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ABSTRACT

Zeolite ZSM-11 is a microporous material, which is a potential
catalyst for light naphtha cracking process for the production of
propylene monomers with increasing demand. However, there has
not been an independent process to fabricate zeolite ZSM-11 ("on
purpose propylene™). In this study, zeolite ZSM-11 was synthesized
from silica and alumina sources by a hydrothermal process. These
synthesized zeolites were characterized by several techniques such
as X-ray diffraction (XRD), N, low temperature adsorption (BET).
Catalytic performance of the prepared ZSM-11 samples was carried
out in the cracking process of n-hexane to investigate the
conversion and selectivity of propylene as main-product. The effects
of reaction conditions were analyzed in order to understand the
catalytic activity of the microporous material ZSM-11.

TOM TAT

Qua trinh cracking light naphta tao propylen, logi monomer co nhu
cau ngay cang tang nhung chwa c¢é quy trinh déc ldp tao ra né
(“on-purpose propylen”) dang thu hut sy nghién ciru trén thé gidi.
Trong nghién citu ndy, vat liéu vi x6p zeolite ZSM-1, 1a logi vit liéu
Vi x0p (microporous) co tiém ndng img dung lam chdt xiic tac cho
qud trinh trén, dwoc tong hop tr cac nguon silic va nhom bang
phirong phdp thiy nhiét. Cde mau vdt liéu xiic tae dwoe phdn tich
cde dic trung vt liéu bang cdc phwong phdp nhiéu xa tia X (XRD),
hap phu N, ¢ nhiét dg thap (BET). Hoat tinh xiic tic cia vt liéu
dwge danh gid qua phan g cracking n-hexan nhu la mét chdt dién
hinh ciia phdn doan light naphta. Cdc diéu kién phan ing cracking
xiic tée chon loc tao propylen dwoc khdo sdt dé danh gia anh hwong
cdc yéu té nay dén dg chuyén héa va do chon loc cia phan déng qua
dé thé hién kha nang xiic tac cua vat liéu.

1 GIOI THIEU

Ethylen va propylen 1a hai nguyén liu
quan trong cho nganh cong nghiép hoa dau.
Tuy nhién, ethylen lai chiém wu thé hon cho

nén coéng nghiép san xuat dya vao cong nghé
cracking hoi nudc duoc thiét ké dé ti wu san
lugng ethylen, con propylen, butadien va cac
san pham aromatic 1a san pham phu (by-
product). Nhung cic san pham san xuat tur
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propylen lai phat trién mot cach nhanh chéng
trong 10 nim qua va van dang tiép tuc tang
Ién. Su tang truéng nay da lam bung nd nhu
cau vé& ngudn cung cip propylen. Va van dé tro
nén kho khén vi trugc nay propylen chi dugc
xem nhu 1a mdt san pham phu va that thuong
vi phu thudc vao nhu cau va san XUt cua
ethylene. Do do, yéu cau dat ra la €6 mot glal
phap dé can bang va dam bao ngudn cung cap
Mot cach day dii propylen cho tuong lai [1].

Co ché cua phan ¢ng cracking n-hexan xay
ra, theo D. Bhattacharya et al. [2], cung Kung
et al. [3], bao gdm céac budc: n-hexan dau tién
bi proton hoéa trén cac tam acid bronsted cua
xtc tac dé tao thanh dang ion carbonium
[CsH1s]™. Ton carbonium nay s& phan hiy cho
ra hydro va ion n-hexene carbenium [CsH13]"
hogc mot paraffin mach ngan hon [Ce.nHas.ny+2]
va one ion carbenium [CyHzn+]" (V6i N = 2-5).
Trong d6 c6 ti 1¢ rat cao tao ion [CsH;']. Tuay
thudc vao diéu kién ma ion carbenium c6 thé
giai hap cho olefin hoic tiép tuc tham gia phan
ng Véi cac phan tir khac. Viéc han ché cac
phan tmg sau hon cia cac olefin 1a van dé
then chét cho viéc nang cao do chon loc cac
olefin nay.

Zeolite 1a loai vat liéu vi xp (microporous)
véi kich thwdc mao quan nho hon 2 nm [4, 5].
Vi vay, zeolite dugc xem nhu vat liéu sang
phan tir va cé hoat tinh xuc tac. Hoat tinh nay
thé hién thong qua cac tdm acid trong vat lidu
zeolite [6]. Vé cau tao, zeolite 1a cac tinh thé
aluminosilicate, bao gém céc tir dién TO, (T 1a
Si hoic Al) duoc lién két véi nhau thong qua
céc nguyén tir oxy dé tao thanh cau trac khung
ba chiéu, c6 kich thuéc mao quan dong nhat.
ZSM-11 1a zeolite thudc ho MEL c¢6 cong thic
Béang 1: Thanh phin gel va diéu kién téng hep
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phan tr la (Na(H20)1)[AlcSissxO102] (trong
do x<16) [4, 5]. Cau tric khung ctia ZSM-11
cling dugc CAu tao tir cac 16p gap nép twong tu
nhu loai zeolite théng dung ZSM-5 (MFI) - la
loai cau thanh xtc tac dung trong cong nghé
FCC (fluidized catalytic cracking). Tuy nhién,
néu ZSM-5 ¢6 hai hé théng mao quan thang va
hinh sin giao nhau thi ZSM-11 lai chi ¢6 hai hé
théng mao quan thang [5]. Diéu nay hia hen
kha ning cho d6 chon loc cao d6i véi propylen
cua ZSM-11 trong phan tng cracking alkane.
Theo nhiing hiéu biét ciia chung toi thi huéng
nghién cuu dya trén zeolite ZSM-11 chua
duoc thuc hién ¢ Viét Nam. Do vay trong
nghién ctru nay, ching toi tién hanh tong hop
vat liéu ZSM-11 va khao sat hoat tinh xac tac
cua vat liéu nay ddi véi phan tng cracking n-
hexan tao propylen.

2 THUC NGHIEM

2.1 Téng hgp va phin tich cac dic trung
vat liéu

2.1.1 Téng hop Na-ZSM-11

Zeolite ZSM-11 véi ham lugng silic cao
dugc tong hop bang phuong phap thay nhiét,
st dung cac hoa chit nhu sol silica va
boehmite, chat tao ciu trac (template)
tetrabutylphosphonium  bromide (TBP-Br)
(Sigma-Aldrich), NaOH va nuéc cat. Nguon
sol silica dugc chung t6i diéu ché tr -
natrisilicate  nonahydrate  (Na,SiO3.9H,0)
(Trung Quéc) va (NH,),HPO, (Trung QUOC)
Nguon nhom boehmite ciing duoc ty diéu ché
bing phan Gng gitta nhom  sulfate
(Al2(S0O4)3.18H,0) (Trung Quéc) va dung dich
NHs, sau d6 loc ria va sy qua dém & 150 °C.

Gia héa Thiy nhiét
Mau Thanh phan gel (mol) Nhi¢tdd Thoigian Nhiétdé Thoi gian
€ (gio) €) (gi0)
6,0TBP-Br : 1,3Na,0 : Al,O3 : 20SiO; :
M1 400H,0 15 24 160 66
5,1TBP-Br: 4,1Na,0:Al,03: 60SiO;,:
M2 2400H,0 100 24 160 48

Han hop phan tng duoc chuan bi bing
céch cho boehmite vao dupg dich NaOH,
khuay manh tai 70 °C cho dén khi dung dich
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phong r6i thém cac hoa chat con lai nhu sol
silica va chat tao cau truc vao dung dich trén
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va tiép tuc khudy tron manh dé thu duoc hon
hop gel ddng nhit c6 thanh phin mol nhu
Bang 1. Hon hop mau M1 va M2 sau d6 dugc
cho vao ndi hap ap suit va lam gia trudc khi
thay nhiét. San pham sau d6 dugc loc ria véi
nuéce cat cho dén pH=7 roi sdy & 110 °C trong
2 gio trude khi nung trong dong khong khi &
500 °C trong 5 gio.

2.1.2 Téng hop xiic tic H-ZSM-11

H-ZSM-11 duoc diéu ché tir Na-ZSM-11
bang cach tién hanh trao d6i ion 3 lan & 80 °C
véi dung dich (NH4),SO,; 1M (1 g Na-ZSM-
11/100 ml (NH,),SO,). Mau sau dé duoc say &
110°C trong 2 gio va nung 500°C, 5 gid trong
dong khong khi kho. San pham cudi cling dugc
nén vién, cit nho va ray nham thu duoc cc hat
voi duong kinh tir 0.8 — 1 mm.

2.1.3 Xac dinh ddc trung xuc tac

Mau tong hop duoc xac dinh cac thong sb
dic trung cau trac bang phuong phap nhiéu xa
tia X (XRD) trén may Shimazu X-Ray
Diffractometer XD-5 A, va xac dinh dién tich
bé mit rieng (BET va T-plot) bang phwong
phap hip phu N, & 77,3 K trén may
Quantachrome tai Vién Cong nghé Hoa hoc —
Vién Khoa hoc va Cong nghé Viét Nam TP.
H6 Chi Minh.

2.2 Khao sat hoat tinh xtuc tac cia vat liu

Phan ung cracking duoc tién hanh trong hé
thdng thi nghiém vi dong. Xuc tac dugc dat
vao trong ong phan ung bang thuy tinh dat
trong 10 nung bang dién tro. Nhiét d6 cia ving
chat xuc tac trong 16 dwgc didu chinh bang mot
bo diéu khién nhiét do. Dong nito tinh khiét
(99,95%) duogc su dung nhu dong khi mang va
dugc chia 1am hai dong véi ti 18 ¢ thé thay doi
dugc: dong pha lodng va dong 161 cudn. Tac
chét n- -hexan dugc cap vao ong phan tng tur
trén xudng bang phuong phap sui bot khi
(bubbling) tr dung dich n-hexan. Ngudn
n-hexan ndy dwgc mua tir hoa chat xilong
(Trung Quédc) dé sir dung tryc tiép ma khong
qua qua trinh tinh ché. Trudc khi phan ung xuc
tac duoc hoat héa 500°C trong 2 gid trong
dong nito. Sau d6 bat dau thuc hién phan tng
v6i nhiét do phan tmg 1a 500°C.
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San pham khi dugc phén tich bang sic ky
khi Varian Series 2800, v&i dau do FID va cot
mao quan FactorFour VF-1 ms chiéu dai 15 m,
duong kinh 0,25 mm, bé day 0,25 pm. Do
chuyén héa va do chon loc dugc tinh tir gia tri
do trén may sac ky theo cong thirc sau:

Do chuyén hoa n-hexan (% khéi lugng):
X= (mhexan(déu)_ mhexan(cuéi))/ mhexan(déu)*loo-

Do chon loc Propylen (%):
S= mpropylen/(mhcxan(déu)* mhexan(cuéi)) *100.

3 KET QUA VA THAO LUAN
3.1 Pic trung xuc tac cua ZSM-11
3.1.1 Phé nhiéu xg tia X (XRD)

Ph6é XRD chuan va cua hai mau téng hop
duoc thé hién trén Hinh 1. Cac dinh nhiéu xa
ddc trung cua vat lieu MEL da khang dinh sy
ton tai cua pha tinh thé ZSM-11 trong mau
M2. Tuy nhién, XRD cua mau M1 lai cho thay
khéng c6 pha tinh thé xuat hién ma chi & dang
v6 dinh hinh. Piéu nay co6 thé dugc giai thich
do hai nguyén nhan sau day. Thi nhat, c6 thé
do ti Ié thanh phan gel ban dau chwa phu hop
hoac thoi gian phan ung chua du cho qua trinh
hinh thanh tinh thé. Tht hai, su tao thanh gel
ban dau khong dong nhat vi trong M1, chét tao
ciu trac dugce cho nhanh vao mot lan & dang
ran dan t6i sy khudy tron khong du dé hé phan
tan t6t. Dwa vao phd XRD, kich thugc trung
binh tinh thé mau M2 dugc xac dinh theo
phuong phuong trinh Scherer cho cac dinh
nhidu xa tai goc 2 theta 23°. Két qua tinh duoc
cho thay tinh thé ZSM-11 caa mau M2 c6 kich
thudc trung binh 1a 37 nm.

cwong do

Chuin

10 20 30 40 50

2 theta (d9)

Hinh 1: Phé XRD cia chuin va miu M1, M2
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3.1.2 Hdp phu N, ¢ nhiét do thap dugc 1a cao (203 m?%.g™). Néu xem cac hat 1a
hinh cau, c6 khdi luong riéng 1a 2,65 g.cm™
(SiO;) thi tir dién tich ben ngoal va thé tlch 10
x6p cua vat liéu 1a 100 m*.g™ va 0,107 cm®.g™
c6 thé xac dinh duong kinh trung binh cac hat
vat liéu 1a 22 nm. Nhu vay tr cac ude lugng
kich thuéc tinh thé tir két qua XRD va bé mit
cho thiy céc hat zeolite thu dugc c6 kich thudc
nho ¢ kich ¢& nano.

Két qua hap phu N, & 77,3 K dugc phan
tich bang phuong phap BET va T-plot ciia mau
M2 duoc trinh bay trong Bang 2. Dién tich bé
mat 16 x6p cua vat liéu vi x6p duoc tinh toan
bang phuong phap T-plot (de Boer) trong khi
tong bé mat duoc xac dinh bang phuong phap
BET. Tur d6 xé4c dinh dugc bé mit ngoai cua
vat liéu. Két qua ¢ Bang 2 cho thiay bé mat
riéng cua 16 x6p vat ligu ZSM-11 tong hop .
Bang 2: Ket qua phén tich bé mat riéng va theé tich 16 xop cia mau M2

Thé tich 16 x6p Dién tich bé mit 15 Dién tich bén ngoai Téng dién tich bé mit
(cm’.g?) xdp (m’.g™) (m?.g™") (m.g™)
0,107 203 100 303
3.2 Hoat tinh xtc tac do dong tang tir 10 L. h'g!1én 20 Lh*g™

Khi tang téc do dong 1am cho thoi gian luu cua
tac chat trong vung xuc tac cua thiét bi phan
Anh huéng cua toe do dong dugc khao sat  ¢ng giam xudng. Do d6 do chuyén hoa cua tac
bang cach tién hanh phan ung voi dieu  chat giam. Tuy nhién, két qua do chon loc
kKién thay doi WHSV (weight hourly space  propylen c¢6 khuynh huéng nguoc lai. Do chon
velocity) lan luot bang 10 L.h".g™, 15 L.h™.g",  loc propylen ting tir 30,7% 1én 33,7% khi ting
20 L.h".g™. Nong d6 n-CeHas duoc gitt khong  tde do dong tir 10 L.h™".g™ 1én 20 L.h™.g™. Két
doi. Hinh 2 thé hién moi quan h¢ cua toc A0 qua nay ¢ thé duoc giai thich 1a khi thoi gian
dong vé&i do chuyén hoa va do chon loc tai thoi  Tuu cang 1au thi propylen chuyén hoa thanh cac
gian phan tmg 60 phat. Két qua cho thdy d6  san phdm khac lam giam d¢ chon loc.
chuyén héa giam tir 35% xudng 20% khi téc

3.2.1 Anh hwong cua téc dé dong

40- [P0 chuyén héa
Do chon loc

Hinh 2: ;&nh hwéng cia toc dp dong dén 2 20-
do chuyén hoa n- C6H14 va do chon loc
C3H6 tai thoi gian phan wrng 60 phit

‘T

104
0 2 .
1 15 20
WSHV (L.h'.g")
3.2.2  Anh huong cia nong dg n-hexan 3, ¢6 thé thay rang, do chuyén hoa co ting khi

nong do tang tir 0.19 (g.L™) dén 0.385 (g.L™),
sau d6 hau nhu khong d6i khi tiép tuc ting
nong do. Trong khi do chon loc propylen lai
hiu nhu thay d6i khong dang ké véi su thay
d6i nong do.

Trong truong hop nay, viéc khdo sat sy
thay doi nong d¢ cua tac chat 1a n-hexan bang
cach thay doi ti 1€ dong N, pha lodng va 16i
trong khi giir ¢6 dinh luu dong tong dé ¢b dinh
thoi gian luu (WHSV = 20 L.h.g™). Tir Hink
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[—1P% chuyén héa
Do chon loc

7

40-
304
Hinh 3: Ar}h huéng cia ndng do
n-hexan dén dé chuyén héa n- X 204
CesHy4 va do chon loc C3Hg tai
thoi gian phan tng 60 phut
104
0
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3.2.3 Anh huéng cua thoi gian phan ing

Phan tmg dugc tién hanh véi nong do
n-hexan = 0.38 g.L™" va WHSV=20 Lh™*.g" va
két qua duoc trinh bay trén Hinh 4. Tir két qua
cho thay, do chuyén hoa cua phan ung hau
nhu khéng thay d6i trong thoi gian phan tng 1a
120 phat trong diéu kién trén. Do chon loc

0.19

0.38 0.76

Néng d¢ (2.L")

propylen cling c¢6 khuynh huéng tuwong tu.
Diéu nay hira hen vat liéu zeolite ZSM-11 ¢6
kha nang 6n dinh va d6 bén tét. Tuy nhién, dé
x4c dinh do bén xuc tac can nghién ctu trong
khoang thoi gian dai hon va & cac diéu kién
khac voi do chuyén hoa khac moi co thé
két luan.

40-

304

P06 chuyén héa
D$ chon lgc

Hinh 4: P chuyén hoa va do chon 32 204
loc propylene theo thai gian

104

7
7

MMM

4 KET LUAN

Nghién ctru di tong hop thanh cong vét lidu
vi x6p zeolite ZSM-11 véi kich thudc tinh thé
¢& nm c6 bé mit riéng 303 m”.g™ va thé tich 15
x6p 0,107 cm®.g™. Hoat tinh xuc tac cua vat
ligu nay d6i véi phan ung cracking n-CgHy,
nham muc dich tao propylen di dugc khao sat
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& diéu kién nhiét do phan tng 500 °C. Anh
huéng cua luu lwong dong khi, ndng do tac
chat n-CgHy, va thoi gian phan émg da duoc
nghién ctru. Luu lwong dong va ndng do tac
chat anh huéng dén d6 chuyén hoa trong. Tuy
nhién, sy danh hudng nay trong ving diéu kién
khao sat 1a khong dang ké. Xuc tac c6 do 6n
dinh tét trong khoang thoi gian va diéu kién
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khao. Mot s6 yéu té khac anh huong dén qua
trinh tong hop xiic tac va diéu kién phan ung
nhu ti I¢ Si/Al, nhiét 6 cracking sé dugc trinh
bay trong cac nghién ctiu tiép theo.

TAI LIEU THAM KHAO

1.

Jeffrey S. Plotkin, 2005. The changing
dynamics of olefin supply/demand. Catalysis
Today. 106: 10-14.

D.Bhattacharya, S.S.Tambe, S.Sivasanker,
1997. The influence of reaction temperature on
the cracking mechanism of n-hexan over H-
ZSM-48. Applied Catalysis A: General. 154:
139-153.

29

3.

Phdn A: Khoa hoc Tur nhién, Cong nghé va Méi trirong: 26 (2013): 24-29

S.M. Babitza, B.A. Williams, J.T. Miller, R.Q.
Snurr, W.0O. Haagc, H.H Kung, 1999.
Monomolecular cracking of n-hexane on'Y,
MOR, and ZSM-5 zeolites. Applied Catalysis
A: General 179: 71-86.

Baerlocher, McCusker, Olson, 2007. Atlas of
Zeolite Framework Types. Elsevier Science.
398 pages.

H. Robson, 2001. Verified Syntheses of
Zeolite Materials. Second rev. ed., Elsevier,
Amsterdam. 267 pages.

Bin Xu, Carsten Sievers, Suk Bong Hong,
Roel Prins, Jeroen A. van Bokhoven, 2006.
Catalytic activity of Brensted acid sites in
zeolites: Intrinsic activity, rate-limiting step,
and influence of the local structure of the acid
sites. Journal of Catalysis 244:; 163-168.


http://store.elsevier.com/authorDetails.jsp?authorId=ELS_1020800
http://store.elsevier.com/authorDetails.jsp?authorId=ELS_1032441
http://store.elsevier.com/authorDetails.jsp?authorId=ELS_1021257

