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Tap chi

LOI NOI PAU

Tap chi khoa hoc Truong Pai hoc Hoa Lu la co quan ngon lugn chinh
thire ciia Truong Pai hoc Hoa L, ¢6 md so chudn quoc té ISSN 2615 - 9538,
hoat dgng theo Gidy phép sé 07/GP-BTTTT ngay 07/01/2023 ciia B¢ Théng tin va
Truyén thong.

La tap chi da nganh, da linh viec voi muc dich phan anh hoat dong gido
duc dao tao, céng bo cdc két qua nghién civu vé Khoa hoc tir nhién, Ky thudt va
Cong ngh¢, Nong nghiép, Khoa hoc xa hgi, nhan van va gido duc cua cdc nha
khoa hoc, can bo, giang vién, nguoi hoc trong va ngodi tm’ong, tuyén truyen pho
bién cdac chii trirong dieong 16i, chinh sdch ciia Pang va Nha nuée vé cong tic
gido dyc va ddo tao, gidi thiéu, trao doi cdc ket qua nghién ciru ing dung, thanh
tuu khoa hoc va cong nghé trong niede va quoc té.

Hoi dong bién tap Tap chi khoa hoc Truong Pai hoc Hoa Lw da nhdn duoc
sw quan tam cua cdc tac gid lrong va ngodi trirong giti bai vé tap chi. Chiing téi
xin chdn thanh cam on cdc tac gia, cac nha khoa hoc, nha nghién cvu da tich cuc
tham gia dong gop cho sw phat trién ciia Tap chi va mong muon tiép tuc nhdn
duwoc sie hop tdc, iing hg va nhing y kién déng gop quy bau ciia Quy vi dé Tap
chi Khoa hoc Trwong Pai hoc Hoa L ¢6 chat wong ngay cang cao hon.

Trin trong gidi thigu dén quy ban doc Tap chi khoa hoc sé 06!
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TONG HQP TO HQP VAT LIEU NANO rGO/V205 CHO UNG DUNG PHAN HUY
THUOC NHUQM XANH METHYLEN VA TiM TINH THE DUOI ANH SANG KHA KIEN

V& Thi Lan Phwong'*, Pd Quang Pat?, Nguyén Thi Lan Phwong?, Lai Vin Duy*

Ngay nhén bai: 01/10/2025 Ngay chap nhan ding: 22/12/2025

Tém tit: Nghién czm nay gici thiéu vt liéu 16 hop nano di thé rGO/ V205 moi voi hinh thdi
c6 thé diéu chinh, dwoc tong hop thong qua viéc kiém sodat nong de tién chdt rGO va NH VO3 két
hop xut Iy nhiét. Khac voi cac chdt xiic tdc quang truyén thong dwa trén V,0s hodc rGO don Ié,
cau truc di thé duoc thiét ké thé hién hoat tinh quang xuc tac vuot trgi dudi anh sang kha kién, véi
hiéu sudt phdan hiy dat trén 86% doi véi xanh methylene va 90% doi véi tim tinh thé trong 180
phiit. Phan tich co ché cho thay hiéu g hiép dong manh mé giita rGO va V,05 da thic day qua
trinh phdn tach dién tir — 16 trong, han ché sw tdi 16 hop va nang cao kha nang hap thu dnh sang.
Nhitng két qud nay chu"ng minh si cdi thién ré rét so véi cdc thanh phan riéng 1é, dong thoi khang
dinh rGO/V,05 la chat xiic tac quang hiéu qua, chi phi thdp va than thién véi méi truong. Nghién
civu ciing chi ra rang viéc diéu khién hop Iy hinh théi ciia rGO/V ;05 mé ra hiedng di méi cho xir
Iy hiéu qua cdc chdt 6 nhiém hitu co trong nwéc thdi.

Tir khéa: 76 hop nano rGO/V20s; Quang xuc tac; 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 NH4VO3 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/V20S5 is a promising, cost-effective,
and environmentally friendly photocatalyst, offering an efficient strategy for the degradation of
organic pollutants in wastewater.

Keywords: rGO/V:0s5 nanocomposites, Visible light; Photocatalysis; Methylene blue;
Crystal Violet.

Gioi thi¢u
Qua trinh cong nghi¢p hoa nhanh chéng cung véi cac hoat dong cua con nguoi 1a nhiing
nguyén nhan chinh gay ra tinh trang 6 nhiém moi truong, dac bi¢t la 6 nhiem nguon nudc do chat

' Khoa Su pham Trung hoc, Trudng Pai hoc Hoa Lw, Email: vtlphuong@hluv.edu.vn
2 Phong Hanh chinh - Quan tri, Trudng Pai hoc Hoa Lu

3 Truong phé théng thyc hanh su pham Trang An

4Vién Han 1am Khoa hoc va Cong nghé Viét Nam
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thai cong nghiép va hoa chat 1am anh hudng nghiém trong dén sirc khoe ciing nhu doi séng hang
ngdy ctia con ngudi [1]. Cac phuong phéap xtr Iy nude thai truyén thdng nhu phuong phép co hoc,
hoa 1y, sinh hoc ... thudng khong thé loai bo hoan toan dugc cac hop chit phirc tap dan dén nhiéu
chit 6 nhidm khé phén huy sinh hoc van ton tai, 1am phat sinh nhu cau xtr Iy bo sung véi chi phi cao.
Trudc thyc trang nay, viéc phat trién cac k¥ thuat méi 1a diéu hét sirc can thiét. Cac phuong phap tai
tao, than thién véi moi truong nhiam loai bé cac chat doc hai vén la nhiing tac nhéan chinh gay 6
nhiém nuéc trong nhiéu nganh coéng nghiép nhu: thudc nhuom azo, phenothiazin va
triphenylmethan. .. dang dugc tap trung nghién ctru [2]. Trong do, cac qua trinh oxy hoa nang cao,
dic biét 1a quang xtc tac, dang duoc ing dung dé loai bo cac chat 6 nhiém hitu co trong nudc thai
mau, dién hinh nhu rhodamin B, monoazo, diazo va xanh methylen (MB) [3]. Phuong phap nay
dugc ua chuong nho hiéu qua cao, kha nang tai s dung, khong tao ra 6 nhiém thir cap, chi phi hop
1y va tinh than thién v6i méi truong. Bén canh do, su phat trién ctia cac chat quang xuc tac cau trac
nano hiéu qua da thu hut sy quan tim déng ké cua gi6i nghién ctru trong nhitng nam gan day. Cac
chét xuc tac quang & kich thudc nano nhu g-C3N4, PANI, rGO, ZnO, TiO2 va V205, cling nhu to
hop cua chung vaéi cac vat liéu khac da duoc ching minh c6 hi€u qua trong cac qua trinh quang xtc
tac [4]. Trong d6, V205 — mdt loai oxide kim loai ban dan duoc quan tdm chi y nhd ¢ ving cAm
phi hop va cac dic tinh hoa hoc dic biét ciing v6i ciu triac 16p va ty 1¢ dién tich bé mat 16n tao didu
kién thuan 19i cho cac phan trng quang xtc tac [5, 6].

Trong cac Umg dung thuc tién, graphen oxide dang khir (rGO - Reduced graphene oxide)
duogc st dung dé dan truyén electron kich thich va hap phu thuc nhuém nho dién tich bé mit 16n
va cac nhom chuc chua oxy [7, 8]. Khi két hop vai V205, cdu tric di thé oxide kim loai
(rGO/V205) thé hién uu thé trong viéc tach va van chuyén cac hat tai quang sinh, tir 46 nang cao
hoat tinh quang xuc tac. Cau tric di thé dac trung hinh thanh gitra rGO va V205 di dugc ching
minh c6 kha nang cai thién hiu sudt quang xiic tic trong phan huy MB duéi sy chiéu sang kha
kién [1]. Ngoai ra, to hop vt liéu nano rGO/V205 tong hop bang phuong phap thiy nhiét don
gian ciing cho thay kha ning quang phan hity MB manh mé&, nang cao hiéu suat xir Iy nuéc chira
thuéc nhuém MB thong qua viéc giam ning lugng ving cém, han ché sy tai hop cta cac hat mang
dién tich va gia tang mat d6 dong dién [9].

Trong nghién ctru nay, vt liéu rGO dugce téng hop bang phuong phap Hummer cai tién, cac
thanh nano V2035 duoc ché tao bang quy trinh thily nhiét. Thoéng qua viée diéu chinh ndng do cua
rGO va ammonium metavanadat (NH4VO3), hinh thai ctia to hop nano rGO/V205 di duoc kiém
soat hiéu qua. Pac biét, sau khi xt ly nhiét & 300 °C trong 1 gio trong khong khi, cac vat liéu thu
duogc thé hién hiéu suit quang xuc tac vuot trdi, vai kha nang phan hity MB dat trén 86% va tim tinh
thé (CV) trén 90% trong vong 180 phat dudi anh sang kha kién. Két qua nay cho thiy rang thiét ké
dj thé vé6i hinh thai duoc diéu khién c6 vai tro quan trong trong viéc cai thién hoat tinh quang xuc
tac. Piém mdi ciia nghién ctru nay 1a k¥ thuat diéu chinh hinh thai va céu tric di thé rGO/V205
nhim t6i wru hoa hiéu qua quang phan hiy cac hop chit hitu co, qua d6 mod ra mot hudng tiép can
tiém nang cho phat trién vat liéu quang xuc tac hoat dong dudi anh sang kha kién. Ngoai ra, nghién
ctru nay con st dung ngudn sang dén huynh quang compact thay thé cho cac nguén sang pho lién
tuc nhu halogen, xenon hodc UV, gitip giam dang ké muc tiéu thy ning luong trong khi van duy tri
hiéu sudt quang phan hily cao ddi véi cac chat mau CV va MB. Két qua thu dugc cho thdy vat lidu
c6 thé hoat dong hiéu qua dudi didu kién chiéu sang thong thudng, hira hen ting dung thuc té trong
cac hé thong xir Iy 6 nhiém than thién va tiét kiém nang luong.

Thuc nghiém

Héa chat: Bot graphite tinh khiét (kich thudc hat khoang 50 um) duoc cung cap boi Merck.
NaNO;3; (84,99%), H2SO4 (98%), KMnO, (99,5%), H20, (30%), acid L-ascorbic (CgHgOs,
99,7%), NH,VOs3, 99,99%, acid oxalic (C,H,0,) va ethanol (CH3CH,OH, 99,8%) dugc mua tir
Xilong Chemical Co., Ltd. TAt ca cac hoa chit déu co do tinh khiét phan tich va dugc st dung truc
tiép ma khong qua tinh ché thém. Nudc khir ion duogc sir dung trong toan bd thi nghiém.

Tap chi
=HOA)
HL (.r TRUGNG DAIHOC HOA LU

100



Quy trinh tong hop té hop nano rGO/ V20s

Graphene oxide (GO) duoc tong hop tir graphite ty nhién bang phuong phap Hummers cai
tién, theo quy trinh da dugc chung t6i thuc hién trong cac nghién ctru trude day [10]. T hop nano
rGO/V205 duoc tong hop bang phuong phap thiy nhiét véi quy trinh cu thé nhu sau: 5 mmol
NH,VO;3 dugc hoa tan trong 100 ml nudc khir ion chura 0,032 gam GO. Dung dich duoc khuéy tor
va gia nhiét & 75°C trong 30 phut. Sau d6, 2,5 mmol C,H,0, dugc thém vao hon hop va tiép tuc
khudy trong 15 phut. Tiép theo, dung dich HNO; dic dugce nho giot tir tir dé diéu chinh pH cua
dung dich dén gia tri bang 3,0. Hn hop sau d6 dugc chuyén vao binh thay nhiét (100 ml)va tién
hanh xur ly thuy nhiét ¢ 120°C trong 24 gi¢. Sau khi 1am ngudi dén nhi¢t d¢ phong, phan két tha &
day dugc thu hoi bang ly tim va rira nhiéu lan véi nudce khir ion, cudi cung rua bang con va ly tam
& toc 6 5800 vong/phut. San pham bot mau xanh den thu dugc dugce sy trong ti say & 60°C trong
24 ¢i0, sau d6 nung & 300°C trong 1 gid trong khong khi.

NH4V03; C2H204¢; GO; H20

— ——
r<alilili> £} Thiyohiét

' — U nhiét HOOC
| Khuay tir | @ 120°C/24h

@ 300°C/1h

@ 75°C/30 phiit

Té hop nano rGO/V,0;

Hinh 1. So' d6 tong hop thiiy nhiét td hop vit liéu nano rGO/V20s

Hinh thai, c4u trac va thanh phan cua vat lidu dd tong hop duoc dugc phan tich bang kinh
hién vi dién tr quét phét xa truong (FESEM, JEOL 7600F) va nhiéu xa tia X bot v6i ngudn birc
xa Cu-Ka (A = 0,15406 nm) (XRD Advance D8, Bruker). Ban chat lién két trong vat lidu duoc
phan tich bang phé Raman thu dugc tir hé Renishaw Invia Microfocal Raman. Phé hap thu quang
hoc (UV-Vis) duoc khao sat bang may quang phd tir ngoai—kha kién (PG-T90, UK), phd FTIR
dugc do trén may FTIR Nexus 670-Nicole.

Khio sat kha nang quang xuc tac phan hily dung dich MB va CV ciia rGO/V20s

Hoat tinh quang xuc tac phén huy thuéc nhuém MB va CV cua to hop vat liéu nano
rGO/V205 dugce thyc hién tai diéu kién nhiét do phong (khoang 280C). Cu thé nhu sau: 100 ml
MB hoac CV c¢b nong d6 20 mg/l dugce tron voi 20 mg chat xuc tac trong cbe thay tinh 250 mL,
hdn hop dwgc khudy trong bong t6i bang khudy tir trong vong 1 gior dé dat duoc can bang hap phu
giita vat liéu va dung dich chat mau. Sau d6, hon hop duoc chiéu sang bang dén huynh quang
(220V, 105W) trong budng kin. Cit sau mdi 30 phit, khoang 7 ml dung dich duoc ldy ra va ly tim
& 5800 vong/phut trong 30 phut dé loai bé chat xuc tac. Dung dich thu dwoc dugc phan tich bing
quang phd UV-Vis tai budc song Amax = 664 nm (MB) va 590 nm (CV) dé xac dinh nong do.

Két qua va thao luan

Hinh 2a mé ta hinh thai ctia vat liéu to hop nano rGO/V205, c¢6 thé quan sat thiy cac thanh
nano V205 tach roi hodc lién két voi nhau tréng giong nhu san ho dan xen voi cac tim mong rGO.
Do ham lugng rGO thap nén su hién dién ctia rGO trén anh 1a khong dang ké, khién mau chu yéu
xudt hién dudi dang cac ciu trac ciia V205. Hinh 2b 13 anh SEM d6 phan gii cao, cho thiy cac
thanh nano c6 dudng kinh trung binh khoang dudi 50 nm. Cac thanh V205 hau nhu tach roi nhau,
it c6 sy két tu lai thanh ddm 16n dong thoi chung duogc sap xép ngéu nhién va dinh hudéng khac
nhau trong khong gian, diéu nay gép phan ting cuong dién tich bé mit va ting cudng dién tich
tlep xuc chét xuc tac — chit mau, tr 6 nang cao hiéu qua ctia qua trinh quang xuc tac.
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Hinh 2. Anh SEM ciia t6 hop vt liéu nano rGO/V20s sau xir Iy nhiét:
(a) d9 phéng dai thip, (b) 40 phéng dai cao

Trong qua trinh thiy nhiét, cdc nano dang thanh V20s dugc hinh thanh nho sy phan ly cua
NH4VOs thanh céc ion NH4" va VOs™ trong dung dich nudc khir ion (Phuong trinh 1). Viéce diéu
chinh pH xuéng 3 bﬁng HNO3 dam déc lam tang néng do6 H*, tao diéu kién thuan loi cho su hinh
thanh V20s ti VO3~ (Phuong trinh 2).

NH,VO, <> NH, +VO; Q)
2VO,+H, & V,0,+H,0 (2)

Gian dd nhiéu xa tia X (XRD) cuia mau bot to hop vat liéu nano rGO/V20s va V20s tinh
khiét duoc tong hop ¢ 120°C va sau d6 i1 & 300°C duoc thé hién trong Hinh 3. Cac dinh nhidu xa
quan sat dugc dac trung cho ciu trac tinh thé truc thoi ciia V20s (thé JCPDS s6 89-0612) [11, 12].
Kich thudc hat trung binh, dugc tinh toan béng phuong trinh Scherrer dua trén maét nhiéu xa (110)
¢6 cuong d6 manh nhét, 1an luot 1a khoang 12,5 nm ddi véi mau to hop vat liéu nano va 6,7 nm
d6i v6i mau V20s tinh khiét. Trong gian d6 XRD khéng quan sat thiy cac dinh nhiéu xa riéng biét
ctia rGO diéu nay c6 thé 1a do ham lwong nho rGO trong mau.

——1GON,0, (a)

~
§ V,0 Pha tryc thoi
S (JCPDS No. 89-0612)

Hinh 3. (:xifm d6 nhiéu xa tia X (XRD) ciia
vét li¢u t0 hop vat liéu nano rGO/V20s (a)
va V20s tinh khiét (b).

1 1 1 N

— vo, (b)
V,0; Pha trre thoi
(JCPDS No.89-0612)

Cuwimg dé (DVTD)

(001)

(110)

10 20 30 40 50 60
2 theta (dg)

Hinh 4 14 phé Raman cta rGO, V205 tinh khiét va t& hop vét liéu nano rGO/V205. Trong ca
hai mau vat liéu cac dinh dic trung tai 142, 196, 283, 400, 479, 526, 689 va 994 cm™ xac nhan sy ton
tai cuia pha trye thoi a- V205. Cac dao dong nay phu hop véi cac bao cao trong tai liéu va dugce gan
cho dic trung ctia pha tryc thoi a-V205, nhu vy viée bo sung rGO khong 1am thay doi pha hay cau
tric mang cta V205. Cu thé, dinh tai 142 cm™ dic trung cho cAu tric 16p cta V205, trong khi dinh
tai 196 cm™ lién quan dén dao dong udn cong ctia lién két O—V—-O. Cac dinh tai 283 va 400 cm™ biéu
thi mode dao dong Ag cua lién két V=0. Cac dich chuyén tai 479 va 526 cm™ lan luot twong tmg véi
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mode dao dong Ag (V—03-V) va v(d3), phan anh cac don vi cu triic ciia mang tinh thé. Cac dinh gan
526 va 689 cm™! dugc gan cho mode phonon V3=0. Dic biét, dinh rd nét tai 994 cm™ khéng dinh
chét lugng két tinh cao ctia cc thanh nano V205. Trong phd Raman ciia rGO va t6 hop vt liéu nano
rGO/V20S5, cac dai dac trung D (1329 ecm™) va G (1585 cm™) ctia vat licu rGO déu duoc quan sat rd
rang [13]. Nhu vay thong qua phé Raman c6 thé xac nhan sy ton tai déng thot vt liéu rGO va vit liéu
V205 trong t6 hop vat liéu tao thanh.

= rGO . S
=) rGO/V,04 E b
ol - br-d
2 "205 ¥
- 3
1B
= = T
e g a »‘E,__ Dieh ehiuyén Raman fer)
<« L I 51
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Hinh 4. Phé Raman ciia rGO, V20s tinh khiét va t6 hop vt liéu nano rGO/V20s.

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

—V,0,

bo truyén qua (%)

500 1000 1500 2000 2500 3000 3500 4000
S6 song (cm™)
Hinh 5. Phé FTIR ciia V20s tinh khiét da @ nhiét va t6 hop vt liéu nano rGO/V20s.
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Hinh 6 mo6 ta phé hép thu UV-Vis caa thanh nano V205 va to hop vét liéu nano rGO/ V20s,
trong d6 ca hai mau déu thé hién mot dinh hap thu chung tai khoang 410 nm. Khi so sanh pho hap
thu ctiia day nano V20s tinh khiét v6i mau t6 hop, cé thé nhan théy su dich chuyén 13 rét vé phia
budc song dai hon, phan anh sy thay d6i trong ning luong ving cdm (Eg) cta vat liéu. Trén phd
UV — Vis ¢6 thé quan sat thdy cuong do hap thu cta to hop vat liéu nano rGO/V20s ¢6 su khéac
biét nhe so véi mau V20s tinh khiét. Nang luong ving cim (Eg) clia cac mau vt liéu duoc tinh
toan dua trén phuong trinh Tauc [15]:

(cthv)”

C

E,=hv- 3)

Trong d6, E 12 ning lugng ving cam, 4v 1a ning lugng photon téi, o 14 hé sé hap thy va C
1a hang s6 phu thudc ning luong. Gia tri Eg dugc xic dinh bang cach ngoai suy phan tuyén tinh
ctia dwong cong. Cu thé, gia tri Eg ctia diy nano V2Os tinh khiét va to hop vat liéu nano rGO/V20s
1an luot 13 2,05 eV va 1,90 eV. Niang luong ving cAm cia V20s giam khi t6 hop voi rGO duge
cho 1a do sy xut hién cua cac khuyét tat trong vt li€u to hop dan dén su gia tang méat d6 va do
linh dong cua cac hat mang dién khién bién ving dan va Vung hoa tri ctia V20s tién gén nhau hon.
Gia tri nang luorng vung cam nay nay hoan toan phu hop véi cac nghlen ctru di cong bd trude day
[9]. Su thay d6i trong gia tri ving cdm sau khi t6 hop véi rGO cho thay kha ning hip thu quang
cua vét liéu nano rGO/V20s vugt trdi hon, dat hiéu qua phan huy chit mau MB cao hon so véi
V20s tinh khiét [16].

4

D6 hip thu (PVTD)

—V,04
rGO/V,0,

200 300 400 500 600 700 800
Bwéce song (nm.)
Hinh 6. Phé hip thu UV—Vis ciia thanh nano V20s va t6 hop vit li¢u nano rGO/V10s.

Qua trinh phan hay quang xuc tac dung dich MB va CV (néng do 20 mg/1) dugc tién hanh
v6i thanh nano V205 va t6 hop vat liéu nano rGO/V205 (0,02 g) lam chit xtc tic dudi chiéu xa
dén huynh quang Compact (220V, 120W) (Hinh 7 va Hinh 8). O hinh 7a, cudng do phd hip thu
ctia dung dich MB giam dan khi tang thoi gian chiéu sang cho thay to hop vat liéu nano rGO/V205
thé hién hoat tinh quang xuc tac vuot tri so voi thanh nano V205 tinh khiét nho cAu tric va dic
tinh dién tir dugc cai thién. Sy két hop nay gitip ting toc do truyén dién tir, giam tai to hop dién tur
— 15 tréng, tir &6 phan hity hiéu qua. Ngoai ra, sy ¢ mat ciia rGO kéo dai thoi gian séng cua cip
dién tir — 16 tréng quang sinh, gop phan tang hiéu suat xtc tac. Két qua 1a sau 180 phut, to hop vat
liéu nano rGO/V2035 dat hiéu suit phan huy MB 1a 86%, cao hon so véi V205 tinh khiét (74%)
(Hinh 7¢). D6 thi dong hoc bac nhat (Hinh 7d) cho thay hing s6 toc d6 phan tmg wdc tinh khoang
0,0068 phut™! d6i véi mau V205 tinh khiét va 0,01 phat™ ddi vai to hop vat liéu nano rGO/V205.
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Hinh 7. (a, b) Phé hép thu ciia dung dich MB; (c) hoat tinh quang xic tac; (d) d thi C/Co
theo thoi gian (Co 12 nong d ban dau tai t = 0, C 12 nong d9 tai thoi diém t). D6 thi dong
hoc bac mét tuyén tinh véi —Ln(C/C,) theo thoi gian chiéu sang ciia to hop vat liéu nano

rGO/V20s va V10s tinh khiét.
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Hinh 8. (a, b) Pho hip thu UV—Vis ciia dung dich CV sau phan hiys; (c) hoat tinh quang
xuc tac; (d) do thi C/C, theo thoi gian va d@ng hoc bac mét tuyén tinh —Ln(C/C,) theo thoi
gian chiéu sang.
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Hiéu suét phan huy dung dich CV véi thanh nano V205 va td hop vét liéu nano rGO/V205
dugc trinh bay & Hinh 8(a-b). Sau 180 phiit chiéu sang, td hop vat liéu nano rGO/ V205 dat hi¢u
sudt phan huy 90%, vuot trdi hon so véi 75% cua thanh nano V205 tinh khiét (Hinh 8c). Téc dd
phan tmg phan hiy CV duogc xac dinh 1an lugt 13 0,0137 phat™ va 0,0058 phat™' (Hinh 8d).

Béang 1 so sanh hoat tinh quang xtc tac trong phan hity dung dich MB va CV cua to hop
nano rGO/V205 téng hop trong nghién ctru nay véi cac vat liéu khac. Két qua cho thay, v6i ndng
d6 chat xuc tac thap hon (2 mg/100 ml) nhung nong d chat mau cao hon (20 mg/l) so vdi cac
cong bd khac, miu nghién ciru van dat hi¢u suat phan hily cao hon. Piéu nay duoc gii thich boi
dién tich bé mit riéng 16n ciia cdu trac V205 va rGO, cung hiéu ung hiép dong giita hai thanh
phan gitp han ché su téi t6 hop cip dién tir — 16 trong trong qua trinh quang xuc tac.

Bang 1. So sanh dic tinh xic tac quang phian hiiy MB va CV ciia cac vt li€éu khac nhau

£ Phuong £ Ham Hiéu Thoi Tai liéu
Chat . Chat mau/ Z A .
STT e thc _phap None do luong  suat Nguodn sang gian tham
tdng hop £90 ytctac (%) (phut)  khéo
A T Dén Halogen
1 Ce0x/V20s P}f}ﬁ éliuy 3X11\(A)§ y ffo 64,2 (7748XHP250W, 210  [17]
i £ Philips, 532 nm)
. MB i . e
2 rGO-V20s5 Visong 9.2 mg/l 50mg 80 Anhsangmattroi 90 [18]
. Thuy MB beén Xenon
3 NiV20e nhiét 20 mg/l - 80 (500 W) 150 [19]
VO2-A/g-  Thuy (O\Y .
4 CaNs nhiét 10 mg/! - 78,3 beén UV 120 [20]
Thuy Cv ; . e
5 Co304 nhiét 10 ppm 1,0g/l 64 Anhsang mattroi 45 [21]
GarZr Ccv bén Halogen
6 vé 02‘ Héauot 20mg/ 1,0g1 83,6 (OSRAM, 82 300 [22]
X7 Im.W~, 20000 1m)
Thuy MB bén huynh quang s
7 rGO/V20s nhiét 20 mgJl 20mg 86 (220V, 105W) 180  Bai bao
8 1GO/NV:0s Ly OV mg g0 Penhuynhquang e, gl

nhiét 20 mg/! (220V, 105W)

T6 hop vat liéu nano rGO/V20s thiic ddy hoat tinh quang xtc tic bang cach hap thu anh
sang kha kién dé tao ra cap dién tir (e”) — 16 trong (h*) (Phuong trinh 4). Céc 16 tréng & ving hoa
tri (VB - Valence band) phan ing v6i nudce tao goc hydroxyl (*OH) (Phuong trinh 5), trong khi
electron ¢ vung dan (CB - Conduction band) phan tmg véi oxy tao goc superoxide (*O27) (Phuong
trinh 6). Cac gdc tur do nay tiép tuc 6 xy hoa va khoang hoa cac phén tir hitu co nhu MB/CV thanh
CO2, H20 va céc san pham phan hily khac & nong do thap (Phuong trinh 7). Co ché ctia qué trinh
quang xUc tic nay bao gom ba giai doan: hap phu thudc nhudm 1én bé mit chat xuc tac, khuéch
tAn vao cac mao quan va phan ung tai cac vi tri hoat dong (hinh 9). Pic biét, sy du thira gbc
hydroxyl (+*OH) tir phan tng giita 16 trong ving héa tri va ion hydroxyl cang lam tang hiéu suat
xuc tac quang [9].

rGO/V20s + hv — 1GO/V20s + (hiy + ey ) (4)
rGO/V20s (h) ) +OH™ — 1GO/V10s + *OH (5)
rGO/V20s (eg, ) +02 — 1GO/V20s + 02" (6)

MB + «OH + «O2™
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C Chit mau
0,
Khir CO, + H,0

O, + Sin phim phin hiy

hv i L‘:E:.OL'JH g
| V,05 rGO

CO, + H,O + San pham phan hiy

Chit mau
Hinh 9. Co ché quang xiic tic phéin hity chit mau ciia t6 hop vt liéu nano rGO/V20s.

Két luan

Nghién ctru nay da ching minh tiém ning ndi bat trong viéc phan huy ca hai loai thudc
nhuém MB va CV duéi chiéu xa anh sang kha kién cta to hop nano rGO/V205 téng hop bang
phuong phap thuy nhiét. Thong qua viéc diéu chinh c6 kiém soat nong do tién chit rGO va
NH4VO03, hinh théi ciu tric di thé dugc tdi wu, tir d6 mang lai hoat tinh quang xuc tac vugt trgi
so v6i thanh nano V205 tinh khiét, voi hidu suét phan huy dat trén 86% ddi voi MB va 90% doi
v6i CV sau 180 phit chiéu sang. Hiéu sut cai thién nay bat ngudn tir nhirng déc tinh cdu trac va
dién tir vu viét cua di thé rGO/V205, giup tang cudng qua trinh phan tach va truyén dién tich dong
thoi han ché tai to hop cdp dién tur — 16 tréng. Co ché quang xuc tac dugc giai thich boi sy hinh
thanh cac cap dién ta—1d tréng dudi anh sang kha kién, tiép d6 6 xy hoa va khoang héa cac phan
tir thuéc nhudém hiru co thanh cac san pham than thién méi truong nhu CO2 va H20. Nhimg két
quéa nay khang dinh tiém niang tmg dung cia rGO/V205 nhu mot chat xtc tic quang hiéu qua, chi
phi hop 1y va bén vimng cho xur Iy nudc thai cong nghiép.
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THE LE VIET VA GUT BAI
TAP CHi KHOA HQC TRUONG PAI HQC HOA LU

1. Bai nhan dang la cong trinh nghién ctru khoa hoc, cac y kién trao d6i vé hoc thuét, quan
Iy gido duc, cac bai tong quan gidi thiéu thanh tyu khoa hoc méi cia cic nha khoa hoc trong va
ngoai truong. Tap chi khong nhan dang bai da cong b trén an pham khac.

2. Bai bao khoa hoc dugc viét béng tiéng Viét hoac tiéng Anh, soan thao trén Word, hoac
trén Latex, font Times New Roman (Unicode); c& chir 12; khd giéy A4; 18 trén: 2,0 cm, 1& dudi:
2,0 cm, 18 trai: 2,0 cm, 18 phai: 2,0 cm; gian dong; single. Mat d6 chit binh thuong, khong nén hodc
kéo dan khoang céch giira cac chir.

3. B4 cuc ban thao bai bao khoa hoc giri ding phai duoc trinh bay theo bd cuc sau: Tén bai
b4o (phdn dnh néi dung chinh ciia bai viét); Tom tat bai viét (khéng vieot qua 250 tir thé hién y
twéng va néi dung tom tdt cia bai bdo); Tu khéa (nhitng tir dege cho la quan trong doi véi ndi
dung nghién civu dic trung cho chii dé cua bai viét d6); Gidi thiéu (Tém tdt tinh hinh nghién ciru
trong nude va thé gidi, tinh thoi sw ciia van d@é nghién ciru); Noi dung va phuong phap nghién ctiru
(trinh bay ndi dung nghién civu, cac phwong phdp tiép can, két qua dat dwoc, gidi phap va kién
nghi dé xudt, moéi lién hé giita két qua nghién ciru ciia tde gid véi cdc két qua trude dé); Két luan
(khing dinh nhitng két qua nghién ciru dat dwoc); Tai liéu tham khao (Liét ké tdt ca tai liéu da
dwgre tac gia trich dan trong bai bdo).

4. Tét ca cac bai giri dang tap chi khi duoc chdp nhén sau so duyét déu dugc Ban bién tap
giri phan bién nhan xét, danh gia. Ban bién tap tra 10i tic gia vé& két qua nhan xét, danh gia cua
phan bién va thim dinh d6i voi bai bao. Bai dat yéu cau s& dugc ding trong s6 gan nhit cua
tap chi.

5. Ban bién tap nhan 01 ban in giri kém dia hodc tap tin dinh kém trong Email.

Dia chi lién hé va giri bai: Phong Pao tao - Quan 1y khoa hoc, Truong Pai hoc Hoa Lu,
Truong Dai Hoa Lu, duong Xuan Thanh, phuong Hoa Lu, tinh Ninh Binh.
bién thoai: 02293 892 240; 0984 148 845.

Email: tapchikhoahoc@hluv.edu.vn

Tap chi
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