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TONG HOP VAT LIEU MAO QUAN TRUNG BINH MCM-41,
BIEN TiNH LAM XUC TAC CHO PHAN UNG CHUYEN HOA
BENZYL ANCOL

PénToa soan 23-2-2009

TRUONG DINH BUC', HOA HOU THU' VA NGUYEN VAN BANG?
'Khoa Héa hoc, Truong Pai hoc Khoa hoc Tw nhién - DPHQG Ha Noi
’Khoa Héa hoc, Truong Pai hoc Su pham Ha Noi 2

ABSTRACT

MCM-41 (Mobil Composition of Matter No. 41) is one of the most popular mesoporous
molecular sieves that were first synthesized by Mobil’s researchers in 1992. This material also
possesses large surface area, which can up to more than 1000 m’g’. Furthermore, the pore
diameter of this material can be easily controlled within mesoporous range between 1.6 to 10 nm
by adjusting the synthesis conditions and/or by employing surfactants with different chain lengths
in the preparation. Mesoporous material MCM-41 (p6bmm) has been synthesized using a
commercially available template cetyl trimethyl ammonium bromide (CTAB) in aqueous solution.
Transitional metal oxides (Ti0,) supported on mesoporous materials (MCM-41) has redox
properties such as x%TiO,/MCM-41 catalysts (x = 1, 3 and 5% in weight). The above catalysts
were characterized by XRD, TG-DTA, TEM, BET and showed that obtained samples with surface
area of 1009 m’g’, pore size diameter of 3.5 nm and highly ordered structure. The structures of
mesoporous material supported metal oxides were not changed. Catalytic activities of these
materials were evaluated by the oxygenation reaction of benzylancohol. The results obtained
showed that catalytic activity of 3%TiO,/MCM-41 was highest with conversion up to 55.24% and

selectivity of 37.28%.

I- MG PAU

Gan day, vat lieu MCM-41 [1, 2] da thu hit
nhiéu su quan tam do kha nang ting dung rong
rdi cua ching trong cdc linh vuc cong nghiép
nhu hap phu, xdc tdc, trao déi ion va kiém soat
moi truong... MCM-41 (thuoc ho M41S, cau
triic khong gian pémm) 12 vat liéu ran x0p bao
gbm cdc mao quin sip xé&p déu din, don vi ciu
tric co s& ¢6 dang vong 6 canh [3]. Tam quan
trong ctia vat liéu nay phu thudc vao do 16n cia
duong kinh mao quan. Hon nita, do 16n cua
duong kinh mao quan cta vat lieu MCM-41 c¢6
thé duoc diéu chinh bing cich st dung cic chat
hoat dong bé mat cé kich thudc phan tir khac

nhau hodc/va cdc chat hitu co dac biét trong qua
trinh két tinh hoac qua trinh st 1y thay nhiét.
MCM-41 ¢6 do bén nhiét va do bén thuy nhiét
cao trong khong khi va trong hoi nuée chita oxy.
Tuy nhién, vat liéu nay c¢6 do bén thhy nhiét
thip trong nudc va trong dung dich. Chen va
cong su [4] da chi ra ring vat lieu MCM-41 tinh
khiét c6 thé chiu nhiét dén 850°C truéc khi céu
tric cuta chiing bi sap. Kim va nhém nghién ctu
[5] da chitng minh ring gian d6 nhiéu xa tia X
va dién tich bé mat BET khong bi anh hudng khi
tang nhiét do dén 897°C trong khong khi va
trong hoi nudc chia oxy t6i dp sudt 2,3 kPa.
Nhu vay, vat lieu MCM-41 rat thich hop cho
tmg dung lam chit mang xic téc.
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Trong bdo cdo nay, ching t6i di tién hanh
tong hop MCM-41 1am nén va mang lén nén
ndy titan oxit v6i cdc ham luong khic nhau dé
thu duogc xdc tdc oxi hod cho phan Gng oxi hoa
benzyl ancol.

II - THUC NGHIEM

1. Téng hop vat lieu MCM-41

Hoa tan 2,5 ¢ CTAB trong hon hop gébm 52
ml NH,OH (25%) trong 67 ml H,O dung trong
binh ba ¢6. Lac manh trong khoang 10 phiit. Sau
dé6, nang nhiét do lén 50°C, cat hdi luu va tiép
tuc khudy trong 24 gio.

Thém tu tir tung giot TEOS 98% (5 ml) vao
dung dich trén. Sau d6, dung dung dich NH,OH
diéu chinh, duy tri pH = 11. Tiép tuc khudy
trong 24 gio. Sau do, G trong autoclave & 140°C
trong 48 gio.

Loc, khong rira thu dugc chat ran mau trang.
Sdy & 60°C trong 8 gio. Nung trong dong khong
khi & 550°C trong 4 gio. Két qua thu duge vat
lieu MCM-41 dang bot min mau tring.

2. Téng hop hé xiic tac x% TiO,/MCM-41
(x=1,3vah)

Pha loang Ti(OC;H,), trong iso-propanol.
Sau d6, nhd tir tir vao MCM-41 va tron k§ san
phidm thu dugc. Say san pham thu dugc & 100°C
trong 8 gid, sau d6 nung sian phim & 550°C
trong 4 gid, thu dugc hé xic tic x% TiO,/MCM-
41 (x=1,3va)).

II - KET QUA VA THAO LUAN

Chiing t6i da ghi phd nhiéu xa tia X (XRD)
ctia mau MCM-41 di téng hop dugc trén mdy
SIEMEN D5005 (Trung tam Khoa hoc Vat liéu,
Khoa Vat ly, Truong Pai hoc Khoa hoc Tu
nhién — DHQG Ha Noi). Két qua duoc trinh
bay 6 hinh la. Tlr gian d6 nhiu xa, ta thdy xudt
hién 1 pic nhon & ving 20 = 2° dac trung cho
mit 100 (d,q = 43,184 A). C6 2 pic xuat hién &
vung 20 = 3,7° dac trung cho mat 110 (d,
23,88 A) va 20 = 4,4° dac trung cho mat 200
(dygo = 20,65 A). Céc phan xa nay dac trung cho
céu trdc hexagonal cia MCM-41. Két qua nhiéu
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xa tia X chiing minh ring MCM-41 dia dugc
tong hop thanh cong. C4c pic dic trung cla vat
liéu nay c¢6 cuong do 16n, nhon ching to vat liéu
tong hop dugc c6 do tinh thé cao va rat trat tu.
Két qua nhiéu xa tia X & cdc géc 16n hon 10°
cho thay khong ton tai cc pha tinh thé, do d6 c6
thé khang dinh ring cau tric thanh 16 xop ctia
MCM-41 1a v6 dinh hinh. Diéu nay phi hop véi
cdc tai liéu tham khao.

Tir gian d6 nhiéu xa ctia mau tdm TiO, 3%
(hinh 1b), ta thdy vat liéu sau khi tdm van giit
duogc cdu tric dac trung cho ho vat lieu mao
quén trung binh. Qu4 trinh tdm va nung khong
lam thay d6i cdu trdc khung vat liéu. Khi so
sanh khoang cach d,y, khoang cach dac trung
nhét cho vat liéu mao quan trung binh, thu dugc
tr gian d6 nhiéu xa tia X cla mau
3%TiO,/MCM-41 (d,y, = 42,485 A) va miu
MCM-41 (d,y, = 43,184 A), két qua cho thay
sau khi tim 3%TiO, léen MCM-41 khoang cich
dyoo giam di 43,184 — 42,485 = 0,699 A. Diéu
nay ching té kich thuéc mao quéan cta vat liéu
da bi giam, TiO, da dugc dua vao 16 x0p cua
MCM-41, qu4 trinh tdm da thanh coéng va ciu
truc cia vat liecu MCM-41 da khong bi anh
hudng trong qud trinh tdm. Gian d6 nhiéu xa tia
X clia cdc mau thu dugc & géc rong cho thay
chua c6 su hinh thanh cdc vi tinh thé TiO, trén
nén vat liéu MCM-41 (hinh 1c).

Sau khi ti€n hanh phan Gng oxi héa benzyl
ancol, ching toi da thu hdi cdc miu xdc tac,
hoat héa & nhiét do 500°C trong dong khong
khi va tién hanh ghi phé nhiéu xa tia X. Hinh 1d
la gian d6 nhifu xa tia X cla mau
3%TiO,/MCM-41 sau khi hoat héa. Tir gian do
nhiéu xa tia X cho thay vat liéu sau khi phéan
ung van gitt dugc cau tric dac trung cia MCM-
41. Tuy nhién, thong s6 d,, giam di 43,18 A —
38,18 A =5 A. C6 thé trong qué trinh phan ting
thanh SiO, cia MCM-41 bi dehidrat héa sau
hon 1am co dudng kinh 16, dan dén vat liéu tré
nén bén hon. Nhu vay, vat lieu MCM-41 da téng
hop dugc khd bén, ngay ca khi ti€n hanh phén
ttng nhiéu 1an trong diéu kién nhiét do khic
nghiét. Trong bdo cdo nay, ching t6i chua cé
diéu kién dé khao sit thoi gian 1am viéc t6i da
clia xtc téc.
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Hinh 1: Gian d6 nhiéu xa tia X cia mau MCM-41 (a), 3%TiO,/MCM-41 (b),
5%TiO,/MCM-41 (c) va 3%TiO,/MCM-41 sau phan tng (d)

minh dién tich bé mat va phan bd dudng kinh
mao quéan bing phuong phdp do hap phu va giai
hép nito trén thiét bi ASAP 2000 tai Trung tam
Héa dau va Vat liéu xic tdc — Truong Dai hoc
Béch khoa Ha Noi. Dudng cong hap phu va giai
hap va dudng phan bo kich thude 16 duge trinh
bay trén hinh 2. T hinh 2 cho thdy duong cong
hap phu - gidi hap nito giéng kiéu IV - ting véi
su hap phu vat 1y nhiéu I6p va tuan theo phuong
trinh hdp phu dang nhiét BET. Pudng hap phu
va dudng giai hap nito khong tring nhau va tao
nén dudng cong tré twong ting véi dic trung cla
vat litu mao quan trung binh (mesopore) theo
dinh nghia cia TUPAC. Viéc xudt hién dudng
cong tré dugc giai thich 1a do vat liéu hap phu
(MCM-41) 1a vat liéu c¢6 dang mao quan trat tu,
¢6 dang hinh tru hd hai ddu, cdc mao quan nay
kh4 déng nhét, tuy nhién van c6 su sai khac vé
hinh dang va kich thuéc, vi vay chiing dugc 1ap
day hodc giai phéng chat bi hap phu tai cic dp

suét khac nhau, khién cho 2 nhanh hdp phu va
giai hap tao nén vong tré vd nim nghiéng so véi
cac truc toa do. Tuy thudc vao hinh dang mao
quan ma vong tré c6 thé c6 cdc hinh dang khic
nhau. Dién tich bé mat rieng BET cia vat liéu
1a: Sger = 1009,57 m?%g, thé tich 16 x6p 0,97
cm’/g, dudng kinh mao quan d = 35,18 A.

Chiing to6i da tién hanh chup anh ctia mau
3%TiO,/MCM-41 (sau khi nung & 500°C trong
4 gi%) theo phuong phdp hién vi dién tir truyén
qua (TEM) trén thiét bi JEM—1010, tai Vién
Ve sinh dich té Trung uwong véi dién thé gia toc
80 kV, do phan giai 2 A, miu duoc chuén bi
trén luGi dong phi cacbon 300 meshe. Két qua
thu duoc dugc chi ra trén hinh 3. dnh chup cit
ngang cho ta thay vat liéu téng hop dugc c6 do
trat tu rat cao, miéng mao quan c6 dang té ong
vGi 0 ¢o s6 12 hinh luc lang (hexagonal) rat déu
dan, duong kinh mao quéan vat liéu khoang 35
A, bé day thanh mao quan khoang 14 A. Két
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quéa nay phi hop véi kich thudc 16 dugc tinh  trong phan ting oxi héa benzyl ancol & pha khi.
theo BET. Anh chup cit doc cho ta thdy MCM-  Hién nay trong cdc phin ting sir dung xiic tdc,
41 c6 cdu tric ong thang, tao thanh cdc b6 dong  Y€u t6 chon loc san pham dugc quan tam nhat.
déu song song v6i nhau. Hinh anh TEM chua Trong thuc tién, ngudi ta c6 thé chdp nhan he
cho chiing ta thdy cdc hat TiO, tén tai trén vat  Xdc tic ¢6 do chuyén héa thap nhung do chon
liéu. Diéu nay c6 thé 1a do tinh chat dac bigt cia  loc san pham cao. Trong phan tng oxi héa
céc phan tir TiO,, chiing c6 kha ning hdp thy benzyl ancol, san pham mong muén chon loc la
céc electron hodc céc hat TiO, rat nho khong the ~ benzaldehit. Qua trinh phan tng nay dién ra rat
quan sat dugc. Do vay, ta khong quan sat duoc Phl'{C tap do ¢ nhi€u yéu t6 anh huong dén san
1o rang, trén hinh chi xuét hién cic ddm sdm Ppham tao thanh. Thuc nghiém da cho thay cic
mau trén nén vat lieu MCM-41. yéu t6 nhu toc do dong khong khi, toc do bom
e chat, thoi gian luu, nhiét do, ham luong xic
tc... déu c6 anh huéng rat 16n dén do chuyén
héa va do chon loc san pham tao thanh.

Sau khi da téng hop dugc vat liéu xidc tdc
x%Ti0,/MCM-41 (x = 1, 3, 5), chiing toi tién
hanh danh gid do hoat dong xtc tic cla ching

—— MCM41 @77.35K - Adsorption
=&~ MCM41 @T77.35K - Desorption
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Hinh 2: Duong hép phu giai hdp va dudng cong phan bd cia mau MCM-41

10nm

Hinh 3: Hinh anh TEM ctia méu TiO, 3%/MCM-41 (cat ngang va doc)

Khi thuc hién phan @ng, ching toi thay ring  dong khong khi dua vao hé phan ting t6i vu 1a
néu toc do bom benzyl ancol 1a 1 ml/h thi toc dd  khodng 300 cm’/h. Néu toc do dong khong khi
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nho, lugng oxi dua vao khong du cho phan ung
oxi héa dién ra thi san phdm thu dugc cht yéu la
ete. Néu t6c do dong khong khi 16n (>500
cm’/h) thi luong oxi dua vao hé qué nhiéu, dan
dén phan tng chay cua rugu, qué trinh c6¢c héa
xUc tac, cdc qud trinh oxi hda sau tao thanh rat
nhiéu san pham phic tap. Qué trinh phan tich
san phdm ciing cho thdy, song song véi qué
trinh oxi héa rugu thanh andehit con c6 qua
trinh hidro héa rugu. Piéu nay thé hién 16 khi
trong sin phdm phan tng c6 ham lugng nho
toluen.

Ching t6i dd tién hanh danh gid do hoat
dong ctia mau xic tic 5%TiO,/MCM-41 trong
phan tng oxi hda benzyl ancol & cdc giai nhiét
do 250, 300, 350 va 400°C. Téc do bom chit 1a
1 ml/h, t6c do dong khong khi 1a 300 cm’/h,
kh6i luong xtc tdc 0,2 g. San pham phan tng
dugc phan tich bing phuong phdp sic ky khi
khéi phé tréen mdy GC/MS—HP6890. Két qua
duoc trinh bay trong bang 1 va hinh 4.

Tir két qua bang 1 va hinh 4 cho thdy mau
xtc tac hoat dong t6i wu trong khoang nhiét

do tir 300 dén 350°C tuong ung vé6i do chon loc
benzaldehit tir 80,72 dén 81,81%. Véi khoang
nhiét do thap (250°C), do chon loc benzaldehit
kha cao song do chuyén héa thap (x = 22,77%).
0 vung nhiét do < 350°C, khong thady c6 su
chuyén héa benzaldehit thanh axit benzoic. D6
chinh 1a su chon loc mong mudn cua xtc tac,
phan ung chi dimng lai & giai doan tao thanh
andehit. Khi thyc hién phan tGng & nhiét do
400°C, tuy do chuyén héa cao (x = 54,96%)
song san phdm thu dugc c6 do chon loc
benzaldehit rat thap, thu duoc rat nhiéu san
phdm phu khic nhau, trong dé 1 phin
benzaldehit bi oxi hoa thanh axit benzoic.

Dua trén két qua khdo sdt vé su phu thuoc
nhiét do dén do chon loc san phidm, chiing to6i da
tién hanh phan ng v6i cdc mau xuc tic c6 ham
luong TiO, khac nhau tai nhiét do 350°C, t6c do
bom chat 1ml/h, t6c do dong khong khi 300
cm’/h, khéi luogng xic tdc 0,2 g. Két qua dugc
trinh bay trong bang 2 va hinh 5.

Bdng 1: Anh huéng ctia nhiét do dén do chon loc benzaldehit va do chuyén héa ctia benzyl ancol

s o Do chuyén héa Do chon loc Hiéu suat
Xic tac Nhiét o, °C benzyl ancol x, % benzaldehit S, % H, %
250 22,77 78,58 17,89
i 300 30,41 80,72 24,85
5%TiO,/MCM-41
350 48,52 81,81 43,74
400 54,96 49,50 27,20

Két qua bang 2 va hinh 5 cho thdy ham
lugng TiO, t6i wu cho qua trinh oxi héa benzyl
ancol thanh benzaldehit 1a 3%. V&6i ham lugng
TiO, 1a 1% thi do chon loc kha t6t song do
chuyén héa san pham rat thap (x = 25,80%).
Vé6i ham lugng TiO, thdp, s6 tdm xdc tic bi
giam xuong, do vay c6 su chénh léch 16n gitta
do chuyén hoéa gitta 3 ham luong 1, 3 va 5% nhu
trén. V6i mau xdc tdc 5%TiO,/MCM-41, do
chuyén héa ciing nhu chon loc theo benzaldehit
khd cao, song trong qua trinh phan tich mau ta
thu dugc nhiéu san phdm phu hon vé6i mau xic
tac 3%TiO,/MCM-41.

‘ » D§ chuyén héa Benzyl ancol (%) 4 D chon loc Benzaldehit (%) ‘

200 250 300 350 400 450
Nhiét do (Celcius)

Hinh 4: D6 thi biéu dién su phu thudc do
chuyén héa benzyl ancol va do chon loc
benzaldehit vao nhiét do phan dng clia mau
5%TiO,/MCM-41
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Bdng 2: C4c san phdm sau phan ting oxi héa benzyl ancol véi cdc mau xiic tdc x%TiO,/MCM-41 (x

=1,3,5%) tai 350°C, t6c do bom benzyl ancol 1 ml/h, t6c do dong khong khi 300 cm’/h

1%TiO,/MCM-41 74,20 21,04 0 2,16 2,60
3%TiO,/MCM-41 55,24 37,28 0 3,45 4,03
5%TiO,/MCM-41 51,48 39,69 0 3,86 4,97

« Do chuyén héa Ancol benzylic (%)
4 Do chon loc Benzaldehit (%)

80 - A ¥

40 -
30 -

0 1 2 3 4 5 6
Ham lwong TiO2 (%)

Phan tram (%)
o
o

Hinh 5: D6 thi biéu dién sy phu thuoc do
chuyén héa ctia benzyl ancol va do chon loc
benzaldehit vao ham luong TiO, da tim

IV - KET LUAN

Di téng hop thanh cong vat liéu mao quéan
trung binh MCM-41 tir nguén nguyén liéu dau
TEOS va chat hoat dong bé mat xetyl trimetyl
amonium bromua CTAB. Thuc hién thanh cong
qua trinh phan tin TiO, 1én hé th6ng mao quan
ctia chat mang MCM-41 (v6i cdc ham lugng
khéc nhau 1%, 3% va 5%) bing phuong phdp
tdm ankoxyt kim loai 1én nén va st dung céc
phuong phdp phan tich hod 1y hién dai dé dac
trung cau tric va xdc dinh tinh chat bé mat cua
cac san pham thu duogc. St dung phuong phdp
nhiéu xa tia X (XRD) ching minh chinh xéc su
ton tai tinh thé MCM-41 (vé6i do tinh thé cao) va
phuong phép kinh hién vi dién tir truyén qua
(TEM) xdc dinh kich thuéc va hinh dang 16 dac
trung cua vat lieu MCM-41. Cac két qua nghién
cttu bing phuong phap hdp phu - gidi hap nito
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(BET) ciing da xdc dinh dugc dién tich bé mat
rat phtt hop véi két qua phan tich XRD va BET.
Két qua nhiéu xa tia X & géc rong chiing minh
rang trong qud trinh tim, TiO, da dugc giai déu
tréen bé mat thanh mao quan cia vat liéu
MCM-41.

Pa tién hanh thir hoat tinh xdc tdc cua céac
mau x%TiO,/MCM-41 trong phan ting oxi hda
benzyl ancol. Phan tng oxi héa benzyl ancol
cho do chuyén héa trung binh, do chon loc kh4
cao vGi san phdm chinh 1a benzaldehit. Két qua
thuc nghiém cho thdy ham lugng TiO, t6i uu
cho qud trinh oxi héa benzyl ancol thanh
benzaldehit 1a 3%.
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