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CHE TAO VA NGHIEN CUU TINH CHAT VAT LI, KHA NANG QUANG XUC TAC
CUA VAT LIEU TO HQP g-C3N,/ZnO

L& Thi Mai Oanh®, LAm Thi Hang?, Pham D& Chung* va b5 Danh Bich*
Trung tam Khoa hoc va Cong nghé Nano, Khoa Vt li, Trueong Bai hoc Sw Pham Ha Ngi
2Khoa Khoa hoc Pai cirong, Trirong Bai hoc Tai nguyén Méi trirong

Tom tit. Trong nghién ciu nay, vat liéu t6 hop g-CsNu/ZnO da duoc ché tao bing phuong
phap tron co hoc hai thanh phan. Tinh chét vat li ciing nhu tinh chit quang x(c tac caa vat
lieu da dugc nghién ciru thong qua cac phép do nhu nhidu xa tia X, chup anh hién vi dién tr
quét SEM, phd hip thu tir ngoai - kha kién, phd huynh quang PL. Gian d6 nhidu xa tia X
cho thiy hai pha thanh phan cua vat liéu t hop két tinh tt, khong c6 sy anh huong 13n
nhau vé cAu tric tinh thé. Anh SEM cho thy cac hat nano ZnO phan tan tot trén bé mat cac
tam g-C3N,, thuan lgi cho qua trinh trao doi dién tich gitra hai pha thanh phan. Cuong do
huynh quang giam dan khi tang ndng d6 ZnO trong vat liéu té hop, chi ra su suy giam téc
do tai hop dién tir - 16 tréng, thuan lgi cho qua trinh quang xuc tac. Ket qua nghién ctu qua
trinh quang xtc tac dudi sy chiéu xa cta dén Xenon cho thay cac mau t6 hop déu co kha
nang quang xtc tac 16n hon cua hai pha thanh phan. Mau t6 hop CZ7-3 va CZ6-4 cho hiéu
suat quang xuc tac Ién nhét, phan hiy 100% RhB trong dung dich sau 90 phat chiéu sang
dén Xenon. Diéu nay dugc giai thich do su suy giam toc do tai hop dién tir - 15 trong nhu
quan sét thay trong phd huynh quang.

Tir khoa: quang xtic tac, dén Xenon, tai hop dién tu - 15 trong, vat liéu to hop.

1. Mé dau

Gan day, vat liéu graphitic carbon nitride g-CsN, thu hat dugc sy quan tdm nghién ctu
rong rai boi vi kha nang ung dung trong viéc phan hay chit hitu co doc hai lam sach moi
truong, phan hiy CO, sensor khi, tach chiét nhién liéu H, tir nude [1-4]. Diéu dic biét trong cac
ung dung nay la cac phan tng quang hda c6 thé duogc dién ra dudi su kich thich cua anh sang
kha kién, c6 chira rat nhidu trong ngudn anh sang mit troi, do vat liéu g-CsN, co do rong ving
cam quang hep ¢& 2,7 eV [5, 6]. Tuy nhién, tinh chat quang xUc tac cua vat lieu g-CsNg dugc
cho 1a con han ché bai téc d6 tai hop dién tir - 15 tréng lon [7]. Do do, cac nghién cau cha yéu
tap trung lam cai thién tinh chit quang xtc tac cua vat liéu nay dua trén co ché 1am giam tc do
tai hop dién tir - 15 tréng. Nhiéu nghién ctru da duoc tién hanh dya trén cach tiép can nay. Mot
sb nghién ctu pha tap kim loai chuyen tiép voi vai tro nhu tam bt dién tur [6, 8]. Mot s6 nghién
cau phu hat nano kim loai quy Ag, Au, Pt 1én bé mat cac 14 g-C,N3 dé tao cac tlep xuc di thé
ban dan/kim loai véi mong muén cac pha kim loai quy nay déng vai tro nhu bé chua dién tu,
gidp lam giam su tai hop dién tr - 16 trong [9-11]. Mot s6 nghién ctiu khac lai tao ra cac tiép xdc
di thé ban dan/bén dan ciing vai muc dich tach cip dién tir - 16 rong phat sinh quang [12, 13].
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Khi céc cap dién tir - 15 tréng phat sinh quang dugc hinh thanh, chiing c6 thé chuyén tir ban dan
nay sang béan dan kia nho 16p tiép xdc ban dan/ban dan. Tur d6, cap dién tir - 13 tréng dwoc tach
ra, han ché b6t qué trinh tai hop caa dién tir va 13 tréng.

ZnO dugc biét dén 1a mot ban dan loai n c6 hoat tinh quang xuc tac tbt, duoc dé xuat thay
thé cho ban dan TiO, trong linh vuc 1am sach méi truong do dic tinh than thién véi méi truong,
gi4 thanh ré va d& ché tao [14]. Ngoai do rong ving cim va cac tinh chét vat Ii twong tu nhu
TiO, (3,37 eV), ZnO con sé hitu do linh dong dién tir cao hon va thoi gian séng cua cip dién tir
- 16 tréng cao hon cua TiO, [15]. Bén canh do, ZnO con d& dang dugc ché tao véi nhidu hinh
thai khac nhau théng qua phwong phép hoa hoc [16, 17]. Mat trong sb cac huéng nghién ciu dé
cai thién hon nira hoat tinh quang xuc tac cua ZnO 4 viéc tao vat liéu t6 hop véi vt lidu khac,
gilp lam giam téc do tai hop dién ta-15 trong.

Trong nghién ciu nay, ching toi trinh bay mot phuong phap don gian dé ché tao vat ligu to
hop g-CsN4/ZnO va nghién cau tinh chat vat Ii cling nhu anh huong cia ti phan nong d6 hai pha
g-CsNy4 va ZnO Ién tinh chat va hoat tinh quang xuc tac cua ching. Tir d6, dua ra cac giai thich
vé co ché thiic day qué trinh quang Xuc tac trong hé vat liéu dang nghién ctu.

2. N@i dung nghién ctru
2.1. Thuc nghiém

2.1.1. Ché tao vat ligu g-CsN,

Vit liéu g-CsN, dugc ché tao bang phuong phép polymer hoa urea trong méi truong yém khi.
Mot lwong phit hop Urea (NH,CONH,, > 98%) dugc dung trong mot cdc st. Coc duogc day kln
va boc bén ngoai bsi mang nhém sao cho han ché khdng khi chui vao trong cbc. Sau dé, coc
dugc cho vao 10 va dét & nhiét do 550 °C trong 2 gio. Vat liéu g-CsN, duoc hinh thanh sau qué
trinh polymer héa. San pham g-CsN, sau d6 dugc cho vao coc thuy tinh 250 ml, thém 100 ml
nudc va rung siéu am trong 1 gio & nhiét d6 phong dé phan tach cac tim g-C3N,, tranh sy von
thanh cuc cia mau ché tao. Dung dich sau d6 dugc lam khd trong ta sdy & 100 °C trong nhiéu
gior dé thu san pham g-CsN, ¢ dang céc phién nano.
2.1.2. Ché tao vat liéu ZnO

Hat nano ZnO duoc ché tao bang phuong phap dong két taa. Mot lwong 0,1 mol
Zn(NO3),.6H,0 dugc hoa tan trong 200 ml nuéc cit dé tao dung dich A. Mot luong thich hop
0,12 mol Na,CO; duoc hoa tan trong 240 ml nuée ¢t dé tao dung dich B. Nho ting giot dung
dich B vao dung dich A dé thu dung dich C c6 dang cac két taa huyén phu. Bé ling dung dich C
trong 1 ngay va loc lay két tiia & day binh. San pham duoc loc rira 3 1an bang nudc cét trong
diéu kién li tim 4000 vong/phit sau do sdy kho ¢ 100 °C. San pham sy kho duoc nung & 350 °C
trong 2 gio, thu dugc san pham cudi ciing 1a cac hat nano ZnO.
2.1.3. Ché tao vat liéu té hop g-C3N./ZnO

Vit ligu t6 hop g-CsN/ZnO duoc ché tao bang phuong phap tron co hoc tur hai pha thanh
phan g-CsNy va ZnO dudi diéu kién rung siéu am. Luong mau g-CsN4 va ZnO thich hop dugc
can dé tao thanh vat liéu to hop véi ti 16 mol g- CsNy/ZnO tuong tng 1a 9/1, 8/2, 7/3, 6/4. 5/5,
4/6, 7/3. Hai pha thanh phan duogc cho vao chung 1 cdc thiy tinh dung 30 ml ethanol. Hon h(yp
dugc khudy tir trong 6 gid, sau d6 rung siéu am trong 30 phut va say kho ¢ 120 °C. San pham
cudi cung 1a vat liéu to hop g-CsN4/ZnO. Tén cua cac mau duge dit theo ti 1é mol gitra hai pha
thanh phan 1a CZ9-1, CZ8-2, CZ7-3, CZ6-4, CZ5-5, CZ4-6, CZ3-7 twong ung vai ti 1€ mol
g-C3N4/Zn0O 12 9/1, 8/2, 7/3, 6/4, 5/5, 416, 7/3.
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2.1.4. Cac phép do thuc nghiém

Gian d6 nhiéu xa tia X caa hé mau duoc thuc hién trén hé do D8 Advance diffractometer
(Bruker, Billerica, MA, USA) sir dung buc xa Cu-Ke radiation. Hinh anh SEM cua hé mau dugc
chup trén kinh hién vi dién tir quét S-4800 NIHE microscope (Hitachi, Tokyo, Japan). Phé hap
thu tir ngoai - kha kién UV-vis dugc do boi quang phd ké Jasco V670 UV-vis. Phé hip thu hdng
ngoai FTIR duoc do trén quang phd ké IR Prestige-21 FT-IR/NIR (Shimadzu, Kyoto, Japan).
Phd huynh quang PL duoc khao sat trén quang phdé huynh quang Nanolog iHR 320 (Horiba,
Kyoto, Japan) st dung bude séng kich thich 1a 350 nm.
2.1.5. Khio sat tinh chit quang xuc tac

Nghien ctru da su dung dung dich RhB 10 ppm lam thudc thir cho qué trinh quang xuc tac
cua to hop g-CsN4/ZnO. Mot lugng 0,06 g vat ligu t6 hop g-CsN4/ZnO dugc hoa tan trong 30 ml
nudc cat, rung siéu am trong 1 gio dé phan tan déu vat liéu trong nuée. Sau d6, thém 30 ml
dung dich RhB 20 ppm vao dung dich trén dé thu dugc 60 ml dung dich RhB 10 ppm cé chia
vét lieu quang xuc tac g-CsN4/ZnO. Trudc khi tién hanh qua trinh guang xuc tac, cd hdn hop
dugc khuay t6i trong vong 30 phut dé dat t6i trang thai can bang hap phu - giai hdp phu cua
RhB trén bé mit vat liéu g-CsN/ZnO. Dung dich sau d6 dugc chiéu sang dudi anh dén Xenon
véi khoang céch tir dén t6i bé mat dung dich 1a 10 cm. Dé theo ddi qua trinh phan hay cua RhB
trong dung dich, ct sau 15 phat, 3 ml dung dich lai dugc ldy ra mét lan, 1i tim dé loai bo mau
g-CsN4/ZnO va do phd hap thu. Nong d6 RhB con lai trong dung dich tai mdi thoi diém duoc
tinh toan tir cuong d6 dinh hap thy dic trung cia RhB tai 554 nm théng qua viéc lap duong
cong chuan lién hé giita cuong d6 hap thu va néng do RhB.

2.2. Két qua va thao luan
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Hinh 1 Gidn dé XRD ciia hé mdu composite g-CsN4/ZnO véi cac ti 1¢ khéi lweng khac nhau

Hinh 1 trinh bay két qua do gian do XRD ciia cac mau g-CsNg, TiO; va g-CsNy/TiO; véi
cac ti 18 khéi lugng khac nhau. Két qua cho thady mau ZnO két tinh kha tét. Cac dinh nhidu xa
xuat hién tai cac goc nhidu xa 20 1a 31,7°; 34,4° 36,3% 47,5°; 56,6% 62,9°; 66,4°; 67,9°; 69,1°
twong ung Vi cac mat phang mang (100), (002), (101), (102), (110), (103), (200), (112) cua
tinh thé ZnO ¢6 cau trac luc glac Waurtzite. Trén gian do nhiéu xa tia X khong thay Xuat hién cac
dinh nhidu xa caa pha la. Tir két qua 1am khop ham Gaussian trén gian d6 nhidu xa tia X, vj tri
cac dinh nhiéu xa cua ZnO duoc xac dinh mot cach chinh xac. Sau d6, chiing t6i st dung phan
mém UnitCell dé tinh toan hang sé mang tinh thé caa ZnO. Két qua thu dugc laa=b = 3,25 A
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va c =52 A. Gian db nhiéu xa tia X cua vat liéu g-C3N, tinh khiét dugc trinh bay boi gian do
duéi cung trong Hinh 1. C6 3 dinh nhiéu xa tai c4c vi tri 12,6°, 24,7° va 27,6° duoc gan tuong
g va&i cac mat phang mang (001), (101), (002) trong cau trac luc giac cua tinh thé g-CsN,
(thé JCPDS s6 87-1526).

Déi véi cac mau té hop g-CsN4/ZnO, gian do nhidu xa tia X xuét hién cac dinh dic trung
twong ing Vvéi ca hai thanh phan pha g-CsN4 va ZnO. Cuong d6 twong ddi cua cac dinh twong
g véi cau tric tinh thé ZnO tang khi ti 1¢ khdi lugng cia ZnO trong composite ting. Vi tri
dinh nhiu xa cua hai pha khong c6 sy thay di khi ti Ié mol giita hai thanh phéan thay doi, cho
thdy hai pha tinh thé trong cac mau t6 hop g-CsN4/ZnO khéng anh huéng 1an nhau vé ciu tric
tinh thé. Didu nay cd thé duogc giai thich dé dang do hai thanh phan chi dwoc tron co hoc véi
nhau thong qua rung siéu am, khong c6 tac dong lan nhau vé mit co hoc va héa hoc.

s e = ".I’ 2 . 1 y . s

Hinh 2 4nh SEM ciia mdu g-CsN, (a), cAc mdu composite CZ4-6 (b), CZ3-7
(c) va ZnO tinh khiét (d)

Dé quan sét hinh thai bé mit va kich thudc hat cia mau, ching tdi chup anh hién vi dién tir
quét (SEM). Hinh 2 biéu didn két qua do SEM caa mau ZnO tinh khiét, g-CsN4 va cac mau
composite CZ4-6 va CZ3-7 véi d6 phong dai 50.000 Ian. Hat ZnO tinh khiét (Hinh 2d) c6 dang
hat cau kha ddng déu véi kich thudc trung binh ¢& 30 nm. Bén canh do, cac hat g-CsN, 6 dang
cac tim co duong kinh bé mit khé rong 1én téi vai trim nm, d6 day céc tim khoang vai chuc
nm. Cac mau t6 hop g-CsN4/ZnO cho thay su xuat hién cia ca hai loai hat twong ng véi ca hai
pha thanh phan. Cac hat ZnO bam Ién bé mat cac tim g-C3Nj va phan tan kha dong déu (Hinh 2b).
Piéu nay thuan loi cho qua trinh trao doi dién tur - 16 tréng phét sinh quang giita hai pha thanh
phan trong tiép xuc ban dan/ban dan. Bén canh d6, cac hat ZnO con ¢6 hién tugng két dam véi
nhau. Kich thuéc cac dam ZnO tang 1én khi ti I¢ khdi lugng trong composite cta ZnO ting 1én.
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Hinh S’Phélhd'p thu ciia mdu ZnO tinh khiét, g-C3N4 va cac composite CZ9-1, CZ 3-7 (a),
biéu dién (Ahy)? theo niing lwong photon va cdch xdc dinh @ rgng ving cam (b)

Hinh 3 trinh bay phé hap thu caa mau ZnO, g-CsN, va cac mau té hop CZ9-1 va CZ3-7.
Mau ZnO tinh khét c6 bd hap thu & khoang budc séng 390 nm, g-CsN4 c6 b hap thu & khoang
460 nm. Cac mau t6 hop CZ9-1 va CZ3-7 c6 b hip thu dich vé budc séng dai so véi ZnO.
C6 thé thay rang, phd hap thu cua mau t6 hop la két qua cia viéec cong pho hap thu hai pha
thanh phan Do rong ving cam dugc xac dinh bang cach ngoai suy phan tuyén tinh ciia duong
cong biéu dién sy phu thudc cia (hve)? theo nang lugng (hv). H|nh 3b minh hoa su phu thugc
cua (h va) theo nang luong (hv) va cach xac dinh do rong viling cdm cua Zn0. Tién hanh twong
tw VGi tit ca cac mau con lai, chung t6i thu duoc cac gia tri do rong vung Cam nhu liét ké trong
Bang 1. Tir Bang 1 ta thay gia tri ciia do rong viing cam cia tit ca cAc mau composite déu Ién
hon d6 rong vung cam cua ZnO tinh khiét va nhé hon do rong ving cam cua mau g-C3N, tinh
khiét. Diéu nay cé thé duoc giai thich khi coi rang phd hap thu cia cac mau composite 13 két
qua cua viéc cong phd hap thu cua hai thanh phan.

Bdng 1. Gia tri dg réng viing cam va vj tri bor hdp thu ciia cac mdu g-CsN4, CZ8-2,
CZ7-3,CZ6-4, CZ5-5, CZ4-6 va ZnO

Ténmiu | ZnO | CZ9-1 | CZ8-2 | CZ7-3 | CZ6-4 | CZ5-5 | CZ4-6 | CZ3-7 | g-CsN

Ey(eV) 3,13 | 3,09 3,05 2,97 2,93 2,82 2,77 2,75 2,73

A (nm) 396 401 406 417 423 440 447 451 454

Hinh 4a biéu dién phé huynh quang cia ZnO va g-CsN, khi kich thich boi anh séng c6
budc séng 350 nm. So véi cudng do huynh quang cia mau g-CsNg, vt lieu ZnO c6 thé duoc
coi 1a hau nhu khong phat huynh quang. Pho huynh quang ciia cac mau to hop g-CsNu/ZnO véi
céc ti 1¢ khoi lugng khac nhau dugc trinh bay trén Hinh 4b. Co thé thay rang, cu:orng do hUynh
quang cua cac mau té hop giam dan vai su tang ti 18 khdi lugng pha ZnO. Piéu nay co thé glal
thich do sy ting 1én cua ti I¢ pha thanh phan khong phat huynh quang ZnO. Mot mat khac, két
qua nay ciing cho thay tdc do tai hop cua cap dién tur - 16 tréng tu do giam di, ¢6 loi cho
hoat dong quang xuc tac ciia cac mau t6 hop g-CsN4/ZnO, phi hop véi muc tiéu ché tao vat
liéu t6 hop.
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Hinh 4 Phé hupnh quang ciza mdu ZnO va g-CsN, tinh khiét (a) va ciia cac mdu composite
CZ9-1, CZ7-3, CZ5-5 va CZ3-7 (b)
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Hinh 5. S phu thugc ciia néng dé RhB trong dung djich vao thoi gian trong diéu kign
quang xiic tdc dwdi sw chiéu sang ciia dén Xenon
Hoat dong quang x{c tac cia cac mau ZnO, g-CsN4 va cac mau t6 hop g-CsN/ZnO duoc
danh gia thong qua su suy giam nong d¢ cia dung dich Rhodamine B (RhB) dudi sy chiéu xa
cua dén Xenon trong 3 gid. Tdc do suy giam ndng do C/C, duoc dinh lwong dua trén viéc so
sanh cuong do dinh hap thu dic trung 554 nm cua RhB theo thoi gian dua trén duong chuan da
dugc xay dung. Hinh 5 biéu didn su phu thudc cua ti 16 C/C, ciia RhB trong dung dich theo thoi
gian. Hinh 5 cho thay tit ca cic mau déu dat toi trang thai hap phu bao hoa ddi véi RhB sau 10
phat khudy trong béng téi. Bang chung la ndng ¢6 RhB C/C, trong dung dich gan nhu khong
thay doi tir sau khi khudy t6i 10 phat toi 30 phit. Thoi gian khudy t6i 30 phit duoc duy tri & tat
ca c4c mau dé dam bao trang thai can bang hap phu - glal hap phu duoc dién ra. Mau g- CsNy
tinh khiét biéu hién kha ning hap phy t6t, diéu nay co thé giai thich t6t do hinh thai dang tim
ctia g-CsN,. Sau khoang 180 phdt chiéu sang dén Xenon, mau g-CsN4 phan hiy hoan toan RhB
trong dung dich. Déi véi mau ZnO, thoi gian phan hay hoan toan RhB vao khoang 120 phut.
Két qua trong Hinh 5 cho thay, cac mau to hop déu biéu hién kha ning phan hiy RhB t6t hon so
véi ca hai mau g-CsN4 va ZnO tinh khiét. Cac mau CZ7-3 va CZ6-4 biéu hién kha ning quang
xuc tac tét nhat trong hé mau, phan huy 100% RhB trong dung dich sau 90 phut chiéu sang dén
Xenon. Két qua nay c6 thé duoc giai thich phi hop véi phén tich phd huynh quang, toc do tai
hop dién tir 16 tréng giam di khi t6 hop hai pha thanh phan.

51



L& Thi Mai Oanh, Lam Thj Hang, Pham B3 Chung va DS Danh Bich

3. Kétluan

Vit liéu t6 hop g-CsN4/ZnO d3 duoc ché tao thanh cong bang phuong phap tron co hoc hai
thanh phan. Vat liéu biéu hién su két tinh tét cia ca hai pha thanh phan, khdng c6 su xuét hién
cua pha tap chat. Cac hat nano ZnO dwoc phan tan kha tét trén céc tim g-CsNs, phu hop voi
muc dich ché tao. D6 rong ving cdm cua vat lidu t6 hop nhoé hon cia ZnO va lén hon cua
g-C3N,, 1a do két qua cong phé hap thu caa hai thanh phan. Cac mau CZ7-3 va CZ6-4 biéu hién
kha ning quang xtc tac 16n nhét, phan huy 100% RhB trong dung dich sau 90 phat chiéu sang
dén Xenon. Hiéu suat quang xuc tdc manh cua vat liéu td hop c6 thé duoc giai thich do tiép xic
di chat gitra hai chat ban dan, dan t6i giam téc do tai hop dién ti - 15 trong.

Loi cam on. Nghién ctu duoc hd tro boi DE tai Nghién ciu Khoa hoc va Cong nghé cép
Truong Pai hoc Su pham Ha Noi, m& so6: SPHN17-15TT.
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ABSTRACT

Synthesis and study of the physical and photocatalytic properties
of composites g-C3N4/ZnO

Le Thi Mai Oanh*, Lam Thi Hang?, Pham Do Chung* and Do Danh Bich*
'Facululty of Physics, Hanoi National University of Education
*Faculty of Basic Sciences, Hanoi University of Natural Resources and Environment
In this study, g-C3N4/ZnO composites were fabricated using an ultrasound mixing method.
The physical properties as well as the photocatalytic properties of the materials have been
studied by several techniques such as X-ray diffraction, scanning electron microscopy SEM,
ultraviolet-visible absorption spectroscopy and fluorescence spectroscopy PL. The X-ray
diffraction patterns show that the two component phases of the composite material are well
crystallized, with no mutual influence on the crystal structure. SEM images show that ZnO
nanoparticles are well dispersed on the surface of g-C3N4 nanosheets, facilitating the process of
exchange of charges between two component phases. The intensity of fluorescence spectra
decreases as the concentration of ZnO in the composites increases, indicating a decrease in the
electron-hole recombination rate facilitating the photocatalytic process. Photocatalytic process
under the irradiation of Xenon lamps show a higher photocatalytic efficiency of composite
samples compared to both ZnO and g-C3N,. Composite samples CZ7-3 and CZ6-4 show the
largest photocatalyst efficiency, decomposing 100% RhB in solution after 90 minutes of
illumination by Xenon lamps. This can be explained by the decrease of the electron-hole
recombination rate as observed in the fluorescence spectra and good contact between two

component phases as in Sem images.

Keywords: photocatalytic, Xenon lamp, electron-hole recombination, composite.
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