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TOM TAT
Trong nghién cttu nay, ching toi dé xuat phuwong phap mai dé€ tong hop ludng oxit
ZnO/CuO va tng dung d€ phan hay xanh methylene (MB) duédi anh sang kha
kién. Ludng oxit ZnO/CuO duoc tong hop tit vat liéu khung co kim (Zn/Cu-BTC)
bang phuong phép phan huy nhiét. Cac vat liéu duoc dic trung bang cc phuong
phap SEM (Scanning Electron Microscopy), XRD (X-ray Powder Diffraction), BET
(Brunauer-Emmett-Teller) va UV-Vis-DRS (Ultraviolet -Visible Diffuse Reflectance
Spectroscopy). Hoat tinh xtic tdc, co ché xdc tac va kha ndng tai st dung cta
ZnO/CuO d6i véi MB duoc nghién ctru. Két qua nghién cttu cho thady ZnO/CuO cd
hinh bat dién kich thudc khoang 5-10 um va thé hién hoat tinh xtc tac t6t d6i véi
MB trong vung kha kién cao hon so v6i ZnO va CuO, va hoat tinh xtc tac hau nhu
thay doi khong dang ké sau vai lan tai st dung.

Tt khoa: ZnO/CuO, xtc tac quang héa, xanh methylen, Zn/Cu-BTC

1. MO PAU

Sy phat trién nhanh chéng cua cac nganh cong nghiép nhu dét may, san xuat
gidy, pham mau nhudm, thudc da, va in an da lam gia tang lwong thudc nhudém tong
hop thai ra méi treong. Hau hét cac thuéc nhuém nay cd tac dong tiéu cuc cho hé sinh
thai va stic khoe con nguoi vi chung cé thé gay tic ché sy phat trién ctua thay sinh vat
va gay ra nhiéu bénh nguy hiém trong dé c¢6 ung thw ¢ nguoi [1].
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C6 nhiéu phuwong phap hoéa ly khac nhau nhu hdp phu, xtc tac quang hoa,
phan tng Fenton, mang loc, tham thau va phan huy sinh hoc dugc sit dung dé€ xa ly
phdm nhudm trong nuwdc thai. Trong d6, phuong phap xtc tac quang hoa di thé dwoc
st dung rong rai hon ca do thé hién dwoc nhiéu vu diém vuot trdi hon so véi cac
phuong phép khac nhu: chi phi thap, hiéu qua cao, dé thu hdi va tai st dung vat liéu,
dac biét c6 thé chuyén hoa hoan toan chat htru co ddc hai thanh CO: va H20 [2]. TiO:
va ZnO 1a hai oxit dwoc biét d&n nhu cac chat ban dan cé hiéu suat quang xtc tac cao
ddi voi hau hét cac hop chat hitu co kho phan huy, tuy nhién chiang chi ¢6 thé dwoc
kich thich b?ang anh sang tt ngoai (UV) vi c6 vung cdm réng. Do d6, viéc cai thién hoat
tinh xtc tac quang hda ctia cac oxit ban dan dudi anh sang kha kién nham tang kha
nang tng dung ctua chung trong thuc t€ ngay cang nhan duwoc nhiéu sy quan tam cta
cac nha khoa hoc. So vdi TiOz, kém oxit (ZnO), mot chat ban dan c6 do rong vung cam
khoang 3,37 eV, dugc coi 1a modt trong nhitng chat xtic tdc quang ban dan quan trong
va duoc wa dung hon vi c6 d6 nhay sang va d6 6n dinh cao, dé tong hop va chi phi
tong hop thap. Trong thoi gian gan day, moét s6 kim loai va oxit kim loai da duoc dwa
vao bén trong cau tric hodc trén bé mat ctia ZnO d€ tang hoat tinh xtc tac cua né trong
vung kha kién. Chang han nhu Peng Li va cdng sy da chiing minh ring viéc gén céac
kim loai quy nhw Au trén bé mat ctia ZnO c6 thé ting cuong kha ndng tao electron va
ngan sy tai hop ctia cac hat mang dién (electron va 16 trong) dan dén tang hoat tinh xtc
tac quang hoa [3]. Nhom nghién ctru cia Wie Wu [4] da phat trién vat liéu quang xac
tac cd cau trac vi x0p dang thanh trén co so Fe20s/ZnO dé xit ly Rhodamine B. Két qua
nghién ctru chi ra rang sy tich hop Fe:0s vao cau tric cta ZnO lam ting déng ké kha
nang xuc tac ctua ZnO trong ca vung t& ngoai va kha kién. C6 hai tinh chat quan trong
can xem xét khi lya chon kim loai d€ pha tap vao ciu trtic caa ZnO d6 la: (i) ¢ mitc
nang luong phu hop dé€ van chuyén hiéu qua cac electron ¢ vung dan (conduction
band, CB) ctia ZnO ddi vdi chét dién giai hap phuy; ii) c6 d6 bén hoa hoc cao trong phan
tng quang xuc tac. Pong oxit (CuO) loai p vdi vung cam hep la mét trong nhitng ting
ct vién phu hgp nhéat cho muc dich pha tap véi ZnO nham tang hoat tinh xtc tac. Hién
nay, ludong oxit ZnO/CuO véi cdu tric phan cap dugc cac nha khoa hoc quan tam
nghién cttu do chung it bi két tu va ¢d nhiéu tam xuc tac hon so véi ZnO/CuO dang hat
kich thudc nano. Kargar va cong su [5] da tong hop thanh cong ZnO/CuO dang day
nano phan nhanh tng dung cho san xuat Hz bang ning lwong mit troi trong mot chat
dién phan trung tinh. Benxia Li va cac dong nghiép [6] da phat trién ZnO cau trac
micro phu CuO hinh dang gidng la cay d€ tang hoat tinh xtc tac phan hiy Rhodamine
B cua ZnO trong anh sang kha kién.

Vat liéu khung co kim (MOF), lan dau tién dugc cong bd boi nha khoa hoc
Yaghi va cong sy, 1a loai vat liéu duoc hinh thanh tir s tu sip x&p cua cac cation kim
loai va cac phdi t&t hitu co (chti y&u la dan xudt cta cac acid da chite [7]. MOF-199 duoc
tong hop ttr ion Cu(ll) va benzene-1,3,5-tricarboxylic acid 1a mot trong nhitng MOF ¢6
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cau trac x0p micro giong vat liéu khung zeolite [8]. MOF-199 duoc ting dung rong rai
trong xdc tac [9; 10], dién hda [11] va hap phu [12] d& xt ly cac chat 6 nhiém moi
treong. Trong cac oxit da kim loai, viéc dat dwoc sw phan tan dong déu cta ting thanh
phan trong cdu truc 1a mot trong nhitng van dé dang can phai nghién ctru giai quyét.
Vit liéu MOF c6 thé chira cac kim loai khac nhau duoc phan tan dong nhat trong
khung htu co, do d6 MOF ¢6 thé tro thanh vat liéu trung gian trong viéc tong hop oxit
da kim loai thong qua qua trinh phan htuy nhiét. Nho ¢6 hiéu ttng cdng hudng gitra cac
thanh phan riéng 1é, cac oxit da kim loai sé s6 httu nhitng ddc tinh héa ly wu viét hon
so v4i tling thanh phan caa chung [13].

Trong nghién cttu nay, chung t6i d€ xuat phwong phap don, gian hiéu qua dé
tong hop ludng oxit ZnO/CuO cau truc x&p bat dién st dung d€ phan huy MB dudi
anh sang kha kién. Dau tién, vat liéu khung co kim géom Zn, Cu va benzene-1,3,5-
tricarboxylic acid (BTC) (ky hiéu 1a Zn/Cu-BTC) duoc tong hop bang phuong phép 10
vi song. Sau d6, nung ¢ nhiét do cao loai bd thanh phéan hitu co BTC trong Zn/Cu-BTC
va thu duoc ludng oxit ZnO/CuO x8p cdu truc béat dién. Bén canh d6, cdc mau Zn-BTC,
Cu-BTC, ZnO va CuO ciing dwoc tong hop dé 1am mau so sanh.

2. THUC NGHIEM
2.1. Vat liéu va héa chat

Benzene-1,3,5-tricarboxylic acid (CeHs(COOH)s, > 95%), copper(ll) nitrate
trihydrate (Cu(NOs)2.3Hz0, 99,5%), zinc nitrate tetrahydrate (Zn(NOs)2.4H-0, 98,5%) va
methylene blue (CicH1sCINGsS, %, 82%, ky hiéu MB) digc mua tit hang Merck (Dtec). Cac
dung moi dimethylformamide ((CHs3):2NCHO, ky hi¢éu DMF), ethanol (C:HsOH) va

methanol (CHsOH) véi d¢ tinh khiét 99% dwgc mua tir hang héa chat HiMedia (An
Db).

2.2. Tong hgp vat liéu

Zn/Cu-BTC duoc tong hop theo quy trinh cai tién dwge mo ta trong nghién ctru
[14]. Cu thé, lay mot luong xac dinh caa BTC (0,4410 g; 0,0021 mol), Cu(NOs)2.3H20
(0,2289 g; 0,00095 mol) va Zn(NOs)2.4H20 (0,5757 g; 0,0022 mol) hoa tan trong 21 mL
hén hop gom ethanol: nidc cat: DMF véi ty 1é 1:1:1 (theo thé tich) va khudy lién tuc
bang khudy tir trong 5 phut. Hon hop sau d6 duoc chuyén vao binh tam giac dung tich
250 mL va dwoc xtt ly vi séng trong thiét bi vi song gia dung Sharp R-203VN-M ¢ mtic
cong sudt 250W. Phan chat ran duoc ly tam tach khoi dung dich, rira ba lan véi DMF
va sdy kho & 180 °C trong 8 gid. Cadc mau Zn-BTC va Zn-BTC dwoc tong hop theo cac
quy trinh twong tw nhw trén véi mudi kim loai twong ting. Céc tién chat khung co kim
Zn/Cu-BTC, Zn-BTC va Cu-BTC duoc nung ¢ nhiét 6 500 °C trong 5 gio véi tdc do gia
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nhiét 5 °C/phuat d€ d6t chay hoan toan thanh phan hitu co va thu duoc cac oxit twong
tng la ZnO/CuO, ZnO va CuO.

2.3. Xac dinh cac dac trung cuaa vat liéu

C4u truc tinh thé cta vat liéu duoc xac dinh bang phuong phap nhiéu xa tia X
(XRD) trén may D8 Advance Bruker (Ptic) dling biic xa don sic ctia Cu-K (o= 1,5406
A), tai dién thé gia t8c 40 kV, ceong d6 dong dién 30 mA, khoang quét 20 tir 5° dén 40°
voi toc do quét 0,02°/phat. Hinh thai cua cac mau vat liéu duoc xac dinh bf!mg phuwong
phap hién vi dién t&e quét (SEM) trén may Hitachi S-4800 (Nhéat Ban). Dién tich bé mat
va d6 x8p clia cdc mau vat liéu duoc xac dinh bang phuong phap hdp phu/giai hap
phu nito 1éng Brunauer - Emmett - Teller (BET) trén mdy phan tich Micromeritics-
ASAP 2020 (My) & nhiét d6 77 K (-196 °C) véi ap suét twong d6i 0,05 - 0,2. Quang pho
phan xa khuéch tan tr ngoai-kha kién duwoc chup trén mdy quang pho UV-Vis Cary
5000 v6i tdc dd quét 600 nm/phit stt dung BaSOs lam mau tham chiéu.

2.4. Khao sat dac tinh xtic tac quang hoa cua vat liéu

Cac thi nghiém xuc tac quang hoa duwoc thuc hién trong cdc thay tinh véi 0,4 g
chat xac tac va 500 mL dung dich MB c6 néng d¢ tir 5-30 mg/L, dat dudi nguodn sang
ctia dén halogen kim loai cong suat 160 W (Philips) c6 gén bo loc cat bude séng < 420
nm (Philips, Actinic BL 18W, o = 365 nm). Trudc khi chiéu sang, hén hop dugc khudy
trong bong tdi trong khoang thoi gian tir 60-180 phat dé dam bao qua trinh hap phu
dat can bang. Sau khoang thoi nhat dinh, hat 14y 3 mL hdn hop, ly tam loai bo chat xtic
téc va xac dinh nong dd con lai ctia MB bing phuwrong phap quang trac trén may quang
phd UV-Vis V-630 Jasco (My) tai budc song 664 nm. Hiéu suét loai bo MB (%) duoc
tinh theo cong thic (1):

R == 100 (1)

trong d6, Co (mg/L) va Ct (mg/L) lan lwot la ndng dd ctia MB ban déu va tai thoi diém t.

3.KET QUA VA THAO LUAN
3.1. Xac dinh cac dac trung cua vat liéu xuc tac

CA4u trtc pha tinh thé ctia cdc mau vat liéu khung co kim Cu-BTC, Zn-BTC va
Zn/Cu-BTC khao sat bang phuong phép nhiéu xa tia X duoc thé hién ¢ Hinh 1a.
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Hinh 1. Gian d6 XRD (a) cuia cac tién chat oxit;
(b) Gian d6 XRD ctia céc oxit ZnO, CuO va ZnO/CuO.

Tt hinh c6 thé thay rdng trong gian d6 XRD ctia mau Cu-BTC va Zn/Cu-BTC
xuat hién cac dinh nhiéu xa tir cic mit mang tinh thé dac trung cho MOF-199 tai (200),
(220), (311), (222), (400), (331), (420), (422), (511), (440), (600), (444), (551), (553), (751)
nhu md ta trong thu vién [15; 16]. Piéu nay khang dinh Cu-BTC duoc tong hop trong
nghién cttu nay 1la MOF-199 véi nhém khong gian 1a Fm3m [8]. Gian d6 XRD ctua mau
Zn-BTC tdng hop trong nghién cttu nay xuat hién dinh nhiéu xa c6 cwdong dd 16n & goc
2 Theta = 10,5° va c4c dinh nhiéu xa khéc c¢6 ceong nhé & géc 2 Theta tir 16-42° (& hinh
1 chi biéu dién dén 38°), két qua nay tuong tw v6i Zn-BTC duoc tdng hop bang phuong
phap vi song ctia nhém tac gia Pereira da Silva [17].

Sau khi nhiét phan cac hop chéat khung co kim Zn-BTC va Cu-BTC bi pha huay
va chuyén thanh cac oxit CuO dang don ta (monoclinic) va ZnO dang luc giac
(hexagonal) twong ting véi JCPDS Card No. 48-1548 va 6-1451; con Zn/Cu-BTC chuyén
thanh ludng oxit ZnO/CuO nhu dugc trinh bay & Hinh 1b. Khong ¢ pic khong xac
dinh trong gian d6 XRD ctia cdc mau tdng hop ching to san pham thu dwoc ¢6 do tinh
khiét cao va da tong hop thanh cong ludng oxit ZnO/CuO. Ngoai ra, cac thong sd
mang cta CuO va ZnO trong ludng oxit ZnO/CuO (CuO: a = 0,468448; b = 0,342113; c =
0,512524; va ZnO: a = b = 0,324860; c = 0,520410) c6 sy sai 1léch nho so voi thong sd
mang cua CuO (a = 0,468623; b = 0,342662; c = 0,512508) va ZnO (a = b = 0,324923; c =
0,520787) tinh khiét. Diéu nay chiing to cac oxit lién két v6i nhau mot phan thong qua
két néi noi hat. Kich thudc trung binh ctia nano ludng oxit of ZnO/CuO tinh theo
phuong trinh Scherrer tai dinh nhiéu xa ctia mat (101) 1a khoang 30 nm.
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Hinh 2. Hinh SEM ctia cac mau: a) Cu-BTC, b) Zn-BTC, c) Zn/Cu-BTC,
d) CuO, e) ZnO, f) ZnO/CuO

Hinh théi ctia cic mau vat liéu treede va sau khi thiéu két duoc nghién cttu bfing
phuong phap hién vi dién t quét SEM duogc trinh bay ¢ Hinh 2. Mau Cu-BTC c6 cac
tinh thé hinh bat dién min kich thwéc khoang 10 em va thé hién d6 két tinh khé cao
(Hinh 2a). Sau khi nhiét phan cac hat Cu-BTC da bi pha huy tao thanh cac hat bién
dang c6 kich thudc khong déu nhau nhw quan sat & Hinh 2d. Mau Zn-BTC ¢6 hinh thai
rat khéac so v6i Cu-BTC va c6 dang thanh nano (nanorod) duwong kinh khoang 200 nm.
Mau ZnO thu dugc sau khi nhiét phan Zn-BTC ¢ hinh dang s¢i (nanofiber) (Hinh 2b)
duoc hinh thanh tr cac hat nano ¢6 kich thudc tir 30 dén 50 nm (Hinh 2e). Diéu dang
cht y & day 1a mau Zn/Cu-BTC chtta cac hat hinh bat dién cé bé mat thay ddi 1én so
v6i Cu-BTC. C6 nhiéu hat két tu nho xuat hién trén bé mét cua cac hat bat dién (Hinh
2¢). Cac hat nho li ti nay c6 thé 1a cdc mam tinh thé ciia Zn-BTC bat dau 16n 1én trén bé
mat ctia tinh thé Cu-BTC. Mau ludng oxit ZnO/CuO thu duoc tir qua trinh nhiét phan
Zn/Cu-BTC van duy tri duoc cau tric bat dién voi dwong kinh 5-10 em ching to rang
mau ludng oxit c6 dd bén nhiét cao hon so voi mau Cu-BTC.

Mot ddc tinh rat quan trong c6 anh hudng 16n dén kha nang xtc tac cua vat liéu
do6 1a dién tich bé mat riéng. Thong thuong vat liéu c6 dién tich bé mat 16n, hoat tinh
xuc tac sé cao va nguoc lai. Trong nghién ctru nay dién tich bé mat cuia cac vat liéu
duoc xac dinh bang phwong phép hap phu-giai hap phu Nz theo phuwong trinh BET.
Dién tich bé mét riéng theo phwong phap BET d6i véi mau Cu-BTC la 1567 m?/g, gia tri
nay tuong duong véi mau Cu-BTC dugc tdng hop boi cac tac gia khac [18; 19]. Trong
khi d6 mau Zn-BTC c6 dién tich bé mt rat thap, khoang 5 m?/g va mau Zn/Cu-BTC c6
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dién tich bé m4t trung binh so véi hai mau con lai, khoang 844 m?/g. Trong qua trinh
nhiét phan, cac hat thuong c6 khuynh huéng két tu lai véi nhau dan dén dién tich bé
mat riéng cua ching giam dang ké. Trong truong hop ctia ZnO/CuO thu duoc tir qua
trinh nhiét phan Zn/Cu-BTC, dién tich bé mat giam xuéng nhiéu lan so véi Zn/Cu-
BTC, chi con khoang 33 m?/g. Tuy nhién gid tri nay twong d6i cao hon so véi ZnO (3,9
m?/g) va CuO (6,7 m?/g) don pha; va cao hon ludng oxit ZnO/CuO duoc tdng hop bang
phuong phap khac la 14 m?/g [20].
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Hinh 3. a) Ph6 phan xa khuéch tan tir ngoai-kha kién;
b) Biéu d6 Tauc ctia ZnO, CuO va ZnO/CuO

Kha nang hap thu anh sdng cdc mau ZnO, CuO va ZnO/CuO dwoc nghién ctru
bang phuwong phap do phd phan xa khuéch tan tir ngoai-kha kién tai nhiét do phong
(Hinh 3a). Mau ZnO hép phu tt 4nh sdng ¢ viing tir ngoai véi dai bude séng trong
khoang 350-390 nm tuong tng véi nang lugng vung cam trong khoang 3,5-3,2 eV, con
CuO c6 dai hdp thu rong 6 vung kha kién. Hai dai khong ro rang nhung c6 thé quan
sat dwoc d6i véi mau ZnO/CuO dugc gan cho cac dai hap thu dic trung cta ting
thanh phan ZnO va CuO. Diéu dang chu y la trong phd hap thu ctia nanocomposite
ZnO/CuO, dai hap thu ctia thanh phan CuO dich chuyén sang bwdc séng ngan va duoc
tich hop v6i dai hap thu ctia ZnO, nghia la cac mat phan cach giita hai chat ban dan
cta CuO loai p va ZnO loai n ti€p xuc chit ché va cac mdt phan cach cua chung rat
khép nhau [6]. Biéu d6 Tauc da duoc xay dung dé tinh d6 rdng cua vung cam [21] nhu
duoc thé hién ¢ Hinh 3b. Gia tri Eg ctia mau ZnO, CuO va ZnO/CuO teong tng la 3,19
eV, 1,94 eV va 2,63 eV (trong cac cong bd trudc la 3,2. — 3,3 eV d6i voi ZnO [22; 23], 1,4
— 1,85 eV d&i véi CuO [23-25]). Dai hdp thu ctia mau ZnO/CuO dich chuyén dang ké vé
vung budc séng dai hon so véi ZnO.

3.2. Khao sat kha nang xuc tac ctia vat liéu déi voi MB

3.2.1. So sanh kha ndng xtc tac cua cac vat liéu va sg¢ anh hvong pH
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Hinh 4. Sy phan huy MB boi cdc mau BTC (a) va cac oxit (b) dwdi 4nh sang t& ngoai (UV) va
kha kién (Vis); ¢) Diém déng dién (hinh nho) va anh huong ctia pH dén kha nang loai bo MB
cta ZnO/CuO (Diéu ki¢n: V =500 mL; m=400 mg; néng d¢ MB=10 mg/L)

Hinh 4a thé hién kha nang khit mau MB cuta cac vat liéu khung co kim Zn-BTC,
Cu-BTC va Zn/Cu-BTC. Nhu quan sat dugc ¢ hinh, cac mau vat liéu khung co kim déu
thé hién kha ning hap phu cao ddi véi MB va qud trinh hdp phu dat can bang sau 180
phtt. Mau Cu-BTC c6 hiéu suat hdp phu cao nhat khoang 82%, sau d6 1a Zn/Cu-BTC
khoang 68% va Zn-BTC khoang 21%. Th ty nay phu hop véi cac gia tri dién tich bé
mat riéng ctia cac mau vat liéu. D6i véi mau Cu-BTC, hiéu suat loai mau MB giam 41-
50% sau 60 phut chiéu séng ching to Cu-BTC loai bé MB chti yéu bang co ché hap phu
cht khong phai bang xtic tic quang hda va da xay ra qud trinh giai hdp khi chiéu sdng.
Trong khi d6 mau Zn-BTC thé hién tinh quang xdc tic cao, gan 60% MB duoc loai bo
sau 240 phut. Diéu nay co thé la do dién tich bé mdt Zn-BTC rat thap da lam giam so
lwong cac tAm hoat dong dé hap phu va phan htiy MB. Nguoc lai, tit ca cac mau oxit
6 hiéu suat hap phu kha thap chi khoang 10% (Hinh 4b). Diéu nay c6 thé giai thich la
do dién tich bé mat riéng ctia cdc mau oxit giam dang ké va cac tam hap phu bi loai bo
nhiéu trong qua trinh thiéu két cac vat liéu BTC. Dudi sy chiéu sang, mot sd cac oxit
thé hién tinh xtc tac & mic d6 khac nhau. CuO c6 hoat tinh xtc tac phan huy MB
trung binh dudi anh sang UV, con ZnO thé hién tinh xuc tac tot ca trong trong anh
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sang tir ngoai va kha kién, trong d6 trong vung tit ngoai hiéu sudt loai bo MB ctia ZnO
t6t hon trong viing kha kién. Mau ZnO/CuO thé hién tinh xtc tac trung binh trong 4nh
sang tr ngoai nhung lai rat tot trong 4nh sang kha kién. Qua trinh phan huy MB dat
92% sau 60 phtt chiéu anh sang kha kién va dién ra hoan toan sau 120 phut. Hoat tinh
xuc tac trong vung kha kién ctia ZnO/CuO cao hon hoat tinh xtc tac cia ZnO va CuO,
diéu nay cho thay rang tich hop p-CuO va n-ZnO & kich thudc nano lam gia ting dang
ké hoat tinh xtc tac trong vung anh sang kha kién cua vat liéu.

Nhu thé hién ¢ Hinh 4c, diém déng dién (pHpzc) ctia mau ZnO/CuO duoc xac
dinh bang phuong phép trdi pH [26] c6 gid tri khoang 7,9. Tai pH thdp hon 7,9 bé mét
cua ZnO/CuO tich dién duong va c¢é khuynh huéng day cac cation MB thong qua luc
day tinh dién. Khi pH tang tr 2 dén 7, dién tich duwong trén bé mat giam dan, tr d6
tang dan hiéu qua xt ly MB. Khi pH 16n hon 7,9 bé mat ctia mau ZnO/CuO tich dién
am, khi d6 cation MB sé dé dang tién dén bé mat cta chat xtc tac nho lyc hat tinh dién.
Nhu vay, khi pH 16n hon pHpze sé€ thuan 19i cho qua trinh xtc tac phan huy MB.

Phé tir ngoai-kha kién ctia dung dich MB trong qua trinh xtc tac dwgc thé hién
¢ hinh Hinh 5a. Dai hédp thu tai budc séng 292 nm ddc trung cho vong thom benzen va
dai hap thu tai 664 dic trung cho nhom mau két hop -N=N- cua phan t& MB. Cuong
dd cua cac dai hdp thu giam theo thoi gian chi€u sang va hoan toan bién mat sau 90
phut chiéu sang. S mat mau cua dung dich MB c6 thé la do sy pha hay cua nhém
mang mau —N=N- trong qua trinh xtc tac. Chi s6 COD cta dung dich MB duoc kiém
tra trong qua trinh xuc tac d€ chiing minh su phan huy MB. C6 thé thay ¢ Hinh 5b, chi
s0 COD cua dung dich truede phan tng la 28,2 mg/L va sau 90 phut chiéu sang COD
giam con 0,13 mg/L (giam 99,53%). K€t qua nay ching té qua trinh quang xtc tac phan
huy MB cua vat liéu ZnO/CuO dudi dnh sang kha kién da khoang héa hau nhu hoan
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Hinh 5. a) Ph6 hap thu UV-Vis cua dung dich MB tai khac thoi diém khac nhau va b) COD cua
dung dich MB trong qua trinh xtc tac
(V=500 mL; Co=10 mg/L; m= 400 mg; thoi gian hdp phu = 60 phiit).
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3.2.2. Co ché€ xuc tac

Cé hai co ché thuwong dugc st dung dé€ giai thich cho qué trinh quang xtc tac
cua cac oxit ludng kim ZnO/CuO & vung anh sang kha kién. Thit nhat, sy thay thé Cu
vao mang ZnO dan dén sy hinh thanh cac oxit hén hop cung véi cac dai nang luong
trung gian Cu3d nam gifta dai dan (CB) va dai hda tri (VB) ctia ZnO. Anh sang nhin
thdy co thé kich thich cac electron tir dai VB cua ZnO dén mirc Cu3d hodc tir miee Cu3d
dén CB dé tao thanh cac cap electron/16 trong (e/h*). Mac du ban kinh ion ctia Zn*
(0,74 A) va Cu? (0,73 A) kha giéng nhau, nhung sy hinh thanh cac oxit hoén hop nhu
vay la khong thé vi cdu trac tinh thé cta ZnO (luc giac) va CuO (don ta) khac nhau.
Thtt hai, cac oxit chi tiép xtc ¢ cadp do nano d€ tao thanh cac cdu trac di thé, co ché
ghép ban dan nhu vay c6 thé dugc stt dung dé giai thich tinh xtc tac trong tredng hop

nay.
ZnO/CuO +hv — ZnO/CuO(h* + €) (2)
ZnO/CuO(e/CB) — (e-/CB)ZnO/CuO 3)
MB + hv — MB' )
MB' - e + MB™ ©)
MB* — MB + h* (6)
Cu(h+) + MB — san pham phan huy 7)
ZnO(e/CB) + Oz — Os*+ ZnO )
O2*- + MB — san pham phan huy 9)

Do vi tri ctia dai dan ctia CuO va ZnO [an lwot 1a -4,07 eV va -4,35 eV (so voi
chan khong) [5; 27] va gia tri cta vung cam cua CuO va ZnO tuong tng la 1,94 va 3,19
eV (nhu duoc xac dinh & trén) nén vi tri bién cua dai hoa tri sé la -6,01 eV (d6i vé6i
CuO) va -7,54 eV (ddi véi ZnO). Do sy hap thu anh sdang manh ctia CuO trong vung
anh sang kha kién, cac electron trong CuO nhéan nang lwong va bi kich thich bitc khoi
vung hoéa tri di chuyén dén viing dan tir d6 tao cip e-/h*. Do CuO cé vi tri viing dan it
am hon ZnO nén khi duoc tao ra cac electron sé di chuyén sang viing dan ctia ZnO, vi
thé trdnh dwoc sy tai td hop nhanh chéng ctia cic cdp electron e va 16 tréng h* (pt. 2,
3). Mat khac, cac phan t¢ MB ¢ trang thai tinh ¢c6 mtc nang luong -5,67 eV co6 thé bi
kich thich bang anh sang kha kién va tré nén bj kich thich MB* ¢6 mtic niang luong -
3,81 eV [28; 29]. (pt. 4). MB c6 thé dong vai tro 1a chat nhay quang cung cap bd sung cac
electron vao viing dan ctia CuO va ZnO (pt. 5, 6). Thé ctia vung héa tri cia CuO am
hon so v6i MB, do d6 cac 16 tréng h* c6 thé oxy héa MB dé tao thanh cac san phdm
phan huy (pt. 7). Mét khac, do vi tri bién cua viing dan cua ZnO (-4,35 eV) am hon thé
tiéu chuan E° (02/Oz*) (- 4,17 eV) [30], nén cac electron trén ving dan ctia ZnO cé thé
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phan tng véi O: tao ra goc superoxit O2* (pt. 8). Cac gdc superoxit nay c6 thé oxy hoa
manh MB d¢€ tao thanh cdc san phdm phan huy kém bén (pt. 9).
3.2.3. Khao sat kha nang tai stt dung

Kha nang tai st dung la mot yéu t6 quan trong dé€ danh gia kha nang ting dung
trong thuc t€ cua vat liéu xtc tac di thé. Sau khi st dung, ZnO/CuO dugc tach khoi

dung dich béng ly tam, rtra sach vdi nuwde va véi ruou dé€ loai bo MB. Sau d9, vat liéu
duoc say 0 120 °C trong 15 gio va duoc st dung ¢ nhitng Ian xtc tac ti€p theo.

(a) . (b)
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Hinh 6. a) Hiéu sudt phan huy MB ctia ZnO/CuO qua nhiéu tai stt dung;
b) Gian d6 XRD ctia ZnO/CuO sau 4 vong tai st dung
(V=1000 mL, C=10 mg/L, m= 800 mg; thoi gian hdp phu=60 phuit; thoi gian chiéu sang= 80 phiit).

O Hinh 6a, ta c6 thé thay hiéu sudt phan hiiy MB ctia ZnO/CuO chi giam nhe tir
100% xudng con 97,2% sau 3 lan tai st dung. Gian d6 XRD cta mau ZnO/CuO hiu nhw
khong thay doi sau khi 4 lan st dung, ching té vat liéu ¢6 do bén cao trong qua trinh
stt dung (Hinh 6b). Nhu vay c¢6 thé thdy, ZnO/CuO c6 su 6n dinh cao vé mét ciu truc
va hoat tinh xtic tac trong qua trinh stt dung lau dai.

4. KET LUAN

Vat liéu ludng oxit ZnO/CuO dugc tong hop thanh cong bang phuong phap
phan hay nhiét tt vat liéu khung co kim trén co sé Zn/Cu-MOF-199. Ludng oxit
ZnO/CuO thu duoc cd cau tric 3D dwoc tao tir cac hat bat dién va cd hoat tinh xtc tac
phéan hily phdm mau nhu¢m xanh methylen trong vung anh sang kha kién cao hon so
véi don oxit ZnO va CuO. D) réng cua vung cdm cua ZnO/CuO c6 gia tri khoang 2,7
eV. Cac két qua nghién cttu cho thdy ludng oxit ZnO/CuO c6 thé str dung nhw mot vat
liéu quang xtc tac trién vong trong thuc t& d€ xtt ly cac hop chat hitu co trong nuwde
thai cong nghiép nho cd hoat tinh xtc tac cao, dd 6n dinh va kha nang tai st dung cao.
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SYNTHESIS OF BIMETALLIC OXIDE ZnO/CuO COMPOSITE AND
APPLICATION FOR PHOTOCATALYST
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ABSTRACT

This paper presents a study on the synthesis of ZnO/CuO composite by the
thermal decomposition of metal organic framework material zinc/copper benzene-
1,3,5-tricarboxylate (Zn/Cu-BTC) and application for degradation of methylene
blue (MB) under visible light. The characterization of resulting materials was
revealed by X-ray diffraction, scanning electron microscope (SEM), nitrogen
adsorption/desorption isotherms, and UV-Vis diffuse reflectance spectroscopy.

Catalytic activity, mechanism of catalysis and recyclability of ZnO/CuO for MB
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were studied. It was found that the obtained ZnO/CuO composite with porous
octahedral particles around 5-10 pm exhibited excellently the visble light driven
photocatatlytic degradation surperior to monocomponent of ZnO or CuO and its

catalytic activity was almost unchanged significantly after several recyles.

Keywords: ZnO/CuO, photocatalysis, methylene blue, Zn/Cu-BTC
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