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ABSTRACT

In this study, the Cu-doped WS, materials were synthesized by a simple solid-
state calcination of mixture of tungstic acid, thiourea and copper (Il) acetate
monohydrate in Ar gas at 650 °C for 1h, and denoted as xCu-WS;, where x is
atomic percentage ratios of Cu/W (x= 1, 3, 5%) and weigh ratio of tungstic
acid/thiourea is constant (1:5). The obtained products were characterized by
X-ray diffraction, infrared, energy-dispersive X-ray spectroscopy, scan electron
microscopy and UV-Vis diffuse reflectance spectroscopy. The photocatalytic
performance of the samples was assessed through photodegradation of
rhodamine B (RhB). Interestingly, there is a synergistic relationship between
adsorption and photocatalysis, in which, a higher relative adsorption might
give a better photocatalytic results due to reactive species reacting with
absorbed organic matter on the catalyst surface rather than in the bulk of
solution. The photodegradation of RhB over the 1Cu-WS, catalyst was
enhanced significantly with the highest efficiency up to 95.35% at pH 8 for 6
hours of visible light irradiation, which is attributed to the high adsorption of
RhB cationic dye on the material surface. The photocatalytic mechanism was
discussed as well.

Gidi thiéu chung

nhu cé tric x8p, dién tich bé mat I6n, kha nang dan
dién cao va bén hoa hoc, nén dugc Ung dung nhiéu

Trong nhitng nam trd lai day, viéc tan dung va chuyén
déi hiéu qua nang lugng mat trai thanh cac dang nang
luang sach dé xt ly cac chat & nhiém méi trusng thong
qua cac qua trinh xudc tac quang da dugc coi la mét
trong nhiing gidi phép dai han nhadt gép phan gidi
quyét cac van dé nang lugng va mdi trudng toan cau
[1]. C4c vat liéu ban dan hai chiéu (2D) nhu nanocarbon
2D, graphene 2D, g-C3Ny,... vdi cac tinh chat ndi bat

trong cac Iinh vuc quang xuc tac [2], luu trl ndng luong
[3], xUc tac cho cac phan Ung hitu cg [4]. Tuong ty nhu
cac vat liéu ban dan hitu ca 2D nay, gan day cac vat
litu dichalcogenides cua kim loai chuyén tiép (TMDs)
nhu MoS; hay WS, cé cdu tric Idp tuong tu, vdi nang
lugng vung cdm nho, khoang 1,8 eV, ¢ khad nang hoat
déng manh trong viing anh sang kha kién, cling dugc
Ung dung nhiéu lam chat xtc tac quang [5]. Trong dé
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WS, [a mét trong céc vat liéu TMDs c6 gié thanh ré, dé
dang téng hop, da va dang trd thanh Ung vién tiém
nang dé nghién ctu trong finh vuc nay.

Nhu da biét, phdn Ung quang phan hiy cac hop chét
hitu cg dudi tac dung clia chat xtc tac dugc chia thanh
6 giai doan: (i) khuéch tan cac chat tham gia phan Ung
tU moi trusng dén bé mat xdc tac, (i) cac chat tham gia
phan Ung dudc hap phu 1én bé mat chat xuc tac, (iii) vat
liéu quang xtc tac hdp thu photon anh séng tao ra
electron va 16 tréng, (iv) xdy ra cac phan Ung quang
hda so cap va th cdp clng sy hinh thanh va phan ting
clia cac gbc ty do vdi chét hiu co, (v) giai hdp phu cac
san pham va (vi) khuéch tan cac san phdm tra lai méi
trusng [6]. Tuy nhién, phan 1én cac nghién clu chi tap
trung vao phan Ung cla cac géc tu do nhu e, h*, «OH,
*Oy,..v3i sy phan hly cac hgp chat hitu co khi chiéu
sang ma bo qua anh hudng cla qué trinh hdp phu chéat
& nhiém 1én bé mat chat xuc tac [7-9]. Cac nghién clu
gan day chi ra bén canh céu trdc, hinh thai, kha nang
hap phy chat 6 nhiém trén bé mat cla vat liéu cling
anh hudng quan trong dén hiéu qua xUc tac quang cla
ching. biéu do cé nghia la, viéc tang cudng kha nang
h&p phu gilta chat xtc tac va cac chat 6 nhiém sé tao
diéu kién thuan Igi cho phan Ung phan hdy ching khi
chiéu séng vi cd hai qué trinh hdp phu va hoat déng
clia cac goc tu do tao ra bdi qua trinh xtc tac quang
vGi chat gay 6 nhiém déu xdy ra trén bé mat cla vat
liéu [10-13]. Nghién cltu cla Yidan Luo va cong su da
cho théy t6c do hdp phu va phén Uing phan hiy thuéc
nhudm Red 120 xdy ra trén bé mat vat liéu g-CsNa 16n
hon nhiéu t6c dé phan Ung clia cac gbc tu do & trong
long dung dich thuéc nhudém [14]. K&t qua ching to sy
hap phu dong mét vai tro quan trong trong phan Uing
xUcC tac quang.

0 cong b6 trudc, ching téi da nghién clu anh hudng
clia pH dén khad néng hdp phu va xic tac quang trén
vat liéu WS, trong phan Ung phan hdy dung dich thudc
nhuém Rhodamine B. Trong nghién cltu nay, ching toi
tap trung khdo sat anh hudng cla hdp phu dén kha
nang xUc tac quang trén WS; khi pha tap kim loai Cu.

Thuc nghiém va phuang phap nghién cdu

Héa chat

Céc hoa chét chinh sir dung trong nghién cltu nay la
thiourea ((NH2)2CS), tungstic acid (HoWOsa), copper (II)
acetate (Cu(CHsCOO)2.H.0), rhodamine B (RhB), déu
€6 nguodn géc tu Xilong Chemical Co. Ltd. (Trung Quéc)
c6 do tinh khiét trén 99%.

Phuang phdp téng hgp mau

Vat liéu WS pha tap Cu dudc téng hop bang phuong
phép nung don gian & pha rén theo quy trinh nhu sau:
() Nghién min hén hogp HaWOs (NH2).CS va
Cu(CH3;CO0)2.H,0O theo ti 1é khéi luong H.WO4 va
(NH2).CS la 1. 5, vdi ti 1é mol cia Cu/W lan luct la 1%,
3% va 5%. Cho hén hap ran vao cée thly tinh 250 mL;
thém 10 mL nudc cat va 30 mL CoHsOH khudy déu
trong 1h; sau dé c6 can dung dich & 40 °C, roi dem sdy
12 gig & 80 °C. (ii) Nghién min chét ran thu dugc, cho
vao cbc sut va boc kin bang gidy nhém; nung mau
trong dong khi Ar & 650 °C trong 1 gid. D€ ngudi tu
nhién dén nhiét dé phong, nghién mau va rira nhiéu
lan v&i nudc cét va CHsOH, sau do sdy mau 12 gis &
80 °C. Mau thu dugc ki hiéu 1a xCu-WS; (x = 1, 3, 5%).

Vat liéu WS, khong pha tap Cu cling dugc téng hop
theo quy trinh  trén nhung khong c6 mat
Cu(CH3CO0),.H.0, mau dugc ki hiéu la WS..

Phuong phdp ddc trung

Phé nhiéu xa tia X (XRD) cla cac mau dugc do trén
nhiéu xa k€ Brucker D8 Advance vdi 6ng phat xa tia X
clia Cu c6 budc séng A (CuKa) = 1,540 A, cong sudt 30
kV, dong 0,01 A. Phé hdng ngoai (IR) dugc ghi trén phé
ké IRAffinity-1S (Shimadzu) trong khodng sé song tu
400 dén 4000 cm™. Phé phan xa khuéch tan ti ngoai
kha kién (UV-Vis-DRS) trang thai rén clia mau dugc do
trén may Cary 5000 (Varian, Australia). Anh hién vi dién
tlr quét (SEM) va phd tan sdc nang lugng tia X (EDX)
dugc chup trén may Nova NanoSEM 450.

Xdc dinh diém dién tich khdng cua vt liéu 1Cu-WS;

Diém dién tich khéng (pHpzo) clia vat liéu 1Cu-WS, dugc
xac dinh theo tai liéu [15]. Theo do, cho 50 mL dung
dich NaCl 0,M vao cac céc thay tinh 100 mL. Dung
dung dich NaOH va HCl dé diéu chinh pH cta dung
dich dau vé cac gia tri pH dau nam trong khoang tu 1 -
12. Sau dé cho 0,03 gam vat liéu 1Cu-WS; vao dung
dich trén khudy trong bong téi 24 gid, loc bo phan rén,
phan dung dich dem di do lai pH dugc gia tri pH cudi.
Xay dung do thi biéu dién sy phu thudc gia tri pH cudi
vao pH dau. Giao gilta dudng cong do thi va dudng
thang pH cudi = pH dau 1a diém pHp.c. Gia tri pH cla
cac dung dich dugc do trén may do pH HANA HI2211.

Ddnh gid hoat tinh xdc tdc quang

Kha ndng hdp phu va hoat tinh xtic tdc quang cla céc
vat liéu xCu-WS; va WS, dugc danh gia qua phan Ung
phan hty dung dich rhodamine B (ndng dé 30 mg/L)
trong boéng téi va dudi anh séang clia dén LED (220V-
30W). Nong doé cua RhB dugc xac dinh bang cach do
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dé hdp thu quang trén méy UV — Vis CECIL CE-2011 &
budc sébng 553 nm.

Hiéu sudt hap phu, xtc tac quang (h) dugc tinh theo
cong thuc:

Co _Ct

h= x100%

0

Trong do, Co va Ci la ndng dé ban dau va ndng do tai
thai diém t (gi®) cla dung dich rhodamine B (mg/L).

K&t qua va thao luan
Bdc trung vt ligu
XRD

Thanh phan va céu trdc pha tinh thé clia cdc mau WS
pha tap Cu va WS, dugc dic trung nhiéu xa tia X, két
qua dudc trinh bay & Hinh 1.

Cudng do (a.u)

@5. ﬁ; PDF#008-0237: 2H-WS,

wo, ws,

10 20 30 40 50 60 70 80

2 theta (do)
Hinh 1: Gidn do nhiéu xa tia X clla WS> va xCu-WS;

Nhin chung, gidn d& XRD ghi nhan dugc cac mau WS,
pha tap Cu déu co cac pic dac trung cla WSy, vi tri cac
pic hau nhu khéng thay déi nhiéu. Cu thé, cac pic nhiéu
xa chinh cla WS, c6 cudng dé manh tai 26 = 14,29
28,9°, 32,8°; 39,5°; 43,9° va 69,1° tuang Ung vdi cac mat
(002), (004), (101), (103), (110) va (201) hoan toan phu
hop vdi pha 2H-WS, (JPCDS No. 008-0237) [16,17].

Khoang cach gilta cac I6p WS, dugc sép xép doc theo
truc ¢ clia cdu trdc 2H-WS; tuong Ung v&i mat phan xa
(002) dugc tinh theo phuong trinh Vulf-Bragg vai 26 =
14,2° 14 dooz = 6,2 A. Gia tri nay chinh la bé day ctia mét
tam WS, [5,18]. Ngoai ra, quan sat phd XRD cac mau
WS, pha tap Cu, pic Ung mat (002) trén cac mau pha
tap déu co su dich chuyén nhe sang géc 2 theta Ién
han, tUr 14,2° sang 14,5° lam cho khodng cach gilta cac
I6p WS, gidm tir 6,2 A xuéng 6,1 A trén cac méu xCu-
WS,, cho théy su pha tap thanh cong Cu vao WS,. Hién
tugng nay cling dugc quan sat déi véi WS, pha tap Co
[17]. Theo do, trong céc vat liéu xCu-WS; co thé Cu da
thay thé cac vi tri cia W trong WS,.

Phé IR

Hinh 2 biéu dién cac lién két hda hoc ctia WS; va xCu-
WS, dic trung bdi phd hdong ngoai. Trén phé IR cla
WS, xuét hién dai hép thu vai rong & 3441 cm™ va cac
pic ¢ 2890, 1620 cm™ [an lugt dugc gan cho cac dao
dong hoa tri kéo dai va dao déng bién dang clia nhom
OH cla nudc hdp phu. Céc tin hiéu khac & 2356 va
1403 cm™ dugc quy cho céac dao dong cla phan t&r CO;
hap phu trén WS, tir khdng khi. Ngoai ra, dai hép thu
yéu tai 930 cm™ va cac tin hiéu & 561-616 cm™ dugc
gan cho lién két S-S va W-S dac trung cia WS, [5].
Trén phd IR clia cac mau xCu-WS, déu xuét hién cac tin
hiéu dac trung cho cac lién két trong WS,, céc tin hiéu
cla lién két Cu-S kho xéc dinh dugc & 608 cm™' c6 thé
bi chdng 1dn bdi céac tin hiéu cia W-S [18].

1Cu-WSs,

3441

Do truyén qua (%)

T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Sé séng (cm™)

Hinh 2: Phé& IR clia WS2 va xCu-WS?2
Anh SEM va EDX

Hinh thai cla cac vat liéu WS; pha tap Cu va WS, dugc
dac trung bang ky thuat SEM. Hinh 3 cho thdy, mau
WS, téng hop dudc c¢6 dang nhu hinh béng hoa tdc
cau, dugc hinh thanh tir cac tdm. Cac mau xCu-WS, cod
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hinh dang tuong tu mau WS va khéng cé su thay déi
nhiéu trong céu truc gitta cac mau pha ta

Hinh 3: Anh SEM ctia WS2 (a), 1Cu-WS2 (b), 3Cu-WS2
(c) va 5Cu-WS2 (d)

Thanh phén va ham lugng cac nguyén té cau thanh
clia mau WS; va 1Cu-WS; dai dién dugc phan tich phd
EDX két qua dugc trinh bay & Hinh 4. Trén phd EDX chi
thdy xudt hién cac nguyén t& W, S la hai nguyén té
chinh chiém ham lugng I6n, ngoai ra con cd C va N vdi
ham Iugng khong dang k€. Trén mau 1Cu-WS, ngoai
hai nguyén t6 chinh W, S con c6 nguyén t& Cu (Hinh
4b). Két qua nay cho thay vat liéu WS, va 1Cu-WS; téng
hop dugc co dé tinh khiét tuong déi cao.

WS,

Cps

o0p; 2
lec 100 BCrs GHOMY Dt Ortane it o

Néng lwvong (KeV)

17 (b} 1Cu-WS,

Cps

Lec 30 156Cnts  8030keV et Octan Elect Pl

Ning lwong (KeV)

Hinh 4: Phé EDX clia WS; (a) va 1Cu-WS; (b) dai dién

UV-Vis-DRS

Do hdp thu quang cta cac mau WS, pha tap Cu va
WS, dugc dac trung phé phan xa khuéch tan tir ngoai
kha kién, két qua dugc trinh bay & Hinh 5. Phé UV-vis

ran cho thay & cac mau vat liéu déu cé dai hap thu kéo
dai tir dinh nam trong vung t& ngoai gan, bd hép thu
manh va trai dai sang vung kha kién, trong dé cac mau
pha tap vdi ti 1&é mol Cu 1%, 3% va 5% cho kha nang
hdp thu anh sang tét han so vdi WS, khdng pha ta
Diéu nay chiing té su c6 mat cla nguyén t6 pha tap Cu
da lam tang kha nang hap thu quang cla vat liéu.

1.0

e
w©

Do hip thu (a.u)
o
(2]

0.4

200 300 400 500 600 700 800
Budc séng (nm)
Hinh 5: Ph& UV-Vis trang thai ran clia WS; va xCu-WS;

0.08
3Cu-Ws, WS,
0.06
E 0.04 4
e
b,
0.02 H
0.00 T T T T T T 4 T T T
1.0 1.5 2.0 25 3.0 3.5

Nang lugng photon (eV)
Hinh 6: Nang lugng ving cam clia WS; va xCu-WS; xac
dinh theo ham Kubelka — Munk

Hinh 6 trinh bay nang lugng ving cdm cla céc vat liéu
dugc xac dinh qua phuong trinh Kubelka-Munk [F(R)
hv]?~(ahv)’~(hv - Eg). Nang lugng viing cdm cla cac
vat liéu WS,, 1Cu-WS,, 3Cu-WS: va 5Cu-WS; tinh dugc
lan luct la 1,86; 1,77; 1,82 va 1,84 eV, két qua nay phu
hop vdi tai liéu da cong bé [5]. Cac mau xCu-WS; déu
c6 nang lugng vung cam giam so vai WS, va vdéi nang
lugng vung cdm hep, cac vat liéu WS, pha tap Cu co
khd ndng hdp thu anh sang tét han, uu thé trong xdc
tac quang dudi anh sang kha kién.

Ddnh gid hogt tinh xdc tdc quang

Su suy gidm néng dé RhB trén cac chat xtc tac khac
nhau 1Cu-WS,, 3Cu-WS,, 5Cu-WS, va WS,, duac trinh
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bay & Hinh 7. Két qua thu dugc cho théy cac vat liéu
WS, pha tap Cu, cling nhu WS, déu cé kha nang xdc
tac quang phan hdy tét dung dich RhB va&i  hiéu suat
dat trén 50% sau 6 gig chiéu séng, trong do vat liéu
1Cu-WS; dat cao nhét, hiéu sudt quang xdc tac tuang
Ung trén cac vat lieu WS;, 3Cu-WS,, 5Cu-WS; va 1Cu-
WS, lan luct la 53,16%,; 62,62%,; 71,58% va 95,35%. Mat
khéc, trong 3 gig phan Ung trong t&i, dé gidm ndng dé
RhB do hap phu cling dat cao nhét trén mau 1Cu-WS..
Két qua ching minh su hap phu cd anh hudng manh
trong qua trinh xuc tac quang di thé [19].

25 .
pH= 8.0 | —-—WS2
: —e—1Cu-WS,
2.04
! —a—3Cu-WS,
1 —— SC:U-WS2
1.5 !
I
o I
s) ]
a 1.04 ;
I
I
05 |
| Béng tdi~—
I
1
001 = Chiéu séng

3 2 4 0 1 2 3 4 5 6
Thai gian (gid)
Hinh 7: Su thay d&i néng dé RhB theo thai gian trén
cac vat lieu WS, va xCu-WS; (my = 0,03 g; Vang = 150
mL; Crne = 30 mg/L, den LED 220V-30W)

Trong mét nghién clu tuong tu Huan-Yan Xu va cdng
su [20] d& cho thdy ndng dd metylene blue (MB) hép
phu trén bé mat vat liéu anh hudng manh dén kha
nang xuc tac quang cla g-C:Na. O nodng do thudc
nhuém cao han sé lam gidm cac tdm hoat déng cuia bé
mat g-CsN4 do sy hép phu cla thuéc nhuém nhiéu
hon, can trd su hép thu dnh séng va hinh thanh céac géc
ty do hoat déng (¢OH va +Oy7). Mat khac khi néng dé
hdp phu cla thudc nhudm thdp khd nang xic téc
quang cling kém do su tuang tac gitta cac géc tu do
tao ra bdi chat xtc tac va thudc nhuém hdp phu trén
bé mat vat liéu gidm. Két qua nay cling dudc quan sat
trong moét nghién cltu khac clia Yidan Luo va cong su
[13], v&i mé hinh déng hoc Evolich ép dung cho thay
khi hap phu tuong déi sé cho két qua xuc tac quang tét
va cac goc tu do phan Ung vdi cac chét hitu co dang
hap phu trén bé mat chat xuc tac hon la phan Ung vdi
chét hitu ca & trong dung dich.

DéE hiéu thém vé mdi quan hé gitta xic tac va hap phuy,
hoat tinh xUc tac quang cla mau 1Cu-WS; dugc déanh
gia qua phan Ung phan hiy dung dich rodamine B
trong khodng pH tur 2 dén 10, két qua dudc trinh bay &
Hinh 8 va Bang 1.

25

1Cu-Ws,

—a—pH=24

2.0

1.5

1.0

ciC

0.5
Béng toi~—
|
|

———=Chiéu sang
|

-3 -2 -1 0 1 2 3 4 5 6
Théi gian (gid)
Hinh 8: Su thay déi ndng do RhB & cac pH khac nhau
theo thai gian trén mau 1Cu-WS; (my = 0,03 g; Vins =
150 mL; Crrg = 30 mg/L, den LED 220V-30W)

0.0+

Bang 1: B chuyén hoa cla RhB sau 6 gid chiéu sang
trén vat liéu 1Cu-WS,

Gia tri pH D6 chuyén hoa RhB (%)
2,4 32,05
4,5 59,06
6,6 62,77
8,0 95,35
10,5 26,28

K&t qua Hinh 8 cho thay vat liéu 1Cu-WS; cho kha nang
xUc t4c tét trong ving pH réng tif 2 dén 10. 3 pH = 8,0
dé gidm nong dé RhB trén vat liéu 1Cu-WS; 16n nhéat
sau 3 gid chay trong bong téi vdi hiéu sudt xic tac
quang dat 95,35% cao nhéat sau 6 gid chiéu sang. Hiéu
suét hép phu sau 3 gid trong t&i gidm déan & cac gia tri
pH thép hon (pH = 2,4; 4,5 va 6,6) hay & gia tri pH cao
hon (pH = 10,5), dan dén hiéu suét xic tac quang giam
khi chiéu sdng & cac gié tri pH tuong Uing. Diéu nay ¢
thé dugc giai thich dua vao su tuong tac gitta dién tich
bé mat clia vat liéu vdi thudc nhudém cation. Hinh 9 cho
thdy pHpze cla vat liéu 1Cu-WS; khéo sat la 2,5. Trong
dung dich nudc, khi pH < pHpe bé mat vat liéu tich
dién duong va vai pH > pHpze bé mat vat liéu tich dién
am. Trong khi do, rhodamine B la thu6c nhuém cation,
trong dung dich nudc phan tach thanh ion clorua (CI)
va cation amoni. O gia tri pH > pHp, bé mat vat liéu
1Cu-WS, mang dién tich am, cé Igi cho su hap phu cla
thuéc nhuém cation lén 1Cu-WS; théng qua tucng tac
tinh dién. Do do, téc do hap phu dugc cai thién khi
thay déi gia tri pH tir 4,5 dén 8,0 do s6 lugng bé mat
tich dién am tang 1én khi tdng gié tri pH & pham vi nay.
Khi gia tri pH cao han 8,0, téc dd hap phu clia WS, doi
véi thuéc nhudm cation gidm khi gia tri pH tang hon
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nfa cé thé gidi thich la do tuong tac cla ion OH" vdi
thuéc nhudm cation manh hon tuong téc tinh dién gitta
vat liéu WS, véi thudc nhudm cation [21]. O gia tri pH =
2,4 < pHpz, b& mat vat liéu 1Cu-WS, mang dién tich
duang, lam gidm su hap phu cla thuéc nhudém cation
lén 1Cu-WS; do tuang tac déy tinh dién tang, lam cho
hiéu suat xdc tac quang thép, chi con 32,03% sau 6 gio
chiéu sang.

12 T T T T T T T T

10

0 ¥ T ¥ T v T v T v T v
0 2 4 6 8 10 12

pH diu
Hinh 9: D6 thi xac dinh pHpe cla vat liéu 1Cu-WS;

Nhu véy, su hdp phu cla cac phan ti thuéc nhuém 1én
bé mat chat xdc tac tao diéu kién thuén Igi cho su phan
hiy ching bang phuong phép xuc tac quang. Do dé,
chiing t6i c6 ly do dé tin rang sy hédp phu la co sG va
tién dé cuia xuc tac quang. Cac nghién clu tucng tu da
dugc khéo st cho cac chét xdc tac quang khac [22,23],
trong khi day la nghién clu dau tién vé mdéi quan hé
gilia xUc tac va hép phu trén ca sd vat liéu WS, pha tap
kim loai Cu.
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Hinh 10: Sa dé ca ché quang xUc tac cla vat liéu 1Cu-
WS vdi dung dich RhB

Ca ché clia qué trinh hiép trg gita xtc tac va hép phu
c6 thé dugc md ta nhu sau (Hinh 10): () dau tién cac
phan tir thuéc nhudém dugc chon loc hdp phu 1én trén
hodc gan bé mat cla chat xic tac quang 1Cu-WSs;
théng qua luc hat tinh dién, dan dén néng do thudc
nhuém cao hon tai cac vung tiép xic nay; (i) sau do
cac phan tr thuéc nhudém bj oxi hda va phan huy tai bé
mat cla xCu-WS; qua phan Ung cta cac géc tu do
hoat dong (+OH va Oy sinh ra do quang xuc tac; (iii)
cudi cung cac san phadm trung gian dugc khuéch tan
vao dung dich tUr bé mat chat xtc tac 1Cu-WS; va cac
phan tir thuéc nhuém tiép tuc dugc hdp phu 1én bé
mat vat liéu dé phan Ung lién tuc. Ba budc trén tién
hanh lap lai theo mét chu trinh cho dén khi cac phan tur
thuéc nhuém dugc phéan hiy thanh nudc va CO..

Két luan

Vat lieu WS, pha tap Cu va WS, da dugc tng hop
thanh céng bang phuong phap nung don gidn trong
dong khi Ar & pha ran. Cac phuang phap phan tich nhu
XRD, IR, SEM, EDX va UV-vis DRS da dugc tién hanh dé
dac trung vat liéu. Cac vat liéu t6ng hop dugc déu cho
khd ndng hdp phu va xtc tac quang tét vdi thudc
nhudém cation RhB & khodng pH réng tur 2,4 dén 10,5,
trong dé vat liéu 1Cu-WS; cho hiéu suét hdp phu cling
nhu xUc tac quang phan hiy RhB cao nhét véi hiéu suét
xUc tac quang dat 95,35% sau 6 gid chiéu sdng. C6 mai
quan hé hiép trg giia hdp phu va xtc tac, trong do,
hép phu tucng déi sé cho két qua xuc tac tét do céc
g6c ty do phan Uing vdi cac chét hitu ca dang hép phu
trén bé mat xUc tac han la phan Ung vdi chat hitu ¢ &
trong long dung dich. Trén ca s& két qua thu dugc, moé
hinh phan Ung xdc tac quang cua 1Cu-WS; vdéi dung
dich thu6c nhuém RhB da dugc thdo luédn dé dua ra
géc nhin ré hon vé méi quan hé gilta hdp phu va xic
tac trong phan Uing xtc tac quang phan hly cac chat 6
nhiém hitu cg trong méi trudng hién nay. Viéc nghién
cltu ham lugng pha tap Cu thdp han sé dudc ching toi
quan tam trong mot cong trinh sau.

LSi cdm an
C4c tac gid cdm an B6 Khoa hoc va Cong nghé da hd

trg kinh phi dé thuc hién céng trinh nay thong qua dé
tai ma s& NDT.52.KR/19.
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