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Tém tit: Trong bai béo nay, vat liéu nano CuO/ZnO dugce téng hop bang
phuong phap thuy nhi€t. Vat liéu tong hgp dugc nghién ciru bang cac
phuong phap nhidu xa tia X (XRD), phd hong ngoai (IR), hién vi dién tir
quét (SEM), déng nhiét hap phu va khtr hip phu nito. Két qua phan tich
XRD cho thiy cac mau tong hop chi c6 hai pha tinh thé CuO va ZnO. Phan
tich hinh thai cho thdy vat liéu nano CuO/ZnO c6 dang hat. Anh hudng ciia
ti 16 mol Cu/Zn, nhiét do thuy nhiét, nhiét d6 nung dén hinh thai va thanh
phan pha cua vt liéu nano CuO/ZnO ciing di duoc khao sat trong nghién
ctru nay.

Tiur khéa: Vit liéu nano CuO/ZnO, phuong phép thuy nhiét.

1. PAT VAN BE

Nhitng nam gﬁn day, cac chat ban din oxit kim loai TiO2, ZnO, CuO, Fe304, Cr20s,
C0304, MnO2 14 tng vién hang dau cho cac loai vat liéu thong minh, thu hut dugc su
cht y 16n cua cac nha nghién ctu ¢ nhiéu linh vuc khac nhau nhu vat 1y, hoa hoc va
khoa hoc vét liéu do cac trng dung thuc té khac nhau cta chung nhu quang xtc tac, cam
bién khi, pin mat trdi... Trong sb nhiing oxit kim loai ban dan thi ZnO dang dugc chi y
do c6 nhiéu ng dung trong linh vuc quang xuc tac va cam bién khi [1,2]. ZnO c6 nang
luong ving cam rong 3,37 eV [2] nén dé tang hoat tinh quang xuc tac can lam giam
nang luong ving cam bang cach giam kich thudc ZnO hoac bién tinh ZnO bang mot sb
kim loai. Nhiéu nghién ctru gan day cho thiy viéc viéc ghép CuO v6i ZnO s¢€ tao ra loai
vét liéu composit CuO/ZnO c6 nang luong ving cdm nh6 hon ZnO [1 - 4]. Cac phuong
phap tong hop vat lidu nay nhu bay hoi nhiét, sol — gel, thuy nhiét, dién hoa, vi song..
[2, 3, 5] da tao budc phat trlen trong tong hop vt liéu nanocomposit da dang vé hmh
thai, kich thudc, mo rong tiém nang ung dung trong cac linh vuc khac nhau.Trong bai
b&o nay, ching toi tong hop vat liéu nano CuO/ZnO bang phuong phap thuy nhiét,
khong sur dung chat hoat dong bé mat. Cac yéu té anh huong dén hinh thai cua vat lidu
tong hop nhu thoi gian thiay nhiét, ti 1€ mol Cu/Zn, nhiét d§ thuy nhiét, nhi¢t d¢ nung s¢€
duoc thao luan.

2. THUC NGHIEM
Quy trinh téng hop vat liéu nano CuO/Zn0O bang phuong phap thiy nhiét nhu sau:

Hoa tan mét lwgng Cu(NOs)2.3H20 va Zn(NOs)2.6H20 theo ti 1¢ mol xac dinh vao 20
ml nude cat. Cho vao dung dich nay 20 ml isopropanol, khuay dung dich thu dugc trong
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1 gitr voi toc do 750 vong / phit, dong thoi nho tir tir 60 ml dung dich NaOH 1 M vao
dung dich. Cho hon hop nay vao binh teflon, dét binh teflon vao autoclave, day that kin
va cho vao tu sdy ¢ nhi€t do thich hop. Sau khi thuy nhiét, autoclgve duoc de ngudi mot
cach tu nhién dén nhiét do phbng, loc ket tha t,hu dugc, rira nhiéu lan bang etanol dén
khi dich loc ¢6 pH = 7. San pham thu dugc say khd ¢ 60 °C, sau d6 nung & nhi¢t do
thich hgp trong 4 gio.

Trong nghién ctru ndy, ching toi khao sat 3 yéu t6 anh huong dén qla trinh tong hop
vat liéu:

- Ti 1¢ mol Cw/Zn: ¢b dinh nhiét do thuy nhiét 120 °C, thoi gian thuy nhiét 24 gid, nhiét
d6 nung 500 °C, thay do6i ti 1¢ mol Cu/Znlan luotla 1:1; 1:2; 2:1.

- Nhiét do thuy nhiét: cf) dinh ti 1€ mol Cu/Zn Ia 1:2, thoi gian thiy nhiét 24 gio, nhiét
d6 nung 500 °C, thay do6i nhiét do thuy nhiét 80 °C, 100 °C, 120 °C, 130 °C.

- Nhiét d6 nung: cb dinh ti 1¢ mol Cu/Zn la 1:2, thoi gian thuy nhiét 24 gio, nhiét do
thuy nhiét 120 °C, thay do6i nhiét do nung 300 °C, 400 °C, 500 °C, 600 °C.

Thanh phan pha cta vat liéu duoc nghién ctru bang phuwong phép nhiég xa tia X (D8
Advanced Bucker, Dtic) véi tia phat xa CuKa. Cac dao dong cua lién két duge do trén
may FT-IR 8010M (Shimadzu). Ddc trung x0Op cua vat liéu dwoc nghién clru bang
phuong phép dang nhiét hap phu va khtr hap phu nito ¢ 77 K trén thi€t bi Tri Star 3000
(M¥). Hinh thai bé mat vat liéu dugc do trén may SEM JMS-5300LV.

3. KET QUA VA THAO LUAN

3.1. Til€¢ mol Cu/Zn

Hinh 1 14 anh SEM cua vat liéu nano CuO/ZnO tong hop & cac ti 16 mol Cu/Zn khac
nhau.

IMS-NKL 5.0kV 4.2mm x100k SE(M)

Hinh 1. Anh SEM ciia cdc mau tong hop ¢ nhitng ti 1é mol CulZn khéc nhau:
(@) 1:1; (b) 1:2; (c) 2:1;

Anh SEM cho thiy mau CuO/ZnO tong hop véi ti 1& mol Cu/Zn = 1:1 gdm céc hat nano
¢6 kich thuéc khong dong déu, cac hat nay c6 xu hudng két tu lai thanh cum, diéu d6
chimng t6 ti 1é mol Cu/Zn = 1:1 chua phu hop dé tong hop cac hat nano c6 do dong dang
cao. Khi thay dbi ti 16 mol Cu/Zn = 1:2 cé4c hat nano quan st rd rang hon va khong két
tu lai nhu & ti 16 mol Cu/Zn = 1:1. Hinh anh céac hat nano thu dugc sic nét hon chung té
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vat liéu tao thanh c6 do tinh thé cao. Péi véi mu tong hop véi ti 1€ mol Cu/Zn = 2:1,
cac tinh thé co xu hudng két tu lai v6i nhau va cac hat nano khong sip xép dic khit,
khong dong nhit vé hinh thai. Két qua nay cho thay ti 16 mol Cu/Zn anh hudng rat 16n
dén hinh thai cta vat lidu.

Thanh phan pha cta cic mau dugc nghién ctru bang gian 6 XRD (Hinh 2).
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Hinh 2. Gian d6 XRD ciia mdu tong hop 6 cdc ti Ié mol CulZn khac nhau

Gian do XRD cua cac miu xuat hién cac pic & 28 khoang 38,75°; 48,74°; 53,51°; 66,26°;
69,11° twong tmg voi cac mit phan xa (111), (202), (020), (022), (220) twong tu v&i phd
chuan cua tinh thé CuO (JCPDS 80-1917) [6]; cac pic ¢ 28 khoang 31,73°; 34,4°;
36,23°; 47,51°; 56,63°; 62,99°; 68,0° twong g voi cac médt phan xa (100), (002), (101),
(102), (110), (103), (112) twong tu v&i phd chudn cua tinh thé luc phuong ZnO
(JCPDS 36-1451) [3]. Ngoai ra, khong thiy c6 sy xuat hién cac pic nhiéu xa cta kim
loai Cu, Zn hay cac hidroxit Cu(OH)2, Zn(OH) trén gian 6 XRD nén composite CuO/
ZnO thu dugc co do tinh khiét cao. Két qua nay cho thay ti 1& mol Cu/Zn khac nhau
khong anh huong dén thanh phan pha cua vat liéu tong hop. Trong ba miu khao sat,
mau tong hop véi ti 1¢ mol Cu/Zn = 1:2 ¢6 cac pic ddc trung cua pha tinh thé ZnO hay
CuO sdc nhon vo1 cudng do manh nhit nén mau ndy c6 cdu tric trat ty nhat. Nhu vay,
vt liéu nano CuO/ZnO tong hop & ti 16 mol Cu/Zn = 1:2 1 vat liéu c¢6 hinh thai tot nhat
va do trt tu cao nhét nén chung toi quyét dinh chon ti 18 mol nay cho nhimng nghién ctru
tiép theo.

3.2. Anh hwéng ciia nhiét df thiy nhiét

Anh huéng ciia nhiét do thuy nhiét dén cau trac, thanh phan pha tinh thé cia vat ligu
nano CuO/ZnO dugc nghién ctru bang phuong phap phuong phap XRD (Hinh 3). Nhiét
d6 thiry nhiét cia cac mau thay d6i 80 °C, 100 °C, 120 °C, 130 °C.
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Hinh 3. Gian d6 XRD ciia mdu tong hop 6 céac nhiét d thity nhiét khac nhau

Két qua XRD cho thiy nhiét d thily nhiét trong diéu kién khao sat khong anh hudng
nhiéu dén thanh phan pha tinh thé. T4t ca cac mau déu c6 cac pic phan xa dic trung cho
pha tinh thé CuO (JCPDS 80-1917) [6] va ZnO (JCPDS 36-1451) [3]. Tuy vdy, nhiét
d6 thury nhiét lai anh hudng dén sy hinh thanh pha cua tinh thé. O diéu kién tong hop 80
°C, cudng do cac pic nhidu xa kha manh, cho thay tinh thé d4 hinh thanh & nhiét d¢ nay,
song van chua hoan thién vé céu truc. Khoang nhiét do tur 80 °C dén 120 °C 1a khoang
nhiét d6 ma tinh thé tiép tuc hoan thién céu triic ciia nd. Cu thé, khi ting nhiét d6 thuy
nhiét 1én 100 °C va dic biét & 120 °C, cac pic nhiéu xa cd cuong dg cao va rat sic nét,
dong thoi d6 rong nira chiéu cao cac pic nay bi thu hep lai. Diéu nay ching t6 & nhiét do
120 °C céc tinh thé tao thanh di hoan chinh va c6 do trat tu cao. Khi tiép tuc ting dén
130 °C, cuwong do pic nhiéu xa giam xudng rd rét, co thé do cac tinh thé c6 xu hudng két
tu lai lam giam d9 trat ty cua vat li€u.

Anh SEM cua hai miu tong hop & nhiét d6 100 °C va 120 °C duoc trinh bay ¢ Hinh 4.

IME-MNKL 5.0k 4.3mm 100k SE(M)

IMS-NKL 5.0kV 4.2mm x100k SE(M) 500nm

Hinh 4. Anh SEM ciia cdc mau tong hop & nhitng nhiét @ thiyy nhiét khdac nhau:
(a) 100 °C, (b) 120 °C
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Tir két qua anh SEM ta thdy mau tong hop & 100 °C c6 cac hat co kich thuéc khong
ddng déu va tuong d6i 16n hon so véi miu tdng hop & 120 °C. Cac hat nho lai c¢6 xu
huéng két hop véi nhau dé tao thanh hat 16n hon, khéng roi rac rd rang nhu mau téng
hop & 120 °C. O nhiét d@6 120 °C, mau thu duoc gém cac hat nano tach roi nhau, c6 do
ddng déu twong ddi cao. Pidu nay chimg to ¢ nhiét d6 120 °C cic tinh thé tao thanh da
hoan chinh, phu hgp véi nhan dinh XRD trén. Nhu vay, nhiét d§ thuy nhiét anh huong
dén cAu trac, hinh thai vat liéu thu duogc. Tu két qua phan tich anh SEM va gian dd
XRD, nhi¢t ¢ thuy nhiét 120 °C dugc chon lam diéu kién cho nghién cuu tiép theo.

3.3. Anh huéng ciia nhiét d§ nung

Nham xac dinh nhi¢t do nung phu hop cho qua trinh téng hop vat liéu nano CuO/Zn0,
chiung t61 da tién hanh khdo sat do trat tw cua mau & cac nhi¢t do khac nhau bang
phuong phap XRD (Hinh 5).
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Hinh 5. Gidn do XRD ciia méu tong hop ¢ cdc nhiét dé nung khdc nhau

Tir gidn d6 XRD nhan thay nhiét d6 nung khong anh huong dén thanh phan pha ciia vat
liéu. Khi ting nhiét do nung tir 300 °C dén 500 °C, cac pic dic trung cho pha tinh thé
CuO, ZnO cb cudng d6 ting dan. O 300 °C pha tinh thé CuO, ZnO di hinh thanh nhung
chua hoan thién, thé hién & cuong do pic phan xa yéu nhit trong cac mau khao sat.
Nhiét d6 400 °C van chua cai thién do tinh thé ctia vat liéu. O nhiét d6 nung 500 °C, cAc
pic dic trung cho pha tinh thé CuO va ZnO sic nét nhat va co cudng do 16n nhat, ching
t6 & nhiét do nay tinh thé hinh thanh t&t nhat. Tiép tuc ting nhiét do 1én 600 °C, cuong
dd céac pic dic trung lai giam. Piéu nay ching to nhiét do nung 500 °C 1a phu hop dé
thu duoc mau ¢ do trat tu nhat.

Tom lai, trén co s& phan tich két qua XRD va anh SEM, trong giéi han khao sat cia
nghién cuu, diéu kién tot nhat dé téng hop vat liéu nano CuO/ZnO la: nhiét d§ nung
mau 500 °C; ti 16 mol Cu/Zn= 1:2 ; nhiét d thuy nhiét 120 °C.
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3.4. Mot s6 diic trung khac ciia méu vat liéu tong hop ¢ diéu kién toi wu

Bén canh dic trung SEM va XRD, méu tong hop ¢ diéu kién tot nhat (ki hiéu mau
CuO/ZnO) duoc dac trung bang phuong phéap IR va ding nhiét hip phu - khu hap phu
nito dé xac dinh thém mot sé dic trung héa ly. Hinh 6 trinh bay phd IR ctua mau khao
sat.
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Hinh 6. P46 IR ciia mdu CuO/ZnO Hinh 7. Puong ding nhiét
hdp phu - khir hdp phu N2 ciia mau CuO/ZnO

Phé IR ciia mau téng hop xuét hién cac pic sau: pic tmg vé6i sd song 3447 cm’ L dac
trung cho dao dong héa tri O — H cua nudc hap phu vat 1y [7], pic _ung voi s6 song
2957 cm tuong ng vdi dao dong kéo cang C — H cua |sopropanol van con trong mau
[1], pic ung v&i sO song 1630 cm dic trung cho dao dong bién dang Su.0-1 [7], pic g
v6i sO song 1381 cm dic trtrng cho dao dong cua lién két nhoém —-NOs [7]. Pang chu y
la trong vung 400 — 700 cm™ xuét hién 2 pic ciia ZnO va CuO voi s6 song tuong tmg 13
457 cm™ va 492 cm™. So v&i cac nghién ctru khac dd cong bd vé phd IR cia CuO, ZnO
[1, 8], mau khdo sat co su chuyén dich sé song hap thu lién két Cu-O, Zn-O.

Hinh 7 trinh bay duong ding nhiét hap phu - khir hap phu N cua mau CuO/ZnO. Tir
Hinh 7 nhan thdy dudng ding nhiét hip phu - khir hap phu ciia mau CuO/ZnO thudc
loai 11, dac trung cho vat liéu vi mao quan. Theo phuong trinh BET (Brunauer Emmett
- Teller), dién tich bé mit cua vat lidu 1a 4,36 m?/g.

4. KET LUAN

Ttr nhitng két qua thyc nghiém da duogc thao luan, vat liéu nano CuO/ZnO dang hat da
téng hop thanh cong bang phuong phap thuy nhiét. Khao sat sy phu thugc hinh thai va
thanh phan pha cta san pham vao cac diéu kién tong hop nhu ti 16 mol Cu/Zn, nhiét do
thity nhiét, nhiét d6 nung. Két qua phan tich XRD va anh SEM cho thiy thanh phan pha
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cua vat liéu khong bi anh hudng bdi céac yéu td khao sat nhung hinh thai hoc cua vat
lidu thi bi chi phdi boi cac yéu t6 nay. Tim dugc didu kién t6i wu dé tong hop cac hat
nano CuO/ZnO ¢6 céu tric trat ty va hinh dang tuong ddi déng déu: ti 1& mol Cu/Zn 1a
1:2, nhi¢t do thuy nhiét 120 °C, thoi gian thiy nhiét 24 gid, nhi¢t 6 nung 500 °C.
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Title: SYNTHESIS OF CuO/ZnO NANOSTRUCTURES VIA HYDROTHERMAL METHOD

Abstract: Novel CuO/ZnO hybrid nanostructures have been prepared by the hydrothermal
process. The synthesized CuO/ZnO nanostructures were characterized by means of X-ray
diffraction (XRD), Infrared Spectroscopy (IR), scanning electron microscopy (SEM) and
nitrogen adsorption-desorption isotherms. Morphological analysis showed that CuO/ZnO
materials were in the shape of granule. The XRD measurements revealed that the prepared
samples consisted only CuO and ZnO phases. In this study, the influence of Cu/Zn molar ratio,
hydrothermal temperature, and calcination temperature on phases composition and morphology
of synthesized materials was also investigated.

Keywords: CuO/ZnO nanomaterial, hydrothermal method.



