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Tém tit. Trong nghién ctru ndy, ching t6i tong hop vét liéu ZnBi,O4 bang phuong phap dong két tua, sau
d6 két tua ZnS véi cac ti 18 vé khdi luong khac nhau 1én ZnBi»O4 (ZnBi>04/x.0ZnS; x = 2, 6, 12, 24). Céac
phuong phap phén tich hién dai nhu nhidu xa tia X (XRD), phd hdng ngoai (FTIR), kinh hién vi dién tir
quét (SEM) va quang phd phan xa khuéch tan UV-vis DRS dugc sir dung dé xac dinh tinh chit hoa 1y cua
vat liéu. Hoat tinh xtic tac cua ZnBi,04/x.0ZnS dugc danh gia phan huy thudc nhuém Rhodamine B (RhB),
két qua cho thay ZnBi,04/12.0ZnS c6 hiéu suat phan hiy thudc nhuém RhB tot nhét dat 85,3% véi khoi
luong xuc tac 1,0 g/L, ndng d6 RhB ban dau 40 mg/L & pH 2 trong ving anh sang nhin thiy va phwong
trinh dong hoc biéu kién bac 1 hoan toan phu hop dé danh gia dong hoc phan huy RhB. Xuc tac
ZnBi,04/12.0ZnS cho thz?iy su 6n dinh cao sau 4 14n tai st dung.

Tir Khéa. ZnBi,O4, Rhodamine B, x(ic tic quang.

1 GIOI THIEU

Chéat ban dan bién tinh (heterojunction photocatalysts) duoc hinh thanh tir qua trinh két hop nhiéu vat lidu
ban dan v6i nhau véi muyc dich lam ting hoat tinh quang dudi 4nh sang mit troi, ngan chin sy tai két hop
ctia cdp electron-13 tréng [1]. Mot sé nghién ciru cho thiy cac hdn hop oxit (MMO) dan xuét tir Hydroxit
lop doi (LDHs) nhu CuMgCr-LDHs, CuMgFe-LDHs, CuMgCe-LDHs va CuMgAI-LDHs c6 hoat tinh
quang tbt trong vung anh sang nhin thiy [2, 3, 4]. Dé ting cuong kha nang xuc tac quang mo rong nang
luong ving cam xir 1y chit mau hitu co trong ving nhin thay, mét sé xtic tic quang ban dan bién tinh tir
cac MMO da nghién ctru thanh cong nhu ZnO/Al-Mg-LDHs, RGO/Bi-Zn-LDHs [5], MO@MCr-LDHs véi
M = Co, Ni, Cu, Zn [6]; ZnAlO-SDS (sodium dodecyl sulfate) [7]; RGO/ZnFe,O, ; Doped g-CsN4 /Ni—Fe
LDHs [8]; Vidu cu thé Zn-Cr-LDHs pha tap véi Ti, nung & nhiét d cao da tao ra vat liéu Ti/ZnO-Cr,03
¢6 dién tich bé mat 16n 227 m¥/g va d6 rong ving cim khoang 2,11 eV nén hoat tinh xtc tac quang kha
manh dudi anh sang nhin thdy, hon 90% naphthalen da bi oxy héa trong 240 phut, & budc song 380-760
nm. Sy két hop giita SnO»/MgAIl-LDHs lam chat xuc tac quang hoa phan hity 95% cho thudc nhuém cation
xanh metylen trong 90 phut dudi ving anh sang nhin thay [9]. Vi vay, ching t6i d& xudt nghién ctru tong
hop xuc tac quang ban dan hdn hop oxit ZnBi>O4 tir Zn/Bi-LDHs va ZnS bén nhiét va 6n dinh hoa hoc
nham nang cao hiéu qua xir Iy hop chét 6 nhiém hitu co khé phéan hay trong nude dudi anh sang nhin thay.

2 THU'C NGHIEM

2.1 Piéu ché ZnBi204 va ZnBi204/x.0ZnS

Vit liéu ZnBi,04 dugce thyc hién nhu sau [10]: Cho tir tir 200 mL hdn hop gdm 100 mL dung dich Zn(NO3),
0,3 M va 100 mL dung dich Bi(NO3); 0,1 M trong axit HNO3 5% vdi ti 1¢ mol Zn(NO3)2/Bi(NOs)s 1a 3:1
vao 100 mL dung dich NaOH 0,5 M véi tbc d6 2 mL/phut, 6n dinh pH 10 trong subt qua trinh phan ung
bang NaOH. Hon hop dwoc dun hoan luu & nhiét d6 100+5°C trong 12 gid, sau do rira két tua cho dén khi
nudc rira ¢6 pH trung tinh. Két tua dugc siy kho ¢ 100°C rdi dem nung & 450°C trong 3 gid, thu dwoc hdn
hop oxit ZnBi,Os.

Vit liéu ZnBi,04/x.0ZnS dugc diéu ché theo quy trinh sau [10]: Cho dung dich Zn(NOs), va dung dich NaS
tir tir vao hdn hgp chira 1 gam hdn hop oxit ZnBi>Os, sau d6 hdn hgp duge khudy lién tuc trong 12 gid &
nhiét d6 100+5°C. San phém duoc dem rira, loc, séleOiS"C trong 4 gio thu dugc ZnBi,04/x.0ZnS (x =2,
6,12, 24), x 1a ti 1& phan tram khdi luong ZnBi,04/ZnS. Dung dich Zn(NOs), va dung dich Na$S c6 nong do
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tuong ung véi ti 18 phan tram khéi lugng ZnBi,O4/ZnS can diéu ché. Cac vat lidu diéu ché duoc ky hidu
ZnBi;04/2.0ZnS, ZnBi,04/6.0ZnS, ZnBi;04/12.0ZnS, ZnBi;04/24.0ZnS.

2.2 Danh gia hoat tinh xuc tac cta vat liéu ZnBi204/x.0ZnS

Hoat tinh xuc tac cia vat liéu ZnBi,04/x.0ZnS dugc danh gia dya trén qua trinh phan huy thudc nhudém
RhB (Amax = 554 nm) trong ving anh sang nhin thdy. Phan tmg xuc tac duoc thyc hién trén hé thong xtic
tac bao gom 2 qua trinh:

Qua trinh 1 (QT1): Cho m gam chét xuc tac vao 100 mL dung dich thudc nhuom RhB véi nong do khao
sat (Cpa), khuay déu, dit trong bong t01 trong 45 phut cho vat li¢u hap phu dat trang thai can bang va 6n
dinh. Po d6 hép thu quang, x4c dinh ndng d6 thudc nhudém sau hip phu (C.).

Qua trinh 2 (QT2): Dung dich thudc nhuém RhB sau qua trinh 1 dugc dua vao hé théng chiéu sang béng
dén halogen 300 W (Osram, Pirc), sir dung nudce tudn hoan dé 6n dinh nhiét do cta hé thong. Khoang thoi
gian xtic tac dugc khao sat t6i da 90 phat. Saumdi 15 phit, hat 5 mL mau huyén phu trong hé théng ly tam
dé loai bo chit xiic tac. Str dung phuong phéap do quang dé xac dinh ndng d6 cua dung dich thudc nhuom
(Cy) va tinh hiéu suit phan huy thudc nhudm.

(de' Ct)

Coa

Céc thi nghiém dugc thyc hién ddc 1ap va cé lap lai 3 lan (n = 3), léy gia tri trung binh thyc hién cac phép
tinh. Sai s trén cac do thi duoc xac dinh dya trén d6 1éch chuén (SD).

Céc yéu t6 anh hudng dén hoat tinh xtc tac cia vat liéu ZnBiO4/x.0ZnS khi phan huy RhB dugc nghién
ctru nhu ti 18 ZnBi,04/ZnS, khi lugng xtc tac (g/L), nf")ng d6 ban dau, pH dung dich thudc nhudm, kha
nang tai st dung va thi nghiém bay gdc hoat dong xac dinh yéu td chinh cta qua trinh xuc tac.

H= .100%

2.3 Nghién ciru dong hoc ciia qua trinh phan hiiy thudc nhuém

Chung t6i str dung phuong trinh dong hoc biéu kién bac 1 dé mo phong danh gia dong hoc kha nang phén
huy RhB cua ZnBi,04/x.0ZnS theo thoi gian xic tac. Sau do6 xac dinh hang s6 tbe @6 va gia tri hé so tuong
quan R2, néu R? cao, md phong danh gia dong hoc kha ning phan huy RhB cua ZnBi,04/x.0ZnS theo bac
1 1 phi hop. Phuong trinh dong hoc biéu kién bac 1 dang tuyén tinh dugc biéu dién nhu sau:

€y

t
Co (mg/L): nong d¢ ctia RhB tai thoi diém bat dau chiéu anh sang, t 1a thoi gian xuc tac, quy ude t = 0 tai
thoi diém bat dau chiéu dén thyc hién xuc tac (QT2).

3 KET QUA VA THAO LUAN
3.1 Tinh chit héaly cia vit liéu

Két qua gian d6 nhiéu xa tia X va phd FT-IR ciia cac mau ZnBi,04, ZnBi,04/x.0ZnS va ZnS duoc trinh bay
0 hinh 3.1 va hinh 3.2.
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Hinh 3.1 K&t qua nhicu xa tia X cua ZnS, ZnBi,O4, Hinh 3.2 Két qua FT-IR cia ZnS, ZnBiyOs,
ZnBi,04/x.0ZnS (x = 2, 6, 12, 24). ZnBi,04/x.0ZnS (x = 2, 6, 12, 24).
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Gian d nhidu xa tia X ctia mau ZnBi,0, thé hién cudng do manh & cac vi tri 20 1an lwot 12 27,8; 31,5; 32.8;
45,1; 46,0; 54,1; 55,4 va 57,5° tuong ung v&i hon hop oxit ZnBixO4 dang tir dién (JCPDS No. 043-0449)
va & cac vi tri 20 1an luot 31,5; 34,4; 36,1; 46,7; 57.5; 62,8° dai dién cho sy hinh thanh ZnO dang luc giac
(JCPDS No. 079-0207). Mau ZnS cac vi tri 28,42°; 30,85°; 38,38° va 48,33° 1a dic trung cta ZnS (JCPDS
No. 79-220). Cac dinh nhiéu xa chinh cua cac mau ZnBi,O4/x.0ZnS twong tu nhu cac dinh nhiéu xa cua
mau ZnBi)O4, tuy nhién véi ZnBi04/x.0ZnS (x=2, 6) cac dinh chinh cua ZnS vin chua thiy, miu
ZnBi,04/x.0ZnS (x =12, 24) xut hién cac dinh manh dic trung ciia ZnS, ham lugng ZnS cang cao cac dinh
nhiéu xa dic trung cta ZnS thé hién cang 0.
Két qua phd FT-IR cua cic mau ZnS, ZnBi,Os, ZnBi,O4/x.0ZnS ngoai cac dinh & sb song 3460 cm™ va
1630 cm™! dic trung cho cac lién két cia nhom OH cuia nude hép phu trén bé mat vat liéu, dinh & sb song
1384 cm! va 832 cm! 1a dao dong kéo dai cua lién két Bi-O va Bi-O-Bi trong ZnBi,O4 [11, 12, 13]. Mau
ZnS dic trung ¢ s6 song 1110 va 636 cm™ 14 cac dao dong cua Zn-S [14, 15].
: ZnBi,092.07n$

ZnBi,0,6.0ZnS

Hinh 3.3 Két qua anh SEM clia cac mau ZnS, ZnBix04 va ZnBi04/x.0ZnS (x = 2, 6, 12, 24).

Két qua anh SEM céac mau (hinh 3.3) cho thiy ZnBi,O, cau tric 16p phang, c6 hinh dang tron va luc dién,
céc 10p xép chdng 1én nhau hdn don khong dong déu, ZnS c6 dang hinh cdu phan tin dong nhat phat trién
trén cac 1op ZnBi>O4. Khi ham lugng ZnS cang 16n dang hinh cAu ctia ZnS thé hién cang ro, do déng nhét cao.
Phd UV-Vis DRS ctia miu ZnBi,0, xuit hién cac canh hap thu ¢ budc song 415 nm va 490 nm tuong g
v6i 2 pha ZnO va ZnBi,O4, miu ZnBir04/12.0ZnS xut hién canh hip thu & 400nm va dich chuyén do (red-
shift) so véi ZnBi;O4 va mé rong sang ving kha kién. Theo nghién clru cua Zhiyuan Yea va cic cOng su
ZnS c6 budce song hép thu khoang 339 nm [16, 17]. Su dich chuyén nay la do tuong tac gitra ZnS va ZnBi>O4
gdy tac dong dén ving niang luong, mo rong hp thu ving tir ngoai gan sang ving kha kién.

1.0

ZnBi,0,/12.0ZnS

ZnBi,0,

300 400 500 600 700 800
Budce song (nm)

Hinh 3.4. Budc song hép thu cuc dai ctia cac mau ZnBi,04, ZnBi;04/12.0ZnS.
Tir két qua phén tich hoa trén cho thdy da téng hop thanh cong vat lidu ZnBi,O4/x.0ZnS v6i d6 tinh khiét

cao, vat lidu c6 kha niang hap thu 4nh sang trong ving nhin thy.
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3.2 Khao sat hoat tinh xtc tac ciaa vat liéu

3.2.1. Anh hwéng cia lwong ZnS trong xiic tic ZnBi,04/x.0ZnS.

Hoat tinh xtic tic ciia ZnBiO4/x.0ZnS (x=2, 6, 12, 24) dwoc danh gia qua hiéu suat xir Iy thudc nhuém RhB
40mg/L, pH 2, khéi luwong xuc taC 1,0 g/L trong 45 phut cho qua trinh QT1va 90 phut cho qua trinh QT2.
Sau 45 phit & QT1, ZnBi>Os; ZnBi04/x.0ZnS va ZnS héap phu 17-23% luong thue nhudém, hiéu suit phan
hay RhBcua cac xic tac dugce sip xép theo thir ty sau: ZnBi,04/12.0ZnS (85,3%) > ZnBi,04/6.0ZnS (74,7%
> ZnBi>04/2.0ZnS (60%)> ZnBi,04/24.0BiS3 (54%) > ZnBi,04 (47,8%) >ZnS (39,2%).

Két qua hinh 3.5 cho thay hé s twong quan R tir 0,8466-0,9909 khé cao chimng t6 phuong trinh dong hoc
biéu kién bac 1 hoan toan phi hop dé mé phong dong hoc phéan hity RhB ciia cac xtc tic ZnBi,Ou/x.0ZnS,
trong d6 téc do phan hily RhB cua ZnBix04/12.0ZnS (0,0193 phit) cao gip 4,8 14n so véi ZnBirO4 (0,0041
phat™).

1.8
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() 1.64| e 2ZnBi204/2.0ZnS ( ) ¥ R*=0.9909
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Hinh 3.5. Qua trinh phéan hity RhB (a) va db thi tuyén tinh dong hoc biéu kién béac 1 (b) ctia xiic tac ZnBirOs,
ZnS, ZnBi;04/x.0ZnS (x=2, 6, 12, 24) dudi anh sang nhin thay.

R0 rang luong ZnBi,04/ZnS dé anh huong dang ké dén hiéu suat phan hiy RhB, ZnBi>04/12.0ZnS c6 higu
suat xuc tac ting gap hai v6i ZnBi1,04 diéu nay cho thiy ZnS va ZnBi,O4 c6 sy ting cuong chuyén giao
dién tir tai noi tiép giap di thé gitra hai pha ZnS va ZnBi;Os 1a hiéu qua [18]. Tuy nhién, véi
ZnBi>04/24.0ZnS hoat tinh ciia xtc tac giam nguyén nhan do lwong qua cao ZnS s& che chin cac tim hoat
ddng trén bé mit chat xuc tic ZnBirO4 véi dung dich goi 14 hiéu ing chén (shielding effect) lam giam hiéu
qua xuc tac, dong thoi cac mirc nang luong trung gian hoat dong khong hi€u qua, tang cuong kha ning tai
t6 hop giita cac dién tich va 15 trong quang sinh [18, 19], nguoc lai ham luong ZnS qua it s& hinh thanh it
tam hoat dong trén bé mit di thé hudng dén hiéu qua xuc tac. Khi bién tinh cac vat liéu ban dan khac nhau thi
ham lugng chét bién tinh khac nhau, hoat tinh xtc tac cling khac nhau, ngoai ra hoat tinh ctia xuc tac con
tiy thudc vao ddi tuong dugc xir Iy, anh sang ving tir ngoai hay hdng ngoai, didu kién xuc tac. Vi du theo nghién
clru Aziz Habibi-Yangjeh va cac cong su cho thay pha tap khoang 10% ZnO vao ZnBi;0, s¢ tang dang ké
hoat tinh ctia xuc tic ZnO/ZnBi;O4 phan hiy RhB dudi dnh sang nhin thay [11], ti 1¢ bién tinh 2% rGO vao
ZnBi;O4 c6 hiéu suat phan huy 2,4-dichloro phenoxyacetic cao nhat trong vung tir ngoai [12]. Dya trén két
qua khao sat hinh 3.5 cho thdy mau ZnBi,O4/12.0ZnS phan hity RhB t6t nhat trong ving nhin thay.

3.2.2 Anh huéng ciia Kkhoi lugng xic tic ZnBi;04/12.0ZnS.

Anh huong cua khéi lwgng xiic tic ZnBi04/12.0ZnS dén kha ning phan huy RhB duoc thyc hién véi khdi
luong xuc tac tir 0,25-1,5 g/L; nong d6 RhB 40 mg/L ¢ pH 2. Hiéu sudt phan hity RhB cua xuc tac
ZnBi;04/12.0ZnS tang tir 38% (k = 0,004 phat* " 1én 85,3% (k = 0,0193 phut™) khi lugng xuc tac tang tir 0,25-
1,0 g/L, sau do6 hi¢u suat phan hity giam xudng 73% (k = 0,0078 phat ! g véi lugng xuc tac 1,5 g/L (hinh
3.6). Két qua trén cho thay khi tang khdi luong xtc tac, hiéu suat phan hity thudc nhudm ting, nguyén ngan khi
khdi lwong xiic tac, tong dién tich bé mat tiép xuc voi dung dich s& ting, tim hoat dong trén bé mit xic tac
tang, lam ting kha ning phan hily thudc nhuém nhung khi khéi lugng xuc tac qua 16n dung dich s& huyén
phtl can tré anh sang truyén quang lam giam hiéu qua phan hiy RhB [3]. Chon khéi luong xuc tac
ZnBi,04/12.0ZnS 1a 1,0 g/L cho cac thi nghiém tiép theo.
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Hinh 3.6. Qua trinh phéan hity RhB (a) va d6 thi tuyén tinh dong hoc biéu kién bac 1 (b) cia ZnBi>04/12.0ZnS theo
khoi luong 0,25-1,5 (g/L), nong d6 40 mg/L, pH 2,0; thoi gian 90 pht.

3.2.3 Anh huéng cia nﬁng do RhB ban diu

Nong d6 RhB ban diu duoc khao sat tir 20 - 50 mg/L, khdi lwong ZnBi»04/12.0ZnS 1,0 g/L & pH 2. Két
qua ¢ hinh 3.7 cho théy khi tang néng d6 thudc nhudm, hiéu suit phan huy RhB cta xuc tac
ZnBi,04/12.0ZnS ting. O ndng d6 thuéc nhuém RhB thip tir 20-30 mg/L, thuéc nhuém RhB bj phan hay
hoan toan (hiéu suit 100%) trong khoang 60 dén 75 phut véi k tang tir 0,0331+0,053 phit” va higu suat
phan hity 1an luot 1a 85,3%; 69,4% tng véi nong d6 RhB 40 mg/L va 50 mg/L; véi k lan lugt 1a 0,0193
phat!va 0,011 phat™.

Theo dinh luat Beer-Lambert, khi néng d6 thudc nhuém RhB ting cao dan dén cac phén tr trong tac voi
nhau lam giam dao dong cta cac nhom chirc hap thu cia RhB dong thoi cac photon ciia anh sang c6 thé bi
chin trude khi tién dén bé mat xic tic ZnBiy04/12.0ZnS, 1am giam ning lwong cua xtic tac dan dén giam
hiéu qua phan huy [20].Vi vdy, chon ndng d6 ban dau ciia RhB 1a 40 mg/L cho cic khao sat tiép theo.

1.0 4.0
3.54 2 §g’,?,g§t (b) " y=000331x
0.8 3.0 A 40 mglL R?=0.9528
: v 50 mg/L ® y=0.053x
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0.4 =0.
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R?=0.9828
0.5
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Hinh 3.7 Qué trinh phén hity RhB (a) va d thi tuyén tinh dong hoc bicu kién bac 1 (b) ctia ZnBi>04/12.0ZnS theo
nong d6 ban dau 20-50 (mg/L), khoi lugng 1,0 g/L, pH 2.0; thoi gian 90 phut..

3.2.4 Anh huéng pH

Su thay d6i pH cta dung dich thudc nhudm cé anh huong 16n dén hidu qua twong tac gitra thube nhudém va
bé mat vat li€u, tuy thudc vao tinh ch?it, cAu tao cua thude nhudm, ddi véi thude nhudém (thuéc nhudm cation
hay anion) ciing nhu dién tich bé mit cua chét xuc tac [21]. Khao sat anh huong pH cta dung dich dén hiéu
suat phan huy RhB cia vat liéu ZnBi>O4/12.0ZnS khdi lugng xtic tac 1,0 g/L; nong dd RhB 40 mg/L trong
thoi gian hap phu 45 phit va xtc tac 90 phut. Két qua cho thay xac hiéu sudt phan huy RhB cua
ZnBi>04/12.0ZnS khoang 85,3% & pH 2 (k = 0,0193 phut™), & pH 4,5 dat 67,8% (k = 0,0111 phat!) va &
pH 7 dat 52,8 % (k = 0,0059 phut'). Phuong trinh dong hoc bac 1 cho qua trinh phan huay RhB cua
ZnBi>04/12.0ZnS & cac gia tri pH khac nhau c6 hé s6 twong quan R? cao tir 0,9607-0,9909. Hiéu sut phan
hay thudc nhuém RhB cua ZnBi,04/12.0ZnS ¢6 su thay ddi dang ké khi thay déi pH, hiéu suit xtc tac &
pH 2 1a t&t nht va hiéu suat giam khi pH ting, nguyén nhan c6 thé giai thich nhu sau:
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Hinh 3.8 Qua trinh phéan hily RhB (a) va d0 thi tuyén tinh dong hoc biéu kién bac 1 (b) cia ZnBi04/12.0ZnS
theo pH 2; 4,5;7, ndong do 40 mg/L, khoi lugng 0,1 g/; thoi gian 90 phut.

b 1 COOH ‘/ €00
NN B —— /i‘\\(///;‘\ B + H
L + J\ /J\ /J‘\ /,]\ L*’f\ /‘A /I\ A
T NG N7 N T - N7\ N7 N\ II
@ RO R

Hinh 3.9 RhB phén ly trong dung dich nudc (a) dang cation (b) dang zwitterionic

RhB 1a thuc nhuém axit c6 nhém phenyl carboxylic véi pKa 3,1; trong méi truong nudce ton tai dang
cationic (RhB*) va zwitterionic (RhB*). Theo tac gia Lopez Arbeloa thi khi pH < 3,1 RhB ton tai & dang
cation RhB* (hinh 3.9a) nén xdy ra lyc hut tinh dién giita bé mit xic tac ZnBi,04/12.0ZnS mang dién tich
4m [21] va RhB* mang dién tich duong, din dén ting hiéu qua phan hiy RhB. O pH > 3,1 RhB ton tai dang
ion Rhwitterionic (RhB™) (hinh 3.9b) ¢6 di¢n tich duong nhom xanthene va di¢n tich am ctia carboxyl trén
cung mot monome, dan dén twong tac giira dién tich Am vdi dién tich dwong hinh thanh cac dimer, lam cho
kha ning tiép xuc gitra RhB va ZnBi;04/12.0ZnS trd nén kho khin, giam qué trinh phan hay thude nhudm [22,
23].

3.2.5. Kha nang tai st dung cia vit liéu

Xuc tac ZnBi»04/12.0ZnS sau khi phan huy 1an 1 dugc rira sach, ly tam léy xuc tac, rira sach béng nude cét,
giai hap hoan toan, siy kho va tai str dung xuc tac dé phan hiy RhB 1an 2. Khéi lwong tai xtc tac dya trén
ti 16 khdi lwong tai xuc tac/thé tich thudc nhuém (g/L). Két qua hinh 3.10 khing dinh xuc tac
ZnBi>04/12.0ZnS kha bén va on dinh. Hidu qua phan hiy RhB sau 4 1an tai sir dung c6 giam nhung khong
dang ké. Hiéu sudt phan hity RhB lan luot 1a 85,3%; 84,2%:; 82,8% va 80,1%

100+

80+ ]

60

H (%)

40

204

0

Lan 1 Ldn2 Lan3 Lan 4
Hinh 3.10 Hiéu suit phan hay RhB sau céc lan tai sir dung ZnBiyO4/12.0ZnS
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3.2.6 Thi nghiém biy gbc hoat dong cita phan wng phan hity RhB ciia xic tac ZnBi,04/12.0ZnS

Trong xuc tac quang hda, cac yéu t co kha nang phan hity thue nhudm 1a OH*, O,", dién tir (¢) va 15 trong
quang sinh (h*). Pé x4c dinh yéu t§ anh huong chinh dén qua trinh phén huy thuéc nhudém cua
ZnBi,04/12.0ZnS ching t6i thém cac cht “bay” gdc tu do (scavenger) vao dung dich thudc nhudm cu thé
nhu sau: Na;EDTA (Immol/L) chét biy 15 tréng /", p-benzoquinon (2 mmol/L) chét bay gc tyr do O, ; etanol
(2 mmol/L) chét biy gbc tw do hydroxyl OHs vao hé thong chira dung dich thudc nhudm va chit xuc tac & QT2

khi bat dau chiéu dén.
1.8
= kb 0.0204
1.64| o Na2eDTA (a) (b)
14 A p-benzoquinon §
41 v etanol 0.0164 -
(-')5 1.24 ~ 2
A - <
5” 1.0 F 0.012; g 8
0:81 S s EN '§.
e ~ 0008{ £
w
44 <
c 0.004| et (22 g 38
0.2] 33 | |8s s || 83
0.0 ; ’ . . o000 DR ISR Ex || st
0 20 40 60 80 100 . ! ' ' '

Thoi gian (phut)

Hinh 3.11 Qua trinh phan hiy RhB ctia ZnBi,04/12.0ZnS (a) va (b) gia tri k theo phuong trinh ddng bac 1 cho
qua trinh phan hity RhB ctia ZnBix04/12.0ZnS c6 mit cac chit bay cac gbe tr do OH', 0,* va 16 tréng quang sinh.

Két qua hinh 3.11 cho théy khi thém etanol vao QT2, hiéu suét phan hity RhB gidm nhiéu nhét chi con 48,25% (k
=0,0047 phit") tdc d6 phan tmg giam hon 4 1an so v6i khong c6 mit chat bt gdc (kbe) hidu suét 1a 85,35% (k =
0,0193 phut™). Vi vay c6 thé két luan OH'1a yéu t6 chinh, con O,*, dién tir va 4" chi dong gop vai trd nho cho
qua trinh xir Iy thudc nhuém RhB cia xtc tic ZnBi04/12.0ZnS.

3.2.7. D¢ xuit co ché xtc tac
Theo clru ciia Aziz Habibi-Yangjeh ZnBi,Oy4 chat ban dan loai p [11], ZnS 1a chat ban dan loai n. Khi két
hop ZnBi>Os~ZnS giita ving tiép giap di thé cta cdu triic n-p, ving niang luong s& thay ddi dén khi can
bang nhiét dong, dién trudng bén trong (inner electric field) ciing nhu trén bé mét chung méi dugc thiét 1ap
6n dinh, ddng thoi hinh thanh mac Femi méi can bang giita hai cht ban dan ZnS va ZnBi,O, [1]. Tir két
qué thue nghiém, chung ti dé xuit co ché xuc tac nhu sau: dudi anh sang nhin thy, phan ban dan ZnBi,O4
va ZnS déu bi kich thich va tao ra mot sb luong 16n céac cdp dién tir va h™ quang sinh. Bén canh d6, RhB
chuyén tir trang thai binh thuong sang trang thai kich thich RhB* [24]. Tai viing dan cua ZnBixO4 (p) dién
tir di chuyén dén ving dén cua ZnS (n) két hop vdi cac dién tir cia ZnBirO,4 khir oxi thanh cac gbe 02", LS
tréng 4" quang sinh ciia ZnBi,04/12.0ZnS ciing d& dang thyuc hién qua trinh oxy héa cac phan tir H,O thanh
cac gbec OH'. Cac gbc O, va OH" dugc hinh thanh s& tham gia phan tng phan huy RhB/RhB™ tao thanh
san pham. Co ché qua trinh phan hiy RhB ctia ZnBi>04/12.0ZnS dugc dé xuét:

ZnBi,04/12.0ZnS + hv — ZnBi,04/12.0ZnS (e, h")

RhB + hv - RhB™ + e

ZnBi,04/12.0ZnS (h*) + RhB/RhB* —>san phdm

ZnB1,04/12.0Bi:S;3 (¢7) + 02— Ox*

0,"+ RhB/RhB** — san phim

ZnBi>04/12.0ZnS (k") + 2H,O — OH* + H*

OH* + RhB/RhB** — san pham
C6 su tai két hop h™+ e- — (e, h") tuy nhién khong déng ké.

4 KETLUAN

D3 tong hop thanh cong xiic tic ZnBi»04/12.0ZnS va g dung phan hity RhB trong ving 4nh sang nhin
thdy. Hiéu suit phan huy va toc d6 phan hay RhB ctia ZnBi,0./12.0ZnS trong diéu kién tot nhat 1a 85,3 %
va k12 0,0193 phat' véi khéi lwong xuc tac 1,0 g/L, ndng d6 RhB ban dau 40 mg/L & pH 2 trong ving anh
sang nhin thiy, trong d6 OH'Ia yéu t6 chinh cho qua trinh phan hay. Phuong trinh dong hoc biéu kién béc 1
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hoan toan phu hop cho qua trinh phan hiy RhB cua xtc tic ZnBi»04/12.0ZnS. Vit li¢u xuc tac
ZnBi,04/12.0ZnS ¢6 d 6n dinh va tai sit dung cao, c¢6 thé ting dung phéan hity RhB trong mau nudc thai
chira chit mau hitu co.
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THE SYNTHESIS OF ZnBi;04/x.0ZnS HETEROJUNCTION
PHOTOCATALYSTS FOR PHOTODEGRADATION OF RHODAMINE B

NGUYEN THI MAI THO
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City
nguyenthimaitho@iuh.edu.vn

Abstract. In the present work, highly visible-light active ZnBi,0./x.0ZnS (x =2, 6, 12, 24) heterojunction
photocatalysts with various weight percentages of ZnS have been successfully synthesized by a simple co-
precipitation. ZnBi,04/x.0ZnS (x =2, 6, 12, 24) heterojunction photocatalysts were characterized by X-ray
diffraction, Fourier-transform infrared (FTIR), spectroscopy scanning electron microscopy (SEM) and UV-
vis diffuse reflectance spectroscopy (UV-vis DRS). Their photocatalytic performances were evaluated by
degrading Rhodamine B (RhB) in aqueous solution under visible light irradiation. The ZnBi»O4/x.0ZnS
heterojunction photocatalyst containing 12% ZnS (ZnBi»04/12.0ZnS) showed the best catalytic
performance. More than 85,3% of Rhodamine B 40 mg/L solution was degraded after 90 min of visible
light irradiation using ZnBi»04/12.0ZnS at 1.0 g/L concentration. The photocatalytic experimental results
were a good approximation to first-order kinetic behavior. Moreover, the ZnBi,04/12.0ZnS catalyst showed
good stability over four consecutive cycles.

Keywords. ZnBi,04, Rhodamine B, photocatalytic.
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