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Tong hop vit liéu lai ghép dang Z g-C.N /V,0, co hoat tinh
quang xuc tac cao trong vung anh sang nhm thay

Mai Hung Thanh Tung", Poan Thi Hong Ngoc', Nguyen Ngoc Kim Tuyén',
P56 Minh Thé, Cao Vin Hoang?, Nguyén Thi Diéu Cim?

'Khoa Céng nghé héa hoc, Truong Pai hoc Cong nghiép Thue pham TP H6 Chi Minh
’Khoa Khoa hoc tw nhién, Truong Pai hoc Quy Nhon

Ngay nhan bai 9/9/2021; ngay chuyén phan bién 13/9/2021; ngay nhan phan bién 11/10/2021; ngay chép nhan ding 15/10/2021

Tom tat: tit:

Vit liéu xuc tac quang lai ghép Z graphitic carbon nitride/vanadi pentaoxit (g-C,N,/V,0,) dugc tong hop bing
phuong phap nhiét pha ran cé sur hd tro ciia siéu 4am. Cac vat li¢u tong hop der'c dac tru’ng bang phuong phap
nhiéu xa tia X (XRD), pho phan xa Khuéch tan tir ngoai - kha kién (UV-Vis-DRS), kinh hién vi dién tir quét (SEM),
pho quang phat quang (PL). Qua trinh dxy héa tetracycline hydrochloride (TC) dugc sir dung dé danh gia hoat tinh
quang xtc tic cia vét liéu g-C,N /V,0.. Vit li¢u nay dwoc tong hop & cac ty 1¢ khoi lwgng g-C,N/V,0, lan lwot 13
5,10, 15 va 20% (CV-x), trong do CV—15 (ty 1& khoi lwong g-C.,N,/V,0, 15%) cho hi¢u suit xic tac quang cao nhit
(79,67% sau 2 gio). Vatli¢u lai ghép g-C,N /V, O, ¢6 hoat tinh cao ho’n so v6i tirng vat liéu g-C,N, va VO, riéng I€é co
thé 1a do sw phan tach hiéu qua cia cap dlen tu’ va 16 trong quang sinh trong vit liéu lai ghep the hlen trong co ché

quang xuc tac phan hay TC caa g-C,N,/V,0,.
Tir khéa: Anh sang nhin thiy, g-C,N,/V.,.0
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Chi s6 phén loai: 2.4

Pat van de

O nhim moi truong dang anh huong xdu va ngdy cang
nghiém trong dén doi sdng cua con ngudi ¢ muc dg toan céu
nén viéc nghién ctru xir Iy cac hop chat hiru co doc hai kho
phén huy sinh hoc 1 mdi quan tm hang dau ciia mdi qudc gia.
Mot trong nhiing gidi phap duoc quan tim hién nay 1a ap dung
phuong phap 6xy héa tién tién sir dung cac chat ban dan c6
hoat tinh xiic tic quang dé phan hiy chat hitu co mang lai hiéu
qua cao, san phdm cudi cung 1a carbon dioxide, nudc va cac
chét khac khong/hodc it doc hai hon [1]. Nhiéu chét ban din co
hoat tinh xtc tac quang da dugc nghién ctru va ung dung vao
qua trinh nay. Mot trong sb nhing chit ban din da thu hit nhiéu
su chu y hién nay 1a g—C3N4 : mot dang chit ban din polyme
hiru co khong kim loai, ¢6 cau trac 16p nhu graphen dugc timg
dung lam xtc tic quang tach nudc tinh khiét, chuyén héa Cco,,
phén huy chét hitu co gdy 6 nhidm ngay trong ving 4nh sang
kha kién [2]. Uu diém ctia vat liéu g-C N, 1a c6 nang luong ving
cam hep (khoang 2,7 V), dién tich bé mat cao, hinh thai dgc
dao. Tuy nhién, nhugc dlem cua g-CN, tinh khiét 1a co toc
6 tai t6 hop gitra cac 10 trong va dién tu quang sinh kha nhanh,
dan dén hiéu qua quang xuc tac khong cao. Pé khic phuc nhugce
diém nay, nhiéu phuong phap bién tinh g-C 3N, da dugc ap dung
nham tang hoat tinh xtc tac quang cua vat lleu ndy. Ching han
nhu pha tap g-C,N, v6i cac nguyén t0 phi kim khéc (C, Ce, S...)
[3, 4], n6i bat len la phuong phap két hop g-C.N, véi cac vat liu
béan dan khéac (Ti0,, WO,, Ag,PO, ’BIVO ) [5—10], hé vat liéu
composite thu duqc co hoat tinh quang xtc tac vugt troi hon
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hoat tinh quang xiic tac, tai to hop, tetracycline hydrochloride.

nhiéu so voi cac hop phan riéng 18.

Bén canh do, V,0, - mot chét ban dan oxit kim loai chuyén
tiép quan trong da thu hat nhiéu sy chd ¥ trong viée u:ng dung
lam cht xic tac quang phéan hiy chat hitu co gdy 6 nhiém dudi
anh sang kha kién. V,0; co nhiéu wu diém nhu ning luong
vung cam hep (khoang 2 10 eV), kha ning hép thy manh anh
sang trong ving kha kién, nhung kh1 0 dang nguyen chét, chat
ban dan nay ciing c6 nhugc diém cd hitu 1a toe do tai to hop
gitra cac electron va 19 trong quang sinh kha nhanh [11, 12]. Do
vay, twong tr g-C)N,, nhiéu nha khoa hoc di nghién ctru bién
tinh V. O, bang nhiéu tac nhan bién tinh khac nhau [13-16].

Trong nghién ciru nay, dé khic phuc nhugc diém cua
timg vat liu riéng 1¢, g-C)N, duogc lai ghép voi V,O; bang
phuong phap nhiét pha ran co ho tro siéu 4m nhim thu duoc
vat li€u lai ghép c6 hoat tinh quang xuc tac cao, ung dung phéan
hity chit khang sinh 6 nhiém trong méi trudng nudc & ving
anh sang nhin thiy.

Doi twong va phuong phap nghién ciiu
Déi twong nghién civu

Vit ligu g-C\N, va VO, duge tong hop lan luot tir tién
chat (NH,),CO va NH VO bang phuong phép nhiét pha rén;
vat ligu g-C,N,/V, 0, du’orc tong hop tir g-C)N, va V, 0, bang
phuong phap nhlet pha rin c6 hd trg siéu am & quy mod phong
thi nghiém.
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Abstract:

Direct Z-scheme g-C,N /V,0 photocatalysts were prepared
through a sonication-assisted calcination method. The
obtained samples were characterised by X-ray diffraction
(XRD), Ultraviolet-visible diffuse reflectance spectroscopy
(UV-Vis-DRS), Scanning electron microscope (SEM),
and Photoluminescence spectroscopy (PL). Oxidations of
tetracycline hydrochloride (TC) were employed to evaluate
the photocatalytic activities of the obtained g-C,N /V,0,
materials. Different weight ratios (5, 10, 15, and 20%) of
g-C,N,/V,O_loaded composites were prepared, in which a
15% (CV-15) loaded composite was found to show optimal
catalytic performance for the reaction. The degradation
conversation of TC has achieved approximately 79.67% in
CV-15 after a 2-hour reaction. g-C,N /V,0, photocatalyst
was more active than the individual g-C\N, and V,0,
materials, which could be attributed to the efficient
separation of photogenerated electron-hole pairs shown in
the photocatalytic mechanism of TC degradation.

Keywords: g-C.N,/V, 0,  photocatalytic activity,
recombination, tetracycline hydrochloride, visible light.

Classification number: 2.4

Chét khang sinh tetracycline hydrochloride (TC).
Tong hop vit liéu

Vat lieu g-C N - ure dugc cho vao c6i mi nao nghién min,
sau do cho vao chén str, boc kin bang nhiéu 16p gidy tring nhém
(nhim ngin can sy thing hoa cua tlen chét ciing nhu lam ting
cudng sy ngung tu tao thanh g-C\N,) roi dit vao 10 nung. Nung
nong tién chét ure ¢ 530°C va glu nhlet do nay trong 1 gio, toc
do gia nhi¢t 5°C/phut. Sau do dé 1o ngudi tu nhién dén nhiét do
phong, nghién san pham thanh bot, thu dugc vét liéu g-CN,.

Vat lieu V,0: liy 0,3 g NH ,VO, cho vao c01 mé nao roi
nghién min, dem rung siéu sam trong 15 phut, r6i sdy kho &
80°C. Sau d6 cho vao cdc s, nung ¢ 400°C, toe do gia nhiét
5°C/phit, giit nhiét d9 nay trong 2 gio dé qua trinh phan hiy
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xay ra. Két thiic qua trinh nung, dé ngudi tw nhién dén nhiét do
phong, thu dugc vat ligu V,O..

Vat lieu g-C.N /V,0,: b6t V,0,va g-C.N, cho vao cde theo
ty 16 khoi luong g-C.N, /V 0O lan luot la 5 10 15 va 20%. Sau
d6, phan tan hon horp V O va g-C,N, vao dung mdi nude (20
ml). Huyen phu thu duoc dem s1eu am trong 15 phut dé co sy
phan tan dong nhat va khudy dung dich trén trong 2 gio. Tiép
6, sdy 6 80°C va nung & 530°C (diéu kién yém khi), gii nhiét
do nay trong 1 gio, toe do gia nhiét 5°C/phut, sau d6 lam mat ty
nhién dén nhiét do phong. Vit liéu thu dugc ky hiéu 1a CV-x,
voi x 1a ty 18 khi lugng g-C.N,/V. 0O, (5, 10, 15 va 20%).

Ddc trung vit li¢u

Thanh phan pha dugc xac dinh bang phuong phap XRD
(D8-Advance 5005). Khao sat hinh anh bé mat bang phwong
phap SEM (JEOL JSM-6500F). Kha nang hap thy anh sang cta
xtc tac dugc dic trung bang phuong phap UV-Vis-DRS (médy
UV-Vis-NIR Cary-5000 VARIAN, budc song 200-800 nm).
Dic tinh tai to hop giita cac electron va 13 tréng quang sinh
duoc xac dinh bang phuong phap PL (Fluoromax-4, HORIBA
Jobin Yvon).

Thi nghiém phén hiiy TC

Lay 0,1 g xtc tac cho vao cac cde 500 ml, 1di cho tlép vao
200 ml dung dich TC (10 mg/1), dung gidy bac boc kin cdc, i
khuay déu cdc trén may khuay tir trong t gio (khuay trong bong
t01 voi t 1a thoi gian dat can bang hap phu) dé cho qua trinh hap
phu - giai hap phu can bang. G& gidy bac va tiép tuc khudy
déu cdc ho dudi diéu kién anh sang dén led toc (220 V, 30 W).
Dimng khudy véi thoi gian trong g t=30, 60, 90, 120, 150 va
180 phut, riit khoang 8 ml mau dem ly tim lay phan dung dich
trong. Nong do TC trong cac mau dung dich sau phan tmg thu
duoc & cac thoi gian khac nhau dugc xac dinh bang phuong
phap do quang trén may UV-Vis hi¢u CE-2011.

Khdo sdt anh hwéng ciia cdc chit ddp tit goc

Qua trinh xdc tac quang phén hiy TC dugc tién hanh &
nhing diéu kién gidng nhau vé lugng chit xuc tac (CV-15),
nong d6 TC, cuong do chiéu sang, thoi gian chiéu sang nhung
so sanh v6i 3 loai chat dap tat géc khac nhau. Céac chat duoc
chon gém 1,4-Benzoquinone (BQ) duoc sur dung dé bay gdc
anion 02 , tert-butyl ancohol (TBA) bay goc HO' va amonium
oxalat (AO) biy h*. Luong chat dap tat gap 50 1an s6 mol TC
dugc cho vao cung voi 0,1 g cac vat liéu tong hop tuong Gng
va 200 ml TC 10 mg/l. Cac budc tiép theo tién hanh tuong tur
nhu qua trinh khdo sat hoat tinh quang xtc tac.

Két qua va thao luan
Ddc trung vdt li¢u

Pé xac dinh cac hop phan trong vét liéu tong hop, g- -C)N
V,0, va CV-x dugc déc trung bang phuong phap XRD, ket qua
duorc trinh bay ¢ hinh 1. Két qua tir gian d6 XRD cua g- -C\N
V,0, va composite CV-x ¢ hinh 1 cho thay, doi véi V0, ¢6 cac
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dinh nhidu xa ¢ khoang 26 bang 15,04, 20,02, 26,01 va 31,05°,
dac trung cho pha orthorhombic cua V,0O; (theo JCPDS 75-
0457) [11, 12, 15]. g-C\N, xuat hién dmh nhleu xa c6 cuong do
manh tai vi tri goc 260 bang 27,401° 1a do sy sap xép cua cac hé
théng lién hop thom, trong mg v6i mit tinh thé (002), dinh nhiéu
xa ¢6 cuong do thip hon vi tri goc 20 (13,012°) 1a do sy sip xép
tuan hoan céc don vi tri-s-triazin, tuong (mg voi mat tinh thé (001)
dic trung cho cau tric g-C)N, (theo JCPDS 87-1526) [6, 15].

Trong khi do, trén gian do XRD cua cac vat licu lai ghép CV-10,

CV-15 va CV-20 xuét hién cac dinh nhiéu xa dac trung cho ca 2
hop phan g-C,N,va V,0, con CV-5 chi xut hién cac dinh nhidu
xa dac trung cho hop phan V,0 diéu nay co thé do ham lugng
g-C,N, nho hodc phén bd kha dong déu trong vat liéu lai ghép.
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Hinh 1. Gian dé XRD cua vat liéu g-C,N, (a),
(d), CV-15 (e) va CV-20 (f).

V,0,(b), CV-5 (c), CV-10

Dé xac dinh kha ning hap thu anh sang va gia tri ning
luong ving cam cua g- C,N,, V,0; vavatli¢u composite, cac
vat liéu duogc dac trung bang phu’()‘ng phap UV-Vis-DRS,
két qua dugc trinh bay & hinh 2. Két qua thu dugc cho thay,
g-C.N, va V. O, déu co mot dai hip thy birc xa bat dau tir
vung tu' ngoai tra1 dai sang ving nhin thdy, nhung V,0, ¢co
kha ning hap thu btic xa trong vung 400-800 nm manh hon
so v6i g-CN,. Bén canh do, phd UV-Vis-DRS cua cac mau
vat ligu 1a1 ghep tong hop & cac ty 18 khdi luong gCN/

O, khéc nhau déu co bo hap thy 4nh sang nhin thiy manh
h(m so voi g-C\N, va gan tuong duong voi V, O, tinh khiét,
nhung cé cuong do hap thu birc xa khac nhau
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Hinh 2. Phé UV-Vis-DRS cua vat ligu g-C,N,, V,0, va CV-x.
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Hinh 3. Sw phu thuéc ham Kubelka-Munk theo nang lwong anh
sang bi hap thu cuda cac vat liéu g-C.N, (A); V,0, (B); CV-5-530 (C);
CV-10-530 (D); CV-15-530 (E) va CV-20-530 (F).

Gia tri nang luong ving cAm cua cac vat ligu lai ghép
CV-x téng hop duoc giam so voi g-C,N,. Viéc thay doi gia
tri nang luong ving cam cho phép du doan vat li¢u lai ghép
téng hop duoc ¢6 hoat tinh quang xuc téc tt trong ving anh
sang nhin thiy nho su xtc tac hiép tro cta g-C,N, va V,0,
(hinh 3).

Tir két qua PL ¢ hinh 4 cho thdy, c6 su giam déng ké
cuong do phat quang tir mau vat liéu CV-5 dén CV-20.
Khi cac vat liéu tong hop bi kich thich & 300 nm, xuét hién
cuc dai phat xa & khoang 450-470 nm, trong d6 CV-15 c6
cuong d6 phat xa thip hon so voi cac mau lai ghép co ty
1¢ khoi hrong g-C.N,/V,0,1a5,10 va 20%, dong thoi thap
hon nhiéu so véi g- C Va V,0.. Két qua PL da chung
minh su tai té hop glu’a cac electron va 15 trong quang
sinh cia CV-15 1a nho nhat, cu thé: V,0>g-CN>CV-
5>CV-20>CV-10>CV-15. Diéu nay chung to, CV—IS co
su tai t6 hop giita cac electron va 13 trong quan sinh dugc
han ché hiéu qua hon so voi cac vat liéu lai ghép con lai
trong vung khdo sat, tao diéu kién thuan loi cho qué trinh
khuéch tan electron ra ngoai bé mit dé twong tac véi cac
chat dugc hap phu trén bé mat, giup tang hiéu qua xu ly
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Hinh 4. PL cta cac vat liéu g-C,N,, V,0, va CV-x.
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céc chat 6 nhiém. Do d6, diéu kién téng hop mau vat liéu
CV-15 dugc xem la thich hop nhét trong ving khao sat va
du doan kha nang hoat dong quang xuc tac cia CV-15 cao
hon so véi CV-5, CV-10 va CV-20.

Dé kiém tra hinh thai bé mat ngoai ciia cdc miu vat
liéu, g- C3N4, V,0, va g-C\N,/V,O, dugc xac dinh bang
SEM, cac két qua duorc trmh bay or hinh 5. Tr anh SEM
clia mau vat liéu V,0,, g-CN, va composrce CV-15 tong
hop dugc cho thay, g-C\N co dang cau truc 1op, V,0, la
nhitng hat hinh bau duc, con CV-15 c6 su bao phu mot lorp

g-C,N, trén bé mit nhitng hat hinh bau duc V,0..

Hinh 5. Anh SEM ciia cac vat liéu g-C,N, (A), V,0, (B) va CV-15 (C).
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Hoat tinh quang xiic tac

Sau khi khudy hdn hop vat liéu xuc tac va dung dich TC
trong bong tdi 90 phut dé qua trinh hip phu - giai hap phu
dat trang thai can bang, quéa trinh khao sat hoat tinh quang
xuc tac cua vat liéu CV-x duoc tién hanh. Két qua do chuyén
héa TC sau 120 phit dugc trinh bay ¢ hinh 6.

—= V105 —- g-CaNg

1N 710 —— CV-15

—— CV.5
== CV-20

0,8

0,6

CiCe

04

0,2 1

0 T T T
0 20 40 60 80 100
Thii gian (phiit)

120 140

Hinh 6. Sy phu thuéc C/C cuia TC theo th&i gian chiéu sang cla
céc vat liu g-C,N,, V,0, va CV-x. C_: ndng d6 TC ban dau; C: ndng

374 "275
do TC tai thoi gian t.

Két qua & hinh 6 cho thiy, khi so sanh 4 mau vat li¢u
g-C,N/V,0, v6i cac mau don g-C\N, va V,0,, thi CV-15
¢6 hoat tinh cao nhat trong ving khao sat. Cu thé, sau 120
phut xtr 1y, hi¢u qua phan huy TC trén g-C,N, va VO, lan
luot dat 56,48 va 51,79%. Trong khi do, CV 15 dat hleu suét
79,67%, con ddi véi CV-5, CV-10 va CV-20 do chuyen hoa
TC lan luot dat 65,60, 68,97 va 74,48%. Diéu nay cho thiy,
tit ca cdc vat liéu lai ghép g-C,N,/V,O, thé hién hoat tinh
cao hon so véi g- C3 » V,0; rleng le trong doé vat liéu co
hoat tinh quang xtc tac cao nhat v6i TC 1a CV-15. Diéu nay
l1a do sy hinh thanh g-C,N, trén V2Q5 daco tﬂac dung hiép trg
lan nhau, giup khac phuc nhugc diém tai t6 hop nhanh cta
g-C\N,vaV 0O, dan dén vat liéu lai ghép tong horp ¢6 hiéu
qué x1c tac quang cao trong ving anh sang nhin thiy.

Co ché phén hiiy chit hivu co trén g-C.N,/V,0,

Két qua thyc nghiém cho thay, khi c6 mat cac chat dap
tat BQ thi hiéu suat phan hiy TC trén CV-15 dat 42,03%,
khi str dung TBA thi hiéu suit dat 13,48%. Trong khi do, cac
chat dap tit EDTA, DMSO c¢6 hiéu sudt phan hiy TC cia
CV-15 lan luot 1a 59,87 va 64,13%. Piéu nay chimg t6, gbc
HO"va O dong mét vai trd quan trong trong qua trinh xtic
tac quang cua g-C,N,/V.O..

Khi g-C.N,/V O, duoc kich thich boi anh sang nhin thay,
dién tor sé tach kh01 16 trong trén Vung hoa tri cua g-C,N,,
chuyén tir viing hoa tri dén ving dan va tham gia phan tng
v6i O, hoa tan trong nudc sinh ra O3 (tic nhan chinh 6xy
hoa phan tir hitu co thong qua cac qua trinh trung gian ngay
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tai ving dan cua g- -C,N,), mot phan dién tir tir ving dén ctia
g-C.N, sé di chuyen xubng ving dan cua V,0,[13]. Trong
khi do khi bi kich hoat boi anh sang nhin thay, dién tu tu
vung hoa tri ctia V2O5 bi tach ra, di chuyén dén vung dan,
mot phan dién tir tir ving dan ctia V,0; ¢co thé chuyén sang
vung hoa tri cua g-C,N, han ché sy tal t6 hop cép dién tir -
16 trong theo kiéu hé Z Cac h,,"(V,0,) co6 the Oxy hoa truc
tiép H,O tao thanh HO" nho su phu hop vé thé 6xy ¢ ving
hoa tr1 cua V,0, (+2,69 V) la duong hon cua cdp H,O/HO®
(2,38 V), tac nhan HO' s& 6xy héa céc chat hitu co 6 nhlem
(hinh 7). Qué trinh quang xuc tc c6 thé biéu dién nhu sau:

g—CN,+hv—>e,(g—CN,)+h,(g—C,N,)
V,05 + hv - ez (V,05) + hifp(V205) e, (g —C,N,)+ 0, - O}
hit5(V,05) + H,0 — HO' + H'

Oy +H" > HO;

e +HO, +H' - H,0,
e +tH,0,+H" — "OH+ OH

TC + (I, (g —C,N,), " OH) — CO,+ H,0

g-G3N,

CO,+H,O+...
h+
TC

Hinh 7. Co ché dé nghi cho qua trinh phan hiy TC trén CV-15.

V205

Vit liéu quang xuc tac g-C,N,/V O, tong hop c6 kha
ning hép thy manh anh sang kha klen s0 v6i timg hop phan
g-C.N, va V. O, riéng le. Két qua khao sat su phan huy TC
tren xUc tac g- C N,,V,0,vag-C\N,/V,0,cho thay, hiéu qua
phan huy TC tren Vat heu lai ghep g- C N /V,0,dat 79,67%
sau 120 phut chiéu sang, cao hon so véi g- C N (56,48%)
va V,0,(51,79%) trong vung anh sang kha klen nho han ché
sy tal to hop nhanh cap dién tr va 16 tréng quang sinh. Diéu
nay cho thay, tiém nang ung dung hé vat liéu lai ghép dang
Z trong xir Iy nude chtra cac chat hitu co 6 nhidm khé phan
hiy n6i chung va chat khang sinh noi riéng.

LO1 CAM ON

Nghién ctru nay dugc tai trg boi Truong Dai hoc Cong
nghiép Thyc pham TP H6 Chi Minh. Céac tac gia xin chan
thanh cam on.
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