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In this work, nanohybridization of ZnO nanorod and graphene oxide (GO)
were prepared by a facile hydrothermal method. The effects of GO on crystal
structure and surface morphology of ZnO were revealed by Scanning electron
microscopy (SEM), Raman, and X-ray diffraction (XRD). The presence of GO in
the composite resulted the ZnO nanorod more uniform which its diameter
size was decreased. Optical properties characterized by UV-vis diffuse
reflectance spectra (DRS) showed that the ZnO/GO composite has the

narrower bandgap value and the better visible-light absorption characterisitics
in compare to the bare ZnO. As a result, the photocatalytic ability in
degradation of methylene blue under solar irradiation was enhanced in the

Zn0O/GO composite

Gidi thiéu chung

Hién nay, viéc xtt ly & nhiém nudc thai trong moi trudng
bang hiéu Ung quang xuc tac dang nhan dugc nhiéu
quan tam cla cac nha khoa hoc [1, 2]. Trong do ZnO Ia
mot trong nhiing vat liéu ban dan oxit c6 nhiéu tiém
nang bdi cac dac tinh vugt trdi ciia chding nhu an toan,
quy trinh ché tao don gidn, c6 dé bén cao trong cac
moi trudng dodc hai [3, 4]. Tuy nhién, vi 1a ban dan ving
cdm thang, ty 1& téi t6 hgp nhanh cla cap dién to - 16
tréng trong vat liéu ban dan thuan lam cho hiéu qua
xUc tac quang thép. Gan day cac nghién cliu cho thay
t6 hap di thé cla ban dan va kim loai, phi kim, hodc t8
hop vai graphene cho hiéu sudt vuat tréi nha sy giam
ty 1& tai t6 hop cla cac hat mang dién nén la chia khoa
gilip cai thién hoat tinh xUc tac quang [5-7]. Tiép xdc di

thé tlr viec két hop gilta cac nguyén té kim loai, phi kim
hay oxit véi chat ban dan xuc tac ban dan thuan cé thé
lam ting thdi gian séng clia hat dan, gilp cai thién kha
nang xU ly chat thai cia ching [8-10]. ZnO cé nang
lugng vung cdm khé 16n (3,37 eV), tuong Uing vdi vung
nang lugng anh sang cuc tim mdi cho hiéu qua quang
xUc tac tét nhat. Trong khi dé, anh sang cuc tim chi
chiém khodng 5% buc xa anh séng mat trai, do dé han
ché kha nang Ung dung thuc té ctia ZnO [11]. Nham cai
thién hoat tinh quang xdc tac, md réng pham vi Ung
dung ctia ZnO, can thiét phai bién déi tinh chat dién tlr
trong cau trdc nano clia ZnO, thu hep nang lugng ving
cadm va giam téc do tai két hgp electron va 16 tréng
quang sinh. Do db nghién cltu nay bao céo vé phuang
phép lai hda graphene oxit v&i ZnO dé ting cudng
hoat tinh quang xuc tac cia ZnQO.
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Thyc nghiém va phucong phap nghién clu

ZnO dugc téng hgp trong binh thay nhiét  Teflon
(150ml), dugc bao quanh bdi thép khong ri trong 8 gic
G 150°C. Pau tién, lay 8g NaOH hoa tan trong 40ml
nudc cét va khudy trong khoang 10 phut, sau do tir ti
cho thém hén hop gdom 4,38 bot  kém
(Zn(CH3COO)2.2H.0) va 0,024g HMTA
(Hexamethylenetetramine) trong 40ml nudc cat da
khudy déu, tiép tuc khudy thém 15 phit dé hdn hop tao
thanh dung dich. Khi hinh thanh dung dich, cho vao

binh thdy nhiét va dua vao ti sdy dé tién hanh thay
nhiét & 150 °C trong 8 gid. Sau khi thly nhiét xong
dung dich s& c6 dang huyén phu, tién hanh loc ria
bang nudc cat dén khi pH= 7, cudi cung sy khd mau &
nhiét d6 100°C va thu dugc vat liéu ZnO dang bét.

Tuong ty nhu phuong phap téng hap ZnO, t& hap
ZnO/GO cling dugc téng hgp trong binh thly nhiét
Teflon (150ml) dugc bao quanh bdi thép khdng ri trong
8 gig & 150°C. Trong nghién clu nay ham lugng GO
trong t6 hop ZnO/GO 1a 1%.

Hinh 1: Anh SEM ctia: a), b) ZnO va ¢), d) ZnO/GO

Két qua va thao luan
Hinh thdi bé mdt

Dé quan sat dugc hinh thai hoc bé mat cla vat liéy,
chiing téi tién hanh khéo sat vat liéu ZnO va ZnO/GO
1% qua anh hién vi dién t& quét SEM. Hinh anh hién vi
cla céc vat liéu thé hién & hinh 1. C6 thé thay rang da
c6 sy hinh thanh cac thanh ZnO dang luc giac tuong
Ung Vvdi cdu tric wurtzite nhung kich thudc khong

dong déu. Béi véi mau ZnO/GO 1%, khi cé pha tap GO
vao thi cac thanh ZnO phét trién déu nhau hon so vdi
khi khéng pha tap, hon nifa kich thudc dudng kinh cac
thanh trong t6 hop ZnO/GO cling bi gidm dang k€,
diéu nay ching to6 GO da c6 tuang tac dén su phéat
trién cla ZnO. Sy tuong tac nay lam hinh théi thanh
dong déu han.

Cdu trdc tinh thé
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Hinh 2: Gidn d® nhiéu xa tia X vé& c&u trdc tinh thé clia ZnO va ZnO/GO

https://doi.org/10.51316/jca.2021.020
123


https://doi.org/10.51316/jca.2021.020

Vietnam Journal of Catalysis and Adsorption, 10 —issue 1(2021) 122-127

DéE phéan tich cdu tric tinh thé cla cac vat liéu, ching toi
tién hanh phan tich trén gian dé XRD clia cac mau dugc
téng hap, thé hién & hinh 2. Gian do clia ZnO dudc thé
hién bang dudng mau den vdi cac dinh dac trung cla
ZnO pha luc giac wurtzite & cac goéc nhiéu xa 31,529 ;
34,17°; 36,01° ; 47,32°; 56,4° ; 62,7° ; 66,67° ; 67,77°;
68,88° tuong Ung vdi cac mat mang (100), (002), (101),
(102), (110), (103), (200), (112) va (201). B&i v&i mau pha
tap, co thé thay cac dinh dac trung clia ZnO khéng bi
dich chuyén va khong co dinh clia tap chat ngoai ZnO
pha luc giac. Nhin vao gidn doé XRD thi su pha tap
graphene oxit khong lam thay déi cau trdc cla vat liéu
dudc ché tao. D& nghién cltu sédu han, ching toi s& tinh
kich thudc tinh thé, khoang cach mat mang, cling nhu
Ung sudt bé mat dua vao phuang phap Scherrer-Debye
[12] va Williamson-Hall [13]. K&t qua tinh toan s& kiém
nghiém lai hinh thai hoc d& dugc phan tich tir anh SEM.

TU két qua XRD trén, c6 thé tinh dudc kich thudc trung
binh cla tinh thé theo phuong trinh cla Debye-
Scherrer:

_089%1
Bx*cos (6)

(1

Trong dé: D la kich thudc tinh thé trung binh, A 1a budc
séng tia X 18 1,5418 A, B 1a d6 ban réng (full-width half-
maximum —FWHM), 8 1a goc nhiéu xa tuong Ung.

Khoang cach dw dugc tinh theo phuang trinh nhiéu
xa Bragg:

2dh SiNG = n A (2)

Trong doé: da la khodng cach;, h, k, I 1a cac chi s6 Miller
clia mdi hudng theo mat mang dugc Iua chon, n = 1.

Dua vao bang 1, ta thdy khoang cach mat mang va
kich thudc tinh thé cla cac vat liéu pha tap GO co su
thay d&i vdi vét liéu ZnO thuan. Kich thudc tinh thé
trung binh ctia ZnO thay déi vi bi anh hudng bdi su
hién dién clia GO. Cac hiéu Ung Uc ché su phat trién
clia ZnO c¢6 thé 1a do su lién két tryc tiép cla ZnO
trong giai doan tao mam cta Zn0O, trong dé GO kim
ham su phat trién cia ZnO, véi kich thudc dudng kinh
ZnO trong mau thuan va pha tap lan lugt 3 ~35,0 nm
va ~32,8 nm. Nhu vay, két qua su suy giam kich thudc
tinh thé & vat liéu pha tap 1a phu hgp vdi phan tich
hinh anh hién vi SEM

Bang 1: Bang tinh khodng cach mat mang, kich thudc tinh thé clia dinh nhiéu xa (100), (002), (101) cta vat liéu
ZnO va ZnO/GO

Mau Dinh nhiéu xa 26 d B D (nm) Kich thudc trung binh
100 31,52 0,2838 0,23603 34,61
Zn0O 002 34,17 0,2624 0,23083 35,63 34,96
101 36,01 0,2494 0,23864 34,64
100 31,53 0,2837 0,25934 31,88
Z/n0/GO 002 34,21 0,2621 0,258 31,88 32,75
101 35,99 0,2495 0,23975 34,48

DéE phén tich sdu hon anh hudng clia GO dén cau tric
Zn0O, ching t6i dung phucong phap Willamson-Hall
(W-H) dé tinh toan kich thudc tinh thé trung binh va
Ung suat bé mat clia ZnO va vat liéu lai hoa theo cong
thic nhu sau [14]:

09.1 .
By €os8 = N + 2¢.sin6

Trong dé : D la kich thudc tinh thé trung binh, A la
budc song tia X 1a 1,5418 A, Bra 1a d6 ban rong (full-

width half-maximum —-FWHM),
tuong Ung, ¢ la Ung suét bé mat.

0 1 goc nhidu xa

Nhu vay véi cach tinh clia phudng phap W-H, ta c6
kich thudc tinh thé ctia ZnO cling gidm khi c6 pha tap
vdi GO vdi kich thudc la ~44 nm va ~39 nm tucng
Ung vai ZnO thuan va ZnO/GO. Ciing theo bang 2
cho théy khéng co su thay déi nhigu cla Uing suét cla
mau khi pha tap, cac Ung suét déu duong cho thay
Ung suét hudéng ra ngoai thanh ZnO.
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Hinh 3: M&u ZnO va ZnO/GO dudc fit theo phuang phap Williamson—Hall.

Bang 2: Kich thudc tinh thé, ing sudt cla cac vét liéu dugc tinh bang phuong phap Williamson — Hall.
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Ung suét, &
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Hinh 4: Phé dao déng Raman clia mau ZnO va ZnO/GO

Trong phan tich c4u tric tinh thé bang XRD, mau pha
tap khoéng cho thdy su xudt hién cla cdu tric
graphene oxit, diéu nay cé thé hiéu la ndng dé thap
codng Vvdi tinh thé yéu cia GO nén XRD khong phai la
phuong phap du nhay dé phéat hién ra dinh clia GO.
Do do, phép do tan xa Raman la can thiét dé phan tich
qua trinh lai hoa GO trén thanh ZnO. Hinh 4 thé hién
ph& Raman clia cac mau dudc ché tao, cho thdy mot
dinh nhon va hep & 437 cm™ tuang Ung vai ché do E»
dac trung cho pha luc gidc wurtzite ctia ZnO. Khi lai
héa véi GO, cudng dé dinh nay gidm manh thé hién
sU tucng tac gitta ZnO va GO da mdt phan lam suy
yéu dinh dic trung nay. Ngoai ra & mau ZnO/GO c6
su xudt hién 2 dinh dac trung lién quan dén graphene
oxit § 1332 cm™ va 1578 cm™ tuang Uing véi dao déng
mode D va G [15]. Hai dinh dao dong nay thé hién ciu
tric hai chiéu cla graphene vai dinh D dac trung cla
khuyét tat bién va dinh G dac trung cho tinh tinh thé
clia mang.

Phé phdn xa rdn (DRS) UV-vis

Hinh 5 cho thdy phé phan xa khuéch tan (DRS) clia cac
mau dugc téng hap, cho thdy khi c& GO cao hon
trong mau, kha nang hép thu anh sang viing nhin thay
t6t hon. Day 1a mét trong yéu té quan trong dé tang
khd nang xuc tac quang. Khi hdp phu anh sang cang
t6t thi su chuyén déi nang luong photon dé kich thich
sy sinh quang cac cap dién tir 16 tréng sé tang cudng.
Pinh hap phu UV dac trung clia cdc mau nay xuét hién
3 khodng 314 nm dugc gan cho vung cdm quang cla
Zn0O do sy chuyén déi cla céc electron tir vang hoa tri
sang vung dan. Dua trén xu hudng clia phd phan xa
trong hinh 5, vat liéu téng hap c6 thé dugc sit dung
lam chét xtc tac quang anh sang kha kién. Tu dir liéu
DRS, ta c6 nhiéu cach dé 1y s6 liéu va tinh gié tri viing
nang lugng (dugc goi la ving cdm quang hoc), bdi vi
Zn0 la ban dan c6 nang luang ving cdm thang nén
co6 thé ap dung phuong phép Tauc s& dung ham
Kubelka—Munk (KM) [17] dé tinh. Hinh 6 thé hién ving
cdm clia mau ZnO va ZnO/GO vdi cac gia tri tuang
ung 3.28 eV va 3.24 eV. Nhu vay nang lugng vung
cdm cta ZnO da suy giam nhung khong déang ké. Co
thé thdy GO déng vai trd quan trong trong ché tao
cac thanh ZnO déng déu nhung khong lam thay déi
vung nang lugng cling nhu cau trdc cla vat liéu.
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Hinh 5: Ph phan xa rén UV-vis clia ZnO va ZnO/GO
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Hinh 6: Phuang phap vé biéu dé Tauc's plot dé xac dinh dé rong viing cdm nang lugng cla cac mau.

Bdnh gid kha ndng xdc tdc quang

Phuong phap danh gia khd nang xtc tac quang cula
cac mau dudc thyc hién qua su phan hiy methylene
xanh (MB) dudi su chiéu sdng clia anh sang mat trai ty
nhién khi c& mat cac mau trong dung dich chlfra MB
[16]. Trudc khi chiéu séng dé do khad nang xuc tac
quang, cac mau dudc khudy déu trong t8i dén khi hdp
phu b&o hoa xay ra, sau 60 phut. Kha nang hép phu va
xUc tac quang cla cac mau dugc thé hién bang su suy
gidm ndng dé cla MB trong dung dich, & day su suy
gidm nay dudc phan tich bang phé hdp phu UV-vis
clia MB dugc thé hién trong hinh 7. Cé thé thdy nong
dé MB trong dung dich chia ZnO/GO suy gidm nhanh
hon so vai mau chra ZnO khi chiéu séng bang anh

1.6

ZnO/GO

1.a]
1.2
1.0
0.8
0.6

Do hap thy

0.4
0.2+

500 600 700

Bwdc song (nm)

0.0
400

12

sang tu nhién, kha nang hdp phu cla cac mau déu
khéng cao, su suy gidm it. DE danh gia cu thé hon vé
cac khd nang nay, chung toi so sanh cac cudong doé
quang & dinh d&c trung cla MB & 644 nm. Két qua
dugc thé hién & hinh 7c. Nhu vay nhin chung ca qué
trinh xUc tac quang, mau pha tap luén thé hién dugc
t6t hon mau ZnO thuan. Chiéu sang dén phut thu 210,
khéd nang xutc tac quang clia ZnO va ZnO/GO lan lugt
la ~51% va ~65%. Nhu vay khd nang xic tac quang
cla vat lieu ZnO/GO dugc tang cudng cé thé dén tir
dién tich bé mat ZnO tang lén do thanh co kich thudc
bé hon va dong déu han, hon nlfa trong qué trinh
thay nhiét GO c6 thé bj khit thanh rGO c6 do dan dién
tang lam co ché tach dién tir 16 tréng tang lén dan dén
sy cai thién vé kha néng xUc tac Quang cla vat liéu.

ki ZnO
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Hinh 7: Ph& hdp phu UV-vis ctia MB trong dung dich qua qué trinh hap phu va xuc tac quang cla
a) ZnO/GO va b) ZnO; ¢) Gian do thé hién su suy gidm MB tai dinh hap phu 664 nm clia mau ZnO va ZnO/GO

K&t luén

Trong nghién cdu nay, vat liéu nano ZnO dang thanh
va t6 hgp cla ching véi GO d& dugc ché tao thanh

cong vdi cac thanh cé dé dong déu cao. Nghién clu
chi ra kha nang tang cudng tinh chéat xutc tac quang khi
pha tap v&i GO cla ZnO dudi su chiéu sang bang anh
sédng tu nhién, hiéu qud phan hiy MB cta ZnO va
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ZnO/GO lan lugt 1a 51% va 65%. Ca ché tang cudng
tinh xUc tac quang dugc thé hién bang tinh chét quang
hoc cta ching, phé DRS thé hién su tang cudng kha
nang hdp phu vung &nh sang nhin thay cling nhu su
dong déu haon va dién tich bé mat tang cla vat liéu
Zn0O khi c6 mat cia GO. Cac yéu t6 nay déng vai tro
quan trong trong cc ché tang cudng kha ndng quang
x(c tac cua vat liéu t6 hop.

Tai liéu tham khao

1. Raizada P, Sudhaik A and Singh P, Mater. Sci. Ener.
Technol. 2(2019) 509-25
https://10.1016/j.mset.2019.04.007,

2. OuHand Lo S, Sep. Purif. Technol. 58(2007) 179-
91 https://10.1016/j.seppur.2007.07.017

3. Ramos P G, Flores E, Luyo C, Sanchez L A and
Rodriguez, J Mater. Today Commu. 19 (2019) 407-
12 https://10.1016/j.mtcomm.2019.03.010

4. Kang W, Jimeng X and Xitao W, Appl. Surf. Sci. 360
(2016) 270-5 https://10.1016/j.apsusc.2015.10.190

5. Shanmugasundaram A, Boppella R, Jeong Y-J, Park
J, Kim Y-B, Choi B, Park S H, Jung S and Lee D-W,
Mater.  Chem. Phys. 218(2018) 218-28
https://10.1016/j.matchemphys.2018.07.046

6. Romeiro F C, Rodrigues M A, Silva L A J, Catto A C,
da Silva L F, Longo E, Nossol E and Lima R C, Appl.
Surf. Sci. 423(2017) 743-51
https://10.1016/j.apsusc.2017.06.221

7. Hou T-F, Shanmugasundaram A, Hassan M A,
Johar M A, Ryu S-W and Lee D-W, Inter. J. Hydro.

17.

Ener. 44(2019) 19177-92
https://10.1016/j.ijhydene.2018.05.105

Lv R, Wang X, Lv W, Xu Y, Ge Y, He H, Li G, Wu X,
Li X and Li Q, J. Chem. Technol. Biotechnol. 90
(2015)  550-8 https://10.1002/jctb.4347

Kumbhakar P, Pramanik A, Biswas S, Kole A K,
Sarkar R and Kumbhakar P, J. Hazard. Mater. 360
(2018) 193-203
https://10.1016/j.jhazmat.2018.07.103

Baizaee S M, Arabi M and Bahador A R, Mater. Sci.
Semi. Process. 82(2018) 135-42
https://10.1016/j.mssp.2018.04.004

Ong C B, Mohammad A W, Ng L Y, Mahmoudi E,
Azizkhani S and Hayati Hairom N H, Process Safety
Environ.  Protect.  112(2017) 298-307
https://10.1016/j.psep.2017.04.031

Xuan Sang N, Minh Quan N, Huu Tho N, Tri Tuan N
and Thanh Tung T, Semi. Sci. Technol. 34(2019)
025013 https://10.1088/1361-6641/aaf820

Nguyen C T, Pham T P, Luu T L A, Nguyen X S,
Nguyen T T, Nguyen H L and Nguyen D C, Cera.
Inter. 46(2020) 8711-8
https://10.1016/j.ceramint.2019.12.108

Van Tuan P, Phuong T T, Tan V T, Nguyen S X and
Khiem T N, Mater. Sci. Semi. Process. 115(2020)
105114 https://10.1016/j.mssp.2020.105114

Phan TD, Vo C M, Tran TM T, Luu T L A and
Nguyen X S, Mater. Res. Express 6(2019) 105054
https://10.1088/2053-1591/ab3a0b

Sang N X, Huong P T L, Thy TT M, Dat P T, Minh V
C and Tho N H, Super. Micro. 121(2018)  9-15
https://10.1016/j.spmi.2018.07.020

Durmus Z, Kurt B Z and Durmus, A ChemistrySelect
4(2019) 271-8  https://10.1002/slct.201803635

https://doi.org/10.51316/jca.2021.020
127


https://doi.org/10.51316/jca.2021.020



