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TONG HQP TO HQP VAT LIEU NANO rGO/V20s CHO UNG DUNG PHANHUY
THUOC NHUOM XANH METHYLEN VA TiM TINH THE DUOI ANH SANG KHA KIEN
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Tém tit: Nghién cieu nay gioi thieu vt lieu 16 hop nano di thé rGO/V ;05 moi voi hinh thdi
c6 thé diéu chinh, dwoc tong hop thong qua viéc kiém sodt nong do tién chdt rGO va NH,V O3 két
hop xi Iy nhiét. Khac voi cac chdt xiic tac quang truyén thong duwa trén V,05 hodc rGO don Ié,
cau truc di thé duoc thiét ké thé hién hoat tinh quang xuc tdc vuot troi dudi anh sang kha kién, véi
hiéu sudt phdn hity dat trén 86% doi véi xanh methylene va 90% doi voi tim tinh thé trong 180
phiit. Phan tich co ché cho thay hiéu vrng hiép dong manh mé giita rGO va V,05 di thic ddy qud
trinh phan tach di¢n tir — 16 trong, han ché si tdi t6 hop va nang cao kha ndng hap thu anh sang.
Nhitng két qua nay chieng minh sw cdi thién ré rét so véi cdc thanh phan riéng lé, dong thoi khang
dinh rGO/V;05 la chat xiic tdc quang hiéu qua, chi phi thap va than thién véi méi truong. Nghién
ctru ciing chi ra rang viée diéu khién hop Iy hinh thdi ciia rGO/V ;05 mé ra huéng di méi cho xir
Iy hiéu quad cac chat 6 nhiém hitu co trong nedc thai.

Tir khoa: 76 hop nano rGO/V>0s, Quang xiic tdac, Anh sang kha kién; Xanh Methylene;
Tim tinh thé.

FACILE SYNTHESIS OF rGO/V205s NANOCOMPOSITE TOWARDS THE
DEGRADATION OF METHYLENE BLUE AND CRYSTAL VIOLET DYES UNDER
VISIBLE LIGHT IRRADIATION

Abstract: This study reports the synthesis and application of rGO/V2035 heterostructured
nanocomposites for wastewater treatment. The material was prepared by adjusting the
concentrations of rGO and NH4V O3 to control the morphology, followed by thermal treatment to
optimize photocatalytic activity. The rGO/V205 heterostructure exhibited remarkable
performance, achieving over 86% degradation of methylene blue and 90% degradation of crystal
violet within 180 min under visible-light irradiation. The photocatalytic mechanism was
elucidated, highlighting the synergistic role of rGO and V205 in enhancing charge separation
and light utilization. These findings demonstrate that rGO/V205 is a promising, cost-effective,
and environmentally friendly photocatalyst, offering an efficient strategy for the degradation of
organic pollutants in wastewater.

Keywords: rGO/V>0s nanocomposites; Visible light; Photocatalysis; Methylene blue;
Crystal Violet.

Giéi thi¢u
Quaé trinh cong nghiép hoa nhanh chong cung véi cac hoat dong cia con nguoi la nhiing
nguyén nhan chinh gay ra tinh trang 6 nhiém méi truong, dac biét 1a 6 nhi€ém ngudn nude do chat
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thai cong nghiép va hoa chit lam anh huéng nghiém trong dén strc khoe ciing nhu doi séng hing
ngdy ciia con ngudi [1]. Cac phuong phép xir 1y nude thai truyén théng nhu phuong phép co hoc,
hoa 1y, sinh hoc ... thuong khong thé loai bé hoan toan duoc cac hop chét phiic tap dan dén nhidu
chat 6 nhiém khé phan hity sinh hoc van tn tai, lam phat sinh nhu cau xir Iy bd sung véi chi phi cao.
Trudc thyc trang ndy, viéc phat trién cac k¥ thuat mai 1a diéu hét sirc can thiét. Cac phuong phap tai
tao, than thién vdi moi truong nhim loai bo cc chit doc hai von 1a nhitng tac nhan chinh gay 6
nhiém nudc trong nhiéu nganh coéng nghiép nhu: thuéc nhudém azo, phenothiazin va
triphenylmethan... dang dugc tap trung nghién ciru [2]. Trong do, cac qua trinh oxy hoa néng cao,
dic biét 1a quang xuc tac, dang duoc ung dung dé loai bod cac chit 6 nhiém hiru co trong nudc thai
mau, dién hinh nhu rhodamin B, monoazo, diazo va xanh methylen (MB) [3]. Phuong phap nay
dugc ua chudng nho hiéu qua cao, kha nang tai sir dung, khong tao ra & nhiém thir cap, chi phi hop
Iy va tinh than thién v6i méi truong. Bén canh do, sy phat trién ciia cac chat quang xtic tac cau trac
nano hiéu qua di thu hut sy quan tim dang ké cua gii nghién ciru trong nhimg nam gan day. Cac
chét xtic tic quang & kich thude nano nhu g-C3N4, PANI, rGO, ZnO, TiO2 va V205, ciing nhu to
hop cta ching véi cac vat liéu khac da dugce chung minh c6 hi€u qua trong cac qua trinh quang xtic
tac [4]. Trong d6, V205 — mot loai oxide kim loai ban dan duoc quan tdm chu ¥ nho ¢6 ving cAm
phu hop va cac dac tinh hoa hoc dac biét cung véi cAu truc 16p va ty 1€ dién tich bé mit 1on tao diéu
kién thuan lgi cho cac phan tng quang xuc tac [5, 6].

Trong cac tmg dung thuc tién, graphen oxide dang khir (rGO - Reduced graphene oxide)
dugc sir dung dé dan truyén electron kich thich va hap phy thuéc nhuém nhd dién tich bé mat 16n
va cac nhom chirc chira OXy [7, 8]. Khi két hop voi V205, chu tric di thé oxide kim loai
(rGO/V205) thé hién wu thé trong viéc tach va van chuyén cac hat tai quang sinh, tir d6 nang cao
hoat tinh quang xtc tac. Cau truc di thé dic trung hinh thanh giita rGO va V205 di dugc ching
minh c6 kha nang cai thién hiéu sudt quang xuc tac trong phan huy MB dudi sy chiéu sang kha
kién [1]. Ngoai ra, to hop vat liéu nano rGO/V205 téng hop bang phuong phap thuy nhiét don
glan ciing cho thay kha niang quang phan hay MB manh mé, nng cao hiéu sudt xir Iy nudc chua
thudc nhudm MB thong qua viéc giam ning lwong ving cdm, han ché sy tai hop ctia cac hat mang
dién tich va gia tang mat d6 dong dién [9].

Trong nghién ctru nay, vét liéu rGO dugce tong hop bang phuong phap Hummer cai tién, cac
thanh nano V205 dugc ché tao bang quy trinh thity nhiét. Thong qua viéc diéu chinh nong do cua
rGO va ammonium metavanadat (NH4VO3), hinh thai ctia t6 hop nano rGO/V205 di duoc kiém
soat hiéu qua. Pac biét, sau khi xt 1y nhiét ¢ 300 °C trong 1 gid trong khong khi, cac vat liéu thu
dugc thé hién hiéu suat quang xiic tac vurot troi, voi kha nang phan huy MB dat trén 86% va tim tinh
thé (CV) trén 90% trong vong 180 phit dudi anh sang kha kién. Két qua nay cho thiy ring thiét ké
di thé véi hinh thai dugc diéu khién c6 vai trd quan trong trong vi€c cai thlen hoat tinh quang xtic
tac. Piém moi ctia nghién ciru ndy 1a ki thuat didu chinh hinh thai va cu trac di thé rGO/V205
nhim t6i wu héa hiéu qua quang phén hity céc hop chit hitu co, qua d6 mé ra mot hudng tiép can
tiém ning cho phat trién vat lidu quang xuc tac hoat dong dudi 4nh sang kha kién. Ngoai ra, nghién
clru nay con sir dung ngudn sang dén huynh quang compact thay thé cho cac ngudn sang pho lién
tuc nhu halogen, xenon hodc UV, gitp giam dang ké mirc tiéu thu ning luong trong khi van duy tri
hiéu suit quang phan hiy cao d6i v6i cac chat mau CV va MB. Két qua thu duoc cho thdy vat liéu
c6 thé hoat dong hiéu qua dudi diéu kién chiéu sang théng thudng, hira hen ing dung thuc & trong
cac hé thdng xtr 1y 6 nhidm than thién va tiét kiém nang luong.

Thuc nghiém

Héa chit: Bot graphite tinh khiét (kich thudc hat khoang 50 pm) dugc cung cip bai Merck.
NaNO;3 (84,99%), H,SO,4 (98%), KMnO, (99,5%), H,O, (30%), acid L-ascorbic (C¢HgOs,
99,7%), NH, VO3, 99,99%, acid oxalic (C2H204) va ethanol (CH3CH20H 99,8%) dugc mua tur
Xllong Chemical Co., Ltd. T4t ca cac hoa chat déu c6 d6 tinh khiét phan tich va dugc sir dung truc
t1ep ma khong qua tinh ché thém. Nuéc khir ion dugc sur dung trong toan bd thi nghiém.
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Quy trinh tong hop to hgp nano rGO/ V20s

Graphene oxide (GO) duoc tong hop tir graphite ty nhién bang phwong phap Hummers céi
tién, theo quy trinh da dugc chung t6i thuc hién trong cac nghién cuu trude day [10]. TH hop nano
rGO/V205 duge tong hop bang phuong phap thity nhiét véi quy trinh cu thé nhu sau: 5 mmol
NH,VO3 dugc hoa tan trong 100 ml nude khir ion chira 0,032 gam GO. Dung dich duge khuéy tr
va gia nhiét & 75°C trong 30 phut. Sau dé, 2,5 mmol C,H,0, duoc thém vao hdn hop va tiép tuc
khudy trong 15 phat. Tiép theo, dung dich HNO; dic duoc nho giot tir tir dé diéu chinh pH cta
dung dich dén gia tri bang 3,0. Hon hop sau d6 dugc chuyén vao binh thuy nhiét (100 ml) va tién
hanh xtr 1y thity nhiét & 120°C trong 24 gid. Sau khi 1am nguéi dén nhiét d6 phong, phan két tia &
day duoc thu hdi bang ly tim va rira nhiéu 1an véi nude khir ion, cudi cling rira bang con va ly tim
& tdc dd 5800 vong/phut. San pham bot mau xanh den thu duge dugce sdy trong ti say & 60°C trong
24 gi0, sau d6 nung & 300°C trong 1 gio trong khong khi.

NH,VOs; C,H,0,; GO; H,0
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U nhiét
Khudy tie | @ 120°C/24h
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@ 300°C/1h

@ 75°C/30 phiit

To hop nano rGO/V,0,

Hinh 1. So dd tong hop thily nhiét té hop vat liéu nano rGO/V20s

Hinh thai, cAu tric va thanh phﬁn cua vat liéu da téng hop dugc duoc phan tich béng kinh
hién vi dién tir quét phat xa truong (FESEM, JEOL 7600F) va nhidu xa tia X bot vdi ngudn buc
xa Cu-Ko (A = 0,15406 nm) (XRD Advance D8, Bruker). Ban chét lién két trong vat liéu dugc
phan tich bang phd Raman thu dugc tir hé Renishaw Invia Microfocal Raman. Phé hép thy quang
hoc (UV-Vis) dugc khao sat bing may quang phd tir ngoai—kha kién (PG-T90, UK), phd FTIR
duoc do trén may FTIR Nexus 670-Nicole.

Khado sat kha ning quang xuc tac phian hiy dung dich MB va CV cua rGO/V20s

Hoat tinh quang xtc tac phan huy thudc nhuém MB va CV cia t6 hop vat liéu nano
rGO/V205 dugce thue hién tai diéu kién nhiét do phong (khoang 280C). Cu thé nhu sau: 100 ml
MB hoic CV ¢6 ndng d6 20 mg/l duge tron véi 20 mg chit xic tac trong cdc thity tinh 250 mL,
hdn hop duoc khudy trong bong téi bang khudy tir trong vong 1 gior dé dat dugce can bang hap phu
giita vat liéu va dung dich chit mau. Sau do, hdn hop duoc chiéu sang bang dén huynh quang
(220V, 105W) trong budng kin. Cit sau mdi 30 phut, khoang 7 ml dung dich duogc 13y ra va ly tim
& 5800 vong/phut trong 30 phut dé loai bo chit xtic tac. Dung dich thu dwoc dugc phan tich bang
quang ph6 UV-Vis tai budc song Amax = 664 nm (MB) va 590 nm (CV) dé xéac dinh ndng do.

Két qua va thao luin

Hinh 2a mo ta hinh thai cta vat liéu t6 hop nano rGO/V205, ¢ thé quan sat thay cac thanh
nano V205 tach roi hodc lién két voi nhau trong giéng nhu san hd dan xen véi cac tim mong rGO.
Do ham lugng rGO thap nén sy hién dién ciia rGO trén anh 1a khong dang ké, khién mau chu yéu
xuat hién dudi dang cac ciu tric cuia V205. Hinh 2b 1a anh SEM do phan giai cao, cho thiy cac
thanh nano c6 duong kinh trung binh khoang duéi 50 nm. Céc thanh V2035 hau nhu tach roi nhau,
it c6 su két ty lai thanh dam 16n dong thoi ching dugc sip xép ngéu nhién va dinh hudng khac
nhau trong khong gian, diéu nay gop phan ting cudng dién tich bé mat va ting cudng dién tich
tiép xuc chat xic tic — chit mau, tir d6 nang cao hiéu qua cta qua trinh quang xuc tac.
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Hinh 2. Anh SEM ciia t6 hop vit liéu nano rGO/V20s sau xir Iy nhiét:
(a) A0 phong dai thap, (b) dd phéng dai cao

Trong qua trinh thuy nhiét, cdc nano dang thanh V205 dugc hinh thanh nho sy phan ly ciua
NH4VOj; thanh cac ion NHs" va VO3 trong dung dich nudc khir ion (Phuong trinh 1). Viée diéu
chinh pH xuéng 3 bﬁng HNO; dam dac lam tang néng d6 H*, tao diéu kién thuan loi cho sy hinh
thanh V705 tir VO3~ (Phuong trinh 2).

NH,VO, <> NH, +VO, 1)
2VO, +H, <> V,0,+H,0 2)

Gian dd nhidu xa tia X (XRD) ciia mau bot t6 hop vt liéu nano rGO/V20s va V20s tinh
khiét dugc té)ng hop ¢ 120°C va sau d6 1 ¢ 300°C duoc thé hién trong Hinh 3. Céc dinh nhiéu xa
quan sat dugc dic trung cho céu trac tinh thé truc thoi cia V205 (thé JCPDS sb 89-0612) [11, 12].
Kich thudc hat trung binh, dugc tinh toan bﬁng phuong trinh Scherrer dua trén mat nhiéu xa (110)
c6 cuong do manh nhét, 1an luot 1a khoang 12,5 nm ddi v6i mau t6 hop vét liéu nano va 6,7 nm
d6i vi mau V20s tinh khiét. Trong gian d6 XRD khong quan sat thdy cac dinh nhidu xa riéng biét
ctia rGO diéu nay c6 thé 1a do ham lugng nhé rGO trong mau.

—1rGON,0, (a)

V,0 Pha tryrc thoi
(JCPDS No. 89-0612)

(001)

Hinh 3. Gién d nhiéu xa tia X (XRD) ciia
: : : vét li¢u to hop vat liéu nano rGO/V20s (a)
— V0 ®) va V205 tinh khiét (b).

V,0; Pha truc thoi
(JCPDS No. 39-0612)

Cuémg d6 (DVID)

10 20 zﬁlltheta (460@) 50 60

Hinh 4 12 phd Raman ciia rGO, V205 tinh khiét va t6 hop vat liéu nano rGO/V205. Trong ci
hai mu vat liéu cac dinh dic trung tai 142, 196, 283, 400, 479, 526, 689 va 994 cm™! xac nhén su tdn
tai ciia pha truc thoi o- V205. Cac dao dong nay phu hop véi cac bao céo trong tai liéu va dugce gan
cho dic trung cua pha truc thoi a-V2035, nhu vay viéc bd sung rGO khéng lam thay dbi pha hay céu
tric mang ctia V205. Cuy thé, dinh tai 142 cm™ dic trung cho ciu triic 16p cta V205, trong khi dinh
tai 196 cm™ lién quan dén dao dong uén cong cuia lién két O—V—O. Cac dinh tai 283 va 400 cm™ biéu

Tap chi
=HHOA,
H (a TRUGNG DAI HOC HOA LU o1



thi mode dao dong Ag ciia lién két V=0. Cac dich chuyén tai 479 va 526 cm™ lan luot tuong Gng véi
mode dao dong Ag (V-03-V) va v(d3), phan 4nh cac don vi cdu tric ciia mang tinh thé. Cac dinh gin
526 va 689 cm™ dugc gan cho mode phonon V3=0. Dic biét, dinh 1 nét tai 994 cm™ khéng dinh
chat luong két tinh cao ctia cac thanh nano V205. Trong phd Raman cta rGO va t6 hop vt liéu nano
rGO/V205, cac dai ddc trung D (1329 cm™) va G (1585 cm 1) cta vat liéu rGO déu dugc quan sét rd
rang [13]. Nhu vdy thong qua phd Raman c6 thé xac nhan su ton tai dong thoi vat liéu rGO va vt liu
V205 trong t6 hop vt lidu tao thanh.
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Hinh 4. Phé Raman ciia rGO, V20s tinh khiét va té hop vit liéu nano rGO/V:20s.

Hinh 5 13 phd FTIR ciia V205 tinh khiét va t6 hop vat lidu nano rGO/V205 dugce do trong
dai s6 song 450 — 4000 cm™. Pinh xuét hién tai khoang 630 cm™, dugc quy cho dao dong kéo
gidn cua lién két V-O-V, trong khi dai ké tiép tai khoang 760 cm™ twong tmg véi dao dong kéo
dan d6i xtng cua lién két V-O—V. Céc dinh hap thu trong khoang 912 — 1043 cm™ lién quan dén
trang thai kéo gian cua lién két V=0, con dinh tai 3125 cm™ gin voi dao dong kéo gidn cia lién
két —OH. Dai hip thu rong ¢ 3443 cm™ dugc gan cho nhom hydroxyl cia vanadi, trong khi dao
d6ng udn ciia H20 xuit hién trong khoang 1399 — 1618 cm™. Cac dic trung nhu lién két V=0, —
OH va C=C trong phd FTIR ctia rGO/V205 cho thdy sy ton tai ctia cac lién két bén vimg gitra cac
thanh nano V205 va cac 16p rGO [14].

—V,05
rGO/V,0;

bo truyén qua (%)
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Hinh 5. Phd FTIR ciia V20s tinh khiét da @ nhiét va td hop vét liéu nano rGO/V20s.

Hinh 6 mo ta phé hép thu UV-Vis ctia thanh nano V20s va to hop vét li€u nano rGO/ V20s,
trong d6 ca hai mau déu thé hién mot dinh hap thy chung tai khoang 410 nm. Khi so sanh pho hap
thu ctia day nano V,Os tinh khiét v6i mau t6 hop, c6 thé nhan théy su dich chuyén 13 rét vé phia
budc song dai hon, phan anh sy thay doi trong nang lugng ving cam (Eg) cua vat liéu. Trén phé
UV — Vis c6 thé quan sat thay cuong do hép thu cua t& hop vat liéu nano rGO/V20s ¢6 su khac
biét nhe so voi mau V,0s tinh khiét. Nang luong ving cim (Eg) ctia cAc mau vat liéu duoc tinh
todn dya trén phuong trinh Tauc [15]:

(ahv)%

Egzhv— .

€)

Trong do, Eg la nang lugng ving cam, hv 13 ning luong photon t6i, a la hé ) hép thu va C
1a hang s6 phu thudc nang luong. Gia tri Eg duge xac dinh bang cach ngoai suy phan tuyén tinh
ctia dudng cong. Cu thé, gia tri Eg ciia ddy nano V20s tinh khiét va t6 hop vat liéu nano rGO/V20s
lan luot 13 2,05 eV va 1,90 eV. Nang luong ving cAm cua V20s giam khi t6 hop véi rGO duoc
cho 1a do sy xut hién cua cac khuyet tat trong vat li€u td hop dan dén su gia ting mat do va do
linh dong ctia cac hat mang dién khién bién ving dan va ving hoa tri cia V2Os tién gin nhau hon.
Gia tri nang luong viing cam nay nay hoan toan phu hop véi cac nghién ctru da cong bd trude day
[9]. Su thay dbi trong gia tri ving cam sau khi t6 hop vdi rGO cho thdy kha ning hap thu quang
cua vét liéu nano rGO/V20s vugt trdi hon, dat hi€u quéa phan hiay chit mau MB cao hon so véi
V205 tinh khiét [16].

o~
o)
e
3
=- 1] llﬁ
ﬁ hv (eV)
f=9
e
=
=1}
==
—V,0,
rGO/V,0,
200 300 400 500 600 700 800

Buworc song (nm.)
Hinh 6. Ph6 hip thu UV-Vis ciia thanh nano V20s va té hop vit liéu nano rGO/V:0s.

Qua trinh phan hay quang xuc tac dung dich MB va CV (ndng d6 20 mg/l) dugc tién hanh

v&i thanh nano V205 va to hop vét liéu nano rGO/V205 (0,02 g) lam chét xuc tac dudi chiéu xa
dén huynh quang Compact (220V, 120W) (Hinh 7 va Hinh 8). O hinh 7a, cuong d6 phd hap thu
ctia dung dich MB giam dan khi ting thoi gian chiéu sang cho thiy t6 hop vat liéu nano rGO/V205
thé hién hoat tinh quang xuc tac vuot trdi so voi thanh nano V205 tinh khiét nhd ciu tric va dic
tinh dién tir dugc cai thién. Sy két hop nay gitp ting toc do truyén dién tir, giam tai t6 hop dién tir
~16 trong, tr o phan huy hiéu qua. Ngoai ra, sy 6 mat cua rGO keo dai thoi gian song cua cép
dién tir — 15 tréng quang sinh, gop phan tang hiéu suit xuc tac. Két qua 1a sau 180 phit, t6 hop vat
lidu nano rGO/V205 dat hiéu suat - phan huy MB la 86%, cao hon so v61 V205 tinh khiét (74%)
(Hinh 7c). D6 thi dong hoc bac nhat (Hinh 7d) cho thay hang sO toc d6 phan tmg udc tinh khoang
0,0068 phit™* dbi vai mau V205 tinh khiét va 0,01 phut™ déi véi to hop vat liéu nano rGO/V205.
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Hinh 7. (a, b) Phd hflp thy caa dung

dich MB; (c) hoat tinh quang xuc tac; (d) dd thi C/Co
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Hiéu suit phan huy dung dich CV v&i thanh nano V205 va té hop vit liéu nano rGO/V205
dugc trinh bay ¢ Hinh 8(a-b). Sau 180 phut chiéu sang, t6 hop vat liéu nano rGO/ V205 dat hiéu
suat phan hiy 90%, vuot tréi hon so voi 75% cuia thanh nano V205 tinh khiét (Hinh 8c). Téc do
phan tmg phan hay CV dugc xac dinh lan lwot 12 0,0137 phut™ va 0,0058 phat™' (Hinh 8d).

Bang 1 so sanh hoat tinh quang xuc tac trong phan huy dung dich MB va CV cua té hop
nano rGO/V205 téng hop trong nghién ctru ndy vdi cac vat liéu khac. Két qua cho thdy, v6i ndng
d6 chat xuc tac thap hon (2 mg/100 ml) nhung ndng do chat mau cao hon (20 mg/l) so véi cac
cong bd khac, mau nghién ciru van dat hi¢u suat phan hity cao hon. Didu nay duoc giai thich boi
dién tich bé mat riéng lon cua cau triic V205 va 1GO, cung hiu tng hiép ddng giita hai thanh
phan gitp han ché su tai td hop cip dién tir — 15 tréng trong qua trinh quang xuc tac.

Béng 1. So sanh dic tinh xtc tac quang phan hity MB va CV cua cac vt liéu khac nhau

Chét Phugng Chét mau/ Ham H1§u - Thol Tai liéu
STT ‘e th phap Néne dé lugng suat Ngubn sang gian tham
Xuetae  8ng hop £C90 xuctac (%) (phat)  khao

beén Halogen

Phanhity MB 500

I CeOVi0s  hist 3x10° M mg

64,2 (7748XHP 250 W, 210 [17]
Philips, 532 nm)

., MB < . o
2 rGO-V20s5 Viséng 9.2 mg/l 50mg 80 Anhsangmattroi 90 [18]
. Thuy MB beén Xenon
3 NiV20¢ nhiét 20 mg/l - 80 (500 W) 150 [19]
VO2-A/g-  Thuy CvV .
4 CaN; nhiét 10 mg/l - 78,3 ben UV 120 [20]
Thuy Cv { . <
5 Co304 nhiét 10 ppm 1,0g/l 64 Anhsang mat troi 45 [21]
GarZr Ccv beén Halogen
6 v; 02* Héauét 20mg/l 1,0gl 83,6 (OSRAM, 82 300 [22]
x W7 Im.W~', 20000 1m)
Thuy MB Den huynh quang -
7 1GO/V70s5 nhiét 20 mg/l 20mg 86 (220V, 105W) 180  Bai bao
8 1GON,0s Iy CV g e 9o Denhuynhquang e, gl

nhiét 20 mg/l (220V, 105W)

T6 hop vat liéu nano rGO/V»0Os thic day hoat tinh quang xtic tic bang cach hap thy anh
sang kha kién dé tao ra cap dién tir (¢7) — 13 trong (h+) (Phuong trinh 4). Cac 16 tréng & ving hoa
tri (VB - Valence band) phan mg v6i nude tao goc hydroxyl (*OH) (Phuong trinh 5), trong khi
electron ¢ vung dan (CB - Conduction band) phan trng v6i oxy tao goc superoxide (+O27) (Phuong
trinh 6). Cac gdc tu do nay tiép tuc 6 xy hoa va khoang hoa cac phan tir hitu co nhu MB/CV thanh
CO2, H2O va céc san phadm phan hity khac & ndng d6 thap (Phuong trinh 7). Co ché ciia qua trinh
quang xUc tic nay bao gdm ba giai doan: hip phu thudc nhuém 1én bé mat chat xuc tac, khuéch
tan vao cac mao quan va phan ung tai cac vi tri hoat dong (hinh 9). Pac biét, su du thura géc
hydroxyl (*OH) tir phan tng giita 16 trong ving hoa tri va ion hydroxyl cang lam tang hiéu suit
xuc tac quang [9].

rGO/V,0s + hv — 1GO/V20s + (hiy +eg,) (4)
tGO/V0s (hy, ) + OH™ — rGO/V20s + *OH (5)
rGO/V:0s (egy ) + 02— 1GO/V20s + *05 (6)
MB + «OH + *O;~ — CO2 + H20 +sdn phdm phén hity. (7)
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C Chit mau
02_'_
Khir CO, + H,0

O,  + Sin pham phén hiy

hv i
i VzOs rGO

CO, + H,0 + San pham phéin hiy

Chit mau
Hinh 9. Co ché quang xtc tic phin hitly chiat mau ciia td hop vit liéu nano rGO/V20s.

Két luan

Nghién ciru nay di chimg minh tiém ning ndi bét trong viéc phan hity ca hai loai thudc
nhuém MB va CV dudi chiéu xa anh sang kha kién cua t6 hop nano rGO/V205 tong hop bang
phuong phap thuy nhiét. Thong qua viéc diéu chinh cé kiém soat nong do tién chat rGO va
NH4VO3, hinh thai ciu tric di thé dwoc tdi wu, tir d6 mang lai hoat tinh quang xuc tic vuot troi
s0 v6i thanh nano V205 tinh khiét, voi higu suat phan huy dat trén 86% dbi véi MB va 90% dbi
v6i CV sau 180 phut chiéu sang. Hiéu sut cai thién nay bat ngudn tir nhiing dac tinh cdu tric va
dién ttr vu viét cua di thé rGO/V205, gip tang cuong qua trinh phan tach va truyén dién tich dong
thoi han ché tai to hop cap dién tur — 16 tréng. Co ché quang xuc tac dugc giai thich boi sy hinh
thanh cac cdp dién ti—15 tréng dudi anh sang kha kién, tiép d6 6 xy hoa va khoang hoa cac phan
tir thude nhudm hiru co thanh cac san pham than thién moi trudng nhu CO2 va H20. Nhiing két
qua nay khang dinh tiém nang tng dung ctia rGO/V205 nhu mot chit xtc tic quang hiéu qua, chi
phi hop 1y va bén viing cho xtr Iy nude thai cong nghiép.
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