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composites were successfully synthesized by the co-precipitation
method combined with mixed phase mixture. The obtained results
from characterization methods such as XRD, SEM, FT-IR, EDX,..
showed that the composite has a high structure and crystallinity, and
spinel ferrite particles were dispersed fairly evenly onto reduced
graphene oxide sheets as well as layers of g-C3N4. The existence of
Co/Fe-O and Co-O-C bonds in materials was determined. The
photocatalytic activity of g-C3N4/CoFe204/Reduced graphene oxide
(GCN/CF-rGO) was estimated through the degradation of
Tetracycline (TC) in aqueous solution. TC decomposition efficiency is
up to 95% after 240 minutes of reaction and is higher than that of
each component material. GCN/CF-rGO is a potential catalyst for
effective application in TC decomposition reaction under visible light

and has the ability to implement treatment in practice.

Gidi thiéu chung

Trong thdi gian gan day graphenva vat liéu trén cd s&
graphen bién tinh nhan dugc su quan tam nghién clru
trong nhiéu finh vuc clia khoa hoc cong nghé do
ching c& nhiéu tinh chat dac biét nhu dién tich bé mat
I6n, rat bén ngay ca trong méi trudng axit lan bazag; d6
bén co hoc cao; dan nhiét, dan dién t6t; nhiéu nhém
chiic, dadang vé cach ché tao vanguyén liéu [1-7]. Véi

nhifng tinh chét nay, graphen va vat liéu trén cg s&
graphen bién tinh dugc xem la mot vat liéu nén ly
tudng thuan Igi dé gén cac phan t& xdc tac nano oxit
kim loai, vat liéu ferrite spinel MFe204 tU tinh va nhiéu
déitugng khac [7], [37-40].

Clng nhu graphen, graphitic carbon nitride (g-C3Na4)
dugc biét dén nhu mot chat ban dan khong kim loai
dang polime cb cdu tric I8p rat tiém ndng, Ung dung
hiéu qué trong nhiéu Iinh vuc, trong do phai ké dén
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finh vuc xdc tac, dac biét la xtc tac quang hoa. Uu
diém cla vat liéu nay la cd nang lugng ving cam
tugng déi nhd (2,7 eV), khd nédng ché tao & pham vi
rong va&i quy mod cdng nghiép, gié thanh ré va khéng
doc [8-10]. Tuy nhién, nhugc diém cla g-C3N4 la qua
trinh tai két hop cac electron - 16 tréng quang sinh xay
ra manh dan dén hoat tinh xuc tac quang cla vat liéu
bi han ché. Bé khac phuc nhugc diém nay cé thé bién
tinh g-C3N4 bang cach pha tap bdi mot s6 phi kim
trong cdu tric mang hodc gan thém kim loai hay oxit
kim loai ZnO, Co304, Ag20, CoFe204 lén bé mat g-
3N/ hodc lai ghép g-C3N4 vai mot chat ban dankhac
Ung dung trong xf ly moi trudng da dugc thuc hién
[18-21, 36]. Nghién clru gan day cla nhom tac gia S.
Shanavas va cong su [22] da cho théy khd nang xdc tac
quang hda tuyét vai cla hé vat liu lai t6 hop
2D/3D/2D (rGO/Fe203/g-C3N4) trong viecxd ly khang
sinh rdt hiéu qua. V&i cdu tric 2D doéc déo cla
graphen oxit dang khi (rGO), do c6 chlira mét s6
nhém chirc hoat dong ma dac biét la cac gbc chilfa oxy
hoat déng trén bé mat khi dé sé tdng cudng khd nédng
tuong tac véi cac hap chét hitu co/vo co khac dé tao
thanh nanocomposites lai [18,22,23,41,42].

SU hinh thanh vat liéu lai ghép vd&i muc dich Ia lam
giam kha nang tai t6 hop cla electron quang sinh,
tang kha nang quang xuc tac cla vat liéu. Cac vat liéu
composite dugc tao thanh khi lai ghép gitta mot chat
ban dan vsi mét chat ban dan khac c6 nang lugng
vling cdm nhd hon nang lugng ving cdm clia nd va cd
thé nang vuing dan cao han thi déu c6 dinh va b hip
thu anh sang trén phé hap thu UV-Vis ndm trong ving
kha kién, do do, hiéu quad phan hiy cac hgp chét hitu
cd & nhiém clia ching cao hon nhiéu so vdi tiing hop
phan riéng 1é [21], [24-25].

TU lau vat liéu ferrite MFe204 ¢é cdu tric spinel da
nhan dugc sy quan tam nghién clru va Ung dung trong
nhiéu finh vuc nhu luu trt tr mat do cao, dan thudc,
cdm bién khi va dac biét trong Iinh vuc xic tac — hdp
phu Ung dung trong x ly méi trudng do ¢d nhiéu dac
tinh n&i bat nhu ¢ kich thudc nanomet, dién tich bé
mat 16n, c6 tinh chat thuan tU va c6 dé tU bédo hoa
cao... [11-16],[32]. Tuy nhién, dé ndng cao hon nita hiéu
qua Ung dung cla vat liéu nay trong linh vuc xic tac —
hdp phu nham x ly cac hgp chét hitu co khd phan
hiy trong moi trudng nudc, vat liéu t6 hop MFe204
trén vat liéu nén cé dién tich bé mat Ién dugc quan
tam nghién cau.

Trén co s& do, nghién cu nay tién hanh téng hap hé
vat liéu t6 hop g-C3N4/CoFe204/Graphen oxit dang
khtr, budc dau nghién clru hoat tinh xtc tac quang cla

vat liéu trong phan Ung phan hiy tetracyline (TC)
trong moitrudng nudc.

Thyc nghiém va phuang phap nghién cliu
Héa chat

Graphit (Merck); NaNO3 (Merck); HCl (Merck); KMnO4
(99 %, Sigma-Aldrich); H2SO4 (98%, Merck); H202 (30%,
Aldrich); NaOH (China); Axit ascorbic (Merck); Ure
(Merck); Fe(NO3)3.9H20 (Merck); CoCl2.6H20 (Merck);
Dung dich NH4OH (Merck), CoHsOH (Merck);
Tetracyline (China).

Téng hop vdt liéu
Tong hop graphen, CoFe20O4/graphen

Graphen oxit dugc t6ng hdp theo phuong phap
Hummers biéntinh [17] va [33] theo quy trinh nhu sau:
Cho 1g graphit, 0,5 g NaNO3 va 23 mL H2SO4 ddcvao
c8c thdy tinh chiu nhiét, 1am lanh hén hop & (0-5 ©C)
va khudy déu trén may khudy tir. Nang nhiét dé 1én 15
°C vacho tU tur tng lugng nhd két hgp vai khudy déu
lien tuc 3 g KMnO4, sau dé nang tiép nhiét dé dén 40
oC. Tiép tuc thém 100 mL nudc cét va nang nhiét do
lén dén 98 °C, khudy lién tuc trong 1 gid sau dé cho
thém 10 mL H202 30% vao hon hap khudy tiép trong 1
gig. BE ngudi, loc rira san phdm nhiéu lan bang axit
HCl 5%, sau do rita bang nudc cét, san pham thu ducc
la graphit oxit.

Dé thu dugc graphen oxit, tién hanh tach I6p graphit
oxit bang ky thudt siéu am vdi dung moi nudc trong 1
gig trén thiét bi siéu &m Elmasonic S100 H ¢6 tan sé
siéu am 37 kHz. San phém dugc sdy & nhiét d6 60 °C
trong 12 gid, thu dugc graphen oxit dang bt mau nau
den. Mau ki hiéu 1a GO.

Téng hap graphen oxit dang khir (rGO) theo quy trinh
sau: Ldy 1 g GO cho vao 300 mL nudc cat, rung siéu
am trong 1 gid (c6 suc khi nitd). Nang nhiét do cla
hon hop 1én & 80 °C sau d6 cho 10 g axit ascorbic vao
hon hop va khudy lién tuc trong 20 phdt, thu dugc
dung dich mau nau den. Log, ria chat ran thu dugcvdi
etanol. S&y mau trong chan khong & 80 °C trong 10
gid, thu dugcrGO [33].

Téng hgp vat liéu CoFe204: Cho Fe(NO3)3.9H20 va
Co(NO3)2.6H20 motlugng xac dinh vao hdn hop chira
nudc cat va etanol khudy déu trong 1 gig. Thém
NH4OH vao hén hgp trén khudy tiép 2 gid cho dén
pH=10. Sau dé chuyén toan bd hdn hop vao binh
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Teflon, thay nhiét 180 °C trong 12 gid. Loc rira két tla
nhiéu lan bang nudc cét va etanol cho dén pH=7. Chat
ran thu dugc, dudgc sdy & 60 °C, 4 gi¢s trong dong khi
nita [33]. S&n phdm thu dugcki hiéu 1a CF.

Téng hop vat lieu CoFe204/rGO: Chuan bi hdn hop
chlta nudc cat, etanol va m gam rGO khudy déu trong
10 phdt. Rung siéu &m trong 1 gid, dugc hdn hop 1.
Cho tiép Fe(NO3)3.9H20 va Co(NO3)2.6H20 métlugng
xac dinh vao hdn hop 1 khudy lién tuc trong 60 phut.
Thém 15 mL NH20OH vao hon hgp trén, khudy tiép 120
phit. Sau dé chuyén toan béd dung dich vao binh
Teflon, tién hanh thay nhiét 180 °C trong 12 gid. Loc
rifa két tha nhiéu lan bang nudc cét va etanol (cho dén
pH = 7). S8y chét réan & 60 °C trong 24 gid. Nung chét
ran thu dugctrong 4 gid, thu dugc CoFe204/rGO. Mau
ki hiéu CF/rGO.

Téng hop g-C3Na4

Quy trinh t6ng hop nhu sau: L&y mot lugng xac dinh
ure cho vao ¢6i ma ndo nghién min, sau d6 cho mau
vao cbc su boc kin nhiéu I6p bang gidy nhém. Tién
hanh nung & 500 °C trong 4 gi¢ v&i toc do gia nhiét 5
°C/phit. BE ngudi dén nhiét d6 phong, nghién min
thu dugcsan phdm, ky hiéu la GCN.

Téng hop vt liéu g-C3Na/CoFe204/rGO

Quy trinh t6ng hgp theo [26] nhu sau:

- Chuén bihén hap 1: Cho m (gam) g-C3N4 (m =0; 0,2;
0,5 va 1) va 0,15 g rGO vao nudc cét, rung siéu am &
nhiét dé phong trong 30 phut.

- Chuén bi hdn hgp 2: Hon hap mudi Fe3* va Co?* (4
lé mol Fe3* va Co?* la 2:1) da dugc hoa tan trong
etanol, rung siéu am & nhiét dé phong trong 30 phtt.

Trén hdn hgp 1va 2 véi nhau (vira cho via lac manh),
sau dé diéu chinh pH dung dich (dén pH = 10), nhiét
do6 clia hdn hap dudcduy ti & nhiét dé phong. Sau dé
ly tdm 20 phit véi t6c dé 3000 vong/phdt. Loc, ria
chét ran thu dugc nhiéu lan bang nudc cét. S&y & nhiét
d6 70 °C trong 12 gid, thu dugc sédn phdm ki héu x
GCN/CF/rGO (x=0;0,2; 0,5, 1).

Phuong phdp ddc trung

Gidn do nhiéu xa tia X cla cac mau dugc do trén
nhiéu xa k& Brucker D8 Advance vdi 6ng phat tia X
clia Cu b budc séng (Cuke) = 1,5406 D. Anh hién vi
dién tor quét (SEM) do trén may X-ray spectrometry
(SEM-EDX mapping, Nova Nano SEM 450). Phé tia X

phan tan nang lugng, EDX dugc thuc hién trén thiét b
EDAX 9900 gén V@i thiét bi SEM. Phé FT-IR do trén
méay JASCO (USA), FT-IR 4100. Ph& phan xa khuéch tan

tlr ngoai — kha kién (UV-Vis-DRS).
Khdo sdt hoat tinh xtc tac quang cua vt liéu

Trong nghién clfu nay, hoat tinh xdc tac quang clia cac
vat liéu dugc danh gid qua phan Ung phéan hay TC
dudi tac dung clia dén sgi dét 60W-220V cd kinh loc
tia UV. Néng dé clia dung dich TC dugc xac dinh theo
phuong phap dudng chudn tai budcsong 355 nm.
Piéu kién thi nghiém: Nong dé ban dau cia TC: 20
mg/L, thé tich dung dich: 100 mL, khéi lugng xuc tac la
100 mg. H&n hap dugclac lién tuc 30 phdt trong bdng
t6i dé dat can bang hdp phu trudc khi thuc hién phan
Ung xUc tac quang hda. Dung lugng hdp phu () dugc
xac dinh theo cong thic

m

Dua theo phuong phéap dudng chuin xac dinh nong
dd cla TC con lai sau phan &ng. Hiéu sudt phan hdy
TC dudcxac dinh bdi cong thic

Ho = S0 —Ct 100
C

0
Trong d6, Co: nbng dé ban dau cla dung dich TC
(mg/L); Ct ndng dé clia dung dich TC sau cac khoang
thai giant (mg/L).

K&t qua va thao luan
Ddc trung vt liéu

DE cé nhitng thong tin vé su ¢ mat clia cac hap phan
c6 trong vat liéu, thanh phéan pha cling nhu cau trdc va
dac diém lién két cla cac nhém chic trong vét liéu
nghién cdu, cac ky thuat EDX, XRD, FT-IR, SEM d&
dugcst dung.

Hinh 3.1, phd phan tan ning lugng tia X cla cac mau
vatliéu GCN/CF/rGO t6ng hap & cac ti 1é GCN:CF/rGO
khac nhau.

.
A -
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(b)

lsc792  126Cats  1730keV  Det Octane Elect Plus

Hinh 1: Phd EDX clia cac vatliéu 0,2GCN/CF/rGO (a);
0,5 GCN/CF/rGO (b) va 1 GCN/CF/rGO (o)

Bang 1: Thanh phén nguyén t6 clia GCN/CF/rGO
& cac ti 1é khac nhau

Nguyén % nguyén tu
6 0,2GCN/CF/ GO0, 5GCN/CF/ rGO | 1GCN/CF/ rGO
28,01 30,74 31,39
@) 41,00 32,60 39,81
Fe 12,80 9,10 1,83
Co 6,31 3,83 6,40
N 11,88 23,74 10,58
Téng 100,00 100,00 100,00

(b)

(@)

D6 truyén qua (%)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™)

Hinh 2: Ph& IR clia vat liéu GCN/CF/rGO
& cactilé GCN:CF-rGO1a 0,2 (a); 0,5 (b) va 1(c)

K&t qua Hinh 1 va Bang 1 cho thdy cé su hién dién day
dU cac nguyén t§ thanh phan trong cac mau vat liéu la
C, O, Co, Fe va N. Ham lugng nguyén t6 C tang déan
khi tang GCN, tur 28,01 dén 31,39%. Lugng sat va
coban trong cac miu 1 dang k& V&I mau
0,2GCN/CF/rGO lugng sat va coban khé cao, va 3 mau

nay ti lé Fe3*: Co?*dadm bdo la 2:1. Thanh phan phan
tram cla oxi trong mau nay cao, lén dén 41% (cao hon
mau 0,5GCN/CF/rGO 1a 32,6% va 1GCN/CF/rGO la
39,81%); diéu nay cho thdy mau 0,2GCN/CF/rGO b
ham lugng cac nguyén té gan chinh xac nhét. Su co
mat clia cac nhdm chirc trong cac mau vat liéu dudc
xac dinh, chira & Hinh 2.

K&t qua phan tich t&r Hinh 2 cho thdy c6 sy xudt hién
cac peak dac trung xung quanh s6 séng 570 cm™
tuang Ung vaéi dao dong cla lién két Co-O, cac peak
tai 1480cm™" va 3400 cm™" déc trung clia cdc nhém ua
nudc -OH, C=0. Bén canh do con xuét hién peak dac
trung tai 1340 cm!, la dao déng cua lién két C=N, r6
nhat & mau 0,2 GCN/CF/rGO.

Hinh 3, anh SEM clia GCN/CF/rGO & céc ti 1é vai do
phdng dai khac nhau (Ung vdi cac Hinh (a), (b), (0) va
clia cac vatliéu rGO (d), g-C3N4 (e), CoFe204 (f).

(a1) (a2)

(b1) (b2)

(c2)

(d) (e) )

Hinh 3: Anh SEM ctia GCN/CF/rGO t8ng hop & cac ti
lé GCN:CF/rGO 1a 0,2 (a); 0,5 (b) va (o) (v8idd phdng
daikhac nhau); rGO (d); g-C3N4 (e); CoFe20a4 (f)
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Két qua cho thdy khi quan st Hinh 3, cac mau vét liéu
t6 hgp GCN/CF-rGO déu cé su phan tan CF 1én cac
tdm graphen cling nhu cac I6p clia g-C3N4. Tuy nhién,
& mau 0,2GCN/CF/rGO (al, a2) su phan tan CF kha
nhiéu va cac hat khd dong déu hon so vdi mau 0,5
GCN/CF/rGO (b1, b2) va1GCN/CF/rGO (cl, c2).

D€ b su lua chon ti 16 GCN va CF-rGO thich hop
trong diéu kién khdo sat, ching téi tién hanh nghién
clu anh hudng cla ti 1é cac chat dén su hinh thanh vat
litu GCN/CF/rGO trong phéan Ung phan hay TC. Két
qua thé hién & Hinh 4.

Két qud cho thédy ré hiéu qua xic tac cla vat liéu cb
mat GCN t6t hon so vdi vat liéu khdng cd GCN (x=0).
Va trong cac mau nghién cltu, hiéu suét phan hay TC &
mau 0,2GCN/CF/rGO la cao nhat, dat gan 95%.

TU nhitng két qua thao luan trén ching téi chon mau
0,2GCN/CF/rGO cho cac nghién clru tiép theo.

—=— CF/rGO

—®— 02 GCN/CF-rGO|
—— 05 GCN/CF-rGO|
—v— 1 GCN/CF-rGO

cic,

0.2 N

'
B

| |
¢ b4 i

0.0

“rvoigan praning hay

Hinh 4. Su gidmndng dé TC theo thai gian clia xdc tac
GCN/CF/rGO & cac ti 1é khac nhau

Sau khi chon ti1é GCN : CF/rGO t6i uu trong diéu kién

nghién ctu, ching toi tién hanh khdo sat moét s& dac

trung cla vat liéu t6 hop GCN/CF/rGO va cac vatliéu

thanh phan.

Hinh 5, gian do nhiéu xa tia X ctia rGO (a); GCN (b), CF

(9); CF/rGO (d) va GCN/CF/rGO (e).

©

A\ A A o)

1 ®)
@

T T T T T T
20 30 40 50 60 70 80
2theta (do)

Cuong do tuong doi (cps)

Hinh 5: Gidn dd nhiéu xa tia X clia rGO (a); GCN (b), CF
(0); CF/rGO (d) va GCN/CF/rGO (e)

TU gidn do XRD clia rGO (a), nhan thdy c6 su xudt hién
mot peak réong trong khoang 26 tir 200 dén 359 (ing
v@i mat phéan xa (002), tuang Ung v4i cau tric I6p cla
rGO [28]. B&i vai CF (o), xuat hién cac dinh nhiéu xa &
20 = 29,99 35,19, 43,39, 57,19va 62,99 (ing v&icac mat
tinh thé 1an lugt1a (220), (311), (400), (333) va (440) phu
hop vdi cdu tric theo kiu spinel lap phuong (cubic
spinel-type structure) cla cobalt ferrite (JCPDS 75—
0033) [27], [29], [34]. B&i véi composite CF/rGO, cling
xuat hién cac peak dac trung cla cobalt ferrite, tuy
nhién, dudng nén cla nhiéu xa I6n clia mau rGO lam
cho khdng quan sét rd cac peak dac trung cla rGO
trong CF/rGO.

V& mau GCN, xuét hién hai peak dac trung, mot peak
cudng d6 manh tai 286 = 27,39 va peak yéu xuét hién &
20 = 13,29 tuang Ung cac mat nhiéu xa (002) va (100)
clia nhifng vat liéu c6 cau trdc graphite (JCPDS 87-
1526), két qué nay pht hgp vdi cong bé [35]. Ciing tU
Hinh 3.5, c6 thé nhan thdy rang v&i mau GCN/CF/rGO,
peak dac trung cla CF/rGO van xudt hién, déng thdi
cling xudt hién cac peak ng vdi 26 = 30,5; 35,7; 43,3;
57,1 va 62,99 iing vdi cac mat tinh thé [an luot 1a (220),
(311), (400), (333) va (440) phu hgp vdi cdu tric theo
ki€u spinellap phuang (cubic spinel-type structure) cla
cobalt ferrite (JCPDS 75— 0033).

DE b thong tin vé sy cd mat clia cac nhém chie trong

cac mau vat lieu tng hop, phé FT-IR dugc st dung,
két qua thé hién & Hinh 6.

Do truyen qua (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
So song (cm™)

Hinh 6: Ph& FT-IR clia rGO (a); GCN (b), CF (0);
CF/rGO (d) va GCN/CF/rGO (e)

Quan sat phd FT-IR clia cac mau vat liéu cho thay co
sy xudt hién cac peak dac trung cac nhom chic chira
oxi trong GCN/CF/rGO nhu nhdém -OH trong khoéang
3300-3400 cm!, nhém C=0O (-COOH) & 1607 cm,
nhém C-O ¢ 2 peak & 1636 cm™ va 1700 cm™™, nhdm
chirc epoxyl (C-O-C) & 1104 cm! xudt hién trén phd do.
Bén canh dé déivdi GCN/CF/rGO cé sy xuét hién peak
3 vung budcsdéng 500-1000 crn™" déc trung cho sy tén
tai cla cac lién két Co-O. Lién két Fe(Co)-O dugc hinh
thanh do luc hdt tinh dién gita cac nhém chic
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(COOH, COH, C-O-Q) trén bé mat rGO vdiion Co?* va
ion Fe3+ [30].

Pdnh gid hoat tinh xtc tdc quang caa vt liéu trong
phdn Ung phdn hay TC

Trudc khi nghién clfu hoat tinh xtic tac quang clia vat liéu,
tién hanh danh gia thai gian dat cdn bdng hdp phu cta
cac vat liéu, két qua thé hién & Hinh 3.7.

—=— GCN

—o— GO

—A— CF

—v— CF-rGO
—+— GCN/CF/rGO|

T T T T T T
0 20 40 60 80 100 120
Thoi gian (phut)

Hinh 7: Dung lugng hap phu TC theo thdi gian clia cac
mau GCN, rGO, CF, CF/rGO va GCN/CF/rGO

Quan sat Hinh 7 ¢ thé thdy, thai gian dat cdnbang hdp
phu phan hty TC dudi anh séng kha kién clia cac vétliéu
la 30 phut.

K&t qua khado sat hoat tinh xtc thc quang clia cac mau

nghién clu trong phan Ung phan hay TC dugc thé
hién & Hinh 8.

GCN/CF/rGO|
1.0

. —A— CF
—e— GO
—=— GCN
084 \

0.6 4

cic,
/

0.4 ~

0.24

0.0

T T T T T
0 30 60 90 120 150 180 210 240
Thoi gian phan (rng (phut)

Hinh 8: Su gidam ndng dé TC theo thai gian clia phan
Ung vdi cac mau vét liéu khac nhau
Cé thé nhan thdy, su giam ndng d6 dung dich TC theo
thai gian phan Ung khad 6 ma ddc biét & xic téc
GCN/CF/rGO. So vdi tung vat liéu thanh phan rGO,
GCN cling nhu CF su gidm ndng d6 TC déi vdi xic tac
GCN/CF/rGO kha manh. Hiéu sudt phan hty TC cla
xUc tdc GCN/CF/rGO sau 240 phut dat khoang 95%,

trong khi do vé&i rGO, GCN va CF chi dat khoang 60-
70%. K&t qua nay cho thdy rd su tang cudng kha nang
hiép trg gita vat lieu CoFe204, rGO va sy cd mat cla
GCN mang lai hiéu qua x ly TC cao han so vdi ting
vat liéu riéng ré. Vat liéu t6 hop GCN/CF/rGO ¢ hoat
tinh xUc tac cao hon cac vat liéu thanh phan c6 thé
dugc cho la do khi t6 hop thi hop phan bién tinh dong
vai trd nhu ngudn san sinh electron va 16 tréng, rGO
déng vai tro la nai tich ty, han ché ty tai két hop dé
cac eletron quang sinh dé dang phan Ung vdi cac phan
& oxi thanh -O2" dan dén cai thién hiéu qua xdc tac
quang. Két qua phu hgp vdi cac cong bé [21], [24-25].
Khéng nhing thé, khi bién tinh composite CF/rGO bdi
GCN, ltc nay GCN c6 thé dudc xem nhu la chat dinh
huéng céu tric, tdng cusng cdu trdc I6p cla vat liéu
do dé b anh hudng dang ké dén ciu tric cla vat liéu
t6 hap, dan dén anh hudng kha nang han hay TC, cai
thién hiéu sudt xdc tac quang [20-22]. Két qud nay
hoan toan phu hop vai cac két qud tinh toan dugc vé
gia tri nang lugng ving cdm clia cac mau vat liéu tir
két qua do ph& UV-Vis DRS (dua vao ham Kubelka-
Munk).

That vay, t két qua do phS UV-Vis DRS clia cac mau
vat liéu rGO, CF, GCN, CF/rGO, GCN/CF/rGO (Hinh 9),
st dung ham Kubelka-Munk, x&c dinh dugc gia tri
nang lugng ving cdm clia cac mau vat liéu. S& liéu
dugc chi ra & Bang 2.

GO 10 —— CFa50

96 hip thy (a.u)

Buoc song (nm)

ey 10 CF(G!

D hép thy (a.u)
D6 hép thu (a.u)

Budc song (nm)

o GCNICF-1GO
02
020

50 0
Buoe song (nm)

D0 hép thy (a.u)

Hinh 9: Ph& UV-Vis DRS trang thai rdn cla cac mau vét liéu
rGO, CF, GCN, CF/rGO, GCN/CF/rGO
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Bang 2: Gia tri nang lugng viing cdm clia cdc mau vat liéu
rGO, CF, GCN, CF/rGO, GCN/CF/rGO

Vat liéu Nang lugng viing cdm (V)
rGO 2,1
CF 2,3
GCN 2,7
CF/rGO 2,26
GCN/CF/rGO | 1,55 va 2,13 (c6 2 bién hép thu)

Nang lugng ving cdm clia céc vat liéu rGO, CF-450,
GCN, CF/rGO xac dinh dugc lan lugt la 2,1, 2,3; 2,7 va
2,26 eV cao hon cla vat liéu t6 hop GCN/CF/rGO. &
day GCN/CF/rGO, 6 2 bién hap thu vai 2 gia tri nang
lugng vung cdm 1a 1,55 eV va 2,13 eV. Két qua thu dugc
phu hgp vditai liéu cong b [31].

Nhu vay cd thé thdy hoat tinh xic tac cla vat liéu t8
hop GCN/CF/rGO dugc cai thién rd rét trong diéu kién
khdo sat. San phém clia qué trinh phan hdy TC sau 240
phtt dugc chi ra & Hinh 10.

C6 thé thdy, sau 240 phdt peak mang mau clia TC hau
nhu khdng quan sat thdy trén phd do.

0.35

0304 0 min
025 J \

o,zo«\“# \

Abs (a.u)

T T T T —
350 400 450 500 550
Wavelength (nm)

Hinh 10: Phé UV-Vis clia qué trinh phan hiy TC & cac
thai diém khac nhau st dung xdc tdc GCN/CF/rGO

B&n canh viéc khdo sat anh hudng clia ban chét chat
xUc tac dén khd nang phan hly TC, cdng trinh nay con
nghién cdu anh hudng clia cudng dé chiéu séng dén
khd nang phan hty TC. Céc diéu kién khdo sat nhu
trén, xUc tac sU¢ dung trong nghién clu nay la
GCN/CF/rGO chi khac ngudn chiéu séng, ngoai viéc st
dung den sgi dét ching téi con nghién clu phan Ung
phan hly TC dugi anh sang mat trgi (ASMT) & cac thdi
diém khac nhau. Két qua dugc chi ra & Hinh 11.

C6 thé nhan thdy, kha nang phan hdy TC dudi den soi
dét 60W hay ASMT déu kha cao, hiéu sudt phan huy
déu trén 85%. Tuy nhién dudi &nh séng dén, hiéu suat
phan hady TC Ién dén 95%, cao han khi st dung ngudn

anh sang mat trai (dat 90,93% va 86,75% & thai diém
lic 10 gi¢ va 12 gid trua). Su khac nhau nay cé thé
dugc cho la do cudng anh sadng tur cac ngudn chiéu
sang khac nhau.

1.0

—=—Pen 60W
—e— ASMT 10h
—A— ASMT 12h

crc,

0.2+

0.0 T T T T T T T
0 30 60 90 120 150 180 210 240

Thoi gian phan trng (phut)

b)

100 H
949 90.93
86.75

80
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Higu suét (%)

40

20

T T f
bén 60W ASMT 10h ASMT 12h

Hinh 11: Sy gidam ndng dé TC va hiéu suét phan hay TC
dudi cac ngudn sang khac nhau

D€ lam 18 anh hudng cla cudng do chiéu sang dén
kha ndng phan hdy TC trong diéu kién khdo sat, ching
toi sé tiép tuc nghién clfu va cong bd & nhitng cdng
trinh tiép theo.

TU nhitng két quad nghién cfu cho thdy xdc tac
GCN/CF/rGO kha hiéu quad trong viéc xtt ly TC dudi
anh séng kha kién, vat liéu c6 nhiéu tiém nang Ung
dung trong thuc té.

K&t luan

Da t6ng hap thanh cdng vét liéu GCN/CF/rGO bang
phucng phap dong két tla két hap vai tron 1an hdn
hap pha ran. Két qua thu dugctlr cac phuong phép dac
trung vat liéu nhu XRD, SEM, FT-IR, EDX,... cho thdy
rang, vat liéu téng hop co cdu tric, dé tinh thé cao,
cac hat ferrite spinel phéan tan khd déu Ién céc tdm
graphen cling nhu cac I6p clia g-C3N4. Sy ton tai cc
lién két Co/Fe-O va Co-O-C trong vat liéu nghién clru
dugcxac dinh.

Hoat tinh xUc tac quang ciia GCN/CF/rGO d& dugc
nghién clu qua phan Ung phan hdy TC trong dung
dich nudc. Hiéu sudt phén hiy TC 1én dén 95% sau
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240 phut. GCN/CF-rGO la chét xUc tac tiém nang, Ung
dung hiéu qua trong phan Ung phan hdy TC dudi anh
sang kha kién va co khd nang trién khai xir ly trong
thuc té.
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