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SUMMARY

Cu-containing SBA-15 mesoporous (Cu/SBA-15) material has been prepared based on silica

SBA-15 solid exchanged with Cu(ll)-ion solution under appropriate condition. The obtained

. samples were. characterized by atomic absorption spectrometry (AAS), powder X-ray diffraction

(XRD) and nitrogen adsorptionidesorption measurement. The investigated results show that the

prepared samples have highly ordered hexagonal mesostructure with large specific surface area

- and uniform mesopore size distribution. Catalytic performance of the Cu/SBA-15 material is

investigated through the oxidation of red phenol by hydrogen peroxide as oxidizing agent. The
CulSBA-15 catalyst exhibited an excellent catalytic activiry.

I-MG3 PAU

SBA-15 1a mot loai vat lieu mdi dang thu
hit su quan tam dac biét cla cidc nhi khoa heoc
hoat d6ng trong linh vuc xic tic va hdp phu, vi
SBA-15 ¢6 kich thude mao quan Ién, déng déu,
thanh mao quan day, d6 bén nhiét va thiy nhiét
cao hon MCM-41 [1}. Chinh vi vy, cdc phan tit
chat hiru co ¢é kich thude i6n dé dang khuéch
14n va tham gia phan img bén trong mao quan
cua vit lieu SBA-15. Tuy nhién, do Si-SBA-15
la vat hiéu trung hoa dién tich va khong c6 tam
xUc tdc nén ngudl ta phai tim cich dua vao
mang ciu tric ciua SBA-15 mot s6 kim loai
chuyén tiép (Fe, Co, Ti...) [2 - 4] dé tao ra cic
tam xiic tic mong mudn.

Trong s6 cdc kim loai chuyén tié€p thi Cu la
mot kim loai xic tac rit hoat dong. Viéc dua Cu
vao vat liéu mao quan trung binh MCM-41 da
dugc nghién citu va thu duge k6t qua rat kha
quan [5, 6}, dac biét 1a d6i véi phan ing oxi héa
phenol. So v61 MCM-41, SBA-15 ¢4 nhiing tinh
chét vat 1y ndi bat hon, do dé hy vong khi dua

Cu vao vit liéu SBA-15 sé€ tao duge mot loai vat
ligu Cu/SBA-15 xic tdc hiéu qua doi v&i phan
ing oxi hod cic hop chét hitu co, dac biét 1a cic
hop chat hitu co ¢6 kich thudc Ién.

Néu thay th€ déng hinh ion Si*" trong cdu
triic Si-SBA-15 bang ion Cu®* thi gap khé khan
vi bdn kinh ciia ion Cu* (0,73 A) 16n hon nhiéu
s0 v&i ban kinh cha ion Si** (0,4 A) nén luong
dong dua vao vat ligu thuong thdp va vat ligu thu
duge 6 cau tric khong bén vimg. Néu dung
phuong phdp tdm dé phan tan déng vao vat lieu
SBA-15 thi thudng gap han ch€ la kim loai
khong phan tdn déng déu trén bé mit pha ran,
dé bi co cum lam che chin mao quan, can &
khuéch tin, do dé lam giam hoat tinh xdc tac.

Vi vay, trong bai bio nay ching toi trinh
bay két qua nghién ctu tdng hop vat liéu mao
quan trung binh Cu/SBA-15 bang phuong phip
trao déi ion [9] vA budc ddu xdc dinh hoat tinh
xic tic cha ching trong phan (mg oxi héa
phenol doé (chét hitu co ¢é kich thuéc phéan tir
16n).
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I - THUC NGHIEM

1. Tong hop SBA-15 va Cu/SBA-15

vat lieu SBA-15 va Cu/SBA-15 dugc tdng
hop tir cdc hod chét sau: Tetraetyl octosilicat
(TEQS), chat hoat dong bé mat P123 (pluronic)
EO,,PO,EQ,, M = 5800 (Aldrich), CuSO,,
NaOH va HCL

Téng hop SBA-15: SBA-15 dugc 16ng hop
theo phuong phap dugc mo ta boi Zhao va cic
cong su [1]. 4 g P123 duge hoda tan hoan toan
trong 150 ml HCl 2 N & 40°C, u€p theo 9 g
TEOS dugc nho vao dung dich trén va khudy
manh trong khodng 3 gi&, hén hop duoe tiép tuc
khudy trong 24 gitr & 40°C dé tao gel. Sau dé gel
duge dua vao binh teflonwa tiép tuc thiy nhiét &
100°C trong 48 gid. San phdm dugc loc, rita, sdy
kho & 100°C va nung & 550°C trong 10 gid.

Tong hop Cu/SBA-15: SBA-15 dugce khudy

“ trong dung dich NaOH (pH = 10) trong 2 gid dé
tao ra cdc nhom = Si-O" tir bé mat vat liéu (=Si-
OH 5 =Si-O + H'"), sau do timg giot dung dich
CuS0, voi NH; dugc nho vao hén hgp trén va
khudy déu. Hén hgp duge ti€p tuc khudy trong
15 gity r6i sau dé duoe log, ria, sdy kho & 150°C
trong 1 git va nung dén 500°C véi t6¢ do tang
nhiét dé 6°C/phut trong dong khong khi va giir &
500°C trong 4 gid.

2. Cac phuong phap dac trung

Pé dic trung miu téng hop, ching t6i da sir
dung cdc phuong phap sau:

Phé nhiéu xa Ronghen (XRD) duoc ghi trén
mdy nhiéu xa Ronghen VNU-D8 Advance
(Bruker, Germany), st dung nguén bifc xa Cuk,
vGi budc séng A= 1,5406 A, géc quét 28 tir
0,5 - 10°.

Pudng dang nhiét hip phu-khir hip phu N,
duge thi€t lap ¢ 77 K trén thiét bi Ommisorp-
100.

Phé hdp thu nguyen tr (AAS) dugc do trén
may AAS-6800 (Shimadzu-Japan).

3. Xac dinh hoat tinh xii¢ tic

Hoat tinh xidc tic cia méu Cu/SBA-15 t6ng
hgp duoc xic dinh trong phan {ng oxi héa
phenol do bing H,(,. Phan ting duoc ti€n hanh

184

trong thiét bi gébm c¢é mdy khudy tir gia nhiét,
binh 6n nhiét, binh phin ¢ng ndi v6i sinh han
héi luu v nhiét k€. San phdm phan img duoc
phan tich bang cdc phuong phdp so mau (su
dung mdy do quang GENESYS 20, USA), pho
tir ngoai va kha kién (UV-Vis, ghi trén mdy
GBC-2885).

111 - KET QUA VA THAO LUAN

1. Pac trung mau SBA-15 va Cu/SBA-15

Két qua do pho hdp thu nguyén tir (AAS)
cho thidy méu téng hop c¢é chita Cu vdi him
luong 0,557%.

Phé nhiéu xa Ronghen (XRD) cua cdc méau
SBA-15 va Cu/SBA-15 dugce trinh bay ¢ hinh [.
TUr hinh 1 ¢6 thé nhan thay ring ci SBA-15 va
Cu/SBA-15 déu ¢6 3 pic nhiéu xa tmg vdi cdc
mat phan xa (100), (110) va (200) dac trimg cho
mao quan trung binh ¢é ciu tric luc lang hai
chiéu[1]. T4t ca cac pic déu rd, sac nhon ching
to vat liéu c6 do trat ty cao. Di¢u dé ching (o
ring khi dua Cu vao mang luGi SBA-15 béng
phuong phép trao déi ion ciu tric dang luc lang
hai chiéu cha SBA-15 hiu nhu khong bi thay
doi.
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Hinh I: Phé XRD cha cdc miu SBA-15va
Cu/SBA-15 ‘:,

Hinh 2 va 3 trinh bay duomg déng nhiét hap
phu- khir hap phu nito & 77 K va dudng phan bd
kich thuéc mao quan cba cac miu SBA-{5 vi,
Cu/SBA-15. }
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Hinh 2: Dudng dang nhiét hap phy-
khir hap phu N, cia SBA-15 va Cu/SBA-15

Tir hinh 2 ¢6 thé nhan thdy, cd hai dudng
dang nhiét hap phu-khir hap pmrN, clia SBA-15
vd Cu/SBA-15 déu thuge kiéu IV va ¢ vong 1ré
dang HI (theo phan loai cia [UPAC) dac trung
cho vat liéu ¢d mao quan trung binh dang hinh
tru théng hai diu. Giai doan ngung tu mao quan
dugc thé hién kha ro rang cung vdi dudng phan
b kich thuéc mao quan (hinh 3} cé pic hep,
cudng do 16n ching t6 mao quan trung binh
déng nhat, kich thudc mao quan déng déu.

Do déc clia dudng dang nhiét hdp phu-khir
hdp phu c6 khuynh hudng chuyén vé ving dp
sudt trong déi cao d6i voi miu Cu/SBA-15,
duimng phan bé kich thudc mao quan Cu/SBA-15
>SBA-15 chiing t6 rang dudmg kinh mao quan
ting khi ¢é mat caa kim loai déng trong pha
ran.

Khoang cdch d,y, gilta cdc mat (100}, “thong
s8 mang” (a, khoing céch giira hai tam mao
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Hinh 3: Dudng phan bé kich thudc
mao quan cua SBA-15 va Cu/SBA-15

quan), dudng kinh mao quan (d,), di¢n tich bé
mit riéng (Sger), duge xdc dinh tir cdc sO licu
hap phu va khit hap phu [7] duoc trinh bay &
bang 1.

Tir cac két qua ¢ bang 1 ¢6 thé nhan thiy,
viéc dua cdc ion Cu’ lén bé mat SBA-15 bing
phuong phép trao déi ion da 1am anh hudng dén
cdc gid tri cia cdc tham s6 dac trung cdu tric vi
bé mat. Piéu d6 cho ta giad dinh, Cu** di “lién
két” v bé mit bang mot tuong tic nao dé (luc
tuong tac tinh dién). C6 thé xem dé 1a “tin hieu”
thanh céng cla sy phan tin Cu®* léen bé mat
SBA-15 bing phuong phép trao doéi ion.

Trong cong trinh nghién ciu sau, ching t6i
s€ 1iép tuc khao sat va cong bo két qua vé do do
phan tin cta Cu™, anh TEM cola vat liéu
Cu/SBA-15, va trang thédi cta cdc ion déng (Cu®,
Cu®, ...} bang phuong phip UV-Vis vd TPR-
H,....

Bdng I: Théng s6 ciu tric cha vat lieu SBA-15 va Cu/SBA-15 tong hop

Mau dioer A Ay A d,.A Sprer. M2
SBA-13 102,49 118,34 772 626
Cu/SBA-15 | 101,98 117,76 90,3 585

2. X4ac dinh hoat tinh xic tac cia Cu/SBA-15

Ching toi da sir dung mau Cu/SBA-15 19ng
hop dé xdc tac cho phan img oxi héa phenol do
béng tac nhan H,0, dé d4nh gia kha nang xiic
tic cia miu téng hop. Phan tng duoc thuc hién
vGi cac dicu kién sau:

Nhiét do phan dng: 70°C

Ap suit: Ap suat khi quyén

Lugng phenol do (0,03 g/l): 100 m!
Luong H,0,{30%): 0,1 ml

Lugng xic tac: 0,015 g.
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Dung dich phenol do trong nudc cé mau do
thdm. Quad trinh oxi héa sé pha v& vong benzen
ciing nhu hé mang mau cioa phan to phenol do
kéo theo sy mat mau cha hén hop sau phan ing.
Dya vao su médl mau nay ta c¢é thé tinh do
chuyén héa ciia phenol dé bang phuong phip so
mau (do quang). D6 chuyén héa cha phenol dé
trong truong hop c6 va khong c¢é xiic tac theo
thoi gian duoe trinh bay & hinh 4.
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Hinh 4: D9 chuyén héa cla phenol dé theo thai
gian

T két qua nay c6 thé nhan thdy hén hop sau
phan {ng gin nhu mét mau hoan toan (do
chuyén héa hon 98%) sau 60 phat khi cé xic
tac, con khi khong 6 xlic tic hén hop phan g
khong thay ddi mau diang ké (do chuyen héa
khoang 4%) sau 120 phdt. D& tim hiéu sau hon
qua trinh oxi héa phenol do, san pham phén tng
ciing di dugc phan tich bang phé UV-Vis, kél
qua dugc trinh bay & hinh 5.

Theo phé UV-Vis ciia phenol dd ta thay pic
c6 do hdp phu cuc dai v6i cudng do manh &
budc séng 435 nm tuong Ung v budc nhay
electron 7 — 7" vd n — 7" clia hé mang mau
lién hgp trong phenol do, pic ¢6 do hap phu cuc
dai v6i cutmg do y€u & budce séng 265 nm tuong
ing véi bube chuyén electron 1 —n" cha vong
benzen trong phan tlr phenol do [8]. Tir két qua
¢ hinh 5 ¢6 thé nhan lhéy sau 90 phiit phan dng
cac dac trung hdp thu cla phenol dé di bién
mat.

Nhur vay c6é thé két luan ring, xic tdc
Cu/SBA-15 tong hop c6 kha ning oxi hoa

186

phenol do tao thanh cic san phim khéng con
vong benzen va hé mang mau lién hop.
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Hinh 5: Phé UV-Vis clia phenol do ban diu va
sau 90 phiit phan {mg

IV - KET LUAN

Vit lieu Cu/SBA-15 da dugc t6ng hop bang
phuong phdp trao déi ion tir vat liéu ban diu I3
SBA-15 va dung dich CuSO, v6i NH,. Két qua
dac trung cho thdy ring khi dua Cu vio mang
luéi SBA-15 bang phuong phap trao d6i ion ciu
tric dang luc lang hai chiéu cia SBA-15 hiu
nhu khong bi thay déi. Mau tdng hop duoc van
€6 cdu tric lyc lang hai chiéu véi do trat e cao,
kich thuéc mao quan dong déu véi dudng kinh
mao quin ~90 A, dién tich bé mit riéng 585

m’/g. Tuy nhién, viéc dua Cu’* lén bé mat SBA-
15 da anh hudng dén gia tri cua cdc tham sd dac
trung céu tric va bé mat ciua SBA-15.

Xic tdc Cuf/SBA-15 ¢6 hoat tinh t8t hon
nhi¢u so v&i SBA-15 (hdu nhu khong c6 hoat
tinh) trong phan tng oxi héa phenol dé.

Phu'cmg phap tong hop nay c6 trién vong
trong vigc téng hgp nhém vat ligu Cufvat liéu
mao quan trung binh (SBA-15, MCM-41) dé
tng dung lam xic tic oxi hoa cac hgp chat hitu
co ¢6 kich thude phan tir 16n nhim xit 1y moi
trudng.
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