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TONG HQP ZnAl,0, KiCH THUGC NANO BANG PHUONG PHAP POT CHAY
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TOM TAT

Kém aluminat (ZnAl,0,) duoc diéu ché bang phuong phap d6t chay gel voi chat nén la oxalyl
dihydrazin (ODH). Mau da tong hop nung & bdn nhiét d6 khac nhau (500°C, 600°C, 700°C, 800°C)
trong 2 gio. Bang cac phuong phap nhiéu xa Ronghen (XRD), phuong phap hién vi dién tir quét
(SEM) va truyen qua (TEM), phuong phap pho tan xa nang luong tia X (EDS), phuong phap do
dién tich bé mit riéng BET da dugc st dung dé nghién ctru cac mau. Cac diéu kién thi nghiém nhu
pH cua dung dich, nhiét d6 nung, nhiét do tao gel dugc kiém soat nghiém ngat. Phuong phéap nhiéu
xa Ronghen (XRD) cho biét ciu triic spinel cia mau. Po TEM, BET cho thdy cac hat nano k&m
aluminat c6 kich thugc hat trung binh < 20 nm va dién tich bé mat riéng 1a 47,9 m2/g . Hoat tinh
xUc tac cua cac hat nano ZnAl,0O, dugc khao sat théng qua phan tng phan huy metylen xanh bang
H,0,. Su phan huy cua chit metylen xanh dat 93,1% sau 5 gid khi c6 mat ZnAlLO,.

Tir khoa: ZnAl,Oy, phirong phép dot chdy, hoat tinh xic tac, xanh metylen

MO DAU

K&m aluminat ZnAl,O, 1a oxit hdn hop kiéu
spinel ¢6 nhiéu tng dung trong doi sdng va
trong cac nganh cong nghiép dién tir. Nhiéu
tac gia da tong hop dugc ZnAl,O, c6 kich
thudc nanomet [1, 2, 3]. Trong hoa hoc
ZnAl,O, ding lam chét xuc tac dugc sir dung
nhu chét xuc tac hd tro vi né co nhiét d6 6n
dinh cao, dd axit thép va tinh ki nuéc. Pac
biét ZnAl,O, dugc st dung trong san xuét dd
gém, su, gach men dé chéng lai sy an mon va
bao vé 16p vo men [3]. ZnAl,O4 con dugc st
dung nhiéu lam chit ban dan vi né thich hop
cho cac ung dung quang di¢n tir tia cyc tim
[4]. ZnAl,O, 1am chét xuc tic di lam ting
hiéu suét chuyén héa anisole (CH30CgHs)
cling nhu cic dan xuat cia o-metyl phenol.
Hinh thai va cdu tric cac nano spinel c6 anh
huong dén hoat tinh xtc tac cua nd. Cac dic
trung nay phu thudc vao cac yéu td nhu chat
nén, nhiét do va thoi gian nung, ty 1& mol cac
ciu tir,... Metylen xanh (MB) 1a mot hop chét
di vong thom. MB 1a chét dugc tmg dung
trong nhiéu linh vuc khac nhau, nhat 1a trong
sinh hoc va héa hoc [5]. Viéc phat trién cac
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phuong phap hidu qua dé giam thiéu su 6
nhiém mai trudng nudc boi cac chat hitu co
doc hai dd c6 nhimg mdi quan tdm toan cau.
Trong bai bio nay chung toi di téng hop oxit
ZnAlL,O, bang phuong phap dbt chay trong
chat nén oxalyl dihydrazin (ODH) va thim do
kha nang xuc tac cho qua trinh phan huy MB.
THUC NGHIEM

Ché tao vit liéu

Hoa tan mét luong thich hgp ODH vao nudce
néng va khudy lién tuc trén may khudy tir cho
dén khi ODH tan hét. Sau d6 nho tir tir dung
dich mudi nitrat Zn*, AP vao dung dich
ODH véi ti 1€ mol twong tng. Dung dich dugc
khuéy cho dén khi hé déng nhét duge tao
thanh. Sdy khoé mau, sau d6 nung & nhiét do
thich hop thu duoc oxit ZnAl,04.[4] Gia thiét
cac phuong trinh phan Gmg x4y ra nhu sau:
Zn(NOs3); + 2AI(NO3); + 4C,HsN,O, —
ZnAl,O4 + 8CO; + 12N, + 12H,0

Phwong phap nghién ciru

- Thanh phan pha ciia mau duge do trén may
D8 ADVANCE Brucker cua Piurc & nhiét do
phong vé&i goc quét 20 = 20 + 70°, budc nhay
0,03°. Kich thudc hat trung binh (nm) ctia oxit
dugc tinh theo phuong trinh Scherrer:
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0,89.4

pcosé

trong do: I 1a kich thude hat trung binh (nm),
A 1a bude song K, cua anot Cu (0,15406
nm), B 1a d6 rong cua pic tmg véi nira chidu cao
cua pic cuc dai (FWHM) tinh theo radian, 6 la
goc nhiéu xa Bragg tmg véi pic cuc dai (d6).

r=

- Anh vi cAu trc va hinh thai hoc cta vat ligu
duoc chup bang kinh hién vi dién tr quét
(SEM) JEOL - 5300 (Nhat Ban) va truyén qua
(TEM) JEOL-JEM-1010 (Nhat Ban).

- Dién tich bé mat riéng cua mau duogc do
bang phwong phap BET trén may Tri Star
3000 cua hang Micromeritic (USA).

- Phé tan xa ning luong tia X (EDS) ciia miu
duogc ghi trén may Hitachi S - 4800 (Nhat Ban).
- Po phd hip thy phéan tir UV-Vis trén may
UV - Vis 1700 (Nhat Ban)

KET QUA VA THAO LUAN

Khao sat anh hwéng cia nhiét do nung

Pé khao sat sy anh hudng ciia nhiét do nung
mau dén qua trinh tao thanh pha tinh thé
chung t6i tién hanh diéu ché mau vi ti 18 mol
Zn?* AP = 1/2 va ty 1é mol (Zn**, AI*")/ODH
=1/3; pH = 3; nhiét d6 tao gel 70°C. MAu sau
khi sdy kho & 70°C nung & cac nhiét do do
500°C, 600°C, 700°C, 800°C trong 2 gid. Két
qua ghi gian d6 nhiéu xa Ronghen cua cac
mau dugc dua ra & hinh 1

o Zn0
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< 600°C
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Gae 20 (dd)

Hinh 1. Gian @6 XRD ciia mdu ZnAl,0, 6 cdc
nhiét dé nung khac nhau
Hinh 1 cho thdy miu nung ¢ 500°C chwa hinh
thanh pha ZnAl,O,, mau nung & 600°C con
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Cuimg dd

1an pha ZnO. O nhiét ¢ 700°C va 800°C thu
duoc don pha cua ZnAl,O,. Tuy nhién mau
nung & 700°C tinh thé thu duoc c6 kich thudc
hat nhé hon do dé chung t6i chon nhiét do
nung mau ti uu 1a 700°C.
Bang 1. Kich thuéc hat tinh thé ZnAl,O, ¢ cac
nhiét dé nung khac nhau

0
t nung miu

ccy ~ Mmm) - 0(d0)  p(dd) r (nm)
700 015406 18,404 00121 12
800 015406 18472 00100 15

Khao sat anh hwéng caa nhiét dg tao gel
Dé khao sat anh hudng cua nhiét do tao gel,
mau duge diéu ché ¢ didu kién pH 1a 3, ty 18
mol (Zn**, AI*")/ODH = 1/3, c4c nhiét do tao
gel khéac nhau la 60°C; 70°C; 80°C; 90°C. Gel
dugc siy kho rdi nung & 700°C trong 2 gio.
Két qua ghi gian d6 nhidu xa Ronghen cia
cac mau duoc chi ra ¢ hinh 2.
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20 3‘0 4‘0 5‘0 6‘0 ?IO B‘O
Goc 20 (do)
Hinh 2. Gian @ XRD cuia mdu ZnAl,O, ¢ cac
nhiét dé tao gel khac nhau

Trén hinh 2 nhén the”iy o cac nhiét do tao gel
dugc khao sat déu thu dugc don pha cia
ZnAl,O,. O day nhiét d6 tao gel khong anh
hudng dén su tao thanh pha cua ZnAl,O,. Tuy
nhién khi tao gel & 70°C d6 két tinh tot hon,
kich thuéc hat nhé hon. Ching t6i chon nhiét
6 tao gel 1a 70°C cho cac thi nghiém tiép theo.
Bang 2. Kich thuoc hat tinh thé ZnAlL,O, ¢ cac nhiét
do tao gel khac nhau

0
Lo a@m) 0@  P@d) r(nm)
_qa(CC)
60 0,15406 18,416 0,0077 19
70 0,15406 18,404 0,0012 12
80 0,15406 18,439 0,0107 14
90 0,15406 18,389  0,0096 15
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Khao st anh hwéng caa pH tao gel

Dé khao sat anh huong cia pH tao gel, miu
dugc didu ché theo ty 1& mol (Zn*,
AI*")/ODH = 1/3, nhiét d¢ tao gel 1a 70°C, pH
tao gel thay doi tir 1+4. Nung mau & 700°C
trong 2 gio. Tién hanh ghi gian d6 nhidu xa
Ronghen ciia cac mau. Két qua duge chi ra ¢
hinh 3.
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Goe 26 (d9)
Hinh 3. Gidn @6 XRD ciia mdu ZnAl,0, ¢ cac pH
tao gel khac nhau
Tir hinh 3 cho thiy pH tao gel c6 anh hudng
dén qua trinh hinh thanh pha ctia ZnAl,0,. O
pH bang 1 va 2, ngoai pha ZnAl,0, con chira
pha ZnO, Al,O; v6i ham lugng nho. Con &
pH bang 3 va 4 chi chira don pha cua
ZnAl,0,. Tuy nhién & pH bang 3, d6 két tinh
cia miu tdt hon, kich thudc hat tinh thé
ZnAl,04 nho hon. Chung t6i chon pH tao gel
toi wu 1a 3.
Bang 3. Kich thudc hat tinh thé ZnAlL,O, ¢ cac pH
tao gel khac nhau

vé khoi lugng cac nguyén t6 trong mau dugc
chira ¢ bang 4.

Hinh 4. Phé EDS ciia oxit ZnAlLO,
Bang 4. Thanh phan (%) vé khéi hrong céc
nguyén to trong ZnAl,O,

Oxit %Zn %Al %0
LT TN LT TN LT TN

ZnAl,0, 3566 33,51 29,43 28,76 34,91 37,48

pH A(mm) 0@ B@) r(nm)
3 0,15406 18,04 0,0121 12
4 015406 18,415  0,0094 16

Xic dinh dic trung vat ligu tong hep

Mau tong hop & diéu kién t6i wu: pH tao gel =
3, nhiét do tao gel la 70°C, ti I¢ mol (Zn*,
AIF)/ODH = 1/3, nhiét d6 nung mau 700°C
trong 2 gio. DUng mau ti uu dé xac dinh dic
trung cua vat liéu.

Két qud do phé tan xa néing luweng tia X (EDS)
Két qua ghi ph6 EDS ciia mau ZnAl,O, duoc
chi ra ¢ hinh 4. Két qua xac dinh phan trim

Tir cac két qua cho thdy, trén phd EDS cia
mau chi xudt hién pic cua cac nguyén t6 Zn,
Al, O ngoai ra khong c6 pic cta nguyén to
khac, thanh phan % vé khéi luong cac nguyén
td giira thuc nghiém va 1y thuyét khiac nhau
khong nhiéu, diéu nay ching té mau thu duoc
a tinh khiét,

Két qud do XRD, SEM, TEM, BET

Gian d6 nhiéu xa Ronghen ciia mau diéu ché
& diéu kién téi wu (hinh 5) cho thdy mau thu
duogc la don pha ZnAl,O4 ting

Lin (Cps)
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Hinh 5. Gidn d6 XRD ciia mdu ZnAL,O4 diéu ché &
dieu kién toi wu

Két qua chup anh hién vi dién tir quét SEM
(hinh 6) va truyén qua TEM (hinh 7) cho thiy
cac hat ZnAl,O, thu dugc c6 dang hinh c;‘iu,
kich thuéc kha dong déu khoang 20nm. Dién
tich bé mat riéng cua oxit ZnAl,O, do dugc
theo phuong phap BET 1a 47,9 m?/g.
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S o SO st 3 : |

100 nm

Hinh 7. Anh TEM ciia ZnAl,0,

Két qua nghién ctru kha ning xic tic cia
ZnAl,O, cho phin tng phan hiiy MB bing
H.0O,

——0phit
—— 30 pht

—— 60 phit

—— 120 phuit
—— 180 phuit
Dy —— 300 phut
—— 420 phut

254
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Budc song, nm

400 5(‘)0 6(‘)0 760 8(‘)0

Hinh 8. Ph6 UV-Vis ciia san pham phan iing phdn

huy MB boi H,O; khi khong co xuc tac o cac thoi
gian khac nhau

Ph6 UV-Vis cua san pham phan hity metylen

xanh ¢ nhiét d§ phong trong trudng hgp
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khéng c6 xuc tac (chi c6 H,0,) va c6 xuc tac
ZnAl,O, dugc dua ra ¢ hinh 8 va 9. Hiéu suat
phan hity MB khi chi ¢ H,0, (H:%) va khi c6
xuc tac ZnAl,0, (H,%) dugc chi ra & bang 5.

25+

2.0
] 664 nm
hiip
thy

qumg1 5

0.5+

0.0+
Burdre séng, nm

T T T T
400 500 600 700 800

Hinh 9. Phé UV-Vis ciia sin pham phdn iing phén
hity MB boi HyO, khi ¢6 xdc tc ZnAl,04 ¢ cdc
thoi gian khac nhau
Bang 5. Hiéu suat phan hiy MB theo thoi gian
trong trirong hop khdng cd va co6 xdc tac ZnAl,0,

STT Thoi gian (phat) H; (%) H,(%)
1 30 31 15,5
2 60 5,4 32,0
3 120 8,6 54,8
4 180 10,3 75,8
5 300 13,2 93,1

Tir hinh 8 va hinh 9 va bang 5 cho thdy miu
xuc tac 1am cho phan tng phan hiuy MB bing
H,O, xay ra nhanh hon rat nhiéu so véi
truong hop khong c6 xtc tac. H,0, (khéng co
xuc tac) cling co kha nang phan huy MB
nhung rat chim. Hiéu suét phan hity MB lén
t61 93,1% sau 5 gio khi c6 mat ZnAl,O,.

Theo 1i thuyét, khi phan hiy MB s& thu dugc
cac san phim cudi cung 1a cac chat vo co nhu
khong con nhém mang mau nén van hap thy
tai budc song 664 nm giam manh. Nhu vay,
vat li€u ZnAL,O, c6 kha niang xuc tac cho
phén Gng phan huy MB tao thanh céc san
pham khéng con nhém mang mau.

Téac gia Khaledi va cac cong su [3] da cong
b6 két qua nghién ciu tong hop duoc
ZnAl,O4 c6 kich thudc hat trung binh khoang
22,0-26,4 nm bang phuong phép sol - gel khi
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di tir tién chat trietanol amin. Tac gia Jamal
va cac cong su [2] di tong hop duoc spinel
ZnAl,O, bang phuong phap dét chay sol-gel
trong chat nén etylen glycol khi nung & 700°C
trong 6 gio, thu dugc oxit cd kich thude tinh
thé trung binh 40 nm. Nhu védy spinel
ZnAlL,O, ching t6i tong hop bing phwong
phap dbt chay trong chat nén oxalyl
dihydrazin (ODH), c6 nhiét d6 nung thap va
kich thude nho.

KET LUAN

- Pi nghién ciru tdng hop oxit nano ZnAl,O,
bang phuwong phap dét chay dung dich véi
chat nén 1a ODH. ¢ diéu kién thich hop ti 18
mol Zn**/AI** = 1/2, ti 1¢ mol KL/ODH =1/3,
pH = 3, nhiét do tao tao mau la 70°C, nhiét do
nung mau la 700°C trong 2 gio. - Oxit thu
duoc co6 dang hinh cAu, kich thuéc hat trung
binh < 20 nm. Kich thudc hat tinh thé trung
binh 14 12,1 nm va dién tich bé mdt riéng theo
BET la 47,9 m%/g. Trén ph6 EDS cta mau chi
xuét hién pic clia cac nguyén t6 Zn, Al, O ngoai
ra khong xuat hién pic ctia nguyén t6 khac.

- Nghién ctru anh huéng cua thoi gian dén
qué trinh xuc tac cua oxit ZnAl,O,4 trong phan
mg phan hity metylen xanh bang H,O, cho
thdy hiéu suat phan hay khi co chat xuc tac
ZnAl,O4 12 93,1% sau 5 gio.
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SUMMARY

SYNTHESIS ZnAl,O0, NANOSIZED BY OXALYL DIHYDZAZIDE
COMBUSTION METHOD AND CATALYTIC PROPERTIES IN METHYLENE
BLUE DECOMPOSITION REACTION

Nguyen Thi Thuy Hang"", Luong Thi Lan
YUniversity of Technology - TNU, 2University of Education - TNU

Zinc aluminat (ZnAl,O,) nanoparticles were prepared by combustion method using oxalyl
dihydrazide (ODH) as fuel. The powder as prepared was annealed at four different temperatures
(500°C, 600°C, 700°C, 800°C) for 2 hours. X-ray Diffraction (XRD), scanning electron
microscopy (SEM) and Transmission Electron Microscopy (TEM), Energy dispersive X- ray
(EDS), surface area measurements (BET) have been used for characterization of the prepared
samples. The process conditions such as solution pH, calcinations temperature, temperature gel
formation are carefully controlled. The XRD patterns confirm the spinel structure of the samples. TEM,
BET analysis of the final thermolysis product reveals the formation of monodisperse zinc aluminat
nanoparticles with an average particle size under 20 nm and specific surface area is 47.9 m*/g. The
catalytic activity of the ZnAl,O, nanoparticles was investigated by the methylene blue decomposition
reaction with H,O,.. The decomposition of methylene blue reaches 93.1% after 5 hours lighting.
Keyword: ZnAl,O,, combustion method, catalytic, methylene blue
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