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SUMMARY

STUDY STRUCTURE AND THE PHOTOCATALYTIC ACTIVITIES DEGRADATION
OF RHODAMINE B ON ZnO/g-C;N,/PVDF MEMBRANE MATERIAL

Zn0O/g-CsN, composites were loaded onto a polyvinylidene fluoride (PVDF) membrane using a phase
inversion method to obtain a photocatalytic flat membrane for Rhodamine B(RhB) dye removal. Material
properties were studied by modern physicochemical methods of X-ray diffraction (XRD), infrared
spectroscopy (FT-IR), scanning electron microscopy (SEM), and photoluminescence (PL) spectrum. XRD
and FT-IR studies confirmed the incorporation of ZnO and g-C3;N, into the PVDF substrate. In addition, the
hetero-structures formed between ZnO and g-C3;N, nanosheets promoted the separation of photogenerated
electron-holes in the g-CsN,4 layer. They improved the photocatalytic and anti-fouling performance of the
Zn0O/g-CsN,/PVDF composite. The photocatalytic activity of the materials was evaluated through the RhB
dye degradation reaction under visible light, resulting in the ZnO/g-C3;N,/PVDF composite film with the
highest efficiency (90.00%). Therefore, this research is expected to be extended to environmental treatment.

Keywords: composite, polyvinylidene fluoride, photocatalysis, RhB, ZnO/g-CsN,/PVDF.

1. GIOI THIEU linh vuc ma céng nghé da co6 budc phét
Trong nhiing thap ky gan day, quang xtc trién quan trong nhét trong bon thap ky
tac da dugc cong nhan la cong nghé xanh qua, do tinh linh hoat, chi phi thip va than
va hira hen nhat do céc dac tinh than thién thién vai moi treong [4]. Quang xuc tac
v6i moi trudng, chi phi thdp va hiéu qua ban dan sir dung ning luong Mat Troi da
cao. No da dugc st dung rong réi trong thu huat su chi y rong rai vi no6 duoc coi la
cac linh vyc quan ly méi truong va mot trong nhiing cong ngh¢ hiéu qua nhét
chuyén doi nang luong [1]. Chia khoa cua c6 kha nang giai quyét cac van dé veé nang
cong nghé quang xUc tac 1a diéu ché cac luong va moéi trudng [5]. ZnO 1a chat
chat xUc tac quang_tién tién co thé tan quang xlc tac c6 niang luong ving cim
dung téi da cac nguon anh sang Mat Troi khoang 3,3 eV dugc s dung rong réi
dé dap tng nhu cau cap thiét cua viéc xu trong nhiéu linh vyc. CAu tr(c nano cua
Iy moéi truong hién nay. Cac vat liéu hiéu ZnO véi cac hinh thai khac nhau da duoc
qua thuong dugc su dung trong nhiing tng dung cho qua trinh phan huy quang
nim gan day cha yéu nhu oxit kim loai va xUc tac cac chat 6 nhlem hitu co ciing rat
phi kim, sunfur va nitride [2,3]. Trong do, duoc quan tdm vi tinh 6n dinh quang hoa
linh vyc xdc tac quang di thé noi bat Ia vuot troi, hoat tinh xdc tac cao, chi phi
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thap [6]. Tuy nhién, ZnO bi bat lgi do su
tai to hop nhanh cua cic hat mang dién
tich va 13 tréng quang sinh, day 1a han ché
chinh trong viéc dat duoc hiéu suat quang
xUc tac cao [7]. Mot sé phuong phap hip
dan da duoc thiét ké dé khic phuc nhiing
nhugc diém nay, bang cach thay ddi bé
mit cua ciu tric nano ZnO hoic bang
céch két hop ZnO véi kim loai, phi kim,
cac chat ban dan khéac hoic phan tir hitu
co [8].

Gan day, graphite carbon nitrite (g- C3N4)
da dugc quan tam nghién cuu nhiéu vi
quy trinh san xuat don gian, gia thanh
thap va do on dinh hoa hoc cao [9]. Pon
vi C4u trac co ban cua g-CsN,4 1a mot 1op
I6i triazine hoac heptazine bao gom céc
nguyén tir C va N, tuong ty nhu mdt 16p
vong carbon luc giac cua hau hét céc vat
liéu carbon [10].

Mic d nhiéu nghién ctu bao céo rang su
két hop gitra ZnO va g-C3N,4 cd thé giam
su tai két hop gitra electron va 15 tréng
quang sinh do sy phan tach dién tich dién
ter duoc ting cuong, tinh dé diéu ché, co
ché quang xdc tac cua composite g-
C3sN4/ZnO va dic biét 1a van dé thu hoi
chat xlc tac van can duoc nghién ciu dé
g dung thuyc té.

Trong linh vuc xUc tc quang cac vat liéu
tién tién ¢ hoat tinh cao cd thé tim thay
v6i mot luong rat 16n qua cac cdng trinh
nghién ctiru da dugc bdo cao trong thoi
gian gan day. Hon nira, ly thuyét vé co
ché, cong nghé dinh hudng tong hop vat
lieu, giai thich co ché cling dat nhiéu
thanh tuu dang ké. Mac du viéc dung truc
tiép chat xuc tac & dang bot c6 vu diém 1a
cho hoat tinh xtic tic quang thuong rét
cao nhung viéc thu hdi nhitng vat liéu nay
kho khan sau qué trinh quang xuc tac
[11,12]. Piéu nay khong chi gay ra chat
thai dang ké cua chat xdc tac quang ma
con gay 0 nhlem thar cap cho moi truong.
Hién nay, mot s6 phuong phap dé thu hoi
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vat liéu quang xtc tac vo co da dugc bdo
céo, chang han nhu thém vat liéu tir tinh,
tao ra vat liéu mang mong cing, cd thé tai
ché va linh hoat, va tai ching 18n vat liéu
polymer hitu co [13,14]. Khi ¢6 dinh vat
lieu xdc tac 1én chat nén mang nhuogc
diém 16n 1a giam tAm hoat dong va tinh
bén cua vat liéu xdc tac véi chat nén ciing
rat dang quan tim. Thong thuong hé vat
lieu ¢ dinh xdc tac trén chat nén cé 3 ciu
tir: (i) chat xdc tac, (ii) chat nén va (iii)
chat két dinh, trong d6 chat két dinh
thuong 1a trong suét (anh sang co thé di
qua) va dan dién (dé dong dién quang sinh
c6 thé di chuyén ra bé mat). Trong mot 30
truong hop, vat lidu xic tac va chat nén
hinh thanh lién két trong qué trinh tong
hop lam tién dé cho vat liéu xUc tac c6 thé
bam trén chat nén tét hon.

Trong nghién ctu nay, vat liéu mang
composite  Zn0O/g-C3N4/PVDF ¢ hoat
tinh quang xuc tac tét duoc tong hop bang
phuong phap dao pha don gian va hiéu
qua. Vat liéu da duoc ung dung dé xur ly
chat mau hiru co Rhodamine B (RhB).

2. THUC NGHIEM VA PHUONG
PHAP NGHIEN CUU
2.1. Nguyén liéu va hoa chat

Hoéa chat dugc sir dung ¢ xuat xu tir hang
Merck bao gom zinc acetate dehydrate
(Zn(CH3C00),.2H,0,  99,5%), urea
(CO(NH2)2, > 99%), rhodamine B
(C28H31CIN2O3), polyvinylidene fluorine
(PVDF), N-methyl-2-pyrrolidone (NMP).
2.2. Tong hop vat liéu

2.2.1. Tong hop vat liéu g-CsN,

Cho 10 g urea vao cdc s, boc kin. Nung
& nhigt d 550 °C trong 1 gio. Chat ran
thu dwuoc c6 mau vang nhat, rua vai lan
véi nuée cat va ethanol, say ¢ 80 °C trong
12 gio, mau duoc ki hiéu 1a g-C3Ny.

2.2.2. Tong hop vat lieu ZnO/g-C3N4 va
ZnO
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Can g-C3N4 va zinc acetate dehydrate
Zn(CH3C00),.2H,0 theo ti 1 khéi lwong
1:2. Hon hop duoc nung trong khéng khi
& 350 °C trong thoi gian 1 gio. Bé nguoi
dén nhiét do phong, rira, sy 24 gio & 80
°C thu dugc composite ZnO/g-C3Ng. Vit
litu ZnO duoc téng hop tuwong tu nhung
khong thém tién chat g-CsN, (ki hiéu
Zn0).

2.2.3. Téng hop vdt liéu mang ZnOlg-
CsN4/PVDF

Cho 0,1 g vat liéu ZnO/g-C3N4 vao lo
thay tinh ¢6 nap day, thém 5 mL NMP,
rung siéu am 10 phat, khudy trong 30
phdt. Tiép tuc rung siéu &m thém 20 phut
va khuay 20 phat. Cho tir tir 0,646 g
PVDF va khuay ¢ 40 °C trong 4 gio, dé
yén hén hop trong 3 gio. Dung dao gat
inox (250 pm x 15 cm), can déu hon hop
I&n kinh tao thanh mang composite, dua
nhanh kinh c¢6 mang vao nudc dé thuc
hién qua trinh dao pha [15], vat liéu dugc
ki hiéu la ZnO/g-C3N4/PVDF.

Quy trinh phan tan g-C3N4 va ZnO Ién
polymer PVDF tién hanh twong tu va
duoc ki hiéu lan luot 12 g-CsN4/PVDF va
ZnO/PVDF.

2.3. Pac trung vat li¢u

Cac vat liéu sau khi tong hop duoc dic
trung xac dinh céc lién két bang pho hong
ngoai (FT-IR — Shimadzu IR Prestige-21),
pha tinh thé bang nhidu xa tia X (XRD —
Siemen D-500 - Bruker), anh hién vi dién
tr quét (SEM) va phd tan xa nang luong
tia X (EDS) duoc khao sat trén thiét bi
JSM-7600F, phd quang phét quang (PL)
kich thich ¢ budc séng 360 nm dugc do
trén thiét bi Hitachi F-7000.

2.4. Khao sat hoat tinh quang xuc tac

Cho mang co kich thudc (25 x15) cm
chtra 0,1 g vat liéu vao 100 mL dung d‘ich
RhB nong d6 10 mg/L. D¢ dat can bang
hap phu va giai hap phu dung dich dugc
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khudy trong moéi truong téi trong thoi
gian la 30 phuat. Qué trinh quang xuc tac
duogc thuc hién dudi anh sang dén LED
220V - 30W. Sau mdi 20 phdat rat 8 mL
dung dich cho vao lo. Nong d6 dung dich
RhB dugc xac dinh ¢ budc song 553 nm
trén may do UV-Vis (CE-2011).

3. KET QUA VA THAO LUAN

3.1. Phuong phap nhiéu xa tia X va pho
héng ngoai FT-IR

Gian do XRD va pho FT-IR duoc st dung
dé xac dinh cac pha tinh thé va lién két co
mat trong cac vat lieu dugc thé hién &
Hinh 1.
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Hinh 1. Gidn dé XRD (a) va phé FT-IR (b) cua
cac vdt ligu PVDF, ZnO/PVDF, g-CsN,/PVDF,
Zn0/g-C3N4/PVDF, (c) ZnO va (d) g-CsN.,.

PVDF la mot polymer ban tinh thé, c6 hai
pha tinh thé chinh 14 o va B [16,17]. Két
qua trén Hinh la cho thay PVDF c6 3
dinh dic trung tai 18,5° 20,1°, 26,7°
tuong Gng véi cac mat phang phan xa
(020), (110), (021) caa pha tinh thé a. Khi
thém g-C3Nj4, ZnO/g-C3N4 1én polymer
PVDF thi cac dinh cua PVDF khdng thiy
su thay d6i dang ké, van xuat hién ¢ hau
nhu cung mot vi tri nhung cuong do khac
nhau. Boi véi mau g-CsN4/PVDF xuit
hién dinh manh dic trung tai 27,6° va mot
dinh yéu tai 13,5° tng voi mat phang
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phan xa (002) va (100) cua nhirng vat liéu
c6 cau tric graphit [18]. Mau vat liéu
ZnO/PVDF xuat hién cac dinh nhiéu xa
tai cac vi tri 20 = 31,76°; 34,44° 36,26° ;
47,56°% 56,64° ; 62,94° va 68,19° tuong
g véi cac mat tinh thé (100), (002),
(101), (102), (110), (103) va (112) [19].
Tat ca cac dinh dic trung cua ZnO tinh
khiét déu phu hop tét véi ciu trac luc giac
wurtzite (Thé JCPDS s6 36-1451)
[20,21]. Vi trf va hinh dang cac dinh dic
trung ZnO cua composite  ZnO/g-
C3Ny/PVDF khong thay d6i SO Vi
ZnO/PVDF. Piéu nay cho thiy viéc bién
tinh ZnO va&i g-C3N4 khdng anh hudng
dén cau tric mang tinh thé cua ZnO, vi
vay sé& rat cd loi cho tinh chat quang xudc
tac cua cac vat lieu duogc bién tinh.

Cac dinh nhiéu xa cia composite ZnO/g-
C3N4/PVDF thip hon so véi cac dinh
trong mau ZnO/PVDF, diéu nay cd thé
duogc cho la su ¢ mat cua g-C3N4 da lam
giam cuong do cua cic peak trong mau
vat liéu nay.

Ph6 FT - IR cua cac vat lieu g-
C3N4/PVDF, PVDF, ZnO/PVDF, g¢-
C3N4/ZnO/PVDF (Hinh 1b), ZnO (Hinh
1c) va g-C3N, (Hinh 1d). Phé FT-IR cua
ZnO tinh khiét duoc thé hién trong Hinh
1c. Lién két gita Zn—O nam trong khoang
tir 400 dén 700 cm™. Piéu nay c6 nghia 1a
cac peak ¢ 411, 437, 490, 510,568 va 702
cm™ thé hién rd rang cac lién két ZnO.
Céc peak hinh thanh ¢ 1386 va 1556 cm ™
dugc quy cho cac dao dong cua cac lién
két C=0. Peak ¢ 2329 cm™ Ia do dao
dong hoa tri cua lién két O=C=0 [22].
Hinh 1d cho thiy phd FT-IR cua g-CsNs.
Két qua tir phd FT-IR cta g-CsN, di tim
thiy mot s6 peak c6 cudng do manh trong
viing 1200-1616 cm™ thudc vé dao dong
hoa tri cua lién két C-N, C=N di vong.
Cac dinh ¢ 1616, 1560, 1460 va 1405 cm’
! duoe cho 1a do cac dao dong hda tri cua
cac don vi lap lai c6 ngudn gbc tur
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heptazine. Cac dinh ¢ 1313 va 1232 cm™
dugc gan cho dao dong hoa tri cua cac
cau ndi C-N(-C)-C hoic C-NH-C [23].
Pinh & 800 cm™ dwoc gan cho dao dong
cia cac don vi tri-s-triazin cu thé 1a dao
dong lién két C-N trong vong thom [24].
Trong khi d6 céac dai hap thu rong tir 3000
dén 3300 cm™ 1a ddu hiéu cua dao dong
kéo didn N-H cua nhitng nhém amin
ngung tu khéng hoan toan hoac O-H cua
cac phan tor nudc hap phu va mot peak
cudng do yéu tai 891 cm™ mo ta dao dong
bién dang cua nhiing lién két N-H [25].
Két qua trén phd FT-IR cua mang PVDF
(Hinh 1b) cho thiy, peak tai 763 cm™ Ia
dao dong ubn cua nhém CF», peak tai 794
va 977 cm™ duoc gan cho dao dong lic
cua nhém CF, va peak tai 1170 cm™ duoc
cho 1a dao dong hoda tri caa nhém CF,
[26,27]. Peak tai 1413 cm™ 1a dao dong
héa tri caa nhém chac C-H. Ngoai ra,
PVDF con xuét hién cac peak tai 490,
531, 615, 875 cm™ va tat ca c4c peak cua
PVDF lién quan dén cau trdc tinh thé pha
o [28]. Pbi véi miu vat lieu mang
composite g-CsN4/PVDF c6 peak xuét
hién tai 1637 cm™ 1a dao dong héa tri cua
nhém C=N [29]. Peak tai 2979 va 1411
cm™? duoc gan cho dao dong héa tri va
bién dang ctia nhém CH,. Ngoai ra, peak
tai dao dong 1181 cm™ lién quan dén dao
dong hoa tri cua nhém CF, [30]. Su khac
biét gitra pho FT-IR cua composite PVDF
va PVDF tinh khiét 1a cuong d6 cac dao
dong giam dan. Su bién mat cua cac dinh
peak cua ZnO va g-C3N4 la do lugng bé
va bi che Iap boi mang PVDF, vuot qué
gigi han tham nhap cua ky thuat ATR
[31].

3.2. Phwong phap hién vi dién tir quét
(SEM)

Nhu thé hién trén Hinh 2, anh SEM cho
thidy kich thuéc 16 cia mang ZnO/g-
C3N4/PVDF [6n hon so véi mang don
PVDF. Diéu ndy cho thiy viéc bd sung
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cac hat nano vao PVDF di thiic day tbc
do tach tron bang cach tang tinh khong on
dinh nhiét dé6ng cua mang. Trong qua
trinh dao pha, cac hat nano ZnO, g-C3Ny
va Zn0/g-C3N,4 hap phu manh céc phan tir
nudce, tao ra cac vi tri doi dao cho sy tham
thiu cua cac phan tir nudc va dan dén su
hinh thanh 15 rong ¢ 16p bé mat cuaa mang
[32].

ZnO/PVDF, g-C3N4/PVDF, ZnO/g-C3N,/PVDF.

3.3. Phwong phip pho tdn xa ning
lwgng tia X (EDX)

Ph6 tan xa ning luong tia X cuia mau mang
composite duoc trinh bay trén Hinh 3.
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Hinh 3. Phé EDX cua vt liéu mang ZnO/g-
C;N4/PVDF.

Két qua thanh phan nguyén té chi xuét
hién peak caa cac nguyén té C, Zn, O, F
va N cua ZnO/g-C3N4/PVDF, khéng co
peak cua nguyén té la. Pay 1a phuong
phap xac dinh kha chinh xac thanh phan
dinh tinh cac nguyén t6 c6 trong vat liéu.
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3.4. Phwong phap phd quang phat
quang (PL)
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Hinh 4. Phé PL cua cac vdt liéu mang PVDF,
ZnO/PVDF, g-C3N4/PVDF, ZnO/g-C3;N4/PVDF.

Phd PL cua cé&c vat liéu duoc thuc hién
véi budc song kich thich 1a 390 nm &
nhiét 6 phong dé nghién ctu sy tai to
hop giita electron-16 tréng quang sinh thé
hién trén Hinh 4. Déi véi PVDF khong
quan séat thiy cuong do6 PL nao dang ké
trén toan bo dai phd duoc do nhu két qua
cong bé [33]. Mang PVDF dugc bién doi
bang c4c hat g-CsN4 ciing nhu ZnO co
cuong do cuc dai twong ung & 437 nm.
Piéu nay co thé duoc giai thich véi cac
phan tor ¢6 nhom amino nhu g-C3Ny4 thi
sy tan cbng nucleophille cia nhom
amino trong nguyén ta carbon c6 thé dan
dén sy thay thé nucleophille cua fluorine
dé tao thanh lién két cong hoa tri giira
PVDF va g-C3N,4. Cuong d6 PL quan sat
duoc cao hon cho thay téc do tai to hop
gitta electron - 156 tréng quang sinh
nhanh. Hon nira, so véi cac mau don
chat, sy c6 mat cua vat lieu composite
Zn0/g-C3Ny4 trén mang PVDF lam cuong
d6 phét xa huynh quang giam. Piéu nay
duoc giai thich do céac electron khi c6 su
birc xa chuyén tir g-C3N,4 sang ving dan
cua ZnO. Su chuyén dich nay xay ra vi
thé & ving din ctua g-CsNy4 (-1,12 eV) am
hon so vé&i ZnO (-0,2 eV). Bdng thai, cac
156 tréng di chuyén tir dai hoéa tri ZnO
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sang g-CsNs. Qua trinh chuyén dich cua
cac hat dién tich trong ZnO/g-C3sN,4 co
hiéu qua ngin chan su tai két hop céc
electron - 16 tréng quang sinh dan dén
cuong d6 PL thiap hon va ting cudng
hoat tinh quang xUc tac cua vat liéu.

3.5. Panh gia hoat tinh quang xuc tac

1ol {a) | som X . ‘b)
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Hinh 5. (a) Po thi biéu dién sw phu thugc C/Co
theo thoi gian chiéu sang (phut) cua cac mau vat
li¢gu mang g-CsN,/PVDF, ZnO/PVDF, ZnO/g-
C3N4/PVDF va (b) hiéu suat phan hiy RhB sau 4
lan tdi sir dung cia mang ZnOIg-C3N4/PVDF
Két qua caa phan ang phan hay RhB dudi
anh sang dén LED 220V - 30W cua mang
composite g-C3N4/PVDF, ZnO/PVDF,
Zn0/g-CsNy/PVDF dugc hién thi trén
Hinh 5a. Két qua cho thay sau 160 phut
chiéu sang hiéu suat phan huy RhB cua
mang ZnO/g-CsN4/PVDF la cao nhit dat
90%, diéu nay co thé do nang lwong ving
cam cua vat lieu ZnO/g-C3sN4/PVDF thap
hon lam cho kha nadng phan tach, di
chuyén dién tir va 16 trong quang sinh dén
bé mit vat lidu dé thuc hién cac phan tng
nhanh hon, han ché kha ning tai t6 hop
gitra cdc hat mang dién. Hon ntra, hiéu
suit quang xuc tac phan hay RhB cua vat
lieu khong c6 su thay doi déang ké bat dau
tr khoang thoi gian 160 phat (H = 90%)
dén 240 phat (H = 90%). Do vay, Véi tu
diém vé mat kinh té nén thoi gian phan
g 160 phut dugc xem 12 ti wu dé nhém
tac gia luva chon. Bén canh d6, vat liéu
mang ZnO/g-C3sN4/PVDF c6 do 6n dinh
tuong d6i cao, cu thé dat hiéu suat phan
hiy RhB 13 81%, giam 10% sau 4 lan tai

su dung.
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4. KET LUAN

Vit lieu ZnO/g-CsN4/PVDFE duoc tong
hop thanh céng cho thy hoat tinh quang
xuc tac dugc cai thién mot cach dang ké
S0 Vi cac don chat. Cy thé, hiéu qua phan
hay RhB sau thoi gian 160 phut chiéu
sang dudi anh sang dén LED 220V - 30W
cua cac vat liéu ZnO/g-C3N4/PVDF dat
90%, cao hon nhiéu so véi g-CsN4/PVDF
(61,58%) va ZnO/PVDF (36,77%). Piéu
nay la do hiéu tng hiép trg gitra ZnO va
g-CsN, duoc thé hién cu thé qua két qua &
phd PL. Bén canh d6, do 6n dinh cua xdc
tac duoc duy tri dat 81% sau 4 lan tai si
dung. Nhu vay, véi su ¢6 mat cia mang
PVDF lam tang kha nang d6 bam dinh va
tang kha nang thim u6t ciing nhu ting do
phan tan cua vat liéu. Piéu nay din dén
lam tang hoat tinh quang xuc t&c cua vat
licu mot cach dang ké va mé ra hudng
tng dung méi vao thyc té dé xu ly cac
chat gay 6 nhiém méi trudng.

LOI CAM ON

Céc tac gia chan thanh cam on Truong
Pai hoc Quy Nhon hd trg kinh phi dé
thuc hién noi dung bai bao thong qua dé
tai ma s6 $2024.1028.90.

TAI LIEU THAM KHAO

1. Harish, K.N., Bhojya Naik, H.S,
Prashanth Kumar, P.N. and Viswanath,
R., (2013). Optical and photocatalytic
properties of solar light active Nd-
substituted Ni ferrite catalysts: for
environmental protection. ACS
Sustainable Chemistry & Engineering,
1(9), p. 1143-1153.

2. Miyama, H., T. Kobayashi, and Y.
Nosaka, (1984). Immobilization of
enzyme on nylon containing pendant
quaternized amine groups. Biotechnology
and bioengineering, 26(11), p. 1390-
1392.

3. Marschall, R. and L. Wang, (2014). Non-
metal doping of transition metal oxides



Tap chi phan tich Héa, Ly va Sinh hoc - Tdp 31, Sé 02/2025

10.

11.

for visible-light photocatalysis. Catalysis
Today, 225, p. 111-135.

Ibhadon, A.0. and P.J.C. Fitzpatrick,
(2013). Heterogeneous photocatalysis:
recent advances and
applications.Catalysts, 3(1), p. 189-218.

Sun, J., Zhang, H., Guo, L.H. and Zhao,

L., (2013). Two-dimensional interface
engineering of a titania—graphene
nanosheet composite for improved

photocatalytic activity. ACS applied
materials & interfaces, 5(24), p. 13035-
13041.

Ma, S., Xue, J., Zhou, Y., Zhang, Z. and
Wu, X., (2014). A facile route for the
preparation of ZnO/C composites with
high  photocatalytic ~ activity  and
adsorption  capacity.  CrystEngComm,
16(21), p. 4478-4484.

Lin, Y.G., Hsu, Y.K., Chen, Y.C., Chen,
L.C., Chen, S.Y. and Chen, K.H., (2012).
Visible-light-driven photocatalytic
carbon-doped porous ZnO
nanoarchitectures for solar water-splitting.
Nanoscale, 4(20), p. 6515-6519.

Fu, D., Han, G., Chang, Y. and Dong, J.,
(2012). The synthesis and properties of
ZnO—graphene  nano  hybrid  for
photodegradation of organic pollutant in
water. Materials Chemistry and Physics,
132(2-3), p. 673-681.

Liu, Y., Yu, Z, Li, X., Shao, L. and Zeng,
H., (2021). Super hydrophilic composite
membrane with photocatalytic
degradation and self-cleaning ability
based on LDH and g-CsN,. Journal of
Membrane Science, 617, p. 118504.

Inagaki, M., Tsumura, T., Kinumoto, T.
and Toyoda, M., (2019). Graphitic carbon
nitrides  (g-CsN,) with  comparative
discussion to carbon materials. Carbon,
141, p. 580-607.

Yao, C., Yuan, A., Zhang, H., Li, B., Liu,
J., Xi, F. and Dong, X., (2019). Facile
surface modification of textiles with
photocatalytic carbon nitride nanosheets
and the excellent performance for self-
cleaning and degradation of gaseous

49

12.

13.

14.

15.

16.

17.

18.

19.

formaldehyde. Journal of colloid and
interface science, 533, p. 144-153.

Zhao, J., Wang, J., Fan, L., Pakdel, E.,
Huang, S. and Wang, X. (2017).
Immobilization of titanium dioxide on
PAN fiber as a recyclable photocatalyst
via co-dispersion solvent dip coating.
Textile Research Journal, 87(5), p. 570-
581.

Shi, C., Zhu, J., Shen, X., Chen, F., Ning,
F., Zhang, H., Long, Y.Z., Ning, X. and
Zhao, J., (2018). Flexible inorganic
membranes used as a high thermal safety
separator for the lithium-ion battery. Rsc
Advances, 8(8), p. 4072-4077.

Peng, L., Chen, W., Su, B., Yu, A. and
Jiang, X., (2019). CsxWO; nanosheet-
coated cotton fabric with multiple
functions: UV/NIR shielding and full-
spectrum-responsive self-cleaning.
Applied Surface Science, 475, p. 325-333.

Valenzuela, L., Pedrosa, M., Bahamonde,
A., Rosal, R., Torres-Pinto, A., Silva,
C.G,, Faria, J.L. and Silva, A.M., (2023).
Carbon  nitride-PVDF  photocatalytic
membranes for visible-light degradation
of venlafaxine as emerging water
micropollutant. Catalysis Today, 418, p.
114042.

Vidhate, S., Shaito, A., Chung, J. and
D'Souza, N.A., (2009). Crystallization,
mechanical, and rheological behavior of
polyvinylidene fluoride/carbon nanofiber
composites. Journal of applied polymer
science, 112(1), p. 254-260.

Song, R., D. Yang, and L. He, (2007).
Effect of surface modification of
nanosilica on crystallization, thermal and
mechanical properties of poly (vinylidene
fluoride). Journal of materials science,
42, p. 8408-8417.

Zhu, B., Xia, P., Li, Y., Ho, W. and Yu,
J., (2027). Fabrication and photocatalytic
activity enhanced mechanism of direct Z-
scheme g-C3N4#/Ag, WO, photocatalyst.
Applied Surface Science, 391, p. 175-183.

Dulta, K., Kosarsoy Aggeli, G., Chauhan,
P., Jasrotia, R. and Chauhan, P.K., (2022).



Tap chi phan tich Héa, Ly va Sinh hoc - Tdp 31, Sé 02/2025

20.

21.

22.

23.

24,

25.

26.

Ecofriendly synthesis of zinc oxide
nanoparticles by Carica papaya leaf
extract and their applications. Journal of
Cluster Science, p. 1-15.

Holst, J.R. and E.G. Gillan, (2008). From
triazines to heptazines: deciphering the
local structure of amorphous nitrogen-rich
carbon nitride materials. Journal of the
American Chemical Society, 130(23), p.
7373-7379.

Liu, W., Wang, M., Xu, C. and Chen, S.,
(2012). Facile synthesis of g-C3N4/ZnO
composite with enhanced visible light
photooxidation  and  photoreduction
properties. Chemical Engineering
Journal, 209, p. 386-393.

Kayani, Z.N., Igbal, M., Riaz, S., Zia, R.
and Naseem, S., (2015). Fabrication and
properties of zinc oxide thin film prepared
by sol-gel dip coating method. Materials
Science-Poland, 33(3), pp.515-520.

Liu, J., Zhang, T., Wang, Z., Dawson, G.
and Chen, W., (2011). Simple pyrolysis of
urea into graphitic carbon nitride with
recyclable adsorption and photocatalytic
activity. Journal of Materials Chemistry,
21(38), p. 14398-14401.

Nie, N., Zhang, L., Fu, J., Cheng, B. and
Yu, J., (2018).  Self-assembled
hierarchical direct Z-scheme g-CsN,/ZnO
microspheres with enhanced
photocatalytic CO, reduction
performance. Applied Surface Science,
441, p. 12-22.

Xing, C., Wu, Z., Jiang, D. and Chen, M.,
(2014). Hydrothermal synthesis of
IN,S3/g-C3Ny heterojunctions with

enhanced photocatalytic activity. Journal
of colloid and interface science, 433, p. 9-
15.

Abzan, N., M. Kharaziha, and S. Labbaf,
(2019). Development  of  three-
dimensional piezoelectric polyvinylidene
fluoride-graphene oxide scaffold by non-
solvent induced phase separation method
for nerve tissue engineering. Materials &
Design, 167, p. 107636.

50

27.

28.

29.

30.

31.

32.

33.

Kim, M., Wu, Y.S., Kan, E.C. and Fan, J.,
(2018). Breathable and  flexible
piezoelectric ZnO@ PVDF fibrous

nanogenerator for wearable applications.
Polymers, 10(7), p. 745.

Tan, K.S., Gan, W.C., Velayutham, T.S.
and Abd Majid, W.H., (2014).
Pyroelectricity enhancement of PVDF
nanocomposite thin films doped with ZnO
nanoparticles. Smart materials and
structures, 23(12), p. 125006.

Cui, Y., Yang, L., Meng, M., Zhang, Q.,
Li, B., Wu, Y., Zhang, Y., Lang, J. and Li,
C., (2019). Facile preparation of
antifouling gCsN4/AgsPO, hanocomposite
photocatalytic  polyvinylidene fluoride
membranes for effective removal of
rhodamine B. Korean Journal of
Chemical Engineering, 36, p. 236-247.

Nikooe, N. and E. Saljoughi, (2017).
Preparation and characterization of novel
PVDF nanofiltration membranes with
hydrophilic property for filtration of dye
aqueous  solution.  Applied  Surface
Science, 413, p. 41-49.

Omar, A., Gomaa, |., Mohamed, O.A,,
Magdy, H., Kalloub, H.S., Hamza, M.H.,
Mohamed, T.M., Rabee, M.M., Tareq, N.,
Hesham, H. and Abdallah, T., (2023).
Investigation of morphological, structural
and electronic transformation of PVDF
and ZnO/rGO/PVDF hybrid membranes.
Optical and Quantum Electronics, 55(4),
p. 381.

Liu, R., Li, X., Huang, J., Pang, H., Wan,
Q., Luo, K, Pang, Y. and Wang, L.,
(2022). Synthesis and Characterization of
0-C3N4/AgsPO4/TiIO/PVDF  Membrane
with Remarkable Self-Cleaning Properties
for Rhodamine B Removal. International
Journal of Environmental Research and
Public Health, 19(23), p. 15551.

Pourali, S., Amrollahi, R., Alamolhoda, S.
and Masoudpanah, S.M., (2025). In situ

synthesis of Zn0/g-C3N, based
composites for photodegradation  of
methylene blue under visible light.

Scientific Reports, 15(1), p. 462.



