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TOMTAT

Trong nghién cGu nay, vat liéu nano g-GN, ¢6 cu triic 2D da dugc ché tao bang phuong phap nhiét phan melamine & cdc mic nhiét do khac nhau (500 -
650°C) trong 4 gic. Cac ddc trung cau trdc va tinh chat quang ctia vt liéu dugc khao sét bang cac phuang phap phan tich nhu XRD, EDX, SEM, BET va UV-Vis DRS.
Hiéu suat quang xtic tac cla vat liéu dugc danh gia thong qua kha nang phan hay thudc nhudm Rhodamine B (RhB) dudi anh séang kha kién. Két qua cho thdy
mau g-GN, t8ng hop & 600°C ¢6 hiéu sudt quang xic téc cao nhat, véi hiéu sudt loai bd RhB dat gan 95% sau 180 phiit chi€u sang. Ngoai ra, anh huéng cta pH
dung dich dén hiéu sudt quang phan hiy RhB ciing dugc nghién ctiu, khdng dinh tiém nang (ing dung trong xit Iy nudc thai 6 nhiém chét hitu co.

Tirkhéa: g-G;N,, quang xiic tdc, chdt mau hitu co.

ABSTRACT

In this study, 2D-structured g-GN, nanomaterials were synthesized via thermal polymerization of melamine at various temperatures (500 - 650°C) for 4
hours. The structural characteristics and optical properties of the materials were analyzed using techniques such as XRD, EDX, SEM, BET, and UV-Vis DRS. The
photocatalytic performance of the materials was evaluated through the degradation of Rhodamine B (RhB) under visible light irradiation. The results showed
that the g-GN, sample synthesized at 600°C exhibited the highest photocatalytic efficiency, achieving nearly 95% RhB removal after 180 minutes of illumination.
Furthermore, the effect of pH on the photocatalytic degradation efficiency was also investigated, confirming the material's potential for application in the
treatment of organic wastewater pollutants.

Keywords: g-GN,, photocatalytic, organic dyes.
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1. GIGI THIEU su quan tam dac biét nhd kha nang phan hay cac chat 6
nhiém hiru co dudi tac dong ctia anh sang ma khoéng can

Trong nhitng nam gan day, 6 nhiém méi trudng do -
st dung héa chat doc hai [1].

thuéc nhudém hiru ca trong nudc thai cong nghiép da trg
thanh mot van dé cap bach, doi hoi cac giadi phap xu ly Graphitic carbon nitride (g-C3N,4) la mot vat liéu ban
hiéu qud va than thién véi méi trudng. Trong s6 cac  dan trién vong nhd vao cac dac tinh ndi bat nhu cau truc
phuong phap xu ly, cdng nghé quang xuc tac da thu hat  bén ving, tinh chat dién ti diéu chinh dugc va dac biét la
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kha ndng hap thu anh sang trong vung kha kién (~2,7eV).
Tuy nhién, g-C3N, dang khéi (bulk g-C3N,) thudng co hiéu
suat quang xuc tac thap do téc dé tai hgp nhanh clia cap
electron-hole va dién tich bé mat han ché. D€ khic phuc
van dé nay, cac nghién ctiu gan day da tap trung vao viéc
ché tao g-C3N, vGi cau tric 2D nham cai thién hiéu suat
quang xuc tac thong qua viéc tang dién tich bé mat, cai
thién kha nang hap thu anh sang va kéo dai thoi gian
sOng cla cac hat tai [2].

Trong nghién ctu nay, ching téi tap trung vao viéc
ché tao va dac trung g-CsN, 6 cau trac 2D bang phuong
phap daon gian. Hiéu suat quang xuc tac clia vat liéu dugc
danh gid théng qua qua trinh phan hdy Rhodamine B
(RhB) dugi anh sang kha kién. Két qua nghién ctu sé cung
cdp thém hiéu biét vé cau tric 2D cla g-C3N, va hiéu suat
quang xuc tac, déng thoi dé xuat mét hudng tiép can
hiéu qua trong xt ly nudc thai 6 nhiém bang phuong
phap quang hoa.

2. THUC NGHIEM
2.1. Héa chat

B6t melamine (99%, Sigma-Aldrich), Rhodamine B
(Loba Chemie - An D9), ethanol (98%, Xilong - Trung
Quéc), nudc cat phong thinghiém.
2.2.Téng hop 2D g-C:N,

Vat lieu nanosheets g-C3Ns dugc téng hgp bang
phuang phap don gian nung truc tiép ti melamine. Tling
thi nghiém, cho 5g melamine vao céc st c6 nap day va
tién hanh nung trong |6 Nabertherm L15/14 & nhiét do
lan lugt la 500°C, 550°C, 600°C va 650°C trong 4 gid vGi
t6c d6 gia nhiét 5°C/phut. Cac mau dé ngudi dén nhiét do
phong va dugc loc rdra ly tam 3 1an bang nudc cat, 1 lan
bang ethanol dé€ loai bé cac tap chat. Sau d6, mau dugc
say kho & 100°C trong 3 gid va bao quan dé st dung.
2.3. Nghién ctiu kha quang phan hiy RhB ctia g-C:N,

Hiéu sudt quang xuc tac cla g-CN, dugc danh gia
thong qua sy phan hay chat mau RhB nhu mét chat 6
nhiém dudi danh sang kha kién mo6 phong bang dén
Xenon 35W. Trong tting thi nghiém, 0,02g chat xuc tac g-
CsN4 cho vao 6ng thach anh chiia 20mL dung dich RhB
¢6 nong dd 10mg/L (ham lugng xuc tac 1g/L). Cac ng
dugc dat trong tu xuc tadc cadch den Xenon la 20cm, ta xdc
tac dugc lam mat bang quat thong gié déi luu dam bao
nhiét d6 trong t tuong duong vdi nhiét d6 phong. Trudc
khi chiéu sang, cac 8ng dugc dat trong bong t6i 2 gis dé
dat trang thai can bang hap phu - giai hap phu. Sau tiing
mac thai gian, cdc 8ng dugc 1ay ra va loc ly tam dé loai bod
chat xuc tac. Nong dé dung dich RhB dugc do trén may
quang phé UV-Vis Drawell & budc song cuc dai 553nm.
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2.4, Pac tinh cua vat liéu

Thanh phan pha dugc phan tich bang phuong phap
nhiéu xa tia X trén thiét bi D8-Advance (Bruker). Hinh thai
va thanh phan cac nguyén té dugc phan tich trén thiét bi
Hitachi S-4600. Dién tich bé mat riéng dugc do trén thiét
bi NOVA touch 2LX/Quantachrome (My). Phé tit ngoai
kha kién UV-Vis dugc do trén thiét bi quang phé Jasco
V730 (Nhat Ban).

3. KET QUA VA THAO LUAN
3.1.Pac tinh ctia g-C:N,
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Hinh 1. (a) Gian d XRD va (b) Phé EDX clia g-GN,

Khi nung 5g melamine & & 600°C trong 4 gid thu dugc
la 2,259 g-C3N4, nhu vay hiéu suat tao g-CsN4 la 45%. Mau
vat liéu g-C:N4 dugc lua chon dé danh gia dac tinh ctia vat
lieu téng hop. Gidn d6 XRD cla vat liéu g-C:N, dugc thé
hién trén hinh 1a thdy rang, xuat hién cac peak tai vi tri
26 = 13,1° va 27,4° tuong Ung véi mat (001) va (002), dac
trung cho su sdp xép tudn hoan trong mat phang cla
vong tri-s-triazine va cac I6p cé cau truc m-conjugated [2,
3]. Ngoai ra, trén gian dé XRD con xuat hién cac peak tai
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vi tri 21,6° va 44,1° tuong ung v4@i cac mat (100) va (200)
dac trung cho pha cta g-C3N,, tat ca cac peak trén phu
hop vGi thé chudn PDF 01-087-1526. Thanh phan cac
nguyén té trong mau vat liéu dugc phan tich bang
phuong phap EDX, két qué thé hién & hinh 1b. Trén phé
EDX, chi xuat hién cac peak cta nguyén t6 C va N vGi
thanh phan khéi lugng lan luot la 36,08% va 63,92%, diéu
nay chiing to cac tap chat co trong mau sau khi nung da
dugc loai bd qua qua trinh loc ria.

Hinh thai cia g-CsN4 quan sat dudi kinh hién vi dién ta
quét (SEM) trén hinh 2 thay rang, g-CsN4 c6 dang cac tdm
mong chong Ién nhau, tao thanh cau trdc rdi rac va nhiéu
khoang réng (hinh 2a). 3 d6 phéng dai cao hon (hinh 2b),
c6 thé thdy ré hon cac I6p nano xép chdng va nép gap
cUa cac tdm g-CN,. Cau trac nay la két qua ctia qua trinh
hinh thanh tu don vi tri-s-triazine thong qua qua trinh
nhiét phan tién chat melamine. Nhiing I6p gap khuc va
cac khe réng gilra cac tam nay c6 thé tao diéu kién thuan
lgi cho su khuéch tan ctia chat phan (ng ciing nhu cai
thién hiéu suat quang xuc tac bang cach giam tai té hop
clia cap electron-hole.

o el

IMS-NKL 5.0kV 5.9mm x100k SE(M)

Hinh 2. Anh SEM c(ia g-GsN..
Theo hinh 3a, dudng ddng nhiét hap phu-gidi hap N,
clia g-C3N4 thudc dang IV va c6 hién tugng tré Hs theo
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phan loai ctia IUPAC, la vat liéu mao quan trung binh c6
cdu trac xép 16p [2]. Dién tich bé mat riéng cla g-GN,
theo BET 13 65,369m?/g, thé tich mao quan va dudng kinh
mao quan theo phuong phap BJH lan lugt la 0,3075cm3/g
va 3,8nm.
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Hinh 3. (a) Duding dang nhiét hap phu-gidi hap khi N, va gién d phan bo
mao quan, (b) ham Kubelka-Munk va ph6 UV-Vis ran cta g-GN,

Hinh 3b1 thé hién phd hap thu UV-Vis cla vét liéu g-
C5N4 cho thay moét dinh hap thu manh trong viing 300 -
450nm, véi dinh cuc dai khoang 370 - 400nm. Diéu nay
phan anh kha nang hap thu énh sang trong viing tir ngoai
va mét phan ving anh sang kha kién clia vat liéu. Nang
lugng ving cam cta g-C3N4 dugc xac dinh theo ham
Kulbelka-Munk bang phuong phap khuéch tan phan xa
UV-Vis (UV-Vis DRS) c6 dang:

(F(R)hv)* =A(hv—E )

K
FR)=—
(R) S

Trong d6, R: hé s6 phan xa khuéch tan ciia mau; K: hé s
hédp thu (K=(1-R)?); S: hé s6 tan xa (S = 2R) [4]. T4 d6 thi gilra
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(F(R)hv)? véi Eg trén hinh 3b, nang lugng viing cam cla g-
5Ny xéc dinh dugc la 2,89eV. Két qua nay phu hop vai céac
bao cdo trudc day, trong d6é g-GN, thudng cé nang luong
vling cdm dao dong tir 2,7 - 2,9eV, tuy thudc vao phuong
phap téng hgp va cac diéu kién xu ly nhiét [5].

3.2. Kha nang quang phan hiy RhB ctia g-C:N.

Hinh 4 thé hién anh hudng cta nhiét d6 nung
melamine dén hiéu suat quang phan hdy RhB cla vat liéu
g-GN, sau 180 phut chiéu sang (n6bng d6 RhB ban dau
10mg/L, ham lugng xuc tac 1g/L). Két qua cho thay hiéu
suat phan hay RhB tang dan khi nhiét d6 nung tang tu
500°C (83,74%) Ién 600°C (93,32%), sau do6 giam xudng
con 75,66% khi nhiét d6 nung dat 650°C.
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Hinh 4. Anh huéng cla nhiét do nung dén hiéu suat phan hiy RhB cla
g-(3N4

& nhiét do6 nung 500°C, qua trinh chuyén hoa cia
melamine chua hoan toan, dan dén su hinh thanh g-C;N,
vGi dién tich bé mat thap va dé két tinh kém, lam han ché
kha ndang hap thu anh sang va hoat tinh quang xuc tac.
Khi nhiét 6 nung tang Ién 550 - 600°C, su hinh thanh
mang ludi graphitic C-N tré nén ré rang hon, lam gidm su
tai t6 hgp electron-hole, d6ng thai cai thién khd nang hap
thu anh sang trong vuing kha kién [6]. Diéu nay dan dén
hiéu suat phan hay RhB dat gia tri cao nhat tai 600°C.

Tuy nhién, khi nhiét d6 nung tiép tuc tang lén 650°C,
hiéu suat quang phan hay gidm dang ké. Nguyén nhan c6
théla do sy phan huly nhiét ctia g-C;N,, 1am gidm dién tich
bé mat va sé luong vi tri hoat ddng xuc tac. O muc nhiét
qua cao, mot phan cau tric graphitic c6 thé bi pha v, lam
giam kha nang hép thu anh sang va dan dén su suy giam
hiéu suat quang xuc tac.

Hinh 5a mé ta su thay d6i ndbng dé tuong doi C/C, clia
RhB theo thoi gian dudi diéu kién c6 va khong cé xuc tac
9-GN,. Két qua cho thdy rang, RhB bi hap phu khoang
9,52% sau khi dé trong bong t6i 2 gid, tiép tuc chiéu sang
néng d6 RhB gidam manh theo thdi gian, dat hiéu suat
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phan hily khoang 92,12% sau 180 phut. Diéu nay khang
dinh rang g-G3N, dong vai trd xuc tac quang hiéu qua
trong qua trinh phan hay RhB. Ngugc lai, khi khong cé
chat xuc tac, nébng dé RhB gan nhu khong thay déi trong
subt qua trinh chiéu sang, chiing t6 RhB hau nhu khong
tu phan hay duéi anh sang kha kién.
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Hinh 5. (a) Hoat tinh quang phan hiy, (b) dng hoc béc 1, (c) phd UV-Vis
theo thai gian va (d) anh hudng clia pH dén hiéu suat phan hiy RhB clia g-GN,

Hang s6 toc d6 phan Uing quang xuc tac dugc xac dinh
bang cach s dung mé hinh déng hoc gid bac nhat:
In(C/Co) = -kt, trong d6 Co, C la néng d6 dung dich RhB
ban dau va tai thai diém t (mg/L), k la hang s6 téc d6 phan
ing biéu kién (phut”) [7]. K&t qua trén hinh 5b cho thay
k = 11,93.10° phat' véi hé sé tuong quan kha cao
R? = 0,953 khang dinh su phu hop ctia mé hinh déng hoc
gia bac nhat. Hinh 5c thé hién su suy gidm cudng dé hap
thu cla RhB tai budc séng cuc dai 553nm sau cac méc
thaoi gian chiéu sang.

Gia tri pH la moét dai lugng quan trong anh hudng dén
qua trinh quang phan hdy RhB cta g-C3N.. Trong nghién
ctiu nay, dung dich RhB c6 néng dé ban dau 10mg/L dugc
diéu chinh pH b&i dung dich HCI 0,1M va NaOH 0,1M dén
giatripHla3,5,7,10va 12. Tiép theo cho xtc tac g-C3N,
(ham lugng 1g/L) vao cac dung dich RhB trén va chiéu
sang trong 180 phut, k&t qua thé hién trén hinh 5d. Thay
rang, hiéu suat phan hiy RhB cao nhat dat dugc & pH =3
(99,23%), sau d6 gidam dan khi pH tang, dac biét la tai
pH = 10 (60,65%) va pH = 12 (44,06%). Xu huéng nay c6
thé dugc gidi thich do anh hudng ctia pH dén bé mat g-
(5N, cling nhutrang thaiion héa ctia RhB, anh hudng dén
kha ndang hap thu va tao géc tu do trong qua trinh quang
phan hay, két qua nay cliing phu hgp véi két qua cla
Weina Shi va cong su [8].

Dua trén két qua dat dugc va cac tai liéu tham khao,
co ché quang phan hay RhB ctia g-C3N, dudi anh sang co6
thé dugc dé xuat nhu sau [7, 8]:

g-GNs+hv  — e + hw'
eg+0, — Oy
hwegt*+H.O0 — -OH+H*
RhB+-OH — sanpham trung gian — CO, + H,0
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Khi dugc chiéu sang, cac e dich chuyén tir ving hoa
tri qua vung cam dén ving dan cla g-CsN4 d€ tao ra cac
cap ecs va hyg'. CAc ecg” sé& oxi hda cac phan tir O, cé trong
dung dich va hys* oxi héa phan ti H,0 dé sinh ra cac géc
-0, va -OH. Cac géc ty do nay sé phan tng vai phan ti
RhB, lam pha vé lién két ctia hgp chat hitu co, dan dén su
phan hay RhB thanh cac san phdm nhé han va cudi cung
thanh COz va Hzo
4. KET LUAN

Vat liéu g-C3N, cdu truc 2D da dugc téng hop thanh
céng bang phuang phap nhiét phan don gian, khong st
dung dung mai, véi diéu kién téi uu 6 600°C trong 4 gio.
Mau g-CsN, thu dugc cho thay hiéu suat quang xuc tac
cao d6i vSi phan hay RhB dudi anh sang kha kién. O gia
tri pH cang cao thi hiéu suat quang phan hay RhB cang
giam, do anh hudng cla pH dén bé mat g-C;N, cling nhu
trang thaiion hoa ctia RhB, lam thay d6i kha nang hap thu
va tao géc tu do trong qua trinh quang phan huy, pH =3
cho hiéu suat xt ly RhB cao nhat la 99,23%. Nghién ctu
da chiing minh hiéu qua cta viéc diéu chinh cdu tric va
diéu kién téng hop nham cai thién hoat tinh quang xuc
tac cla vat liéu, gop phan phat trién cac giadi phap xt ly
moi trudng xanh va hiéu qua.
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