuaswargdnuuin 100 Yadans
v v
* gfulTunesdaeindu
3.4.4.3.2 MsMSENMIAzZA NN IGIHBRTHEY (AD) 1904 5 10 15 25 Haz 50
o) o8 74 1T a
fiadnSunedns
* Pulaasazmeninsigiueglofomdudu 1000 Haaniuaednsu 0.5 1.0
1.5 2.5 uaz 5.0 Hagans ldluviniadsuiaswaraanuuin 100 Jadans
E 4 D)
* JfudSnasaretinau
3.4.4.3.3 mamdsnasazaavesdlelad FAU iemSanadaneu (si) uay
agiiaa (Al
v a d a oy o a 1 ) [
* g3 Teladaiia Na-FAU-Cal vl 0.1 nfuldlumeusdwmsulana
(Vessel)
v
* @umsazanensalalasglesn @F) dudu 40 nlefiwudlastimiin
15115 4 Uadans
a ¢ a g g /d g J o
* uasazaensaleinasin (HCI0) Wudu 70 wuledidud Inerimiin

15u1as 1 Uaaans
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* Yarhl¥afinud 1111014 lund e luTasod lasmand  (Microwave
digester)
% el 30 1
* sulfnasmsazawit 16y 100 Sadaasdaerindu
* Fevnesazateii1a 2 wh 9z 18asazarovesd e ladwiia FAU
3.4.43.4 manisumsazmevesdlelad EMT mevmiSunadiney (Si) waz
oglitHe (Al
* fimInaasuru@enumsesoumsazaisveddle ladsiia FAU ud
wieusiinvesdTe lamuriia Na-EMT-Cal
3.4.435 mamBnadaneudiuniesezneuiinuevweiniumlnlns
TWlndimes
* famsyaran Taoldfaezmnauias e lundaoon ladifudomas
wazAI00nd lada1udiay
* JamnispanaundivesdisazaFaneuiinawenaau 251.6 wiluwas
* imiammlaau‘lu*lfrmgusﬁaﬁ1ﬂamfrzmmﬂ%"amazﬁ'ﬂfhmsgﬂnﬁmm
dndui isfhunsduesmsararedaneulunisnaans
* JasimsganauusiaisazaisuiasgIugansunududu 50 100 150
200 e 250 fiadnsudedas muddy eadnsihnasgu
* Jammaganauumwesmsazawdloladaiia EMT uag FAU o
5uusanau
3.4.43.6 mimUSnneglifiondeniesezacaiinueuvesiiuannins
TWindines
¥ hmsnaassidediedy uadaninsganduuaIvesaisazaeegiitioy

AR NMUEIATU 309.3 W THLAS

4 o aaa deal
3.4.4.4 m3lnmsamemanfSinannudunsavesduialfidndlolannil
autaunsafindenla Tasldmatialmnudlenm3ialnmsiy
3.4.4.4.1 mamssnmsaznenasglgugilafemanssusisananndudy

0.1 Tuans
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v b
* Fimsmasgulgugi leReunaszueisa (Na,B,0,) miin 3.8137 03y
9 °y ° a a ar oY a an
* azareavi wazimsdsudSuias luviatadSuinsvuna 100 Sadans
3.4.4.4.2 MaAsENIazAIENIa lalnsnansnaadndy 0.1 Tuans

* JnlansalelasaasTnduduiuiu 2.18 Hadans ldvadalsinasvmna

¥ ]
o [

250 aaans NiNauod

v 3

* JFudSuasaetinausuidsnasminy 250 Yaaans

&

3.4.4.4.3 maassnensozmanemluilenlsasenlodanududu 0.05 Tuas
* Pulaasazarousy Tautlo 28 % YSung 0.80 Hadans luwiaialSuins
YuA 250 JaaaRT
* ulSinasdaeihndusuilfnaseiiu 250 iaaaas
3.4.4.4.4 mmmsamamanduduiimivenvesmsazawnsalalasnasin
* JulamsazarensalelasaaeSnanaududu 01 Tuard S 25
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Waswudaawniiga  Femsldennndanuduiusszninddng
Tthise ldsulsnasves inunsugainms Tnmsandausn
3.4.4.45 melnmsamanududuiiniveuvesmsazaenenTanilon
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25 Uadaas
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0.1 Tua§

38



NNTANTIUNNTISE

9
* veaasazanenia e lasnaesn Asiaz 0.5 Uadans wiaudaaAnuag
} 4 ) . )
Andnnasifivenaisazats auAsTRIAIALAARERR
* @ounslanuduwus send 19818 nd WA 10 Ta'ld S uils uwnsves
Tnunsua
o : =y 3 ] d‘ ) o
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USumsved Inunsudonnms lnmsanasausn
o d
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d o
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* imsianinnudndndneureaaisasatonialalasnasinanududu
0.1 Tuay
k4
* voadisazaiwnsalalasnasin asiaz 0.5 anans WiouiaAANuA
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MANUIN 3

wmamsmisinamilunsalasaidamaiinlwmnudlemmsa lnmsty

1. MsmanuuTuiniveuvasasazarelalasnassn (HCI)

Uswasvedlnunsud @addas) AnnuANdAnd (ad Tan)
A%ad 1 aafl 2
0 374.9 369.0
0.5 357.0 342.8
1.0 355.9 345.0
15 334.6 344.1
2.0 3364 341.6
2.5 334.8 339.9
3.0 3333 339.0
35 3314 336.5
4.0 329.5 3344
45 3272 330.9
5.0 325.1 329.3
5.5 3224 325.4
6.0 319.5 324.1
6.5 314.8 321.1
7.0 311.6 314.6
7.5 306.8 308.3
8.0 301.1 303.1
8.5 293.7 292.7
9.0 282.2 280.3
9.5 255.6 253.1
9.7 234.7 223.6




NIARUIN N

a 4 a an
‘lJﬁlJ'l@lS‘Uﬂ\i.‘lVllWIiuﬂ (Haaang)

1 ] v &, a a o,
AMANUANANG (Uad Tran)

Afaft 1 a¥ed 2
9.9 136.7 91.1
10.1 82.3 352
10.3 25.5 8.9
10.5 -7 3.9
10.7 -10.5 -13.3
10.9 -16.7 -18.2
11.1 -20.5 -21.8
11.3 -25.7 -27.8
11.5 -29.0 -32.2
12.0 -34.8 -38.0
12.5 -41.4 -43.2
13.0 -45.9 -48.4
13.5 -49.6 -52.3
14.0 -53.8 -52.7
14.5 - -56.9 57.7
15.0 -59.3 -61.3

3 A §
NYSUIATAMNLT NTUNLUUA UL DIFITRZANE

1lalasaaasn (HCI)

400

¢
|

200 T

9FN

(Hadlaan)

o o
—— AT 1

> d
—|— ATIN 2

ATAANAN

10.5 1B

-200

13 unnsue1 Na,B,0, (iadans)
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< . ¢
2. mamanduduiniveuvesmsazasuenladisylansenlsad (NH,0H)

Pinasvedlnumsud | endndliih | Bnasvedlnumsua | ardind i
({iaddn3) GadTaar) adafi 1 (Hiaddns) Gaalaath adafi 2
0 -221.5 0 -209.6
0.5 -192.5 0.5 -197.1
1.0 -177.6 1.0 -175.6
1.5 -165.2 1.5 -163.8
2.0 -153.1 2.0 -153.9
2.5 -147.0 25 -146.9
3.0 -140. 7 3.0 -140.5
3.5 -135.3 3.5 -132.2
4.0 -128.6 4.0 -127.3
4.5 -124.3 4.5 -122.3
5.0 -119.3 5.0 -119.6
55 -113.8 5.5 -112.1
6.0 -109.4 6.0 -106.8
6.5 -103.1 6.5 -103.9
7.0 -96.9 7.0 -94.8
7.5 -88.6 7.5 -86.2
8.0° -79.4 8.0 -77.8
8.5 -67.8 8.5 -62.8
9.0 -43.3 9.0 -41.6
9.5 57.4 9.2 -22.1
10.0 244.2 9.4 223
10.5 262.2 9.6 163.1
11.0 269.9 9.8 221.8
11.5 275.1 10.0 246.6
12.0 279.7 10.5 261.6
12.5 285.2 11.0 265.1
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PSunasvedlnunsue mend i WSanasvesinunsud mieind v
(iadan9) @iadlav) AN 1 (Hadans) (Hiaalaan) a¥ed 2
13.0 287.1 11.5 275.3
13.5 290.9 12.0 281.3
14.0 293.2 12.5 283.1
14.5 294.7 13.0 288.2
15.0 296.1 13.5 290.0
14.0 292.6
14.5 294.6
15.0 296.2
2 2/ d []
N1ITU1AMNNLANUUNLUUD UTAIFITASRE
waulaiaylansanlda (NH,OH)
400
3
= 200 +
c =
= g
.g ,,9 L | v
z 0 l T —— A 1
g &
s <« M
-400
Funmsarsasarelalnsransn (adansg)
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[ < '
NnITuN1 ﬂ'J'\Nl’]]N{Nﬂlluu@umﬂqaqiﬂzﬂ']ﬂ

wanluilisulansanlad (NH,OH)

400
£

\a 1
8= = 200
£ &
8 ¢ 0 i ] A
: & M ( —+—ham2
cC &
g <
-£ -200 -4 55 9.8 15

-400

1Funnsansazartlalnsaasin @adans)

3. nsmSnamnuilunsavesiaudnlfismileladlasndumaiialnmuslenmialn-

IN3FHU (Potentiometric Titration)

3.1 msvmBanamnunilunsaludnsnlgfsndlelansiia H-FAU-Cal
13w H-FAU-Cal 399 1=0.0752 N3y

. & ]
* 1JSurat H-FAU-Cal n59%1 2 =0.0756 A5V

Ynaslnumsua AnNUAAnE Wainasimmsud | Annumadnd
{adda9) Giaalaav) n¥afi 1 (Hadans) Giadlaat) adsfi 2

0 -82.4 0 -102.7

.0.5 -86.9 0.5 -983

1.0 -70.0 1.0 -93.1

1.5 -65.4 1.5 -88.4
2.0 -60.3 2.0 -85.0
2.5 -54.2 2.5 -79.0
3.0 -46.5 3.0 -70.6
35 -36.3 35 -61.2
4.0 -21.6 4.0 -47.2
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Pnaslnumsud AnuAadnd Punaslnumsud AAINASRNE
(Fiadans) (Fiadlaan) afait 1 @addn9) @iaalaan) adafi 2
5.0 97 4.4 -35.7
5.5 225.5 4.6 -20.4
6.0 252.8 48 3.5
6.5 267.5 5.0 27.8
7.0 2743 52 72.8
7.5 279.1 54 134.9
8.0 282.6 5.6 184.7
8.5 286.5 5.8 217.9
9.0 288.5 6.0 229.8
9.5 290.3 6.5 2514
10.0 292.0 7.0 260.6
7.5 268.2
8.0 272.8
8.5 277.0
9.0 279.8
9.5 282.2
10.0 284.1
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32 msmfSnamnuilunsaludausaljisendleladyiia H-FAU-Cal
USu1a H-EMT-CAL A7 1 =0.0760 niu
153181 H-EMT-CAL A39% 2 = 0.0750 N3y

Puainunsua manumasng | USwnasinumsud mnueedng
(Hadans) @aalaat) niafi 1 (HadanI) @adlaan) adafi 2

0 ’ -85 0 -90.5
0.5 -77.6 0.5 -84.8
1.0 -71.2 1.0 -79.2
1.5 -65.4 1.5 -74.1
2.0 -56.9 2.0 -69.0
2.5 -51.0 2.5 -62.8
3.0 -42.7 3.0 -56.3
35 314 3.5 -47.0
4.0 -13.3 4.0 -35.3
42 7 4.2 -29.6
4.4 23.8 44 -16.6
46 57.6 4.6 -44
438 90.5 4.8 18.7
5.0 156.5 5.0 44.9
5.5 209.7 5.2 69.7
6.0 241.6 5.4 101.2
6.5 254.0 5.6 149.1
7.0 260.1 5.8 187.9
7.5 266.6 6.0 206.5
8.0 270.8 6.5 238.3
8.5 275.2 7.0 248.7
9.0 277.0 1.5 258.6
9.5 281.0 8.0 262.3
9.0 2723
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PRnaslnunsud mANumang Psunasinmsud mANuMadng
(Hiadan3) Giadlaan) adafi 1 (Hadans) Gaalan) adafi 2
9.5 276.0
10.0 278.9
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MARUIN 2

NaN13IVENLATBY Gas chromatographer(GC)
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ANANUIN R

AMARUIN A

UUABUNTIATUIN

1. Msf R nlinsnalalad FAU
- 1¥as1niomes 15 (15-Crown-5) iiluasiszneumumandunis

- 1¥lovoulmdoudluaisis noumumansiunsd
10Si0, : ALO, : 2.4Na,O : 0.7 15-Crown-5 : 140H,0

14 } 4
aosms i lunsdunsizditonun 35 nfy Aadludwoulua 1.94 Tua
b4
deiudedld agiiun (ALO,) (WnTwmRoagiiiug, Na,ALO,) $1uau 0.0139 Tua uaz Twfden
o °
980 oA (Na,0) $1u71 0.0333 Tua
UANANIARTIZHABMATIA XRF nuh Isdsuegiitun (Na,ALO,) 1lszneudavegil
¥
U1 (ALO,) 59.54 tlesiwud lagimin uag Tsdousenlan (Na,0) 37.57 mudwy
k4 (4 . ]
auiudesld Tumanegliug (Na,ALO) min 23716 nfu iWeies lAegiin
(ALO,) Wuswau 0.0139 Tua uay Tmfvuesnlan (Na,0) vimiin 0.0144 Tua

E4 1] )
aoudsdeunuilSnaledsuoenlen (Na,0) 80 0.0189 Tua udiiiessn
2NaOH —> Na,0 + H0

* 39009 )d Tadenlaasenlen (NaOH) $1uu 00378 Tua Aahuimingihdy
15120 n¥u iievz 1@ Tadoweenlad (Na,0) $1uau 0.0189 Tam waz 1éin (H,0) 88"
§1u71 00189 Tua AndhaiminmiiAy 0.3402 nia

* fouduaslsznoumuwansunie asnidmes 15 (15-Crown-5) iuswauh
f19.72x 10° Tua (Lﬁﬂuﬁ'nﬂ??mm‘i’1 35 n3u) aathiivnin 2.1301 n3u

* R89MIFaN (Si0,) 112w 0.1389 Tua fuftutimiin 83340 3 (FevfuSina

s/
111 35 ASY)
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¥
uAgan (sio,) wivyldnnasazawneaasssuosdanluin (Ludox) 40 wlefiaudlas
i
UInUn
o : 9 o d aan é Jj’ : U
* guluded aisazaiwneaneudvadan (Ludox) 40 wesiwualaayiviin
8 ) } 4 (]
miin 20.8350 3y e lddan (Si0,) $1wau 83340 aFu waziiit (H,0) NS
12.5010 A5
o o’: Y a : A o a : a’: a :-:' 9/
o dniurzdsuiui (,0) hudn = dSmaninimua - Isinaniin ldnemsazae
E v
ADABBAUBITAM (Ludox) - Ysuaniii 1dein
Txfou'lensen lad(NaOH)
=35-12.5010-0.3402

=22.1588 N5Y

[y dar oo d
2. msfunszrausulfnsndlelad EMT

o o a d
- 1% as1nismey 18 (18-Crown-6) Huaisdsznoumumandunso

- 1¥'lovou TsRoniuaisUsznoumumanaiiunss
10Si0, : ALO, : 2.4Na,O : 0.7 18-Crown-6 : 140H,0

Foanslhilumsdunssinmun 35 n3u Aadudaulva 194 Tua
guudealdegivn (ALO,) (nTmiRvuogiiug, Na,ALO, $17u 00139 Tum uas Tadoy
on 1o (Na,0) $1121 00333 Tua

uANINMITINIIZHAIumAliA XRF wudh  TwRoneglitun (N2,ALO) szneudae
oqiivn (ALO,) 59.54 tlediwud Tnstivmin uaz TwiReveenlad (N2,0) 37.57 nedisudlay

e/

¥
Wimin mudey
auiudedld Tmdewegiiug (Na,ALO) hmin 23716 niy ieies lAegiin
1 4
(AL,0,) dluduau 0.0139 Tua uay TnAswoenlun (Na,0)imin 0.0144 Tua

b4 [ *
fafudfeuiiudlSina Txdouosnlan (Na,0) 0 0.0189 Tua uatiiodnn

2NaOH ——> Ng0 + HO
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+ Fadpslilwdnllonsenled (NaOH) $1au 00378 Tua Aedhuhmingiiy
15120 Ny ifieez1d Tmdvueenled (No,0) $1uau 0.0189 Tua war I (H,0) s9nI
§ 11 0.0189 Tum Aahuimiiamiiy 03402 ndu
* foufvmsdiznoumumandunse asiidimes 18 (18-Crown-6) usruum
f19.72 x 10° Tua (Fouduilsinanii 35 n$1) AahuimTn 2.5669 n3u
* Rpam3FaAn (8i0,) $117w 0.1389 Twa Aniiurimiin 8.3340 ndu (RoufuSine
h3s n3y)
uA §3m (sio,) w3onldnnansararuneanoudvesFan (Ludox) 40 wesiwudTagiwin
» dutudeademsazaanennenduesdan (Ludox) 40 wedwualashmn vhwin
20.8350 s 1o 14 $am (8i0,) $1uaw 8.3340 Ny oz (H,0) #nndnau 12.5010
N3y
v & Yy a3 4 o a ¥ a 4
o duluvzdoudy 1h (,0) Wudn = Sinaniwiavue - USuanhi ldsinaisazans
ADRADOAYBIFAN (Ludox) - Uswaniii 1da1n
TwdonTaason lod
= 35-12.5010-0.3402

=22.1588 N5

3. matnnavmBinannuilunsanngaslnssadisveswinma (Unit Cell Formula)
vasdusalfnsmndlelansiin FAU

gasita lvesmizeiraves FAU fle
(Na,, Ca, Mg), [T,; Oy ley H,O
e T=Si+Al
x = $nuveuan leseuigaUszquulassed To ladlugasia luvesmiavira

1 4
y =t Tuaveuh lugas Tnseadveamiasea

1InmsnansIdannsssezasudnueureIHFumlnIns I lalimeswud  Ausulfisen
#Toladwiia FAU fien Si/Al tify 5.65

MNANUFURUT
Si+Al=192
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ias

Si/Al = 5.65

dieudrumsainanee Idswaudaneu (s =163.13  Swauegiiiion (AD) = 28.87
$1uau Tefoy (Na) = 28.87 (312 Tanfoy (Na) = S1uruegilition (Al sz Teveu Tadey

Amthgalsequulnsssiwesdlelad) Swaueendiou (0) =384

14
=2 A

b4 v v
aaiusy ldgasmldvesInseadndleladaiia FAU fidunsizidufe

Nayg gy Siyg3 Alyggy Osgy

winiimsuanileulesouTmfien (Na) dreleseuneuluifion (NH,) uazien

4 w4 4 . i J
Floladiie lamaueyTudls  FuihlwlaTlsaewiiuleooulszquaniigailszquulnses
vo4 §lolad  winlinsuandsulessuludeuild 100 alesidud 2 ldgasiinlilves

o H Q’ ar y
Tnseadndloladastia FAU fifigniilunsadail

H28.87 Si163.13 A128.87 0384

3

t 4
aatusz ldlSuunsaludleladyiia FAU a1y 2.50 x 10 ® Tuaveansa / nfuvod

Flo'laq

4. psmamifSunaanuiluniasinanslnssaievesnilesa (Unit Cell Formula)
vasdusalfsndleladuiin EMT

gasialveeamizairaves EMT fio
Na, (18-Crown-6), [T, O,,,]* y H,0
o T=Si+ Al
x = $uauvesianlesoufigailszguu TasendTe ladlugaia T vesniowa
y= i1°1muinamaafi’ﬂuqmiﬂsm%ﬁwmmhuma

o o 4
n = $1uIuvsImslssaoUMuUINanauns e
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nnnsnaresdIningaseraouinueuresiFumnIns I lafimeswudr  Fusalfasen
#1o'ladwiin EMT i1 SyAl Wiy 5.97
nnAUFuRUT
Si+ Al =96
uag
Si/Al = 5.97
Woufaumssananes I nnudaneu (s = 8223 swavegiifley (AD = 13.77
frauTmfion (Na) = 13.77 GrwauTadion (Na) = S1usuegiition (A sz lesouTndoy
wimthgalszquulasesevesdlelad) dwausendiou (0)=192

4 ) € ¥
auiuez Iagasiallvelnssadndleladuiia EMT Aidunsizviude
Na,; ;; (18-Crown-6), Sig; 55 Alj377 O,

winihmsuanalfouleseuTmion (Na) avlesouuenTuiion NNH,) ez
Flo'ladiite ldfmuenTuile  Foh W18 Tlsneuiiulooourlszquaniigadszquulnsesa
vosdlelad  winl¥nisuanldonloeuTufunild 100 alesidud ez ldgasialdves
Tasaadrad To ladwila EMT Aiflgna Hunsadall

H,; ;; (18-Crown-6), Sig, ,; Al,; 7, Oy,

4
aaiuazldnlSunansaludlelanyiia EMT Saunify 239 x 10 ~ Tuauesnsa / nsuves
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