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SUMMARY

STUDING SYNTHESIS ZnAL,O,NANOSIZED BY THE GEL
COMBUSTION METHOD

ZnAl,O, powder has been synthesised at low temperature (600°C) by the combustion of gel
prepared from polyvinyl alcohol (PVA), aluminum nitrates, and zince nitrates.

Factors affecting the structure and particle size of nanometer oxides ZnAl;Oy include:
heating temperature, gelling temperature, molar ratio of metal ions, PVA concentration, pH,
heating time.

Study the crystal structure and morphology of the oxide by means of X-ray diffraction (XRD),
scanning electron microscopy (SEM), transmission electron microscopy through (TEM).
Further thermal treatment at 600-700°C in 2h yields the single phase ZnAl,O, ZnAl,O,

powders with crystallite size 20 nm have been prepared. It specific surface area is 41,37

m’/g for ZnAlO,
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1. MO DAU
ZnAl,O4 la mot trong b oxit hdn hop duogc
su quan tAm nghién ctru cua nhidu nha khoa
hoc do ing dung phong pht cua né. Trong
linh vuc xuc tac, ZnAl,O4 da dugc sir dung
rong rdi lam chit xuc tac cho nhiéu phan
ung hoéa hoc [1] [2].... Cac phuong phap
thuong dung dé téng hop oxit nay nhu
phuong phap ddng két taa [3], sol-gel [4],
thuy nhiét [5]....

phuong phéap didu ché ma oxit thu dugc c6

Tuy thudéc vao tung

nhitng dac trung riéng. Trong bai bao nay
chiing t6i trinh bay két qua nghién ciru tong
hop oxit nano ZnALOy4 bing phuong phap
dbt chay gel.

2. THUC NGHIEM

- Chc hoa chit str dung trong nghién ciru
déu 1a loai tinh khiét phan tich:
Zn(NQO;),.6H,0, AI(NO;);.9H,0, polivinyl
ancol (PVA), NH;, CH;COOH.

- ZnAlLO4 duge didu ché bang phuong phap
dbt chay gel polivinyl ancol (PVA). Dung
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dich mudi Zn(NOs),, AI(NO;); dugc khudy
tron voi dung dich PVA theo ti 1€ mol
twong tng. Piu chinh pH cua dung dich
roi khudy lién tuc trén may khudy tir & nhiét
d6 thich hop cho dén khi hinh thanh gel
trong subt. Siy kho gel va nung & cac nhiét
d6 khac nhau

-Gian dd nhiéu xa Ronghen dugc do trén
may D8 ADVANCE Brucker cia Buc voi
Aeuk, = 1,5406A° & nhigt do phong, goc

quét 20 = 0- 70°, budc nhay 0,03°, dién ap
30KV, cudong do ong phat 0,03A. Kich
thudc hat trung binh (nm) cta oxit dugc

tinh theo phuong trinh  Scherrer:

- 0,89.4 -

r=— , trong d6: 7 1a kich thudc hat
Pcosb

trung binh (nm), A la budc song K, cua
anot Cu (0,154056 nm), [ la do rong cua
pic tng voi ntra chibu cao cua pic cuc dai
(FWHM) tinh theo radian, 6 1a géc nhiéu
xa Bragg g vd1i pic cuc dai (49).

- Gian dd phan tich nhiét cua gel duoc ghi
trén may METTLER TOLEDO (Thuy Si)
v6i toe dd nang nhiét 1a 5°C/ phit trong moi
truong khong khi tir 30-800°C.

- Anh vi cAu tric va hinh thai hoc ctia mau
duogc chup bang kinh hién vi dién tir quét
(SEM) JEOL — 5300 (Nhat Ban) va truyén
qua (TEM) JEOL-JEM-1010 (Nhat Ban).
Dién tich bé mat riéng ctia mau duoc do
bang phuong phap BET trén may Tri star
3000 cua hang Micromeritic (M¥).

3. KET QUA VA THAO LUAN

3.1 Khao sat anh hwéng cta nhiét do
nung

Dé xac dinh khoang nhiét d6 nung thich hop

chiing t6i dwa vao két qua ghi gian dd phan
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tich nhiét cua gel. Pidu ché gel cua
Zn(NO»),, AI(NO;); (ti 16 mol Zn*/AI*"=1/2)
va PVA véi ty 1€ mol KL/PVA=1/3, nhiét
do tao gel 70°C. Pé cho gel on dinh sau do
ghi gian dd phan tich nhiét (hinh 1).

p 28.8853 % énAerA, 24.04.2013 10:2;
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Hinh 1: Gian do phan tich nhiét ciia gel
Zn’"-AF"-PVA

Hinh 1 cho thiy sy giam khdi luong cua gel
chi yéu xay ra trong khoang 100-400°C.
Trong khoang nhiét d6 ndy xay ra sy mat
nude két tinh, phan huy ion NO;™ va phan
hay PVA. O nhiét d6 16n hon 400°C sy
bién d6i khéi lwong 1a rét it, & trén 400°C
thi hdu nhu khéng c6 su bién ddi nao vé
khéi lrong, nhu vay su hinh thanh ZnAl,O,
a tinh khiét.
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Hinh 2: Gian d6 nhiéu xa Ronghen ciia mdu
ZnAl,Oy nung & cdc nhiét do khdac nhau
Tir két qua phan tich nhiét, ching t6i cho ring

dé thu duoc ZnALO, tinh khiét phai nung &
nhiét d6 trén 400°C. Do d6 chiing t6i tién
hanh nung mAu & cac nhiét d6 tir 500+ 700°C.



Két qua ghi gian dd nhiu xa Ronghen cia
cac mau duoc dua ra ¢ hinh 2.

Tt hinh 2 cho thdy & nhiét d6 500°C pha
cua ZnAl,O4 chua duoc hinh thanh. Tt 600
-700°C thu dugc don pha cua ZnAl,O,4. Khi
nung & 600°C mau thu dugc co kich thudc
hat nhé hon (19,6 nm) so voi khi nung &
700°C (28,6 nm). Do d6, chang t6i chon
nhiét d6 nung mau t6i wu 1a 600°C.

3.2. Khao sat anh hwéng cia thoi gian nung
Diéu ché gel ¢ nhiét do 1a 70°C, ti 16 mol
Zn* /AP =172 va (Zn*" A")/PVA=1/3.
S4y kho rdi dem nung & nhiét do 600°C
trong thoi gian tir 1+4 gid. Két qua ghi gian
dd nhiéu xa Ronghen ctia cac mau duoc chi
ra ¢ hinh 3.
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Hinh 3: Gidn d6 nhiéu xa Ronghen ciia cdc
mau ZnALO, khi nung & thoi gian khdc
nhau
Tir hinh 3 cho thdy, trong khoang thoi gian
nung tr 1+3 gid déu thu duoc don pha
ZnAlLO,. Khi ting thoi gian nung mau, cac
hat tinh thé két tinh hoan chinh hon va kich
thude hat c6 xu hudng ting tir 24,1 dén 28,6
nm. Khi nung miu 1a 4 gio thi ngoai pha
ZnAlLO,4 con 1an pha ZnO. Chung t6i chon
thoi gian nung 13 2 gior dé tién hanh khao sat
vi & thoi gian ndy cac hat tinh thé két tinh t6t

hon va ¢6 kich thude nhé (bang 1).

Bang 1: Kich thudc hat tinh thé ZnAlL,Oy o cac

thoi gian nung khac nhau.
thung 20 B(d0) Do két tinh r(nm)
(gi0) (%)
1 36,880 | 0343 58,65 24,1
2 36,902 | 0305 62,46 27,1
3 36,950 | 0,289 64,00 28,6

3.3. Khao sat anh hwéng cua ti 1€ mol
KL/PVA

Diéu ché cac gel cua (Zn*', AI’")/PVA &
nhiét d6 tao gel 1a 70°C véi cac ti 16 mol
khac nhau 1a 3/1; 2/1; 1/1; 1/2; 1/3. Say kho
cac gel réi dem nung & nhiét do6 600°C
trong 2 gio. Gian d6 nhidu xa Ronghen cua
cac mau trén duoc chi ra ¢ hinh 4.

Tir hinh 4 cho thiy, miu tong hop véi ti 16
mol KL/PVA la 3/1; 2/1 ngoai pha cua
ZnALO, con 1an pha cia ZnO. MAu téng hop
theo ti 1€ mol PVA/KL 1a 1/1; 2/1; 3/1 thi thu
duogc don pha ctia ZnAl,O4 Khi ting luong
PVA trong mau thi kich thudc hat giam tir 23
nm xudng con 19 nm (bang 2). O ddy co thé
do luong PVA cang 16n thi sy phan bd cia
ion kim loai cang dong déu, gel tdng hop
duoc cang x6p va chay t6t lam cho hat tao
thanh ¢o6 kich thudc cang nhé. Do d6 chiung
t6i chon ti 18 KL/PVA t6i wu 1a 1/3 dé tién
hanh khao sat cac diéu kién tiép theo.
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Hinh 4: Gidn d6 nhiéu xa Ronghen ciia
mau ZnAl,O, ¢6 ti 1é mol KL/PVA

khac nhau
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Bdng 2: Kich thuéce hat tinh thé ZnAl,O, &
cdc ti lé mol KL/PVA khdc nhau.

Bdng 3: Kich thude hat tinh thé ZnAl,O, &

cdc nhiét do tao gel khac nhau.

KL/PVA 26 B(do) r(nm)
171 36,908 0,361 22,9
172 36,805 0,403 20,6
1/3 36,883 0,421 19,6
3.4. Khao sat anh hwéng ciia nhiét do tao
gel

Diéu ché cac miu vdi ti 1¢ mol KL/PVA=
1/3, & cac nhiét d0 tao gel khac nhau tur
50+90°C. Siy khoé va nung gel & 600°C
trong 2 gid. Két qua ghi gian dd nhidu xa
Ronghen ciia cdc miu trén dugce chi ra ¢
hinh 5.

Tt hinh 5 cho théy O cac nhiét do tao gel
tir 50-90°C déu thu dwoc don pha cua
ZnALO,. O day nhiét do tao gel khong anh
hudng dén su tao thanh pha cua ZnAl,O,.
Khi tao gel & 70°C mau thu duoc c6 kich
thuéc hat nho hon (bang 3). O nhiét do
50°C thoi gian tao gel qua lau khéng
thuan loi cho qua trinh thuc nghiém, con
& 90°C thi nhiét do tao gel qua cao s& dé
lam cho gel chay trong qua trinh thuc
nghiém. Do d6 chung t6i chon nhiét d6
tao gel t6i wu 1a 70°C.
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Hinh 5: Gidn d6 nhiéu xa Ronghen ciia

mau ZnALO, khi tao gel & nhiét do
khac nhau
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tigo gel 26 B(do) | r(nm)
50°C | 36,875 | 0339 | 244
70°C | 36,950 | 0,421 19,6
90°C | 36,902 | 0327 | 253

3.5. Khao sat anh huwéng ctia pH tao gel
Diéu ché ciac miu véi ty 1& mol
KL/PVA=1/3, & cac pH tao gel khac nhau
tir 2 + 5. Sdy kho gel, sau d6 nung & 600°C
trong 2 gio. Gian d6 nhiu xa Ronghen cua
cac mau trén dugce chi ra ¢ hinh 6.

Ttr hinh 6 cho thiy & cac pH tao gel bang 3
va 4 déu thu dugc don pha ctia ZnAlLO,.
Tuy nhién, 6 pH = 2 va pH = 5 thi ngoai
pha ciia ZnAl,0, 14 cha yéu con ¢ pha cua
ZnO. V&i mau tao gel & pH=3 cho kich
thude hat nho hon (24,4nm) va do két tinh
cao hon véi mau tao gel & pH=4 (26,7nm)
nén ching t6i chon pH tao gel ti wu 1a 3.
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Hinh 6: Gidan d6 nhiéu xa Ronghen ciia
mau ZnAl>,0, & cdc pH tao gel khdc nhau
3.6. Xac dinh cac dic trung cia miu
diéu ché & diéu kién tdi wu
Qua khao sat trén ching t6i thu dugc diéu
kién ti wu dé tong hop ZnALO, 14 ti 16 mol
Zn*'/Al" = 1/2, ti 1&¢ mol KL/PVA = 1/3,
nhiét d6 tao gel tbi wu 1a 70°C & pH= 3, nhiét
d6 nung mau 1a 600°C trong thoi gian 2 gio.
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Hinh 7: Gidn do nhiéu xg Ronghen clia
mau ZnAl, O, diéu ché o diéu kién toi wu

IMS-NKL x150k SE(M)
Hinh 8: Anh hién vi dién tw quét (SEM)
cua mau ZnAl,Oy diéu ché o diéu kién
- 101 uu

STy AR BN

4-006
Print Mag: 208000x @ 51 mm 20 nm

HV=80.0kV
Direct Mag: 100000x
EMLab-NIHE

3:56:01 p02/20/14
TEM Mode: Imaging

Hinh 9: Anh hlen vi dién tur truyen qua
(TEM) ciia mau ZnALO;, diéu ché ¢ diéu
kién 16i uu

Gian d6 nhiéu xa Ronghen ciia miu diéu
ché & diéu kién t6i wu (hinh 7) cho thay,
mau thu duogc 1a don pha ZnALO,. Oxit
ZnAl, 04 thu dugc c6 dang hinh cAu, kich
thude hat nho hon 20 nm (hinh 8-9). Dién
tich bé mdt riéng cua oxit ZnAl,O4 do dugc
theo phuong phap BET 1a 41,37 m%/g.

4. KET LUAN

- Pi xé4c dinh dugc diéu kién t6i vu dé tong
hop oxit nano ZnALO, bang phuong phap
d6t chay gel 1a: ti 16 mol (Zn*", AI*")/PVA
= 1/3, nhiét d6 tao gel 70°C & pH=3, nung &
600°C trong 2 gid.

- ZnAl,O4 thu dugc c6 dang hinh cAu, véi
kinh thudc hat < 20 nm va c6 dién tich bé

mit riéng > 40 m*/g.
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