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Tém tit. Trong nghién ctru ndy, vét liéu film ban méng ZnO nanorod dugc tong hop bang phuong phap
thity nhiét va phuong phap ciy mam tinh thé. Theo d6, 16p film ZnO duoc cay va phat trién thang hang trén
mit kinh. Dé tang hi€u qua cua lop film, vat liéu rGO duogc nghién clru tong hop mdt cach hiéu qua theo
phuong phap Hummer cai tién va két hop véi 16p film ZnO dé tao hé ZnO@rGO trén nén kinh. Vit liéu
film ban mong ZnO@rGO dang que dinh huéng 1D sau tong hop dugc nghién ciru cac dic trung vé hinh
thai hoc, cdu trac tinh thé thong qua cac k¥ thuat Hoa 1y hién dai nhu nhiéu xa tia X (XRD), kinh hién vi
dién tr quét (SEM), kinh hién vi dién tir truyén qua (TEM). Hiéu qua cua 16p film duoc tong hop duoc tmg
dung vao phan tng xtc tic quang hoa phan huy chat mau hitu co methylene blue (MB) va dugc danh gia
bang phuong phap phén tich quang pho hap thu tir ngoai - kha kién (UV-Vis). Qua cac két qua phan tich
cho thay, hinh thai 16p film c6 dang que v6i dudng kinh cia cac que trung binh khoang 50 nm va dugc sap
xép thang hang, d6 day 16p film khoang tir 1 dén 1,5um va co cau triic tinh thé wurtzite ciia ZnO. Céc két
qua phan tich nhiu xa XRD va TEM mo ta dic trung 16p 16p film di thé ctia rGO tao composite voi ZnO.
Bén canh do, phin tich UV-Vis cho thay, hiéu qua ctia phan (mg xtic tic quang héa phan huy chit mau MB
ctia 16p film dang ZnO@rGO tét hon so v6i cac dang ZnO va ZnO@GO.

Tw khoa. Film bang mong, vat liéu xuc tac quang, k€m 6xit, graphene.

1. GIOI THIEU

Su phat trién kinh té, xa hoi trén toan cau han khong thé thiéu sy dong gop tich cuc va quan trong cua linh
vue Khoa hoc & Cong nghé. Cong ngh¢ vat liéu méi, mét trong nhiing linh vire dang dugc cac nha Khoa
hoc quan tim sau sic nham ché tao ra nhiing san pham ¢6 hi€u néng cao phuc vu cho nhu cau phat trién
ctia x4 hoi. Xtc tic quang hoa [1,2,3], mot linh vic day htra hen trong nhiéu g dung thuc tién. Dudi su
chiéu xa ciia burc xa dién tir nhu anh sang mit troi, vat liéu ban dan co thé phat sinh nhing cép dién tr
quang sinh va ching c6 thé tham gia vao cac phan tmg cho - nhan electron. Vat liéu ban dan dwoc nghién
ctru phat trién vé mit cu tric, hinh thai va ca cong nghé nham ting hiéu qua ung dung nhu cho phan Umg
xuc tac quang hod di dugc cong b trén nhiéu tap chi Khoa hoc [4,5,6]. Gan day, cac nghién ciru vat lidu
xuc tac quang dudi dang film ban mong [7,8,9,] duoc phu ciy trén cac dé kinh c6 16p oxit kim loai c6 kha
ning dan dién va c6 dic tinh trong sudt (TCO) nhu FTO, ITO dugc nghién ciru lam dién cuc pin mat troi
hay cac dién cuc quang dién hoa hay dinh hudng tng dung vao thuc té nhu kinh ty lam sach (self-cleaning
glass), dién cuc sensor,...[10,11,12] dugc dugc nghién ctru rong rii. Su phat trién vat liéu ban dan dang
phim 1am xtc tac cho cac phan ing quang hoa trén cac loai dé kinh c6 kha ning din dién duogc thuc hién
nhiéu phuong phap khac nhau nhu CVD (chemical vapor deposition), CBD (Chemical bath deposition),
PVD (physical vapor deposition), phin xa, Doctor blade, deep-coating, spin-coating-hydrothermal
secondary growth, ... Trong v sb cac vat liéu ban dan lam xuc tac quang dugc nghién ctru nhu TiOo,
Zn0, SnO;, WO, va CeO; ..., kém o6xit (ZnO) la vat liéu co nhiéu dic dlem uu viéc - vé mat phuong phap
tong hop, vé cau trac va t1nh chat hod 1y. Chan han, ZnO la vat liéu dé tong hop bang cac phuong phép
dong két tiia, thuy nhiét,..., gia thanh ré, than thién v6i moi trudng. O diéu kién thuong, cau triic cua ZnO
ton tai & dang tinh thé luc giac wurtzite, trong sudt [12]. ZnO 1a hop chit ban dan hai ciu tir thudc nhom
All — BVI, loai n ¢6 d6 rong ving cdm 16n (Eq = 3,37 eV), hap thu riéng bude song 16n hon 370 nm va
khong dan dién ¢ diéu kién thudng [13]. Vi ZnO c6 ning luong ving cdm 16n (Eq = 3.4 eV) [12], tuong
g v6i mure nang luong hép thu 4nh sang ving cuc tim (ving uv), diéu nay c6 nghia vat liéu ZnO nguyén
thé chi c6 thé dugc Gmg dung trong cac phan tmg xtic tac khi hép thu ning lugng photon énh séang vang UV.
Ciing vi 1y do nay, vat liéu ZnO bi han ché hi¢u qua img dung trong mét sd linh vyc c6 phan tng xtc tac
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quang hoa. Dé cai thién hoat tinh quang xuc tac va hidu qua cua vat liéu cho nhiing Gmg dung cta vat liéu
xuc tac, ZnO nguyén thuy can phai bién dbi tinh chat nhu ciu tric tinh thé, cau trac dién tir (electron) va
mot s6 dic tinh hoa 1y ctia ciia vat liéu. Graphene oxit 1a chat Iy tuong dé nang cao hoat tinh quang xuc tac
ctia ZnO nho ¢6 dién tich bé mat 16n gia tri 1y thuyét 2630 m%g, chiéu day 16p siéu mong, cé tinh din dién
va dic biét, 6 nang luong viing cAm x4p xi 2,2 eV [12] nam trong khoang anh sang nhin thdy dugc. Phuong
phap Hummer cai tién [14] dé tong hop GO va van ding phuong phap khir bang nhiét dé tao rGO [15]
nham phat trién vat liéu film ban méng tinh thé composite ZnO@rGO trén nén dé dan ITO la mot trong
nhitng phuong phap d& dang va nang cao hiéu sut hip phu cho vat liéu. Kha ning hap thu ning lugng anh
sang cua vat liéu ZnO bi han ché vi co vung bandgap rong (Eg = 3.4 eV) [12], viéc téng hop vat liéu GO va
g dung tong hop 16p film ZnO@rGO in situ nham cai thién kha nang hap thu anh sang ving nhin thay.
Ngoai ra, vat liéu rGO c6 cau triac phit hop cho kha ning ting cao hiéu qua hip phu trong qua trinh phan
huy xtc tac quang hoa.

Trong nghién ctru ndy, chung tdi trinh bay cach tong hop vat liéu film ban mong dang composite ¢ cau
trac ZnO@rGO, dang que phat trién dinh hudng 1D, trit ty va thing hang trén nén kinh thuy tinh. Ciu tric
va hinh thai hoc cta film ZnO@rGO dugc danh gia dic trung mot cach chi tiét qua cac phuong phap hoa
1y hién dai, tin cdy nhu SEM, TEM, XRD, FT-IR. Hoat tinh xtc tdc quang cua 16p film dong vai tro hoat
dong nhu chét 1am sach cac hop chat giy ban bé mat kinh. Hoat tinh xtc tac quang cta 16p film dang que
dinh hudng 1D ¢6 ciu trac ZnO@rGO duoc danh quéa thong qua phan tmg quang xtc tac v6i chat mau
methylene blue (MB) va dugc phan tich bang phuong phap quang UV-Vis.

2. THUC NGHIEM
2.1 Héa chit va Thiét bj

Hoa chét dugce st dung trong thuc nghlem nay dugc mua tir nha san sudt, pha che va dung lam tién chét
tryc tiép ma khong qua cong doan tinh ché nao thém. Cac hod chit duoc sir dung gdm:

K&m acetat (Zn(CH3COO),.H,0, 99%), triethanolamine (Cs¢H1sNOs, 99%), ethanol (C.HsOH, 99.7%),
kém nitrat (Zn(NOs3)2.6H20, 99%), hexamethylenetetraamine (CsH12N4, 99%), acid sunfuric (H.SO4, 98%),
kali permanganat (KMnQ., 99%), hydroxy peroxit (Hz02, 30%), natri nitrat (NaNOs, 99%), slide kinh thuy
tinh (duoc rira sach bang ethanol va nudc cat) dugc mua tir cic nha san xuat Trung Qudc. Graphite powder
(C, 98%) dwoc mua tir nha san xuat Han qudc, nudc cét khir ion (DDI).

Mot s thiét bi sir dung phén tich két qua chinh nhu: Thiét bi kinh hién vi dién tir quét SEM (Scanning
electron microscope) sb hiéu S-4800, Hitachi (Nhat), dién thé 1am viéc 10 Kv, nhiéu xa tia X (XRD) cta
Truong Pai hoc Cong nghiép TPHCM, kinh hién vi dién tir quét truyén qua - TEM (Transmission electron
microscope), kinh hién vi dién tir quét truyén qua c6 do phan giai cao HR-TEM (High resolution
transmission electron microscopy), ciing dugc thuc hién boi thiét bi J-2100 va may phan tich quang pho
UV-Vis hiéu GENESYS 10S UV-Vis - Thermo Scientipic.

2.2. Phuwong phap:

- Tong hop GO: Phuong phap tong hop dua trén phuong phap Hummer bién tinh [16]. Theo d6, hdn hop
gom 1g graphite dang bot, 0.5 g natri nitrat, 23 mL acid sunfuric cho vao trong beaker 500 mL, khudy déu
va 1am lanh beaker hdn hop phéan tng trong bé nude d4, nhiét do 20 °C. Tiép tuc khudy va tir tir cho 3 g kali
permanganat vao hdn hgp, tranh nhiét d6 qua 20 °C. Sau do, 1y beaker dang chira hdn hop ra ngoai khoi
bé nude da, gitr yén trong 30 phut, lic nay nhiét d6 hdn hop ting din dén dén khoang chirng 35 + 3 °C, hén
hop dan dic lai v6i su sui bot giam din. Thém 46 mL nudc cAt DDI tir tir vao trong hon hop va khuéy, hon
hop phan ting c6 hién twong sti bot dit doi ciing véi mau nau xuat hién va nhiét d6 ting 1én 98 °C, duy tri
qué trinh nay trong 15 phut. Tiép d6, pha lodng hdn hop phan tmg thém dén khoang 150 mL nu6c DDI.
Dung hydroxy peroxit 3% dé khtr lvong pemanganat va mangan dioxite con du trong hon horp Hon hop
phan ung dugc dem loc va rua voi mot luorng nhleu nud6c cat DDI khi hdn hop van con 4m dé tranh tao ra
phan tng phu. San pham sau loc dugc tiép tuc siy loai nudc & 80 °C khoang 48 gid va thu dugc san phim
GO.

- Tong hop 16p film mam tinh thé ZnO: Pau tién, kinh thuy tinh duoc rira sach bang ethanol ciing véi
nuée cit. Pha dung dich A: 20 mL Zn(CH3COO),0.1 M cing véi 2 giot triethanol amine, ding may khudy
tir gia nhiét voi nhiét do 40 °C khudy tron dung dich trong 15 phat. Tiép theo, nho dung dich A bang phuong
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phéap phu quay (spin-coater) Ién slide kinh thuy tinh kich thuéc 20x30 mm khoang chung 15 giot. Nhitng
tam kinh dugc phii quay dung dich A sau d6 dem sdy kho chan khong & nhiét do 50 °C trong 15 phit. Thyc
hién lap lai quy trinh trén 3 1an, dé dung dich phan tin dong déu trén toan bo mit kinh. Giai doan dé tao
mam ZnO 14 phuong phéap nhiét phan bang cach nung nhing tim kinh da duoc phu tién chat ciia ZnO &
nhiét d6 200 °C trong 30 phiit. Lép mam tinh thé ZnO dugc hinh thanh trén dé kinh sau khi dugc nung. Ta

6 thé théy duoc hién tugng xuat hién su d6i mau trén bé mat tim kinh do su tin xa Tyndal &nh sang cua
16p film cac hat tinh thé nano ZnO.

- Phat trién film ZnO nanorod (Secondary growth): Nhimg tim kinh duogc cdy film mam tinh thé ZnO
dugc phat trién tiép tuc véi cac tinh thé dang que ZnO dinh hu:ong 1D. Phuong phap thuy nhiét vdi viée
kiém soat nhiét do phan ung theo tirng giao doan dugc su dung dé phat trién tinh thé ZnO nanorod dinh
huéng 1D thing hang (nanorod array). Theo d6, 6 mL Zn(NOs), 0.1 M va 6 mL HTMA 0.1 M cho khudy
déu voi 48 mL nudc cét trong 15 phut. Dung dich trén dugc cho vao lo thiy tinh cé nép day co6 tinh chiu
duoc nhiét, kinh mau kinh véi 16p mam tinh thé ZnO dugc dua vao nhe nhang trong lo c6 dung dich, dé
kinh dimg véi goc diat ndm nghiéng 45°. Tién hanh thiy nhiét & cic nhiét do 1a thoi gian: 70 °C trong 2 gid,
80 °C trong 3 gid, 90 °C trong 3 gid. Sau qué trinh thuy nhiét, film ZnO nanorod duoc 14y ra, cho siy kho
80 °C trong 30 phut rdi dua vao 16 nung 200 °C trong 1 gio.

- Téng hop film ban mong cdu triic composite ZnO@rGO: Quy trinh téng hop duogc thuc hién bing cach
cho 0.1 g GO dugc tong hop nhu mé ta phan trén, khudy chung v6i 200 mL nudc cat DDI. Ly dung dich
GO vira pha & trén rdi nho (khoang 20 giot) 1én kinh film ZnO nanorod bang phwong phap phu quay. Tiép
theo, dwa tAm kinh d3 duoc tran GO vao tu séiy duoc cai dit sin nhiét do 80 °C trong 15 phut, thuc hién lap
lai qua trinh trén khoang 3 lan. Sau do, nhurng tAm film dugc phu vai GO dugc nung ¢ nhiét do 350 °C va
thoi gian 30 phut va thu dugc san pham film ¢ cu tric ZnO@rGO.

- Phén hity mau methylene blue (MB): Dit 4 tim thin film ZnO@rGO di dugc tong hop ¢ trén véi kich
thude 20x30 mm vao bercher ¢ sdn 100 mL MB véi nong d6 ban dau 1a C, , dé kinh ndm nghiéng nhe sat
v6i canh binh cho khudy tir 200 rpm. Trong 4 gid dau duoc thuc hién trong budng tdi, sau moi 1 gid, ta hut
lay 5 mL dugc loc ly tam 10i xac dinh pho UV-Vis trong khoang budc séng A tir 400 dén 800 nm. Sau 4
gio tlep, phan ng phan huy dugc thuc hién bang dén day toc vonfram 250 W - md phong anh sang mat
troi dé thiy duoc kha ning xuc tic quang cua vat li¢u. Tiép d6, mdi gio, 5 mL duoc loc ly tim rdi xdc dinh
phé UV-Vis trong khoang A tir 400 dén 800 nm. Qua phuong phép quang phdé UV-Vis xac dinh ndng do
MB con lai C; theo cac thoi diém clia qué trinh mat mau dung dich MB theo co ché hip phu va theo co ché
phan huy quang xtc tac.

3. KET QUA VA BAN LUAN
Két qua tdng hop mam tinh thé ZnO
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Hinh 01. Hinh anh SEM ctia mu kinh v6i 16p mam tinh thé ZnO
duoc cay bang phuong phap phu quay (spin-coating).
Céc hat mam tinh thé ZnO trude tién duoc sir dung phuong phép spinning coating dé cdy trén nén kinh
thuy tinh va qua d6 két qua phan tich hinh anh kinh hién vi dién tir quét (SEM) duoc trinh bay trong Hinh
1. Két qua phan tich hinh anh SEM cua film mam tinh thé ZnO cho thay, cac hat tinh thé c6 kich thudc
khoang 20 dén 50 nm phan bb dong déu trén nén dé kinh thay tinh. Mat d phan b cua céc hat twong d6i
day va su két dinh gitta hat v6i nén kinh 1a kha chit ché.

Céu tric tinh thé cua 16p hat tinh thé tong hop duoc dic trung qua phuong phap phén tich nhidu xa tia X
(XRD). Két qua phén tich XRD duoc trinh bay trong Hinh 02.
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H‘Inh~02. Két qua phan tich nhiéu xa tia X (XRD) cua l6p mam tinh thé ZnO trén dé kinh.
a) Mau nhi¢u xa XRD cua 16p mam ZnO dugce tong hop trén de kinh, b) mau nhicu xa
chuan ZnO-PDF#36-1451.

Qua két qua phan tich XRD trinh bay & Hinh 02 cho thy, cdc miii nhidu xa tia X chinh cta 16p film
hat tinh thé ZnO trén dé kinh kha trung khop véi mau nhiéu xa tia X chuén cta ZnO s6 36 - 1451. Cu thé
tai cac goc nhidu xa 26 c6 cac miii 1an luot 14 31,76 °; 34,42 °; 36,25 °; 47,53°; 56,60 °; 62,86 ° tuong (mg
V01 cac mat mang (100) (110), (101), (102), (002), (103) Céc miii nhleu xa co cuong do tuong dbi thap so
v6i nén va d6 rong miii twong di 16n. Pidu nay co thé giai thich do 16p film cua cdc hat tinh thé ZnO co
kich thudc hat kha nho khoang chirng vai nano mét va mat d6 16p film 1a rit méng. Mau nhidu xa tia X cia

47



NGHIEN CUU CHE TAO KINH TU LAM SACH VOI LOP XUC TAC QUANG ...

16p film trén mit kinh tring khép hoan toan véi mau nhidu xa cua cau trac chuan ZnO-PDF#36-1451 cho
thdy nhitng tinh thé ZnO téng hop thudc loai cdu tric tinh thé don pha hexagonal wurtzite ciia ZnO.

Nhu véy, trén co s¢ phén tich hinh anh kinh hién vi dién tir SEM va nhidu xa tia X gitip chimg minh r6 rang
dugc cac mam tinh thé ZnO duoc cdy thanh cong trén tim nén kinh thanh cong bang quy trinh tong hop
spinning-coating va nhiét phan. Cac tam kinh dugc cdy v6i mam tinh thé ZnO dugc sir dung dé phat trién
tiép 16p film ZnO dang que dinh hudng 1D va thing hang trong nhitng budc cua quy trinh tong hop tiép
Sau.

Két qua tong hop film ban méng tinh thé ZnO dang que dinh hwéng 1D va thing hang

Céac mau film mam tinh thé nano ZnO phat trién trén dé kinh dugc st dung dé phat trién thanh 16p film
dang que dinh huéng 1D thing hang biang phwong phéap thuy nhiét thir cip (secondary growth). cac két
qua hinh thai hoc dugc xac dinh théng quaphan tich Kinh hién vi dién tir quét dugc trinh bay & Hinh 3.

Hinh 03. Hinh anh SEM cua film tinh thé ZnO dang que dinh hudng 1D phat trién trén dé kinh. a), b) anh
chup theo phuong phap top view v6i do phan giai lan lugt 25 K va 50 K va c), d) anh chup vé1 phuong
phap cross-section view voi do phan giai lan luogt 18 K va 40 K.

Trong d6, Hinh 3a va 3b anh chuyp tir trén xudng (top view) cua 16p film véi d6 phéan giai 1an luot 13 25
K va 50 K, Hinh 3c va 3d anh chup mit cit (cross-section view) cta 16p film v&i do phan giai 1an luot 1a
18 K va 40 K. Két qua cho thdy, 16p film v&i cac tinh thé ZnO dang que sip xép thang hang, dinh huéng
1D trén mit kinh, kich thuéc mdi que khoang chirng 100 nm. Hinh anh cross-section view do & cac do
phan giai khac nhau cho thdy d6 day 16p film khoang chimg tir 1 dén 1,5 pm, 16p film bam chit trén bén
mit dé kinh. Phuong phap phan tich nhidu xa tia X ciing dugc ap dung dé phan tich c4u tric tinh thé ctia
16p film dang que 1D. Két qua duoc trinh bay trong Hinh 04. Hinh 4a) chuan XRD ZnO-JCPDF#36-
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1451, 4b) mau nhidu xa tia X cta 16p film ZnO 1D trén nén kinh. Két qua cho thay cac miii nhidu xa cua
mau film tong hop tring khép hoan toan véi chuan. Cac miii nhidu xa tia X dic trung tai cac goc do 20
bang 31,76°% 34,42° 36,25°% 47,53° 56,60° 62,86° twong mg véi cac mit phiang voi chi s6 Miller (hkl)
lan luot (100), (002), (101), (102), (110), (103) c6 cuong dd kha cao, tang 1én hon han so véi mau nhiéu
xa cta 16p film mam trinh bay & Hinh 02. D6 rong miii clia cac mii nay la kha hep va ngoai ra khong
nhan thay bat ky miii nao khac so véi mau nhidu xa XRD ciia ZnO chuéan. Do d6, c¢6 thé két luan rang 16p
film ZnO dang que 1D 14 tinh khiét va c6 cau triic tinh thé don pha hexagonal va mat d¢ tinh thé cao.

1
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Hinh 04. Gian d6 phan tich tia nhidu xa X. a) Gian do chuan ZnO-PDF#36-
1451 va b) Gian d6 XRD cua vét li¢u film ZnO dugc tong hop.

Két qua tong hop vit ligu GO

Dé han ché kha nang tai to hop cua cip dién tir quang sinh (e", h*), thiic ddy hiéu qua ciia vat liéu film
trong phan g quang xuc tac, vat liéu graphene oxide khir (rGO) dugc tong hop va tao composite véi 16p
film ZnO 1D. Theo d6, vat liéu film ban mong tinh thé ZnO@rGO dugc tong hop bang phuong phap phi
GO 1én trén mat kinh d3 dwoc nudi 16p tinh thé ZnO nanorod & quy trinh phia trén rdi nung tao rGO & cac
khoang nhiét d va thoi gian khac nhau dé tim dwoc quy trinh tong hop t6i uu nhéat. Cac phuwong phéap dic
trung Hoa 1y dugc sir dung 1am 1 vé hinh thai cdu tric 16p film ZnO@rGO thu dugc.

Hinh 05 mé ta san pham GO duoc téng hop theo phuong phap Hummer cai tién. Cac Hinh 05. a) va b)
dugc ghi lai tir thiét bi k§ thuat s6 cho thdy ngoai quan ctia san pham GO duoc tong hop qua phuong phap
oxi hoa Hummer cai tién va quy trinh loc siy. San phdm c6 mau ndu cua GO phu hop véi cac cong bd
trude day [15, 16, 17]. Hinh 05. ¢) 1a két qua phén tich c4u tric tinh thé cua GO tdng hop, trong d6 c1) Ia
méu nhidu xa chuan va ¢2) 1a mau téng hop. Két qua cho thay ciu tric san pham GO dugc tong hop l1a
hoan toan tring khop voi mau nhidu xa chuan GO PDF#75-2078. Cudng d6 miii cling nhur d6 rong cac
miii nhidu xa 1a thip va rong mot cach tuong tmg cho thiy mat d6 tinh thé ciia GO kha thap.
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Hinh 31. Hinh 4nh vt liéu GO dugc tong hop véi a) Trude khi loc sdy, b) Sau sy, ¢) Mau
nhicu xa tia X, ¢1) Mau nhicu xa chuan cia GO PDF#75-2078 va c2) Gian do XRD cua san
pham GO tong hop.

Phén tich hinh thai hoc cta san pham GO tong hop dwoc thuc hién qua phwong phap kinh hién vi dién tur
truyén qua (TEM). Két qua phan tich dwgc trinh bay trong Hinh 06. Trong d6 Hinh 06. 6a), GO dugc phan
tich hinh anh TEM c6 d6 phéan giai 50 nm va 6b) c6 do phan giai 100 nm. Hinh anh minh hoa ring san
phém GO dugc boc tach ra thanh cac 16p don 1¢ ¢ dang don 16p hay da 16p (tm 2-3 16p) mdt cach dong
nhit duée dleu kién oxi hoa manh cua phuong phap tong hop Hummer bién tinh. Hinh thai hoc nay cua san
pham GO 14 rat phi hop cho viéc str dung két hop dang composite v6i céc chat ban dan khac ng dung
trong nhitng phan tmg xic tic quang hoa, vi s& ting dugc kha niang din truyén dién tir ciing nhu dic tinh
hap phu cua vat lidu.

50



Tac gia: Van Thanh Khué va Cong su

Hinh 06. Hinh anh TEM cua vat liéu GO, a) B¢ phan giai 50 nm va b) DJ phan giai 100 nm.

Két qua téng hop vit liéu ZnO@rGO

Theo d6, ciu triic tinh thé ctia GO két hop composite vé6i film ban mong ZnO dang que dinh huéng 1D
cling dugc phan tich qua phuong phap nhidu xa tia X. Trong Hinh 07 1a két qua phan tich XRD véi a) Mau
nhidu xa chuin theo PDF#75-2078 cua graphite, b) gian do mau nhiu xa chuin ciia ZnO-PDF#36-1451,
¢) Film ZnO nanorod khong nung tao hé composite véi GO dang ZnO@GO va Hinh 07 d) 1a mau XRD
cia film ZnO nanorod tao composite voi GO dang ZnO@rGO do dugc nung 350 °C trong 30 phut. Két
qua cho théy cac mau nhiéu xa XRD ciia ZnO@rGO ¢ hinh ¢) va d) c6 cac mii nhiéu xa tai cac goc 2 theta
lan luot bang 31,76°% 34,42°; 36,25 tuong g vdi cac mat tinh thé c¢6 chi sb Miller (h 1'k) 1a (100), (002),

(101) dac trung cho vat li¢u vat li¢u tinh the ZnO. Ngoai ra, gian d6 nhiéu xa ciing xut hién cac mii ciia
vat liéu GO va dic biét dang chli y cac mau con xuat hién thém mili rGO tring khép véi chuan graphite.

Sy xuat hién ctia miii nhidu xa cua graphene ddi véi mau film 14 do qua trinh GO bi khir thanh rGO ¢ diéu
kién nhiét d9, ap suat cao clia qua trinh thiy nhiét va qué trinh xir Iy nung nhiét do cao. Bén canh dé, cuong
do cac miii nhiéu xa ciing ting cao hon ctia mau nung d) so véi mau chua nung ¢) cho thiy mat do tinh thé
ctia san pham film composite ZnO@rGO tét hon va gop phin cai thién hiéu qua xic tic quang trong cac
ung dung cta phan rng x0c tac quang.
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Hinh 37: Hinh anh gian d6 nhiéu xa tia X v6i a) Gian do nhidu xa chuén theo sd
PDF#75-2078 cua graphite, b) Gian d6 nhiéu xa chuin s6 PDF#36-1451 cta ZnO,
¢) Nhiéu xa cuia film composite ZnO nanorod khéng nung dang ZnO@rGO, d)
Nhiéu xa cta film ZnO nanorod c6 nung dang ZnO@rGO.
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Hinh 38: Két qua nhifu xa tia X ctia cac mau film duoc khao sat sy anh huéng cua thong sb
nhi¢t do va thoi gian nung. ) gian do nhleu xa chuan PDF#75-2078 ciia graphite (mau do), b)
gian d6 nhiéu xa chuan ctia mau ZnO s6 PDF#36-1451 (mau den), €) ciia mau film ZnO@rGO
duoc nung ¢ 350 °C trong 30 phdt, d) ciia mau film ZnO@rGO dugc nung & 400 °C trong 30
phit va e) 1a ciia mau film ZnO@rGO nung ¢ 350 °C trong 1 gio.
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Thong sb nhiét d6 nung va thdi gian nung dugc khao sat dé danh gia mat do tinh thé cua 16p film composite
ZnO@rGO tai cac nhiét do va thoi gian 350 °C, 400 °C va 30 phut, 60 phut mdt cach twong tng. Két qua
tir Hinh 08 cho thay tat ca cac miii nhiu xa kha tring khép v6i cac miii nhidu xa chuan. Khi ting nhiét do
ttr 350 1én dén 400 °C, cuong d6 cac miii ZnO trd nén tang 1€n dang ké va cuong d6 mili nhiéu xa ciia GO
trd nén giam, cho thiy rang mat do tinh thé ZnO ting 1én va qua trinh khir ciia GO thanh rGO khi ting nhiét
d6 xay mot cach twong mg. Bén canh d6, khi so sanh thoi gian nung tir 30 phut dén 60 phut cta 16p film
khi nung & 350 °C cudong do cac miii ZnO ting 1én khi thoi gian tiang, trong khi d6 cuong do mili nhiéu xa
ctia GO hau nhu giit nguyén khong thay d6i. Nhu vay & 350 °C, qua trinh khir GO thanh rGO khong xay ra
dang ké khi thong sd thoi gian nung ting, trong khi d6, thoi gian van tac dong ting mat do tinh thé cua ZnO
trén 16p film. Két qua nay dugc thuc nghiém khang dinh lai mot 1an nita véi mau film ZnO@rGO dem nung
& 400 °C va thay d6i thoi gian tir 30 dén 60 phut. Két qua XRD Hinh 09 cho thiy, ¢ 400 °C khi ting thoi
gian tir 30 dén 60 phut, mili nhidu xa GO & goc 2 theta bang 5° hau nhu bi khir hoan toan thanh rGO, trong
khi d6 cuong do ciia cac miii ZnO ting dang ké (tir 09¢ qua 09d). Nhu vay, két qua da khang dinh rang 16p
film ZnO dugc phi véi GO duge xtr Iy nung & 400 °C va 60 phat c6 dang ZnO@rGO c6 dic trung tinh thé
cao nén phu hop cho nhitng phan tmg xtic tic quang phan huy nhitng chit mau hitu co nhu cho tng dung
trong kinh tu lam sach.

(100)
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N eV WU )
" hd T . T 'al)l'bl)l' III' T 'Ill! T L III' T 'Illl'lll ! T l'l
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c)

Hinh 09: }(ét qua nhiéu xa tia X véi a) Gian dck)‘chuén s6 PDF#75-2078 cua graphite,
b) Gidn do chuan ZnO-PDF#36-1451 c) Gian d6 cua ZnO@rGO duge nung ¢ 400 °C
trong 30 phut va d) Gian do cua ZnO@rGO dugc nung ¢ 400 °C trong 1 gio.

Pinh gia kha niing phén hiiy tap chét hiiu co ciia film ZnO@rGO trén nén kinh

Qua trinh phan huy tap chat hiiu co methylene blue (MB) ctia ZnO@rGO trén nén kinh duogc thyc hién nho
kha nang quang hoa xtc tac cua vt liéu film ZnO@rGO. Qua do ta ¢ két qua dugc trinh bay ¢ Hinh 10.
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Hinh 10: Két qua phéan huy chat chat hitu co MB phén tich bang phuong phap UV-Vis. Hinh
10.1) Su thay d6i nong do MB theo thoi gian ctia cac mAu film kinh a) ZnO, b) ZnO@GO va
¢) ZnO@rGO. Hinh 10.11) Pong hoc phan hity MB ciia cac mau film kinh a) ZnO, b)
ZnO@GO va ¢) ZnO@rGO.

Qua két qua trinh bay & Hinh 10. 1) cho thiy ty 18 ndng d6 C/Co cia MB duoc tinh qua cac dinh hip thu
cuc dai ciia MB tai budc song A= 664 nm phan tich bang phuong phap phd UV-Vis va thay ddi theo thoi
gian. Hinh 10. 11) 1a két qua md ta Pong hoc phan hity cia MB qua qua trinh phéan (mg xuc tic quang hoa
clia cac vat lidu film kinh. M6t cach cu thé, sy thay di ty 16 ndng do C/Cocua MB tir thoi diém ban dau
cho dén 4 gio (Hinh 10, 1)) 1a do qua trinh hap phu cua vat liéu. Cac mau film kinh véi cdu traic ZnO@GO
va ZnO@rGO thé hién kha ning hap phu lam giam nong d6 mau MB hiéu qua hon so véi film ZnO. Tuong
g diéu d6, khoang khao sat tir 4 gid d&én 8 gio 1a qua trinh phan hay MB do phan tmg quang hoa ciia cac
vat liéu film dudi su hd tro ciia nh sang. Ty 18 C/Cocua MB giam dang ké va dat khoang 90% dbi véi film
¢6 cau triic ZnO@rGO. Pong hoc phan hity chit mau ctia phan tng quang hoa cho thiy qua trinh phan hay
tuan theo phan (mg bac nhat ctia cac mau film. Sy ting dang ké hiéu qua xtc tic phan hity MB ciia vt liéu
trén kinh ZnO@rGO so véi cac mau ZnO va ZnO@GO c6 thé 1y giai qua ciu trac tinh thé di thé va mat do
tinh thé cua 16p film. Nhu da dé cép otrén, mau film ZnO@rGO dugc tong hop & didu kién thuy nhiét va
dugc xir Iy nung & diéu kién 400 °C trong 60 phit c6 do tinh thé ctia ZnO tot hon han cac film con lai. Bén
canh d6, Céu trac GO di chuyén ddi qua dang rGO hau nhu toan bo. Diéu nay tac dong 1én hiéu qua cua
phan tmg xuc tdc quang phan huy chit mau hitu co MB. Xuc tac quang hoa ZnO dugc nghién clru va cong
b6 rong réi trén cac tap chi. Cac ung dyng cia xuc tac quang hoa vé vé kha nang phan tach H,O tao Ho, khir
chat mau tap chat hitu co dugc trich dan 3 tai cac tai liéu [1,2,4,6] trén co s d6 nghién ciru nay phat trién
kha ning tmg dung cia xtc tac ZnO@rGO phat trién trén nén kinh du6i dang film bang mong dinh hudng
1D c6 kha niang phan hity chat mau ban (kha ning tu 1am sach cta kinh) 1a mét dinh hudng Gng dung méi.
Céc két qua hinh hinh 10 d3 minh hoa cho kha ning phan hay chat mau hitu co MB ctia 16p film ZnO.

4. KET LUAN

Nghién ciru tong hop 16p vat lidu film phi trén kinh c6 kha ning ty 1am sach nhing chat mau 6 nhiém dang
hiru co mang lai lgi ich thiét thuc cho cudc séng ciing nhu trong linh vuc cong nghé vat liéu. Lép film
ZnO@rGO duogc phén tich cac ddc trung hoa ly qua cac phuong phap phan tich Hoa 1y hién dai nhu SEM,
TEM, XRD. Két qua cho thiy 16p film c6 dang que xép thang hang dinh huéng 1D, c6 do day khoang
chimg 1 dén 2 pm, dudng kinh cac que ZnO khoang 50 nm. Phuong phéap XRD xéc nhan dugc cau tric cac
16p vt liéu film trén nén kinh. Cu thé, 16p vat liéu film c6 dang ZnO@rGO véi ZnO thudc pha tinh thé
wurtzite dugc tong hop bang k¥ thudt cAy mim tinh thé két hop phuong phép thily nhiét va cac cong doan
xir 1y nhiét tiép sau. Lop film dugce xir Iy nhiét & 400 °C trong 60 phut thé hién dwoc hi¢u qua phan hiy chat
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mau hiiu co MB vuot troi so véi cac mau film con lai duge cho ¢6 ciu trac film dang ZnO va ZnO@GO.
Qua trinh phan huy chat mau hiru co MB ¢6 hiéu qua cao c6 thé giai thich qua mat do tinh thé ZnO ting va
su két hop véi vat lidu rGO cua 16p film. Phan tich Dong hoc phan tng phan huy chat mau MB cho thay
qua trinh phén huy tuén theo Bong hoc phan tmg bdc mot. Nghién ctru cho thdy tiém nang phat trién cua
vat lidu kinh tu 1am sach va 14 co so cho sy phat trién (mg dung cta vat liéu ZnO@graphene.

LOI CAM ON

Két qua nghién ctru ctia l?éli béo duge thuc hién va duge sy hd tro thue hién chinh boi co s& vat chét, phong
thi nghiém, dung cu, thiét bi cia Khoa Céng Nghé Ho4 hoc, truong Pai hoc Cong nghiép TPHCM. Nhom
tac gia xin tran trong cam on Khoa Cong Nghé Hoa hoc, truong Pai hoc Cong nghiép TPHCM.
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FABRICATION OF ZnO@rGO PHOTOCATALYTIC THIN FILM ONRIENTED 1D
NANOROD ARRAY ON THE GLASS SUBSTRATE.

VAN THANH KHUE", NGUYEN VAN TRONG, DOAN VAN DAT, VO THANH CONG
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City
“Corresponding author: vanthanhkhue@iuh.edu.vn

Abstract. In this study, thin film of crystal nanorod array ZnO@rGO on the glass substrate was synthesized
via hydrothermal and nuclei crystalline implant method. In this method, ZnO crystalline nanorod arrays
were first grown onto the glass substrate. And then, rGO material subsequently anchored to the ZnO film
was synthesized using the modified Hummer’s method to improve the application performance of the thin
film. The thin film of as-synthesized crystal nanorod array ZnO@rGO oriented on the one dimension (1D)
glass substrate was characterized by physical chemical techniques such as x-ray diffraction (XRD),
scanning electron microscopy (SEM), transmission electron microscope (TEM). Performance of the film
in the photocatalytic methylene blue (MB) degradation was evaluated by the UV-Vis measurement. The
characterizations showed that the ZnO@rGO film is oriented on the glass substrate as 1D and well-array as
well with a diameter of 50 nm and film thickness of around 1- 1.5 um and their shape in wurtzite crystal.
The XRD and TEM results reveal the evidents of the composited ZnO@rGO film formed on the glass
substrate. On the other hand, the UV-Vis analysis shows photocatalytic performance of the ZnO@rGO film
for the MB degradation is dominated as compared with the ZnO and ZnO@GO.

Keywords. Thin film, photocatalytic material, zinc oxide, graphene.

Ngay gui bai: 05/01/2024
Ngay chap nhdn dang: 27/5/2024

56



