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NANG CAO KHA NANG QUANG XUC TAC CUA VAT LIEU G-C N,
PHA TAP VANADI BANG PHUONG PHAP KHUAY NHIET

Lam Thi Hing', Pham Manh Cuong?,
Lé Thi Mai Oanh?, P Danh Bich?, Nguyén Viin Minh?
"Truong Pai hoc Tai nguyén va Méi truong Ha Noi,
*Trung tdm Khoa hoc va Cong nghé Nano, truong Dai hoc Su pham Ha Noi
Tém tit

Trong nghién ciru nay, ching toi gici thiéu mot phwong phap don gian dé ché tao
vat liéu g-C5N4pha tap Vanadi (V) va nghién civu cdu triic, tinh chat vt li va kha nang
quang xiic tdc bdng cdch sir dung cdc cong nghé khdc nhau. Két qua phan tich gian do
nhiéu xa tia X (XRD) cua cac mau da cho thdy c6 anh hwéng nhat dinh cia viéc pha
tap V dén cdu tric ciia vit liéu chii g-C j,N Tuy nhién anh hwong cua viéc pha tap V
lén tinh chat dao dong khong thé hién ré qua phé hdp thu hong ngoai FTIR. Két qua
phé UV-vis cho thdy bo hdp thu co ban c6 xu hwéng dich vé phia budc song dai khi
nong dé pha tap ting lén. Két qua quang xiic tdc chi ra rang kha ndng quang xuc tdac
cua vat liéu g-C N, dugc tang cuong manh mé khi pha tap V. Hiéu sudt quang xiic tdc
tang dang ké trong tdt ca cdc mau pha tap V, trong do mau g-C;N. 4 pha tap 7% mol V
da khu gan nhu 100% RhB trong 40 phut chiéu sang. N6 manh gap 2 lan so véi hiéu

sudt quang xiic tac ciia g-C N, tinh khiét trong 40 phiit chiéu séng dau.

Tiwr khéa: Kha ning quang xuc tac; Hi¢u suét; Tai to hop; T4m nano
Abstract

Enhancing photocatalytic ability of Vanadium-doped g-C N, nanosheets using
heat-stirring method

This paper introduces a simple thermal-assisted method to synthesize Vanadium-
doped Graphitic carbon nitride (V doped g-C,N,) and the investigation on their
structure, physical properties and photocatalytic ability using different techniques. The
results of X-ray diffraction patterns (XRD) show the impact of V-doping on the structure
of host materials. However, the effect of V-doping on oscillate properties doesn 't show
strongly through Fourier transform infrared (FTIR) spectra. The results of UV-vis
spectroscopy show that the basic absorption edge of material tends to shift towards
the long wave length as the concentration of doping increases. Photocatalytic results
indicate that V-doping enhances the photocatatytic activity of g-C N, significantly.
Photocatalytic efficiency increased remarkably in all V-doped samples in which 7mol
% V-doped g-C N, degraded almost 100% RhB in the solution in 40 minutes of light
exposure. This is 6 times stronger than the photocatalytic performance of pure g-C,N,.

Keywords: Photocatalytic activity; Efficiency; Recombination; Nanosheets.

1. Mé dau

Cong cudc tim kiém cac ngudn nhién
li¢u thay thé nhién liéu hda thach, vat liéu
quang xuc tac xu li 6 nhiém moéi trudong
nudc hay moi truong khong khi da va
dang dugc coi 1a xu thé tat yéu ciia nganh

khoa hoc trong bdi canh khan hiém nhién
liéu hoa thach va tinh trang 6 nhiém moi
truong song nang né trén trai dat. Céac
tham s6 quan trong cho viéc nghién ctru
vat liéu 1a ché tao don gian, gid thanh
ré, khong ddc hai va than thién véi moi
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truong, bén co nhiét va hoa hoc, hiéu suét
cao va tan dung duoc ngudn niang lugng
tor anh sang mat troi. Trong mot vai thap
nién gan day, TiO, da 1a vat liu dugc
quan tim nhiéu nhat vin6 dap tng hau hét
c4c tiéu chi trén chi trir tiéu chi cudi cling
la it tan dung dugc anh sang mat tro1 vi
d6 rong viing cam ciia TiO, qua 16n (3.2
eV) [1]. Tuy nhién gan day, dua trén viéc
s& hitu dong thoi mot vai déc tinh uu viét,
vat ligu g-C\N, n6i 1én nhu mot ung cu
vién sang gia hon so voi TiO,. Pau tlen
g-C N 13 loai vat liéu 2D c6 cau trac xép
16p gidng nhu than chi, do d6 hinh théi hat
cua nd ¢ dang cac phlen mong, dién tich
bé mit rat 16n thuan loi cho cac phan tng
xuc tac quang. Ciing nhd dic tinh cu tao
tinh thé, vat liéu c6 do Xép rat cao. Thu
hai, vat liéu nay c6 do rong ving cAm nho
hon so vé1 TiO, (chi ¢& 2,7 eV) [2] nén
st dung mot cach hiéu qua nguon nang
lvgng mat troi. Thir ba, ¢o thé cai thién
hi¢u sudt quang xuc tac cua g-C ;N, mot
cach hiéu qua bing nhiéu phuong phap
don gian khac nhau nhu pha tap kim loai
chuyén tiép (nhu Fe [3], Cu [4], Zn[5]....),
pht cac hat nano kim loai c6 tinh dan dién
tot 1én trén bé mat (nhu Au [6], Ag [7],
Pt [8]) hay tao composite v&i cac ban dan
c¢6 hiéu suat quang xuc tic cao khac nhu
ZnO [9], TiO, [10], Bi,WO, [11],...

Trong nghién ctru nay, nhom tac gia
chon bién phép pha tap nguyén t6 kim
loai Vanadi (V) vao vat liéu g-C)N, nham
tao cac tim bat dién tir, tir do lam glam
téc do tai hop cua cap dién tir - 15 trong,
nang cao hiéu sudt quang xuc tac ciia vat
liéu g-CN,.

2. Thyc nghiém

Bzeu ché g-C3N ~ Vat liu g-C.N,
dugc tong hop bang phwong phép nhlet
phan Uré nhu sau: 10 g Uré dugc nung
néng ¢ 550°C trong 2 h trong moi truong
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khong kh1 San pham thu duoc cé mau
vang xop goi la cdc nanosheets g-C.N,
(cac tAm nano g-C N4)

Diéu ché g-C 3N ,Dhatap V: Dau tién
cho 0,5 g g-C,N, vao trong 50 ml nué¢c
cit va sau do khuay tr trong 30 phut
va rung siéu am trong 1 h dugc dung
dich A (CN). Can mét luong thich hop V
(Vanidi) theo ti 1€ 0%, 3%, 5%, 7%, 10%
(ti 18 phan tram theo s6 mol) cho vao dung
dich A, khudy tir trong 12 gid, gia nhiét &
90°C ta dugc dung dich B. Cho dung dich
B vao 6ng i tdm, quay li tAm & khoang
5000 rpm trong 10 phuat, sau dé dung
pipet rat hét phan dung dich trong phia
trén. Tién hanh loc rira lién tiép 3 lan
lan lugt v6i dung méi ethenol, dung moi
methenol, dung méi acetone. Cudi ciing
sy kho miu & 100°C trong khoang 3
gio' duge mau g-C,N, pha tap V (Vanidi)
theo ti 1€ 0%, 3%, 5%, 7%, 10%. Cac mau
thu dugc dugc ki hiéu twong tng 1a CN,
VCN-3, VCN-5, VCN-7, VCN-10.

Thi nghiém quang xuc tic: Cho
0,06 g mau vao 30 ml H,0, khudy tir
trong vong 30 phut & nhiét do phong ta
dugc dung dich A. Cho dung dich A vao
30 ml RhB dugc dung dich B, khudy tir
dung dich B trong diéu kién khong c6 anh
sang trong vong 30 phut dé dat dén trang
thai hip phy bdo hoa. Tién hanh 1dy miu
2 lan trong thoi gian khudy téi (1an 1: 10
phut, 1an 2: 30 phut). Bt dung dich B dudi
deén Xenon, khudy tir trong vong 60 phut &
nhiét d6 phong. Liy miu 6 lan trong thoi
gian khudy sang, ¢ 10 phut ldy mau 1 lan.
Li tAm cdc mau it nhat 2 1an dé loai bo
bot g-C,N, pha tap, thu dugc dung dich
RhB da qua xu li. Dung dich RhB thu
duoc dem kiém tra ndng d6 bang phép do
phé truyén qua trén may Jassco L1 - tai
phong thi nghiém cua Trung tdm Khoa
hoc va Cong ngh¢ Nano, Truong Pai hoc
Su pham Ha Noi.
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3. Két qua va thao luin

Hinh 1 trinh bay gian d6 nhidu xa tia
X ctia mau g-C ,N, tinh khlet va cac mau
g-C.N pha tap V vOi cac nong do khac
nhau Ket qua cho thay, tAt ca cac mau
déu xuét hién cac dinh nhidu xa tai vi tri
gdc 20 1a 13,1°, 24,9° va 27,5°. Nhitng
dinh nhiéu xa nay tuong tng véi cac ho
mit phang (100), (101) va (002). Dinh
manh nhét (002) quan sat dugc ¢ vi tri
2 = 27,5° phan anh ciu tric céc la Xép
chong 1én nhau cua g-C,N, trong ca mau
tinh khiét va mau pha tap Nhung két
qua nay phi hop vdi thé chuan JCPDS
(87-1526) cuia tinh thé g-C N, va cac két
qua da duoc cong bd [12 - 14]

Gian d6 nhiéu xa tia X cia g-C.N,
pha tap V khong qua khac biét so véi
g-C.N, tinh khiét. Tuy nhién, cac dinh &
vi tr1 13 1°,27,5°, 24,9° ¢6 sy dich chuyén
nhe vé phia géc 2 nho. Ngoai ra con quan
sat thiy cuong do cac dinh nhiu xa cia
cdc mau CN pha tap thip hon so véi mau
CN tinh khiét. Didu nay c6 thé 1a do cac
dam nguyén tor V da chen vao giita cac
16p g-C.N, va gy ra anh huéng nho trén
gian do nhleu xa tia X.
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Hinh 1: Gidn dé nhiéu xa XRD ciia cdc
mau g-C N, tinh khiét va pha tap V
Dé c6 thém thong tin vé cau tric clia
vat li€u, nhom tac gia tién hanh do phd
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hap thu hong ngoai FTIR. Phé FTIR cua
g-C3N‘4 tinh khiét va cdc miu pha tap V
vo1 nong do khac nhau dugc trinh bay
trén Hinh 2. C6 thé quan sat thay, tat ca
cac mau déu xuat hién cac mode dao dong
dac trung cua vt ligu g-C,N, khong Xuat
hién thém cdc mode dao dong la. Ngoai
ra, chung ta c6 thé thay rang, cic mau déu
xudt hién ba ving phé dic trung. Ving hap
thu rong ¢ khoang 3000 - 3500 cm™ dugc
gan cho cdc mode dao dong co dan cua
lién két N-H vé6i cac nhom amino. Ving
hap thy trong khoang s6 séng 1200 - 1600
cm lién quan dén céc mode dao dong co
dan cua lién két C - N. Pinh dic trung sic
nét tai vi tri 814 cm! ¢4 lién quan dén dao
dong tho cua cac vong s-triazine.
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Hi~nh 2: Phé hip thy,h(;ng ngogi FTIR clia
mau g-C N, tinh khiét va cdc méu pha tap V

Hinh 3 trinh be‘ly phd hap thy cua vt
ligu g-C.N, tlnh khiét va g- -C,N pha tap
V vdi cac ndng d6 khac nhau Ket qua
trén quh 3 cho thdy g- C,N, tinh khiét
c6 bo hap thu co ban ¢ khoang 450 nm.
Tuy nhién, khi pha tap V, bo héip thu cua
vat li¢u g-C\N, c6 Xu hudng dich vé phia
budc song dal khi nong do pha tap tang
tur 3 dén 10%. Po rong vung cdm cua cac
mau duoc ude tinh bang cach ngoai suy
tuyén tinh duong cong biéu dién sy phu
thuéc cua biéu dién (hva)"? theo ning
luong photon. Két qua ude tinh do rong
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viing cam ctia cac mau dugce trinh bay nhur
trong Bang 1.

Do hip thu (d.v.t.y)

200 500 600 700  80C
Buwéc song (nm)

200 300
Hinh 3: Phé hip thu U I‘/-Vis ciia cdc méu
g-C,N,pha tap V vdi nong dj khdac nhau
Bang 1. Gia tri d6 rong ving cim ctia
cic mau g-C.N, pha tap V voi ndng do
khac nhau

MAu Eg (eV)

CN 2.91
VCN -3 2.91
VCN -5 2.88
VCN -7 2.68
VCN - 10 2.61

Két qua Bang 1 cho thdy, d6 rong
ving cam cua cdc mau pha tap V giam tir
2,91 xudng 2,61 eV khi ndng d6 pha tap
tang tir 3 dén 10%. Nhu vay, viéc pha tap
V di lam anh huong dén bo hip thu cua
vat liéu g-C,N,, két qud nay c6 loi cho
kha ndng quang xuc tac cua vat li€u trong
vung nhin thdy.

Su tai hop cua cap dién tir - 15 trong
c6 thé giai phong ning lugng va cb thé
phat hién dugc thong qua phat xa huynh
quang. Cudng d6 huynh quang thip la
dau hiéu téc do tai hop dién tir - 13 trong
giam, dan t6i tang hoat tinh quang xtic tac.
Két qua do phé huynh quang ctia cac mau
g-C.N, tinh khiét va pha tap tai cic nong
do 3%, 5%, 7%, va 10% vdi bude séng
kich thich 325 nm dugc trinh bay nhu
trén Hinh 4. Két qua cho thay, pho phat

xa huynh quang cta tit ca cac mau la
mot dai rong tir 350 td1 700 nm. Cuodng
d6 phat huynh quang cao nhét ung véi
mau VCN - 10, thdp nhit ang véi mau
VCN - 5.
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Hinh 4: Phé PL cﬁa cdc méu g-C,N,pha
tap V vdi nong do khdac nhau

Kha ndng quang xuc tac cua cac cac
mau g-C,N, tinh khiét va g-C,N, pha tap
V dugc danh gia thong qua sy phan huy
dung dich Rhodamine B (RhB) duéi su
chiéu xa ctia dén Xenon. Hinh 5 biéu dién
su thay déi cia C/C, vao thoi gian. Két
qua cho thiy, qué trinh hap phu ddi vdi tat
ca cac mau bao hoa sau khoang 10 phut
khudy trong t6i. Trong khi nong d6 RhB
van con khoang 40% sau 60 phit khi st
dung g-C,N, tinh khiét, cdc mu g-CN,
pha tap V da phan huy dugc hau nhu
100% RhB. Trong do, mau g-C,N, pha
tap V 7% cho két qua quang xuc tac tot
nhat, phan hity duge 100 RhB chi sau thoi
gian chiéu sang 1a 40 phut, cao gap 2 lan
SO Vo1 g’—C3N4 tinh khiét trong cung thoi
gian chiéu sang.

Viéc tang cuong hoat tinh quang xuc
tac cua vat li€u g-C,N, pha tap V ¢6 thé
dugc giai thich nhu sau: Khi pha tap V
vao vat liu g-C N, nd ton tai & dang cac
ion V' hoat dong nhu mot cai bay dién
tu. Cac electron nhay tir ving hda tri 1én
ving dan s& bi cac tam V°* giit lai. Diéu
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nay lam cho tdc do tai hop cia cap dién
- 16 tréng giam, céc electron c6 diéu kién
tham gia vao qua trinh oxi hoa khir [am
tang cuong kha nang quang xuc tac cua
vat liéu. Thém vao dd, cac ion V3 trén
vung dan nhan thém dién tir tré thanh V*,
dudi ving hoa tri két hop véi 15 trong tro
thanh V¢, Chinh céc ion nay cling c6 kha
nang khur va oxi hda cao, gitip phan huy
hiéu qua cac hop chét hiru co.
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08t | ——VCN-10
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Hinh 5: Két qua xir Ii quang xiic tdc phin
huy RhB cua h¢ mau g-CN, pha tap V véi
nong do khdc nhau

4. Két luan

Chung to1 da ché tao thanh cong hé
mau g-CN, phq tap V’béng phuong phép
don gian 1a khudy tir két hop vdi gia nhiét.
Viéc pha tap Vanadi lam anh hudéng nho
1én céu trac cua vat liéu. Bo hép thu co
ban c¢6 xu hudng dich vé phia budc song
dai. Kha nang quang xtc tac cua vat li¢u
g-C,N, duoc cai thién dang ké khi pha tap
V. Mau g-C\N, pha tap 7% mol V cho
két qua quang xuc tac tot nhat, xur 1i dugc
100% dung dich RhB sau 40 phut chiéu
sang. Két qua nay gop phan vao viéc dinh
huéng tmg dung xir li 6 nhiém moi trudng
nude bang viéc sir dung cic chat xuc tac
quang c6 hiéu qua tét.

Loi cam on: Bai bdo da sw dung
tw lidu va mot s6 két qua cua dé tai cap
Co s6, Truong Dai hoc Tai nguyén va
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NANG CAO HIEU QUA QUAN LY CHAT THAI RAN... (Tiép theo

trang 80)

khong phu hop v6i s6 lugng giwdng bénh
ctia bénh vién. Cac loai chét thai rin nguy
hai da duoc thu gom, tuy nhién vigc van
chuyén va luu gitt van con nhiéu van dé
chua dugc hoan thién. bé cong tac quan
ly chét thai y té ctia bénh viéc duoc tot,
dam bao quy dinh cia B6 Y té cling nhu
han che tac dong dén moi truong do chat
thai y té, trong pham vi nghlen ctru nhom
tac gia da dua ra mot s6 kién nghi nham
nang cao hiu qua quan ly chat thai tai
bénh vién d6 1a nang cip hé théng xir ly
nude thai phu hop quy mod hién tai cia
nha may; bd sung cac quy trinh, huéng
dan thu gom chat thai nguy hai trong bénh
vién; vach tuyen thu gom c6 dinh, tranh
thu gom chat thai nguy hai qua khu vuc
cong cong hodc khu vuc cham sdc bénh
nhan; bd tri thoi gian thu gom hop ly,
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néng cao tuyén truyén va thuong Xuyen t6
chirc tap huan, huorng dan cho cic can bo,
bénh nhan, nguol nha bénh nhan vé quan
ly chat thai rdn bénh vién.
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