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TONG HOP VA BAC TRUNG CUA XUC TAC SO,2/Al,0, - ZrO,
CAU TRUC MAO QUAN TRUNG BINH
Dén Toa soan 29-6-2007

NGO THI THUAN', PHAM XUAN NUPE, NONG HONG NHAN!
"Truong Pai hoc Khoa hoc Ty nhién - Pai hoc Quéc gia Ha Noi

Truong Pai hoc MJ - Pia chdt

SUMMARY

Two series of Al-promoted sulfated zirconia catalysts with 3% mol Al,O; were prepared. In
one case, Al-promoted mesostructured sulfated zirconia (Al-MSZ) catalysts have been synthesized
from the template of the Pluronic P123 in queous solution. Zirconium and aluminum hydroxide
has been prepared at 100°C under hydrothermal condition. In the other case, Al-promoted
sulfated zirconia (Al-SZ) has been synthesized by the co-precipitation method. Al-SZ and AlI-MSZ
catalysts show high thermal stability. AI-MSZ catalysts show higher catalytic activity than Al-SZ.

I - GIOI THIEU

Zirconi sunfat héa 12 mot siéu axit ran dang
duoc cac nha khoa hoc rat quan tam bdi n6 c6
tiém nang ding dung cho nhiéu qué trinh nhu
déng phan hoéa hidrocacbon, ankyl hoéa, ete
hoa,[] nhung no lai ¢6 nhuge diém 1a nhanh mat
hoat tinh. Dé tang hoat tinh cta zirconi sunfat
héa, cdac nha khoa hoc da dua ra nhiéu phuong
phap khic nhau. Viéc thém mot luong nho Pt
[2] da lam tang dugc hoat tinh va do bén cua
xtc tdc nhung Pt lai quéd dit. Gan day, cdc nha
khoa hoc quan tam nhiéu dén zirconi sunfat hoa
c6 chita Al vi Al 1a mot kim loai phé bién, gia
thanh ré ma lai nang cao duogc hoat tinh xtdc tac
va c6 do 6n dinh cao.

Mat khac, vat liéu mao quan trung binh véi
céu tric 16 x6p c6 do trat tu cao rat ¢6 kha nang
ung dung cho cdc qud trinh xdc tdc, hap phu va
tdch chat nhung chiing lai thé hién tinh axit yéu
[3, 4]. Zirconi sunfat héa da duoc mang trén cac
vat liéu mao quan trung binh nhu MCM-41 [5-
6], FSM-16 [7]... dé tang do axit clia vat liéu. Da
c6 nhiéu vat liéu dugc téng hop thanh cong, c6
do axit manh hon so véi vat liéu mao quan trung
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binh thong thuong. Tuy nhién, cdc 16 xOp cla
vat liéu bi ZrO,-SO,> bit kin, lam giam dién tich
bé mit. Hon nita, nhitng vat liéu tdng hop duoc
van thé hién tinh axit yéu hon ZrO,-SO,* thong
thuong.

Vi vay, vat liéu zirconi sunfat hod cé céu
tric mao quan trung binh véi luc axit manh va
dién tich bé mat 16n dang rat duoc quan tam
nghién ctu.

Trong cong trinh nghién cttu nay, ching toi
da ti€n hanh tong hgp zirconi sunfat héa ciu
trdc mao quan trung binh c6 chita Al bang cich
bing cach s dung chit hoat dong bé mat
copolime P123 lam chat tao cdu trdc, nham tao
ra mot vat lieu c¢6 dién tich bé mat 16n, kich
thuéc mao quan doéng déu, c6 do bén va hoat
tinh xudc tdc cao cho qué trinh dong phan héa
n-parafin.

II - THUC NGHIEM

1. Héa chat sit dung

Chat hoat dong bé mat (HDBM) pluronic
P123 (EO»,PO,,EO,).



Muoéi ZrOCl,.8H,0 va AI(NO;),.9H,0.
Dung dich NH,OH 28% va H,S0O, 0,5M.

2. Téng hop SO*/A1,0;-ZrO, khong sit dung
chat tao cau tric (Al-SZ)

Hoa tan AI(NO,),.9H,0 va ZrOCl,.8H,0
vao H,0 véi ty 1é 3% mol ALO.,.

Khudy déu dung dich, dun dén nhiét do
khoang 60°C r6i tur tir théem dung dich NH,OH
28% dé tao gel, khong ché pH trong khoéang 10.

Loc rlra két tha biang nudc cit dén hét ion
CI'. Say kho & 110°C. TAm dung dich H,SO, 0,5
M r6i say kho & 110°C trong 24 gid. Nung két
tua & 650°C trong 4 gi0, thu dugc mau xuc tac ki
hiéu 1a Al-SZ.

3. Tong hop vat liéu mao quan trung binh
S0,7/ALO,-ZrO, (A-MSZ)

Hoa tan P123 vao nudc, sau d6 thém
ZrOCl,.8H,0 va AI(NO;);.9H,0 véi ti 1& 3%
mol Al,O;, khudly déu hén hop trong 6 gid & 45-
60°C. Sau do, tir tir thém dung dich NH,OH 28%
dén khi gel dugc hinh thanh (khéng ché pH =
10). Khudy gel trong vong 2h réi chuyén san
phdm vao autoclave va duy tri & nhiét do 100°C
trong vong 24 gio.

Loc, rlra két tha biang nudc cat dén hét ion
CI' (thlr bang dung dich AgNO;) 16i sdy kho &
110°C. Loai bo chat hoat dong bé mat bang céach
ngam két tua trong etanol roi chiét va sdy kho.
Tam dung dich H,SO, 0,5 M rdi siy kho &
110°C. Nung két tia & 650°C trong 4 gio ta thu
duoc mau xuc tac ki hiéu 1a A1-MSZ-24.

Vé6i quy trinh tong hop nhu v6i AI-MSZ-24
nhung thoi gian két tinh trong autoclave 1an luot
la 36h va 48 gio ching t6i thu dugc cic xuc tic
Al-MSZ-36 va Al1-MSZ-48.

4. Cac phuong phap nghién citu dac trung
cua xuc tac
a) Phuong phdp nhiéu xa Ronghen (XRD)

Pho nhiéu xa Ronghen duoc ghi trén mdy
HUT-PCM Brucker D8, st dung ong tia
Ronghen bang Cu vdi bude séng K, = 1,5406 x
10®* cm, géc quét 20 thay déi tir 5 — 55°, toc do
quét 0,2%s.

b) Phuong phdp chup bé mdt SEM

Anh SEM duoc chup trén mdy JMS 5300-
JEOL. Mau duoc rira sach bing etanol, phan tan
va say kho trude khi chup.

¢) Phuong phdp xdc dinh bé mdt riéng BET

Puong dang nhiét hdp phu duoc ghi trén
may Micromerictics ASAP 2010. Qua trinh hap
phu & nhiét do -196°C, ap sudt 770 mmHg, luu
Iuong khi mang 25 ml/phuit.

d) Kiém tra hoat tinh xiic tdc

Pé xdc dinh hoat tinh clia hé xic tic trén,
chiing toi ti€én hanh phan tng dong phan héa n-
hexan theo phuong phdp dong, nhiét do6 phan
ting 250°C, thoi gian 30’ va toc do dong 3h™.
San phidm phan tng duoc phan tich trén mdy
GC-MS ctia khoa Hod hoc, Truong DPH KHTN.

III - KET QUA VA THAO LUAN

1. Phé nhiéu xa Ronghen

Két qua do phd nhiéu xa Ronghen dugc biéu
dién trén hinh 1, 2 va 3.

Két qua do phd XRD cua xiic tic Al-MSZ-
24 trong vung géc hep (hinh 1) cho thdy mau
nay c6 pic phan xa (d,,) & goc 20 = 0 + 2°, dac
trung cho vat liéu mao quan trung binh, ching
t0 miu xdc tdc st dung chat tao cau tric Al-
MSZ-24 c6 cau tric mao quan trung binh.

Trén gian d6 nhiéu xa Ronghen ctia cic mau
xuc tac Al-SZ (hinh 2) va Al-MSZ (hinh 3a, 3b,
3c¢) déu c6 pic nhiéu xa tng vdi cic géc 26 = 30,
35, 50 va 60°, 1a nhitng géc nhiéu xa dac trung
cho cdu triic pha t dién cua tinh thé ZrO,. Piéu
d6 ching t6 riang pha t¢ dién cua tinh thé ZrO,
da dugc hinh thanh trén cic xudc tdc Al-SZ va
Al-MSZ. Pic nhiéu xa cta pha Al,O; khong hé
xuat hién trén gian dé6 XRD cuta cdc mau Al-SZ
va Al-MSZ, chiing t6 Al,O, & trang thai vo dinh
hinh va di dugc phan tan tot trén ZrO,.

Tir cac gian do trén ta nhan thiy nhitng mau
xuc tac c6 st dung chét tao céu tric P123 (hinh
3a, 3b, 3c) cé cudong do pic cao hon, dién tich
pic rong va duong nén phang hon. Diéu dé
ching t6 P123 ¢6 anh hudng tich cuc trong viéc
6n dinh céu tric pha t dién cla tinh thé ZrO,.
Hon nita, d6i véi cac xic tic AI-MSZ, cuong do
pic va dién tich pic tang khi thoi gian lam gia
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Hinh 1: Gian d6 XRD géc hep ctia AI-MSZ-24
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Hinh 2: Gian d6 XRD cuta Al-SZ

mau trong autoclave tang, ching to thoi gian
lam gia mau ¢6 anh huéng 16n dén cau tric va
do bén pha tt dién cua tinh thé ZrO,.

Nhu chiing ta di biét, nhiét do nung anh
hudng rat 16n dén sy hinh thanh tam siéu axit
trong qué trinh diéu ché zirconi sunfat héa [8].
N6i chung, nhiét do nung 650°C l1a phu hop cho
qud trinh tao thanh pha t dién cta tinh thé ZrO,
trong cdc xuc tdc nay [9] nhung zirconi sunfat
hoé thong thudng chi bén dén nhiét do 550°C
(1].

Tir gian do nhiéu xa Ronghen géc 16n (hinh
2, 3) dé nhan thay rang khi thém mot lugng nho
Al thi pha t& dién cua tinh thé ZrO, trd nén rat
6n dinh & nhiét do nung 650°C trong cdc mau
xuc tic Al-SZ va Al-MSZ. Nhu vay, do bén
nhiét trong cdu tric cta mau zirconi sunfat hda
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Hinh 3: Gian d6 XRD cua 3 xtc tic AI-MSZ

c6 chita Al cao hon mau xtc tac khong c¢6 chia
Al da duoc téng hop va nghién ciu tir truéc doé
[1]. Diéu nay ching té su ¢c6 mat cua Al da lam
tang do bén nhiét clia x1c tac zirconi sunfat hda
mot céch rat hiéu qua, c6 thé su c6 mat cha cic
phan tir nho Al da ngan chan sy hinh thanh cac
tinh thé 16n, qua d6 1am 6n dinh pha t¢ dién clia
tinh thé ZrO,.
2. Xac dinh dién tich bé mat rieng BET

Duong dang nhiét hap phu-gidi hap N, cla
xdc tdc Al-SZ va Al-MSZ-24 duoc biéu dién
trén hinh 4 va su phan b6 kich thuéc mao quan
duoc biéu dién trén hinh 5.

Pudng dang nhiét hdp phu-gidi hdp N, clia
hai xtc tic Al-SZ va AI-MSZ-24 (hinh 4) thuoc
ki€éu duong hap phu-gidi hap dac trung s6 IV



theo phan loai cia IUPAC. Vong tré xuat hién
gitta dudng hap phu va giai hap duoc quy cho la
do phan déng goép clia cdu trdic mao quan trung
binh.

Vong tré ctia mau Al-MSZ-24 (hinh 4b) ¢6
nhanh hap phu va giai hap gin nhu song song,
dac trung cho vat liéu mao quan trung binh c6
mao quan hinh tru véi khoang phan b6 mao
quan hep, kich ¢ mao quan dong déu. Nguogc
lai, vong tré ciia mau Al-SZ (hinh 4a) c6 nhéanh
hép phu doc hon nhanh giai hap, dic trung cho
vat liéu c6 cau tric 16 x6p phic tap, hinh dang
va kich thudc 16 x6p khong dong déu. Diéu dé
chiing té chat tao cdu tric da tao nén mang ludi

AIZS - 240 - Adsorption
Al ZS - 24n - Desorption

I

04 05 LX)
Relative Pressure (pip*)

mao quan trung binh v6i do trat tu cao cho
zirconi sunfat hoa.

Puong cong phan bo kich thuéc mao quan
ctia miu Al-MSZ-24 (hinh 5b) ¢6 chan hep va
dinh nhon, chiing té khoang phan b6 kich thudc
mao quan hep va kich thuéc mao quan rit dong
déu. Nguogc lai, duong cong cia mau Al-SZ
(hinh 5a) c6 chan rong, biéu thi cho kich thudc
mao quan khong dong déu va dugc phan bo
trong khoang rong.

Ap dung phuong trinh BET va dinh luat
Kelvin ta tinh duoc dién tich bé mat cling nhu
thé tich 16 x6p clia cdc xidc tic Al-SZ va Al-
MSZ-24. Két qua duoc dua ra trong bang 1.
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Hinh 4: Puong dang nhiét hap phu-gidi hap N, ctia Al-SZ va Al-MSZ-24

BJH Desorption dVidiog(w) Pore Volume
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Hinh 5: Puong phan bo kich thuéc mao quan cta Al-SZ, A1-MSZ-24
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Bdng 1: Céc thong s6 bé mat clia xuc tac Al-SZ va A1-MSZ

Xiic téc Nhiét do nung, °C Dién tich l)2é mat The tlchslo x0p, Duong }(lﬂh mao
Sper, m°/g cm’/g quan, A
Al-SZ 650 110 0,171 36,00
Al-MSZ 650 169 0,262 44,75

Nhu vay, khi thém mot lugng nho Al, dién  thé tich 16 x6p cha xitc tdc mot cdch ddng ké,
tich bé mat clia zirconi sunfat hod 1a 110 m%g qua d6 sé& lam tang hoat tinh cling nhu do bén
nhung khi st dung chit tao cau tric thi dién tich  cua xc téc.
bé mat tang 1én t6i 169 m*/g. Diéu d6 ching o

chat hoat dong bé mat P123 di c6 vai tro rat - Anh SEM
quan trong, lam tang dién tich bé mat riéng va  Ket qua chup SEM ducc biéu dién trén hinh 6.

Hinh 6: Két qua chup SEM cua mau xtc tdc Al-MSZ-36 trén thang do 1 pm

Anh SEM cho thay mau xic tic AI-MSZ-36 Hoat tinh xiic tdc dugc kiém tra trén hai mau
c6 do tinh thé cao, kich thudc hat dong déu, phit ~ Xtc téc Al-SZ va AI-MSZ-24 trong phan ting
hop cho cdc qud trinh xiic tac. dong phan héa n-hexan dugc thuc hién theo

phuong phdp dong. Két quéa thu dugc duoc biéu
4. Nghién ctru hoat tinh xtic tac dién & bang 2.

Bdng 2: Ham lugng, do chuyén héa va do chon loc ctia san pham phén tng déng phan héa n-hexan
trén hai mau xdc tac Al-SZ va AI-MSZ-24

Xic tac
San phdm, % Al-SZ Al-MSZ-24
Sén phim iso* 16,11 22,48
Metylxiclopentan 7,36 4,29
Xiclohexan 3,33 4,42
n-hexan 73,20 68,81
Do chuyén héa, % 26,80 31,19
Do chon loc, % 60,11 72,07

*San phdm iso: 2-metylpentan; 3-metylpentan.
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Budc dau nghién cttu hoat tinh ctia hé xuic
tic Al-SZ va Al-MSZ-24, chiing t6i nhan thdy
cac xuc tac nay déu c6é kha nang xic tic cho
phan tng isome hod n-hexan véi hoat tinh va do
chon loc kha cao.

Dic biét, c6 thé thay rd riang, do chon loc
san phdm ctia Al-MSZ-24 cao hon han so v6i
Al-SZ. D6 1a do cdu tric mao quan trung binh
vGi cdc 16 x0p c6 do trat tu cao dda nang cao
dugc do chon loc cho xtc tdic AI-MSZ. Diéu nay
da khang dinh vu thé ctia AI-MSZ so véi Al-SZ
va qua dé khang dinh vai trd quan trong cla
chét tao cdu tric trong qué trinh diéu ché xic
tdc da nang cao hoat tinh va do bén cua zirconi
sunfat hod c6 chita Al.

Céic két qua thu duoc khi nghién citu hoat
tinh cta xdc tdc hoan toan phu hgp véi cac két
qua XRD, BET.

IV - KET LUAN

- Chiing t6i da téng hop thanh cong vat liéu
mao quan trung binh Al - zirconi sunfat héa nho
chét hoat dong bé mat P123.

- DPic trung cla xic tdc da dugc kiém tra
bang do phé nhiéu xa Ronghen (XRD), do dién
tich bé mat BET va chup SEM. Két qua cho thay
viéc thém mot lugng nho Al vao zirconi sunfat
hod ¢6 tdc dung lam tang do bén nhiét cua xic
tdc, 6n dinh cau tric pha tt dién cta tinh thé
Zr0,. Chat hoat dong bé mat P123 va thoi gian
lam gid miu c6 anh hudng 16n trong viéc 6n
dinh c4u tric va do bén clia tinh thé ZrO,. Miu
xtc tdc AI-MSZ c¢6 do tinh thé cao, phu hop cho
qua trinh xdc tdc. Dién tich bé mat, duong kinh

mao quan trung binh cta Al-MSZ tang lén nhiéu
so véi mau xuc tic Al-SZ. Do 6n dinh cha xic
tic AlI-MSZ tang khi thoi gian lam gia mau
tang.

- Budc diu khdo sat hoat tinh xidc tdc cho
thdy mau xdc tdc st dung chat tao céu tric c6
hoat tinh tot, do chon loc cao hon hin mau
khong c6 chat tao cu tric.
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