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NGHIEN CUU TONG HOP VA TINH CHAT XUC TAC CUA NHOM
OXIT CAU TRUC NANO BANG PHUGNG PHAP SOL-GEL

Dén Toa soan 27-8-2007

PHAM XUAN NUI
Truong Dai hoc M6 - Bia Chdt

SUMMARY

Alumina were synthesized by using the sol-gel. In order to study the gel aging effect, Samples
were aged for 1,5, 15 and 30 days. The products obtained were characterized with X ray powder
diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR) with pyridine adsorption,
nitrogen physisorption, TG-DTA and by their catalytic activity for cyclohexene isomerization.
The specific surface area of the sample aged for 30 days was 346 m¥g and it present. The highest
catalytic activity for cyclohexene isomerization whereas the lowest activity obtained with the
sample aged for 1 day. The intrinsic activity correlated linearly with the Lewis acid site density.

- MG PAU

Nhom oxit duge sir dung rong rai trong linh
vuc xdc tac va hdp phu, dac biét ching duoc sit
dung 1am chdt mang xdc tdc trong cong nghe
loc - hod déu. S& di chiing duoc str dung rong rai
1a do gid thanh thip, do bén nhiét cao, dién tich
bé mit l6n va cé tinh chit axit bé mat {1, 2].
Trong cong nghiép, ALO; dugc tdng hop bing
phuong phép két tia, say kho v nung AlO-OH.
Tinh chét xdc tdc ciia nhém oxit phu thuoe rat
nhiéu vao kich thudc tinh thé va hinh dang ciu
tric. Phuong phdp téng hop c6 anh hudng rat
16n dén dac tinh bé mit, mac dir cdu e tinh
thé clia ching nhu nhau [3]. Vi chinh phuong
phédp tong hop vdi cdc quy trinh hidrat hod khdc
nhau dn dén su khdc nhau vé tinh chét bé mat.

Trong thoi gian gén day, mot s6 nha khoa
hoc [4, 5] d& nghién ctu quy trinh tng hop
nhom oxit v6i cdu tric nano, bing cich diéu
khién céc dic tinh cdu tric cia ching. Do vay,
nhiéu phuong phdp da dua ra dé diéu khién cic
dac trung dé nhur sir dung cdc diéu kién sdy kho
VUot qua t6i han cia “gel kho” va skt dung cic
chat hoat dong bé mat [6 - 8]. Phuong phap sol-
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gel da dugc sir dung dé diéu che€ nhém oxit
AL O, cdu tric nano bdi vi quy trinh nay thuin
tién cho viéc didu khién cdu tric, thé tich mao
quén va dién tich bé mat rieng cira vat lieu xic
tac ran [9].

V6i muc dich tim hiéu sau hon vé ciu tric,
dac tinh bé mat va tinh chit cta y-ALO,, trong
bai bdo nay chiing (0i tién hanh nghién citu,
tong hop y-ALQ; cdu tric nano. Sir dung cic
phuong phdp nhu nhi€u xa X-Ray, phé héng
ngogi (IR) da hap phu piridin, phan tich nhiét
trong lugng (TG/DTA) va phuong phap déng
nhiét hdp phu N, theo (BET) d€ phan tich ciu
tric cling nhu tinh chat axit cia y-Al,0,. Déng
thoi, tinh chidt xic tic cla y-AlO, duge dinh
g1d qua phan dng isome ho4 xiclohexen.

I - THUC NGHIEM

1. Téng hgp nano y-ALO,

Hoa tan aluminum tri-sec-butoxide (ATB)
vao etanol (EtOH) va khudy & nhiét do phong
trong trong thoi gian 1h cho tan hét chat ran.



Cho dung dich HCI 2 N vaoe hén hop trén va
1iép tuc khudy & nhiét do 75°C trong 3 git dé
phan (ing thuy phén tao hén hop sol-gel xay ra
hoan toan.

Ti 1& mol cia céc chat tham gia phan ting
nhu sau:

EtOH:ATB = 62:1; HCL:ATB = 0,03:1

va H,O:ATB = 1:1

Tién hanh gia hod cic mau trong thoi gian 1;
5: 15; 30 ngay tai nhiét do phong. Cic mau sau
thii gian gia hod dugc loc, rira nhiéu ldn bang
nudc cdt dé loai bo hét ion CI, 161 say kho &
110°C qua dém. Cic mdu thu dugc ki hiéu la
Al-1; Al-5; Al-15 va A1-30.

Sau khi say kho cdc mau duge nung tir nhiét
do phong dén 400°C véi t6c do gia nhiét
2°C/phiit duy tri mau & nhiét do ndy trong 4 giv
va tir nhiét do 400°C miu duge nang dén & cdc
nhiét dé khic nhau 700°C, 800°C, 900°C,
1000°C véi 16¢ do gia nhiét Ia 4°C/phat.

2. Cac phuong phap vat li ding d¢é dac trung
xidc tic

Dié¢n tich bé mat riéng, thé tich 16 x6p va su
phan bd do xSp chia miu xiic tic thu duge ti
phuong phdp dang nhi¢t hip phu va giai hap N,
theo BET. Tinh chét axit coa miu duge xdc dinh
bang phé héng ngoai (IR) di hap phy piridin.
Phé nhidu xa ronghen dugc ghi trén may HUT-
PCM Brucker D8, sir dung 6ng tia ronghen béng
Cu vé6i budc séng CuK, = 1,5406 A, géc quél

20 thay déi tir 5 + 55° téc do quét 0.2"s. Gian
dé TGA duge ghi trén may 2960 Instrument
trong moi trudng khong khi dén 1000°C, véi toc
do gia nhiét 10°C/phut.

3. Phan ang isome hoa xiclohexen

Hoat tinh xiic tic cua y-AlLO, dugc ddnh gid
qua phan ing isome hod xiclohexen. Phan img
duge thue hién & 400°C trong diéu kién dp suat
khi quyén, theo phuong phip dong. San pham
phin (ng dugc phan tich trén mdy sic ki
GC/MS. Do chuyén hod xiclohexen (XiC,) duoc
xdc dinh bang thanh phin % cua chat phan iing
chuyén thanh san phiam isome la metyl-
xiclopenten {MXiCy).

111 - KET QUA VA THAO LUAN

Dua vao gian d6 TG/DTA ta thdy pic tai
nhiét do 130°C, d6 chinh 1a sy mét nuée vat Ii
khoang 18% va su giam khdi lugng nay khi ti€p
tuc nang nhiét do lén 464°C. Khi nhiét do nang
dén 1000°C, khéi luong hau nhu khong thay déi,
khong thdy xuat hién cdc hiéu tmg khdc. Nhu
vay, khi nang nhiét dén 464°C thi Boehmit da
chuyén hod thanh ALQO;, tiép tuc nang nhi¢t do
thi cfu tric bat ddu di vao én dinh va dang v-
ALO, thuc su 6n dinh khi nhiét do & 850°C.
Tiép tuc nang nhiét d¢ t&i 1000°C kKhong thay
xudt hién cac hiéu ung khac va sy mdt khoi
lugng ctia méu 1a khong dang ké (hinh 1).
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Hinh I: Gian dé TG/DTA clia mau Boehmit
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Mau Boehmit v6i thdi gian gia hod 30 ngay,
c6 pic nhiéu xa tuong ing v&i boehmit tinh thé
{hinh 2). Céc pic ndy hoan toan phl hop véi
mau Beohmit chuan [10]. Su xudt hién pic dgy,
cho thdy 16p kép cla céu tric tinh thé boehmit
¢6 tuong quan vdi nhau va dung 1én 6 mang co
s0. Mat khdc ciing nhan thdy su xu#t hién cic
pic nhiéu xa khdc clia boehmit, ching to ring
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viée dung 1en don 16p boehmit cia cap bét dién
tao vGi oxi, nhém va cdc nhém hidroxyl chua
duoc hinh thanh [10].

Pic nhidu xa dy,, duge tao thinh bing cap
cdc mat nguyen tr qua lién két hidro [11] dich
chuyén vé vang ¢é géc nhé hon, diéu d6 cho
thdy lién ké hidro trong sol-gel boehmit yéu
hon trong tinh thé cia chiing.
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Hinh 2: Gian d6 nhiéu xa ronghen cha mau Boehmit v6i thdi gian gia hod 30 ngay

Sl_I chuyén tir boemit thanh dang y-ALO, 1a
dang “gia hinh”, d¢ x6p clla ALO, duoc xéc
dinh biang méi mot méu boehmit tuong tng. Két
qua nhiéu xa Ronghen véi mau Al -1 khi tién
hanh nung ¢ 800°C va 900°C (hinh 3) cho thiy:
pha tinh thé y-Al,O, xuit hién, nhumg dinh pic
thap, nén khong bang phang, moét phan & dang
v0 dinh hinh va vin ¢6 su lang dong bochmit.
Khi nhiét d6 nung tang lén dén 900°C vin xudt
hié¢n nhém -OH trén bé mat. Nhu vay, trong
diéu kién nhiét do nung cao proton dé chuyén
dich theo bé mat, tir tir gidm dien tich bé mat
riéng va cham chap tao nén cdc dang thix hinh

cia y-ALO,. O nhiét do cao ching & xay ra su
chuyén dich ion oxi va nhom.

Ti€p tuc nang nhiét do nung 3 miu Al-5, Al-
15 va Al-30 Ién 1000°C (hinh 4). Két qua nhiéu
xa tia X cho thdy, khi nhiét do nung tang, dinh
pic nhon, dudng nén tré lén bing phing va tinh
déi xung cua céc pik cang thé hién 16 nét hon,
dac biét 1a miu Al-30 khi thai gian gia hod gel
kéo dai trong sudt 30 ngdy. Cau tric tinh thé va
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d6 chon loc tinh thé hoan toan 6n dinh va chiém
vu thé,

V6i muc dich xdc dinh su hinh thanh cau
triic nano cia tinh thé y-AlLO,. C4u trdc tinh thé
nano da xuét hién véi cic 6 mang co s&, tir két
qua nhiéu xa tia X trong vimng géc 16n (26 = 20 -

70°% va dua vao cong thitc thuc nghiém: d = 0.9.
A/B.cosB, kich thudc hat tinh thé nano y-ALO,
da duge xédc dinh trong khoang 3 - 5 nm (bang

1), di€u ndy hoan toan phil hop véi pic nhiéu xa
v6i viing dai rong.

Bdng 1: Kich thudc tinh thé nano y-Al,O, véi
cac thdi gian gia hod khdc nhau

Thoi gian\ giahéa, | Kich thuéc tinh thé y-
ngay AlLO;d, nm
Al-1 5,62
Al-5 5,04
Al-15 4,32
Al-30 3,60
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Hink 3: Gian d6 nhifu xa X. ray cia miu Al-1 nung & 800°C, 900°C
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Hinh 4: Gian dé nhiéu xa tia X cia miu Al-5; Al-15 va Al-30 nung & 1000°C

Tir k&t qua trén cho thdy, kich thuéc nano
¥-Al,O, cling phu thudc vao thoi gian gia hod,
kéo dai thoi gian gid hod thu dugc cdc hat c6
kich thuéc nhd hon. Do vay cé thé diéu chinh
duge kich thudc hat bang sir lua chon cac diéu
kien thich hop tit quy trinh téng hop va qua trinh
xit 1i méu xdc téc ran.

Dién tich bé mat riéng, dudng kinh mao
quan va thé tich 15 x6p clia mau Al-30 duge dua
ra @ hinh 5.

Pubdng dang nhiét kiéu IV dac inmg cho vat

lieu mesoporous. Vi méu Al-30 khi nung ©
1000°C c6 dién tich bé mat la 346 m*/g, thé tich
16 x6p 0,36 cm¥g va dudng kinh mao quan
twong ding 14 6,73 nm.

Phé hong ngoai cla miu Al-30 hip phu
piridin, xudt hién cic pic dac trung cho piridin
bi hép phu trén cac tam axit Lewis. K&t qua ndy
hoan toan phii hgp véi cic nghién ciu trude do
[12]. Hinh 6, 13 phé IR cda piridin bi hdp phu &
cdc nhiét do khéc nhau tir 150 dén 500°C.
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Hinh 6: Phé hdng ngoai IR cla piridin bi hdp phu trén miu Al1-30

Nhu vay, 6 nhiét do 150°C ¢6 2 loai tam axit
Lewis va tdm axit Bronsted dic trung & 1648,1
cm va 1518,3 cm'. Khi nhiét do tang kha nang
hép phu piridin giam xuéng. Piéu dé chiing to
rdng lyc axit clia céc tdm axit lién quan truc tiép
dén nhiét dd ma tai dé piridin dugc duy tri. Khi
nhi¢t do ting dé€n 350°C, miu Al-30 hip phu
piridin vin duge duy tri. Vi nhiét d¢ tép tuc
ting, qud trinh dehidrat hod xay ra vi s8 1am
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Bronsted chuyén ddn thanh tam Lewis. Tam axit
Lewis do nhém nim trong cdu tric quyét dinh.
Béng 2 dua ra d¢ chuyén hod va do chon loc
cua y-ALO; 1wong phian (ng isome hod
xiclohexen. Mac dii c6 sy khac nhau khong
nhi¢u vé ciu tric tinh thé ALO, khi thdi gian
két tinh khdc nhau Al-1; Al-10; Al-15; AI30,
nhung cé sy khic biét rdt 16n trong phan tng



chuyén hod xiclohexen. Sy chuyén hod tang
cling vdi thifi gian gid hod méau tang, hoat tinh
xtc tdc 16t nhat xuat hién trén mau vdi thot gian
gia hod 30 ngay. Trong khi d6, hoat tinh xtc tac
thap nhat twong dng véi miu xic tic khi thot
gian gia hod 1a | ngay, mic di, cad 2 méiu xdc
tdc déu cd su tao thanh cdu tric tinh thé y-AlO,.

San phdm isome hod xiclohexen thu dugc
chi yéu 1a metylxiclopenten, tuy nhién, véi mau
xic tic y-AlLO, vdi thoi gian gia hod 30 ngay
xuit hién mot lugng nhdé sin phim no 1a
metylxiclohexan, diéu nay c6 thé gidi thich
thong qua co ch& vé su chuyén dich hidro. Mit
khdc, qua trinh isome hod xiclohexen dugc thuc

hi&n trén tam axit Lewis, két qua nay hoan toan
phit hgp véi két qua do phé héng ngoai cla
piridin bi hap phu trén bé mat mau. Nhu vy, ¢
thé thdy ring tinh chdt axit cia y-AlLO; lién
quan dén mat d6 cic tdm axit Lewis khi thoi
gian gid hod mau khéic nhau, qua dé ciing chi ra
rang cdc 1am axit Lewis giif vai trd chinh mang
lai hoat tinh cho phan tng isome hod
xiclohexen.

Do vay, ¢6 thé cho rang quéd trinh xu li gia
hod tién chdt nhém ban ddu ¢é thé diéu chinh
duoc cdc loai tam axit. S6 luong va sit xuét hién
cac loai tam s& phu thudc vao dic thi cla ting
phan Ung riéng biét,

Bing 2: K&t qua ddnh gid hoat tinh xiic tic clia y-Al,O; trong phan Ung isome hod xiclohexen

. D6 chuyén hod, % b6 chon loc, % mol
Mau xiic tac ' 1 ’
mo Metylxiclopenten Metylxiclopentan
Al-1 2,5 100 0,0
Al-5 57 100 0,0
Al-15 12,4 99,03 0,7
Al-30 30,5 99,0 0.8

1V - KET LUAN

- Pa diéu ch€ dugc Boehmit bang phuong
phip sol-gel, diéu kién t6i wu v6i mau gia hod
30 ngay cho dién tich bé mat 346 m?/g, thé tich
16 x6p 0,36 cm'/g va dudng kinh mao quan
tuong tng 12 6,73 nm. K&t qua nay cling dugc
nhan thay trén hinh anh nhiéu xa XRD.

- Nhan thdy cdc tdm axit Lewis xuét hién
trén miu xdc tic v-ALO, qua két qua do phd
héng ngoai (IR) da hip phu piridin. Luc va s6
lugng tam axit phu thudc vao thai gian gia hod
méu. S6 lugng piridin hdp phu giam khi nhiét do
tang lén. Miu hdp phu piridin dugc duy i &
350°C. Tuy nhién, dac tinh axit tot nhat khong
chi lién quan dén céc thong s6 cau tric ma con
lién quan dén viéc tao ra cac loai tam axit moi
trong sudt qué trinh gid hod mau.

- Hoat tinh xdc tdc trong phan tng isome
hod xiclohexen cho thdy, tinh chit axit trong
méu xic tac ran y-Al,0; lien quan dén mat do
cac tam axit Lewis. Pé chon loc cha san phdm

khéng giéng nhau khi kéo dai thoi gian két tinh,
khi d6 xuét hién mét lugng nho san phim no.
Cic san phidm ndy xudt hién dugc giai thich
thong qua co ché chuyén dich hidro, & dé c6 thé
do cac tam axit khdc nhau. Do vay, xu li gia hod
miu cé thé didu khién duoc cdc tam axit Lewis.
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