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Aimnopropyl trimethoxysilane N-[3-Trimethoxysilyl) propyllethylenediamine L8z N-[3-
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USuaudla'ladi(10, 20 uaz 30 Adluadadlaladiny) waztaanlumInsWea( 1, 2 uae 3
) wuhdinanmsnnwduesmgaziilugengaluan1iznianaiwds-Aimnopropyl
trimethoxysilane 8ATN&@IWANNIINT UL amino  groups 30  Ndluadadlaladine
izmnmlumsﬁwﬂﬁﬁ%mmsaw;&'Laﬁu 3 73la9 ( N1-ZY-30-3 ) WRIINUUILY NN
=S 1 Aaaa 6 Aa A o ] a a A A
AnwranusuIn lmassl fisannudioanaiflietuszninanaireds lasiafiaiae
wazlumMuas lagazdinwnasessnazlisen laun alunmsid§isen (1, 2, 3, 4,
5 WaY 6 TN ) qmﬂgmumiﬁwﬂg‘jﬁ%m (328, 338, 348 LAz 358 K) INNNANIINANDI
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1 =) & o v v v =) =) =) =) & a >
%Hazsﬂu B9 N1-ZY-30-3 2zvn s laanuiiutwlwnsiAaiunatofisa i duwnaa nms

dl 1 a

209U JATNgINgainay 11.53  TadnTudeliaddas uazanuaansnlunisu iz

]
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#a 27.53 lapanzlunsvufasenldun 338 K uaz 5 Talus Wlafinwiafiosnwas
dsadfAsenudusa fAsenfiedsmwannwefinduanldlnldan uaziladinm
IUNAFFAIVIUH TN nusesnodNatuszninenfirea nsdafitse waziam
Uo8 WUIFDAANBINUUATLIOUAUADY UazAIUITAAT WAIIUTBNNAIUE  (activation
energy (Ea)) bWinAy 2.116 KJ/mol

a o 6

o o s an % % 1 aa aa 6 1 6 &
alyian : ﬂ‘iﬂ%ﬂlaﬁlﬂa‘iﬂlﬂﬁ%; @l')t‘iﬂﬂgﬂiﬂﬂ')')ﬁwuﬁ; ﬂ'liﬂi'lﬂ@lﬁﬁﬁﬂﬂ‘ﬁ%

Three different structures of amine compound such as 3-aminoproryl (N1), N-propyl
ethylene diamine (N2) and N-propyl ethylenetriamine (N3) were functionalized on
Zeolite Y by post grafting method. The effects of amine structure, grafting time and
amine concentration on grafting efficiency were investigated. The molecular structure
of amine compound played the important role on the amino concentration in zeolite
surface. 3-aminopropyl (N1) presented the highest grafting efficiency due to small
molecule and low steric structure. The high concentration of amine compound and
long grafting time provided better grafting efficiency. The amine grafted on zeolite Y
was tested the catalytic activity and stability in transesterification between glyceryl
tributyrate and methanol. The catalytic activity was depended on the amino group
concentration of amine grafting on zeoilte Y. The highest catalytic activity
(TON=27.53)was obtained by N1-ZY-30-3 which was referred the amino propyl
grafted on zelotie Y at amine concentration 30 mol/g of zeolite and grafting time 3h.
The catalytic stability was approved by reuse for 4 times which the concentration of
product was reduced about 8% of each cycle.

Keywords: Transesterification; heterogeneous catalyst; functional grafting
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Reaction without catalyst

Reaction path
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Sample Concentration Methyl TON'
[mmol/g] of amino butyrate
groups [mg/ml]

N1-ZY-10-1 1.12 2.35 12.92
N1-ZY-10-2 1.59 4.77 18.51
N1-ZY-10-3 1.66 5.38 19.97
N2-ZY-10-1 0.71 0.74 6.44
N2-ZY-10-2 0.82 0.97 7.31
N2-ZY-10-3 1.03 1.67 9.99
N3-ZY-10-1 1.04 1.86 10.99
N3-ZY-10-2 1.27 2.98 14.44
N3-ZY-10-3 0.97 1.41 8.96
N1-ZY-20-1 1.93 7.97 25.46
N1-ZY-20-2 1.87 7.58 24.97
N1-ZY-20-3 2.02 8.80 26.86
N2-Z2Y-20-1 0.65 0.56 5.33
N2-ZY-20-2 1.03 1.48 8.84
N2-Z2Y-20-3 1.20 2.84 14.59
N3-Z2Y-20-1 1.10 214 11.97
N3-ZY-20-2 1.37 3.67 16.49
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N3-ZY-20-3 1.41 3.78 16.51

N1-ZY-30-1 1.97 8.77 27.42
N1-Z2Y-30-2 2.46 10.98 27.50
N1-Z2Y-30-3 2.59 11.53 27.53
N2-ZY-30-1 1.30 3.32 15.74
N2-Z2Y-30-2 1.30 3.37 15.96
N2-Z2Y-30-3 1.43 3.89 16.78
N3-ZY-30-1 1.14 2.25 12.18
N3-Z2Y-30-2 1.41 3.73 16.31
N3-Z2Y-30-3 1.42 3.80 16.48

5.1 HavasgmnninnzaulumM U jisemnudiesinasfliatusznininfiaaialng
27130 Uaziunuea

NnHanM AN g dnwInzaalun vl jise a9gdi 13 anan1Inasawuin
aA a ad & v @ a a a & [ & A
WorRuanndawan 328 K 1w 338 K aAnututwnasantaibiangainlasnasanuuiie

AI AJ 1 v v A a A { 1
WANamrn AU dn 348 K waz 358 K wuinanudutuvadunsaditisnaaad thasunannindu

9 U
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aa 1 1 v A [l [ = '
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5.4 NAUBINIANEIIAUNAAIRATLAS (Chemical kinetics) 209U AT NTIUSLaaNaIALa
TUIEHININALTETA INTTINLIA LAZLUNINARN
= 6 a aaa 6 Aa A L™ 1 a a a
NMIfnERanNamaasnIsialfisunmnudesnaidliaTuszninanairais nsdo
A A % . % a
IR UAZLUNIHORTI M RNNNNT first order W&z second order I@ﬂ"ﬁqmﬁgu 328, 338, 348 LA

358 K Laztian 1, 2, 3, 4 LLaz 5 %L’JIN(]

JUNIIVDY first order  -INCA/Cpy = Kt
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AN 4 URAIAILITNAWITH IR NENANT  first  order LAY second  order 1A

Wadisemnnusiesnasiiatuznininameda nsbifise waziuniues

first order second order
Temperature(K)
K R? K R’
328 0.0046 0.9930 2.8270 0.9931
338 0.0047 0.9979 2.8962 0.9979
348 0.0048 0.9884 2.9440 0.9909
358 0.0049 0.9940 3.0225 0.9941

fMIUMIANEIIsRNamsa TNl jisemnusiasimesiatusznineniimeda ing

fafiisa uaziumuaalasld first order Nannieng g woingmngll 328 338 uaz 358 K Wui

q

A

% = Qr o o 2 v v U { =Y U 2 ] v v v 2
dehdudszandanduius (R) hlnd 1 udnamngil 348 K fidn Rl Ing 1 (dasil R > 0.99

22D

paniy) Baslldhdannafadjiiomnufiesnailiatuznivniiwaialnidifiie uaz
Muaa NaaaARaIny first order
o [ = 6 a Aaaa 6 Aa A o 1 a a
fNTUMIANHIIauNamMaasMIAal isenudasnasiaTuszninenaimada bns
fa7ii3a uaziumuealasld second order figaunniensg wudmnamngiinvihnimanasdien
2 % (% o & =3 U 6 a aaa 6 Aa A o 1 a
R™ ilng 1 asuudsasdlddaaunamaainafiad jisemnudiesinaifliaduszninniie
838 InI0H1L3A UAzIUNUER FaAARBINU second order
5.5 WATBINIANHINGISIUABNUNUG (activation energy (Ea))
MIANINAINUNANLUG (activation energy (Ea)) tun13Anmswn wisnudgah dad

mslumavhlduiiad §isen wildanaunis Arrhenius
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UM In(K) = -EalR* 1/T + In(Ko)
. v L @ 6 ' 1
IINFNNIIVAS Arrhenius FIUNTARIIIATIWLFAIANURUN BT ITWINIAN 1/T(LN X)

WAZAT IN(K) (A% y) BINITOFUITATAN Ea 1eannanuTw (-EalR) é’ouamlugﬂﬁ 24

L1100

1100 - y=-254.5146x + 1.8149

1090 - R=10.9911
1.080 -

La70 -

InK

L0600 -
1050 -
Lod40 -

0.00275 0.0028 0.00285 0.0029 0.00295 0.003 000205 0.0031

1T

31 24 LEAINTINNRINUABNUNUA (activation energy (Ea))

AINNIINRINIIONIAT Ea'kdl 1YL 2116.03 J/mol %38 2.116 KJ/mol
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AaAa g 1 A a a a ¥ [ | a 6
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3 o a ] a = v 1 a =1 1 1 aaa
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mam%il,aﬁwﬁﬁmm 9 'leuA  3-Aimnopropyl trimethoxysilane N-[3-Trimethoxysilyl)
propyllethylenediamine &g N-[3-Trimethoxysi|y|)propyl]diethylenetriamineluﬂﬂiﬂ(ﬂaadmia@%%i
a d%/ Aa % a 1 1 dly Aa a 6 6
eluvuiufialfinaftanisaivuiung loauasuuiuivasdleladne vasasznavaaim
Aa AaA A = o \ A A v
lugdinaningiaiin lasazfnwwansznuvesdiudsdng 9 lunsfiengiaiiu ldun railuns
djisen amnpiivesljisen dansmanuiduduaas amino groups 10, 20 uaz 30 Hdlua
daflaladny uazszozmlumahufisennisGanyiadiu 9n 1 Talus iu 2 lus uas 3
731309 mnmam‘mcﬂaaaagﬂ"l,ﬁdwmiawy;Laﬁu 3-Aimnopropy! trimethoxysilane 8@31&§IHAIY

¥ v . aa oA (3 o aaa a 1 a
WauTuUes amino groups 30 Naluadadlaladne ‘5:y:nmlumimﬂgmmmmwgLaw.3

dl Qo

#2lus Sanudutulunsifawfiaiafize gefigaiiln 11.53 iaanindaliadaaIuas
anugwTalun sl iservesaanssdfisen wudn N1-2v-30-3 Tdrannusiunsnlunisi
ﬂﬁﬁ%mgoﬁq@ﬁa 27.53 NNIANHIIAUNAAIEATNITIIAU AT nudlesnasiiadu
sziendraa insdafitse uazlun e saaARoINU second  order WATWIAN WRIITUNBNAY

3UR (activation energy (Ea)) latvinnu 2116.03 J/mol %38 2.116 KJ/mol
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