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BANG PHUONG PHAP TRAO POI ION
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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 adsorption/desorption 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
Cu/SBA-15 catalyst exhibited an excellent catalytic activity.

- MG PAU

SBA-15 1a mot loai vat liéu méi dang thu
hit sy quan tdm dac biét cua cac nha khoa hoc
hoat dong trong linh vuc xuc tidc va hap phu, vi
SBA-15 c6 kich thuéc mao quan 16n, dong déu,
thanh mao quan day, do bén nhiét va thuy nhiét
cao hon MCM-41 [1]. Chinh vi vay, cac phan tu
chét hitu co ¢6 kich thude 16n dé dang khuéch
tdn va tham gia phan Gng bén trong mao quan
cta vat liéu SBA-15. Tuy nhién, do Si-SBA-15
la vat liéu trung hoa dién tich va khong c6 tam
xlc tdc nén nguoi ta phai tim cich dua vao
mang céu tric cia SBA-15 moét s6 kim loai
chuyén tiép (Fe, Co, Ti...) [2 - 4] d€ tao ra cdc
tam xdc tdc mong muon.

Trong s6 cdc kim loai chuyén tiép thi Cu la
mot kim loai xuc tdc rit hoat dong. Viéc dua Cu
vao vat liéu mao quan trung binh MCM-41 da
duoc nghién ctiu va thu dugc két qua rat kha
quan [5, 6], dac biét 1a d6i véi phan ting oxi héa
phenol. So v6i MCM-41, SBA-15 ¢6 nhiing tinh
chat vat 1y ndi bat hon, do d6 hy vong khi dua

Cu vao vat liéu SBA-15 s€ tao duoc mot loai vat
lieu Cu/SBA-15 xtc tac hiéu qua doi v6i phan
ung oxi hod cac hgp chit hitu co, dac biét 1a cac
hop chat hitu co ¢6 kich thude 16n.

Néu thay th€ dong hinh ion Si** trong cau
tric Si-SBA-15 béng ion Cu®* thi gap khé khan
vi ban kinh ctia ion Cu** (0,73 A) 16n hon nhiéu
so V6i ban kinh ctia ion Si** (0,4 A) nén luong
dong dua vao vat liéu thuong thap va vat liéu thu
dugc ¢6 céu tric khong bén ving. Néu ding
phuong phdp tdm dé€ phan tdn déng vao vat liéu
SBA-15 thi thuong gap han ché€ la kim loai
khong phan tidn dong déu trén bé mat pha ran,
dé bi co cum 1am che chin mao quan, can trd
khuéch tdn, do d6 lam giam hoat tinh xtc tac.

Vi vay, trong bai bdo nay chiing toi trinh
bay két qua nghién citu téng hop vat liéu mao
quan trung binh Cu/SBA-15 béang phuong phap
trao déi ion [9] va budc dau xé4c dinh hoat tinh
xdc tdc cua ching trong phan dng oxi hoéa
phenol dé (chat hitu co c6 kich thude phan ti
16n).
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II - THUC NGHIEM

1. Téng hop SBA-15 va Cu/SBA-15

Vat liéu SBA-15 va Cu/SBA-15 dugc tong
hop tlr cic hod chat sau: Tetraetyl octosilicat
(TEOS), chat hoat dong bé mat P123 (pluronic)
EO,,PO,,EO,;, M = 5800 (Aldrich), CuSO,,
NaOH va HCl.

Toéng hop SBA-15: SBA-15 dugc téng hgp
theo phuong phap dugc mo ta bdi Zhao va cac
cong su [1]. 4 g P123 dugc hoa tan hoan toan
trong 150 ml HCl 2 N & 40°C, tiép theo 9 g
TEOS dugc nho vao dung dich trén va khuay
manh trong khodng 3 gi®, hon hop duoc tiép tuc
khudy trong 24 gid & 40°C dé tao gel. Sau d6 gel
duoc dua vao binh teflon va ti€p tuc thuy nhiét &
100°C trong 48 gid. San pham duoc loc, rira, say
kho & 100°C va nung & 550°C trong 10 gio.

Toéng hop CulSBA-15: SBA-15 dugc khudy
trong dung dich NaOH (pH = 10) trong 2 gi® dé
tao ra cac nhém = Si-O tir bé mat vat liéu (=Si-
OH 5 =Si-O + H"), sau d6 tung giot dung dich
CuSO, v6i NH; dugc nho vao hén hop trén va
khudy déu. Hon hop duoc tiép tuc khudy trong
15 gid roi sau d6 dugc loc, rira, sdy kho ¢ 150°C
trong 1 gid va nung dén 500°C véi tdc do tang
nhiét do 6°C/phiit trong dong khong khi va giit &
500°C trong 4 gio.

2. Cac phuong phap dac trung

DPé dic trung mau tong hop, ching toi da sir
dung céc phuong phép sau:

Phé nhiéu xa Ronghen (XRD) dugc ghi trén
mdy nhiéu xa Ronghen VNU-D8 Advance
(Bruker, Germany), st dung ngudn bic xa CuK,
v6i bude séng A= 1,5406 A, géc quét 26 tur
0,5 - 10°.

Puong dang nhiét hap phu-khtt hap phu N,
duogc thiét 1ap & 77 K trén thi€t bi Ommisorp-
100.

Phé hép thu nguyén tir (AAS) dugc do trén
may AAS-6800 (Shimadzu-Japan).

3. Xac dinh hoat tinh xiic tac

Hoat tinh xdc tdc cia miu Cu/SBA-15 téng
hop dugc xdc dinh trong phan tng oxi hoda
phenol do biang H,0,. Phan ting dugc tién hanh
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trong thiét bi gdbm c¢6 mdy khudy tir gia nhiét,
binh 6n nhiét, binh phan Gng no6i vdi sinh han
héi luu va nhiét k€. San pham phan tng dugc
phan tich bing cdc phuong phdp so mau (st
dung may do quang GENESYS 20, USA), ph6
tor ngoai va kha kién (UV-Vis, ghi trén may
GBC-2885).

111 - KET QUA VA THAO LUAN

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

Két qua do phé hép thu nguyén tir (AAS)
cho thdy miu téng hgp c6 chita Cu véi ham
lugng 0,557%.

Pho nhiéu xa Ronghen (XRD) cua ciac méu
SBA-15 va Cu/SBA-15 duoc trinh bay & hinh 1.
Tu hinh 1 ¢6 thé nhan thdy ring cd SBA-15 va
Cu/SBA-15 déu c6 3 pic nhiéu xa ung véi cac
mat phan xa (100), (110) va (200) dac trung cho
mao quan trung binh cé cau tric luc lang hai
chiéu[1]. Tat ca cac pic déu 16, sic nhon ching
to vat liéu c6 do trat tu cao. Diéu d6 ching to
rang khi dua Cu vao mang lu6i SBA-15 bang
phuong phép trao déi ion cau tric dang luc lang
hai chiéu cua SBA-15 hau nhu khong bi thay
doi.
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Cuong do(cps)

Géc nhiéu xa 20(do)

Hinh 1: Phé XRD ctia cic miu SBA-15 va
Cu/SBA-15

Hinh 2 va 3 trinh bay dudng ding nhiét hip
phu- khit hdp phu nito & 77 K va dudng phan bg
kich thuéc mao quan cua cic mau SBA-15 va
Cu/SBA-15.
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Hinh 2: Pudng ding nhiét hap phu-
khtr hap phu N, ctia SBA-15 va Cu/SBA-15

Tur hinh 2 ¢6 thé nhan thay, ca hai dudng
déng nhiét hap phu-khir hap phu N, ctia SBA-15
va Cu/SBA-15 déu thuoc kiéu IV va ¢6 vong tré
dang H1 (theo phan loai cua IUPAC) dac trung
cho vat liéu c6 mao quéan trung binh dang hinh
tru thong hai diu. Giai doan ngung tu mao quan
duoc thé hién kha 16 rang cliing véi dudng phan
bo kich thuéc mao quan (hinh 3) c6 pic hep,
cuong do 16n ching td mao quan trung binh
dong nhat, kich thudc mao quan dong déu.

Do doc ctia duong dang nhiét hap phu-khi
hap phu ¢6 khuynh huéng chuyén vé ving 4p
suat twong do6i cao doi véi mau Cu/SBA-15,
duong phan bo kich thudc mao quan Cu/SBA-15
>SBA-15 ching to rang dudong kinh mao quan
tang khi ¢6 mat cua kim loai dong trong pha
ran.

Khoang céch d,, giita cdc mat (100), éthong
s6 mangé (a,, khodng cdch giita hai tim mao
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Hinh 3: Puong phan bo kich thude
mao quan cua SBA-15 va Cu/SBA-15

quan), duong kinh mao quéan (d,), dién tich bé
mat riéng (Sgep), dugc xdc dinh tir cdc s6 liéu
hap phu va khir hap phu [7] duoc trinh bay &
bang 1.

Tu céc két qua & bang 1 ¢6 thé nhan thay,
viéc dua céc ion Cu®* lén bé mat SBA-15 bing
phuong phép trao déi ion da lam anh hudng dén
cdc gia tri cua cdc tham s6 dac trung cau tric va
bé mat. Diéu d6 cho ta gia dinh, Cu® da élién
kété v6i bé mat bing mot tuong tac nao do (luc
tuong tdc finh dién). C6 thé xem d6 1a étin hieué
thanh cong clia su phan tin Cu®* lén bé mat
SBA-15 bang phuong phdp trao déi ion.

Trong cong trinh nghién ctu sau, ching to6i
s€ ti€p tuc khao sét va cong bd két qua vé do do
phan tdn cha Cu®, anh TEM cla vat liéu
Cu/SBA-15, va trang thdi cta cédc ion dong (Cu®,
Cu™, ...) bang phuong phdp UV-Vis va TPR-
H,....

Bdng 1: Thong s6 cau tric cua vat licu SBA-15 va Cu/SBA-15 téng hop

Mau digps A A, A dp,A Sper, M*/g
SBA-15 102,49 118,34 77,2 626
Cu/SBA-15 101,98 117,76 90,3 585

2. Xac dinh hoat tinh xiic tac cua Cu/SBA-15

Chiing t0i da st dung mau Cu/SBA-15 tong
hop dé xuc tdc cho phan ting oxi héa phenol do
bing tdc nhan H,0, dé danh gid kha niang xuic
tdc cia miu téng hop. Phan ting dugc thuc hién
VGi céc diéu kién sau:

Nhiét do phan tng: 70°C

Ap suét: Ap sudt khi quyén

Luong phenol d6 (0,03 g/1): 100 ml
Luong H,0,(30%): 0,1 ml

Luong xtc t4c: 0,015 g.
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Dung dich phenol dé trong nuéc cé mau do
thdm. Qud trinh oxi héa s& phd v& vong benzen
cling nhu hé mang mau cta phan tr phenol do
kéo theo sy mat mau ctia hén hop sau phan tng.
Dua vao su mat mau nay ta c6 thé tinh do
chuyén héa ctia phenol do bing phuong phép so
mau (do quang). D6 chuyén héa ctia phenol do
trong truong hop cé va khong cé xic tic theo
thoi gian dugc trinh bay & hinh 4.
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Hinh 4: Do chuyén héa ctia phenol do theo thoi
gian

Tur két qua nay c6 thé nhan thay hén hop sau
phan tng gin nhu mit mau hoan toan (do
chuyén héa hon 98%) sau 60 phit khi c6 xic
tac, con khi khong c6 xdc tac hon hop phan ting
khong thay d6i mau déang ké (do chuyén hoa
khoéng 4%) sau 120 phdt. D€ tim hiéu sau hon
qud trinh oxi héa phenol do, sin pham phan ting
ciing da dugc phan tich bang pho UV-Vis, két
qua dugc trinh bay ¢ hinh 5.

Theo phé UV-Vis cua phenol do ta thay pic
c6 dd hap phu cuc dai v6i cuong do6 manh &
budc séng 435 nm tuong tng v6i budc nhay
electron Tt — © van — 7 cla hé mang mau
lién hop trong phenol do, pic c6 do hap phu cuc
dai v6i cuong do yéu & budc séng 265 nm tuong
ting v6i buée chuyén electron © —7" clia vong
benzen trong phan tir phenol do [8]. Tir két qua
& hinh 5 c6 thé nhan thdy sau 90 phdt phéan tng
cac dac trung hdp thu ctia phenol dé da bién
mat.

Nhu vay c6 thé két luan ring, xdc tac
Cu/SBA-15 tong hop c¢6 kha niang oxi héa

186

phenol d6 tao thanh cic san phim khong con
vong benzen va hé mang mau lién hop.

Phenol do

/

Sén phdm phan tng

nm

Hinh 5: Ph6 UV-Vis cua phenol do ban dau va
sau 90 phiit phan tng

IV - KET LUAN

Vat liéu Cu/SBA-15 da dugc téng hgp béang
phuong phap trao ddi ion tir vat liéu ban dau la
SBA-15 va dung dich CuSO, v6i NH;. Két qua
dac trung cho thdy rang khi dua Cu vao mang
lu6i SBA-15 bang phuong phap trao déi ion cau
tric dang luc lang hai chiéu cia SBA-15 hau
nhu khong bi thay ddi. Mau téng hop duoc van
¢6 cdu trdc luc lang hai chiéu véi do trat tu cao,
kich thuéc mao quan déng déu vé6i duong kinh
mao quan ~90 A, dién tich bé mat riéng 585
m®/g. Tuy nhién, viéc dua Cu®* 1én bé mat SBA-
15 da anh hudng dén gia tri cta cac tham s6 dac
trung cdu tric va bé mat ctia SBA-15.

Xic tdc Cu/SBA-15 c6 hoat tinh t6t hon
nhiéu so vGi SBA-15 (hdu nhu khong cé hoat
tinh) trong phan tng oxi héa phenol do.

Phuong phdp téng hgp ndy c6 trién vong
trong viéc tong hop nhém vat lieu Cu/vat liéu
mao quan trung binh (SBA-15, MCM-41) dé
ung dung lam xic tac oxi héa cac hop chat hitu
co ¢6 kich thuGc phan tlr 16n nham x{r 1y moi
truong.
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