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CHE TAO VAT LIEU NANOCOMPOSIT Zn0@Cu,0
BANG PHUGNG PHAP THUY NHIET - CAU TRUC

VA CACDAC TINH CUA VAT LIEU

FABRICATION OF ZnO@Cu,0 NANOCOMPOSITE BY HYDROTHERMAL METHOD - STRUCTURE

AND CHARACTERIZATION OF MATERIALS

DOI: https://doi.org/10.57001/huih5804.98

TOM TAT

Vat liéu nanocomposit Zn0@Cu,0 (vét liéu nano Cu,0 pha tap 50% Zn0 theo s6 mol) va vat liéu so
sanh nano Cu,0 da dugc ché tao bang phuong phép thay nhiét. Cc tinh chat cdu tric va ddc tinh cla vat
liéu da dugc khao sdt bang cac phuong phap do vat Iy bao gom: XRD, SEM/EDX va UV-vis ran. Két qua khao
sét cho thdy, vat liéu nanocomposit Zn0@Cu,0 ché tao bao gom hai pha tinh thé nano Zn0 wurtzit va
nano Cu,0 octahedra véi ty 1& s6 mol Zn0 pha tap duoc vao vat liéu Cu,0 1a ~42% mol (theo két qua phé
EDX). Mau nanocomposit Zn0@Cu,0 ¢6 kich thudc tinh thé trung binh dugc xéc dinh theo Debye Scherrer
3 16,09nm nhé hon so vdi kich thudc tinh thé trung binh cda mau so sanh nano Cu,0 (22,02nm). Théng
56 6 mang tinh thé clia mau nanocomposit Zn0@Cu,0 va mau so sanh nano Cu,0 tinh todn dugc la phd
hop véi cac tai liéu tham khdo. Nang lugng ving cdm quang (Eg) cia mau nanocomposit Zn0@Cu,0 tinh
dugc theo phuong trinh Tauc la 2,65eV dat gid tri ndm trung gian giifa gia tri Eg cta ZnO don pha
(~3,37eV) va Cu,0 don pha (~2,17eV) va van dat dugc gia tri Eg trong viing kich thich dugc anh sang nhin
thay.

Tir khéa: Nanocomposit Zn0@Cu,0, hat nano Cu,0 va Zn0, buic xa dnh sdng nhin thdy.

ABSTRACT

The Zn0@Cu,0 nanocomposites (50 mol% Zn0 doped Cu,0 nanomaterials) and Cu,0 comparative
nanomaterials were fabricated by hydrothermal method. The structural properties and characterization of
the materials were investigated by physical measurement methods including: XRD, SEM/EDX and solid
UV-vis spectra. The results showed that, the Zn0@Cu,0 nanocomposite consists of two crystals phase of
Zn0 wurtzite and Cu,0 octahedra with the molar ratio of Zn0 doped into Cu,0 as ~42 mol% (according to
EDX spectra results). The Zn0@Cu,0 nanocomposite sample had an average crystal size determined
according to Debye Scherrer of 16.09nm, which was smaller than the average crystal size of the Cu,0
comparative sample (22.02nm). The lattice parameters of the Zn0@Cu,0 nanocomposite and the
comparative Cu,0 nano sample were in agreement with the references. The optical bandgap energy (Eg)
of the Zn0@Cu,0 nanocomposite sample calculated by the Tauc equation was 2.65eV, reached an
intermediate value between the Eg value of single-phase Zn0 (~3.37eV) and single-phase Cu,0
(~2.17eV), and still achieved the Eq value in the visible light excitation region.

Keywords: Zn0@Cu,0 nanocomposite, Cu,0 and Zn0 nanoparticles, visible light radiation.
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1.GIGI THIEU

Vat liéu oxit déng | (Cu,0) da dugc
biét dén la chat ban dan loai p cé ndng
luong vung cam quang hep (Eg ~ 2,0 -
2,2¢eV), lgi thé cho viéc sir dung énh
sang mat troi so véi cac chat ban dan
c6 vung cdm quang roéng. Vat liéu Cu,0
s@ h{u nhiéu dac tinh 6 lgi la loai vat
lieu co6 doc tinh thap, nguyén liéu dau
la déng c6 san tuong d6i nhiéu trong
tu nhién, khd niang chap nhan moi
truong tot, gia thanh vat liéu thap [1-2].
Cu,0 da dugc nghién clu trong da
dang cac linh vyc Ung dung nhu: pin
mat trdi hiéu qua cao, quang dién, cdm
bién khi, cdm bién sinh hoc, chat xuc
tac, thuéc diét ndm moc, tic nhan
khang khudn,... [3-6]. Tuy nhién, vat
litu Cu,0 c6 nhugc diém la déi véi
nhiing Ung dung can kich thich cla
anh sang thi t6c do6 tach va su tai két
hgp cdp dién ta - 16 tréng tuong déi
nhanh chéng, lam giam di hiéu suéat
lam viéc clia vat liéu. Nhiéu nghién ctu
da dua ra viéc ché tao vat liéu
nanocomposit (hay vat liéu ghép) Cu,O
vGi moét vat liéu ban dan co viing cdm
rong khac nhu TiO,, CeO, hay ZnO,...
[7-12] d& c6 su thé két hap hé trg dugc
cdc  tinh  chadt cda vat liéu
nanocomposit, lam tang kha nang tach
va gidm t6éc do tai két hop cua cap dién
tlr - 16 tréng quang sinh, dan dén lam
tang hiéu qua Ung dung cua vat liéu
nanocomposit so vd&i vat liéu khi &
dang don pha Cu,0O hay ZnO [1, 4, 9-
13]. Tuy vay, cac nghién ctu hién tai vé
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loai vat liéu nanocomposit nay van con dang rat can thiét
dé c6 dugc su nghién ctu théng ké day da.

Trong nghién ctu nay, chdng toi trinh bay vé ché tao
vat liéu nanocomposit ZnO@ Cu,0 (vat liéu nano Cu,O pha
tap 50% ZnO) bang phuong phéap thady nhiét don gian va
khédo sat tinh chat cdu tric va cac dac tinh cta vat liéu
nanocomposit (hay vat liéu ghép) nay.

2. THUC NGHIEM
2.1. Héa chat

Hoéa chat sir dung trong nghién cdru gobm: Kém nitrat
(Zn(NO,),.6H,0 = 98%, AR-China); doéng Sunphat
(CuSO,.5H,0 99,8%, AR-Trung Quéc); hydrazin hydrat
(N,H,.H,0 80%, AR-China); natri hydroxyt (NaOH > 98%, AR-
China); nudc cat 2 lan.

2.2. Thuc nghiém ché tao vat liéu

ICuSO‘ 0:25_\.1}——{ NaOH 1M |

Dung dich hén hop (D |

Khuay
60 phut -
&a75°C Dung dich hon hop (ID

| Dung dich hén hop (D) = D) I

Zn(NO:): 0,25M

NaOH 1M

lKhuéySO phit |

|Dung dich hén hop Cu.O va ZnOI

Thiy nhiét
200 °C, 6 gi&
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Ly tam nra mau, say kho
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San phiam bt min nanocomposit
ZnO@ Cu-O mau nau do6 nhat

Hinh 1. Quy trinh ché tao mau vét liéu nanocomposit Zn0@Cu,0

Dung dich hén hop (I) gém 100ml dung dich CuSO,
0,25M, 40ml dung dich NaOH 1M va 10ml dung dich
N,H,.H,O 80% dugc khuay trén déng déu trén may khudy
tr trong 60 phut & nhiét d6 75°C. Dung dich hén hop (Il)
gém 100ml dung dich Zn(NOQ;), 0,25M va 50ml NaOH 1M
dugc tron lan déng déu trén may khudy tu trong 15 phut.
Tiép theo, nho ti ti dung dich (Il) vao dung dich (1) va tiép
tuc cho dung dich hén hgp khudy déu trén may khudy tu
trong 30 phut. Sau d6, dung dich hén hgp nay dugc cho
vao autoclave dit & ché do thdy nhiét 200°C trong 6 gid.
B6t nhdo thu dugc sau thuy nhiét dugc ly tam rdra sach véi
5 lan nudc cat, r6i dem sdy kho ¢ 90°C trong 24 gi&. Mau
san phadm thu dugc 1a bdt min c6 mau nau dd hoi nhat
Cu,0 pha tap ZnO (pha tap theo ty s mol Cu**:Zn**=1:0,5,
tdc 1a ZnO dugc pha tap thém vao vat liéu Cu,O vai sé mol
I3 50% mol so véi s6 mol clia Cu?* trong dung dich ban
dau), ky hiéu mau la ZnO@Cu,0. Mot mau so sanh Cu,0
khong pha tap ZnO dugc ché tao theo quy trinh hoan toan
tuong tu nhu trén nhung khéng cé thém dung dich (Il),
dugc sir dung trong nghién ctiu dé lam mau so sanh. Quy

116 | Tap chi KHOA HOC VA CONG NGHE @ Tap 58 - Sé 6B (12/2022)

trinh ché tao mau vat liéu nanocomposit ZnO@Cu,0 dugc
thé hién trén hinh 1.

Cac phuong phap nghién ctu dac tinh cta vat liéu:
Phuang phap nhiéu xa tia X (XRD, X'pert Pro (PANalytical),
tia buic xa Cu-K® (A = 1,54065A), t6c dd quét 0,03%/2s, goc
quét 20 = 25 - 75°); phuang phap hién vi dién tir quét (SEM,
HITACHI TM4000 Plus); phuong phap phé tan xa ning
lugng tia X (EDX, Oxford 300); phuong phap phé hap thu
UV-Vis ran (Jasco V-750) st dung qua cau tich hgp 60mm
(ISV-922), t6c d6 quét 200nm/min.

3. KET QUA THUC NGHIEM
3.1. Dic tinh ciu trac vat liéu

Hinh 2 13 phé nhiéu xa tia X (XRD) clia cAc mau vat liéu
ché tao ZnO@Cu,0 va mau so sanh Cu,0. Trén hinh phé
XRD cho thdy, mau vat liéu Cu,0 ¢6 céc dinh phé nhiéu xa &
Vao céc vi tri goc nhiéu xa 20 lan luct 1a 29,6°, 36,5°, 42,4°,
50,6° va 61,6° tuong Ung vdi cac ho mat mang tinh thé
(110), (111), (200), (211) va (220) cla tinh thé Cu,0 bat dién
(octahedra). Mau vat liéu ché tao ZnO@Cu,0 c6 cac dinh
phé nhiéu xa & céc vi tri géc nhiéu xa 20 ~ 36,5°, 42,4°, 50,6°
tuong Ung véi cac ho mat mang (111), (200) va (211) cla
tinh thé Cu,0 bat dién (octahedra) [1-3,8,12]. O mau
Zn0@Cu,0 thi cac dinh phé & vi tri 20 ~ 29,6° va 61,6°
tuong ing vai cadc ho mat mang (110) va (220) cda tinh thé
Cu,0 la khong xuét hién.

* Cu,0
+ 7Zn0
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+(002)
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= (220)
S
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Hinh 2. Phé XRD cla cac mau nanocomposit Zn0@ Cu,0 va mau so sanh
nano Cu,0

Diéu nay cho thay c6 thé la do c6 su pha tap ZnO da lam
ngan can su phéat trién tinh thé Cu,0 theo huéng mat tinh
thé (110) va (220). Mat khac, trén hinh phé XRD cho thay
mau vat lieu ZnO@Cu,0 xuat hién thém cac dinh phd nhiéu
xa G vi tri goc nhiéu xa 20 ~ 31,5°, 34,2°, 47,3°, 56,4°, 62,6° va
67,7° tuong Ung véi cac ho mdat mang (100), (002), (102),
(110), (103) va (112) clia tinh thé ZnO wurtzit [7, 10, 12, 13].
Diéu nay cho thay, vat liéu ché tao ZnO@Cu,0 da 6 su phat
trién cda hai pha tinh thé Cu,0 va ZnO. Ngoai ra, trén phé
XRD ctia hai mau vat liéu ché tao ZnO@Cu,0 va mau Cu,0
khéng thay xuat hién dinh phé tap la khac. Nhu vay, mau vat
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liéu Cu,0 chi c6 don pha tinh thé Cu,0, mau vat liéu
Zn0@Cu,0 la c6 su ghép cla hai pha tinh thé ZnO va Cu,0
[9-12]. Ap dung phuang trinh phuang trinh Debye Scherrer
D= K\/Bcosh [3, 4, 10, 12] xac dinh dugc kich thudc tinh thé
trung binh clia cdc mau vat liéu ché tao ZnO@Cu,O va Cu,0
(trong @6, D Ia kich thudc hat tinh thé, K 1a hé s6 phu thudc
vao hinh dang cda tinh thé, K = 0,9; A 1a budc séng nhiéu xa
Vi A = 1,54056A; B la d6 ban ma rong vach cta dinh phé
nhiéu xa 16n nhat (FWHM), 0 la géc nhiéu xa & vi tri mat
nhiéu xa (111)). Théng s6 6 mang tinh thé clia mau vét liéu
Zn0@Cu,0 dugc tinh cho hai loai tinh thé ZnO va Cu,0 cla
vat liéu. Mau Cu,0 dugc xac dinh thdong s6 6 mang tuong
(ing cda tinh thé Cu,0. Théng s6 6 mang cla tinh thé Cu,0
€6 cau truc tinh thé bat dién (octahedra), nhém khéng gian
Pn3m dugc xac dinh theo phuong trinh: 1/dg,,> = (h* + k* +
1)/a? d6i v6i pic nhiéu xa ctia ho mat mang (111) (trong do,
gia tri dg,, dugc xac dinh theo dinh luat phan xa Bragg
diy = A/2nSin®; hkl 1a chi s6 mat phang tinh thé; a la théng
$6 6 mang tinh thé [3, 10, 12]. Théng s6 & mang cla tinh thé
Zn0O cau trdc wurtzit luc giac, nhom khéng gian P63mc c6
cac théng s6 a = b # ¢ dugc xac dinh theo phuong trinh
1/dg’ = (W + K?)/a® + 17/ [10,12]: d6i v6i 2 mdt mang tinh
thé (100) va (002) (tuong Ung vdi mat mang (hkl,) co
khodng cach mat mang dgqy va mdt mang (hyk,l,) cé
khodng cach mat mang dgap). 9id tri dg,, dudc xac dinh
theo phuong trinh A = 2d,,sin6. K&t qua vé kich thudc tinh
thé trung binh va thédng s6 6 mang tinh thé clia cac mau vat
liéu nanocomposit ZnO@Cu,O va nano Cu,0 dugc thé hién &
bang 1. Theo két qua & Bang 1 cho thdy, mau vat liéu
Zn0@Cu,0 (mau co su pha tap thém 50% mol ZnO vao
Cu,0) dat dugc kich thudc tinh thé trung binh nhé hon so
vdi mau Cu,0 khéng pha tap. Diéu nay c6 thé dugc gidi thich
la do khi c6 su pha tap thém mét sé lugng mol nhat dinh cua
ZnO vao vat liéu Cu,0 thi da cé su tuong tac ngan can lan
nhau ca hai pha tinh thé ZnO va Cu,0, lam ngan can su
phat trién 16n 1én cla méi loai tinh thé ZnO va Cu,0 trong
vat liéu nanocomposit ZnO@Cu,O [11, 12]. Két qua tinh toan
thong s6 6 mang tinh thé cla cdc mau nanocomposit
Zn0@Cu,0 va nano Cu,0 cho thay la phu hgp véi két qua
clla cac tai liéu tham khao [3, 10, 12, 13].

Bang 1. Kich thudc tinh thé trung binh, théng s6 6 mang clia cic mau
In0@Cu,0 va Cu,0

M vit licy Kich thuochat | Thong s & mang tinh thé,
o tinh thé, D (nm) a,b, c(R), V(R
nanocomposit a=b=3,245
moecu,0 | 16,09 =5201 7428
Cu,0 a=h=c=4,207 74,459
nano Cu,0 | Cu,0 22,02 a=b=(=4,228 75,580

3.2. Hinh thai hoc bé mat vat liéu

Hinh 3(a,b,a’,b") theo thi tu 13 hinh hién vi dién ti quét
(SEM) cla cac mau vét liéu nano Cu,0 va nanocomposit
ZnO@Cu,0 & cac kich thudc do 5um, 2um. Hinh 3(c,c’) theo
thi tu 13 phd tan xa nang lugng tia X (EDX) clla cdc mau
nano Cu,0 va nanocomposit ZnO@Cu,0. Trén hinh SEM

Website: https://jst-haui.vn

ctia mau nano Cu,0 (hinh 3a, 3a’) cho thdy cac hat tinh thé
nhé dugc sdp x&p khit nhau tao thanh hat tinh thé 16n hon
va dugc sdp xép theo dang hinh bat dién (octahedra). Kich
thudc trung binh cda hat tinh thé Cu,0 ¢& khoang 300 -
Tum. Trén hinh SEM clla miu nanocomposit ZnO@Cu,O
cho thdy cdu truc tinh thé s3p x&p hinh bat dién
(octahedra) clia Cu,O bi pha v& va thay vao do la cac hat
tinh thé nhé dugc phan b6 déng déu va c6 dd béng x6p
trén bé mat vat liéu nanocomposit ZnO@Cu,0. Kich thudc
trung binh cta hat tinh thé nanocomposit ZnO@Cu,0 c&
~100 - 200nm.
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Hinh 3. Hién vi dién ti quét (SEM) cia mau vat liéu nano Cu,0 6 kich thudc
5um (a), 2um (b), phé tén xa ndng lugng tia X (EDX) cda mau nano Cu,0 (c); hién vi
dién tlr quét (SEM) cia mau nanocomposit Zn0@Cu,0 § kich thudc Sum (a'), 2um
(b"), phé tan xa néng luong tia X (EDX) ciia mau nanocomposit Zn0@Cu,0 (¢')

Trén hinh phd EDX clia mdu nano Cu,O (hinh 3¢) cho
thay chi 6 xuat hién cac pic cla cac nguyén té Cu, O. Trén
hinh phé EDX clia mau ZnO@Cu,0 (hinh 3¢’) cho thay la
ngoai cac pic clia cac nguyén t6 Cu, O thi con xuat hién
thém pic ctia nguyén t6 Zn. Thanh phéan va ham lugng cac
nguyén t& ca mau nano Cu,O cho thay lugng déng xap xi
gap déi lugng oxi, s liéu nay phu hgp véi cac tai liéu tham
khao [4, 10 -12]. M3u nanocomposit ZnO@Cu,O cho thay la
ham lugng clia nguyén té Zn chiém ~21% so véi ham lugng
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nguyén t6 Cu, tinh ra ham lugng %mol ctia ZnO ¢& khoang
~42% so vGi s6 mol cla Cu,0 trong mau vat liéu. Ham
luong ZnO pha tap vao Cu,0 la c6 bi that thoat ~8% so véi
ham lugng dua vao dung dich hén hgp ché tao vat liéu ban
dau. Nhu vay, cé thé thdy Ia mau nano Cu,0 c6 dl thanh
phan nguyén t6 cGa pha don tinh thé Cu,0. Mau
nanocomposit ZnO@Cu,0 c6 d thanh phan nguyén té clia
hai pha don tinh thé ZnO va Cu,0 [4, 7, 10-12].
3.3. Phé hap thu UV-vis

Hinh 4(a,b,c) theo thi tu 1a phé hap thu UV-vis cila mau
vat liéu nanocomposit ZnO@Cu,0 va nano Cu,0O, dé thi
biéu thi su phu thuéc ham “Tauc” [4,10,11] (ahv)? véi nang
lugng hv cla mau nanocomposit ZnO@Cu,O va d6 thi phu
thuéc ham “Tauc” (ahv)? véi nang lugng hv cia mau nano
Cu,0.

{ Z00@Cu20

/\ o
\
~.

L_\an @Cu,0 f
v -7

Do hap thu A

(a) Eg=2.63 (V)
W W00 -‘.'- 00 N 0 1S 18 21 24 _.' i "‘:» i :'\ """"""
Budc song 7 (nm) hv (eV)
{ Cu0
o1 /
E
(€) 7 /Eg=22(eV)
) 1.8 28 3¢ 15 s 3
hv (eV)

Hinh 4. a- Phé hdp thu UV-vis ciia cdc mau nanocomposit Zn0@Cu,0 va mau
s0 sanh nano Cu,0; b- d6 thi phu thudc ham Tauc (ahv)? - hv cla mau
Zn0@Cu,0; ¢- d6 thi phu thudc ham Tauc (ahv)? - hv clia mau so sanh Cu,0

Theo hinh phé hdp thu UV-vis clia cdc mau vat liéu
(hinh 4a) cho thdy, mau nano Cu,0 c6 bd hap thu ma réng
tU vung anh séng tlr ngoai gan dén vung anh sang nhin
thay A ~ 300 -850nm. & viing budc séng dai A > 750nm thi
b& hap thu cla miu nano Cu,0 mdi bat dau giam xudng.
Méau nanocomposit ZnO@Cu,0 c6 bd hap thu mé réng &
vung budc séng ngan han (nhich mét chuat sang viung anh
sang nhin thdy) A < 400nm. Ngoai ra, mau nanocomposit
ZnO@Cu,0 cho thdy la c6 thém mét bs hdp thu nho nia
ma réng & viing budc séng anh sang nhin thay véi A ~ 550 -
600nm. Trén d6 thi phu thudc ham “Tauc” (ahv)? véi ndng
luong hv cla mau vat liéu nanocomposit ZnO@Cu,0 va
mau nano Cu,O (hinh 4b, 4c), xac dinh dugc nang luong
vling cdm quang clia cac mau vat liéu theo thi tu 1a Eg ~
2,65eV va 2,2eV. Gia tri nang lugng viing cdm quang theo
tinh todn Eg =~ 2,65eV cla mau vat liéu nanocomposit
Zn0O@Cu,0 cho thay la c6 su gidm hon so vdi vat liéu don
pha ZnO (Eg,,o~ 3,37eV [12-13]) va Ién hon so vdi vat liéu

118 | Tap chi KHOA HOC VA CONG NGHE @ Tap 58 - Sé 6B (12/2022)

don pha Cu,0 (Eg, 0~ 2,17€V [1-4]). Diéu nay cho thay la da
¢6 su tuong tac cla hai pha tinh thé ZnO va Cu,0 dé lam
thay d6i nang lugng ving cdm quang cla vat liéu
nanocomposit ZnO@Cu,0. Su thay di nang lugng vung
cdm quang dé dat gia tri trung gian gilta hai loai vat liéu
cling dang la diéu mong mudn trong cac nghién ciu ché
tao vat liéu nanocomposit (hay vat liéu ghép), dé tir d6 co
thé lam cai thién dugc mot sé tinh chat phu hop véi linh
vuc Ung dung cho loai vat liéu nanocomposit [9-12].

4. KET LUAN

Vat liéu nanocomposit ZnO@Cu,O (vat liéu nano Cu,O
pha tap 50% ZnO) da dugc ché tao thanh céng theo
phuong phap thay nhiét don gian. Vat liéu ché tao bao
gém 2 pha tinh thé nano ZnO wurtzit va nano Cu,0
octahedra véi ty 1& sé mol ZnO pha tap dugc vao vat liéu
Cu,0 1a ~42% mol (theo két qua phé EDX). S6 lugng mol
ZnO pha tap bi that thoat nhung khéng dang ké so vdi s6
lugng mol ZnO pha tap dugc dua vao hén hop dung dich
ban dau. Kich thudc tinh thé trung binh cla mau
nanocomposit ZnO@Cu,0 la 16,09nm nhd hon so véi mau
so sanh nano Cu,0 (22,02nm). Théng s6 6 mang tinh thé
cta hai pha tinh thé ZnO wurtzit va Cu,0 octahedra trong
mau ZnO@Cu,0 va thong s6 6 mang cia mau so sanh Cu,0
tinh dugc la phu hgp véi cac tai liéu tham khdo. Nang lugng
vling cdm quang (Eg) cla mau nanocomposit ZnO@Cu,0
tinh dugc theo phuong trinh Tauc la 2,65eV, gié tri Eg nay
nam trung gian gilta gid tri Eg ctia ZnO don pha (3,37eV) va
Cu,0 don pha (2,17eV). Gia tri Eg cGa mau so sanh tinh
dugc la 2,2eV. Nhu vay, vat liéu nanocomposit ZnO@Cu,O
da lam hep dugc nang lugng viing cdm quang so véi nang
lugng ving cdm quang réng cba ZnO va Ién hon nang
lugng viing cdm quang cta Cu,0.
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