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Aluminum oxide (alumina; Al203) has advantages such as its thermal,
chemical, and physical properties when compared with several
ceramics materials. It is widely used in ceramics such as firebricks,
abrasives and integrated circuit (IC) packages; catalysts; catalyst
supports; ion exchange and other fields. Alumina has a complex
structure and many crystalline polymorphic phases such as a-Al20s3,
BAROs, y-Al203, 8-Al203, 8-Al0s3, n-AlOs, k-Al203;, xArO3 and p-
AOs. Among these phases, o-AlOs is widely used and studied as
high temperature structural material, electronic packaging, corrosion
resistance ceramics and translucent ceramics. This study focus on the
preparation of high purity o-Al:O3 from industrial aluminum
hydroxide. The results show that after removing Na>O and SiOz with
distilled water, the sample was dissolved in NaOH solution to form
NaAlO: solution. Precipitating of Al(OH)s from NaAlO: solution with
one of the following substances: HCI (4N), H2SO4 (4N), CHsCOOH (4N)
or CO2 (45% Vol). The precipitated Al(OH)s was filtered and washed
with distilled water and then dried. Finally, thermally decompose
Al(OH)3 at 1100°C in 2 hours to form pure o-AlOs.

Gidi thiéu chung

ca4c bd phan cla van ducng éng, v.v [6-8]. Oxit
nhém chét luong dac biét co thé dugc st dung dé
nudi cdy ngoc bich nhan tao cling nhu dé san xuét

Do c6 mét s6 tinh chét dac biét, oxit nhdm da dugc
st dung réng réi trong cac linh vuc cdng nghé hién
dai. Oxit nhém dang y dugc st dung dé san xuat
cac chat xUc tac va chat mang xuc tac, chat hap
phu, chét lam sach méi trusng khong khi, chét hap
phu trong cac qua trinh lam khé sau cda khi [1-5].
Oxit nhém dang a-Al203 (corundum) c6 dé min cao
dugc sUr dung trong san xudt cac loai gébm cao
nhém (bao gdm gém su trong sudt, 4o giap va gém
sinh hoc), lam chét dén trong vat liéu chiu IUa, 16t
khuén duc, trong san xuét vat liéu chiu mai mon va

den LED va den chiéu sang [9, 10]. Oxit nhém cé do
tinh khiét trén 99,9 % va c6 kich thudc hat min,
dong nhét dugc sir dung dé san xuét cac 6ng mao
cho den natri cao ap, san xuét ngoc bich, mat kinh
doéng ho, dung cu gém cd dd bén cao, san xudt cac
chi tiét chiu mai mon, bang tu...[11].

Bén canh do oxit nhém la hgp chéat co nhiét dé nong
chay cao (2051 °C) nén thudng dugc st dung dé ché
tao cac chi tiét chiu nhiét t6i khodng 1700 °C. Ngoai
ra oxit nhém thudc nhém vat liéu cach dién t6t nhat
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nén thuong dudc st dung dé ché tao cac chi tiét
cach dién, vi du nhu gém céch dién, dé cia chip vi
mach trong cong nghiép dién t, bugi xe may, la
cach trong pin ion Lithium... Kha nang dan dién cta
oxit nhdm phu thudc vao nhiét dé nhung manh nhéat
vao lugng pha tap. Khi pha tap vdi nhiéu chét khac
nhau, n6 ¢ tac dung nhu chét ban dan loai p (vi du
nhu Mg, Fe, Co, V hay Ni) hodc ban dan loai n (vi du
H, Ti, Si, Zr hay Y). Vé tinh chat quang hoc, oxit nhém
la chét trong sudt vdi anh sang thudng. Tuy nhién, khi
dugc pha tron véi ion clia cac kim loai chuyén tiép sé
xudt hién cac mau sic khac nhau. V&i khodng 1 %
Cr203, oxit Nhdm ¢d mau do (ruby) la mdt loai da
quy. Trong trudng hap pha 1an v&i mét vai phan van
dén mot vai phan tram Fe’* hoac Ti**, oxit nhom sé
c6 mau xanh va thudng dugc goi la da saphia [7-11].

Mét s& phuong phap da dudc ap dung dé san xuét
nhém oxit c6 dd sach cao nhu: thiy phan nhém
alkoxit Al(OR)3, thuc hién phan Ung gitta AlCl3 vdi
hai nudc & nhiét dd trong khodng 750-900°C, phan
hay nhiét mudi ammomonium alum
[2NH4AI(SO4)2.12H20], phan hay nhiét amoni nhém
cacbonat hydroxit [NH4AIO(OH)HCO3], phan hly
nhiét boehmite...[12].

Nghién cltu nay trinh bay phuong phép diéu ché
nhoém oxit ¢ dd sach cao tU nhém hydroxit theo
phuong phap hoa tan nhdm hydroxit cong nghiép
trong dung dich kiém sau dé thuc hién két tda Al(OH)3
sach tUf dung dich natri aluminat bang cac tac nhan
HCl, H2S04, CH3COOH, CO2. Cudi cung la phéan huy
nhiét Al(OH); dé thu dudc nhédm oxit ¢ dé sach cao.

Thuc nghiém va phuang phap nghién cdu
Héa chdt va dung cu

NaOH (PA): 99 %
- HCl (PA): 36 %
- HaSO4 (PA): 95-98 %
- CH3COOH (PA): 99,5 %
- Khi CO2 (PA): 99,99 %
- Dung dich AgNO3 0,1 M
- Dung dich BaCl> 0,01 M
- Tu séy Memert UN55
- Can phan tich Prescisa

- May loc chan khéng

- B& 8n nhiét Daihan WB-22
- Méy khudy ca IKA

- Dung cy thuy tinh, nhiét k&
- Gidy loc va gidy pH

Lam sach tgp chdt bdng nudc

Can khodng 50 gam Al(OH)3 réi cho vao cbi nghién
st véi bi cao nhém. BS sung nudc cat dé dat ty 1é
ran/long = 1/2 theo khéi lugng roi tién hanh nghién
trong 1 gidr. Huyén phu sau nghién dugc chuyén vao
cée thay tinh 1000 ml, sau do bd sung lugng nudc
cat dé dat ty 1& ran/ldng = 1/10. Tién hanh khudy
trén trong thdi gian 30 phdt véi téc do khudy 300
vong/phut sau dé loc va rira sach mau thi nghiém
bang nudc cat roi sdy kho 3115 °C trong 4 h.

Hoa tan nhém hydroxit sau lam sach bdng dung dich
NaOH

Can khodng 10 gam Al(OH)3 sau khi da lam sach
bang nudc va sdy khd & muc 2.2 rdi cho vao cbe thy
tinh chiu nhiét 250 ml, sau d6 bé sung dung dich
NaOH vdi cac ty 1é khac nhau. Tién hanh hoa tan
Al(OH)3 & khodng nhiét dé va thdai gian xac dinh. Két
thuc phan Uing dem loc bd phén chét ran khong tan,
thu dung dich NaAlOz.

Keét taa Al(OH)s tir dung dich NaAlO:

Tién hanh két tia dung dich NaAlOz bang céc dung
dich HCI (4 N), H2SO4 (4 N), CH3COOH (4 N) va khi
CO2 (45 % thé tich) dén pH = 7. Két tua dugc loc va
rifa sach cac ion CI, SO+ bdng nudc cat (thir bang
AgNQO3 0,1 M va BaCl20,01 M) roi séy kho.

Nhiét phdn Al(OH)3 @€ san xudt o-ALOs3

Nung Al(OH)3 trong khong khi & nhiét do tao pha
a-Al03. San pham oxit nhém dang o-ALOs dugc
xac dinh thanh phan pha, hinh thai hoc bé mat va
kich thudc hat.

Két qua va thao luan

Thanh phdn va tinh chdt nguyén liéu dau

Thanh phan héa hoc mau Al(OH)3 nha may alumin

Tan Rai dugc xac dinh theo phucong phap XRF trén
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may Supermini200 (bang 1). K&t qué nhan thay co 3
tap chét la NazO, SiOz va CaO vdi ham lugng nho.

Bang 1: Thanh phan héa hoc mau Al(OH)3
Thanh phan | ALOs | Na:O | SiO2 | CaO | Am

%w 64,99 | 0,367 | 0,136 | 0,098 | 1,15

Cé&u truc pha dugc xac dinh theo phuong phap XRD
trén may MiniFlex 600 (hinh 1). So sanh vdi phé
chudn cac dang nhém hydroxit cho thdy mau
nghién clu cé cau truc pha Gibbsite.

i, | 55

| ;f -igggﬁégééﬁg AW

C3)

2-theta (deg)

Hinh 1: XRD mau nguyén liéu AI(OH)3 Tan Rai

Hinh thai hoc bé mat mau Al(OH)s trudc va sau
nghién dugc xéac dinh theo phuong phép SEM trén
méay TM4000Plus (hinh 2). TU hinh 2 nhan thdy mau
Al(OH)3s ban dau cé dang khéi cau dudng kinh
khodng 100 um do su két khéi cac hat nho. Sau khi
nghién céc hat Al(OH)3 dang khéi bi pha v&.

Hinh 2: Anh SEM mau trudc (a) va sau nghién (b)

Anh hudng t & rdn/1dng dén qud trinh lam sach tap
chdt bdng nuéc

Két qua nghién clttu anh hudng thé tich nudc lam
sach déi vai 10 gam AI(OH)3 dén hiéu suét lam sach
cac tap chét dugc cho & bang 2. TU bang 2 nhén
thady véi 150ml nudc ¢ thé lam sach Naz20 va SiOz
trong 10 gam Al(OH)3, diéu nay c6 nghia dang tap
chét SiOz trong mau rat dé tan trong nudc. Tap chét
CaO chi bj loai bd v&i ham lugng nho.

Bang 2: Anh hudng ti Ié ran/ldng dén qué trinh
lam sach

Vhao Thanh phan (%)

M) Fh0s [ Na&O | S0 Ca0

0 64,992 0,367 0,136 0,098

50 65,247 0,153 0,057 0,085

100 | 65,294 0,063 0 0,077
150 | 65,338 0 0 0,072
200 | 65,340 0 0 0,069

Anh huéng cta ndng dé6 NaOH dén hiéu sudt hoa
tan Al(OH)3

Khdo sat dugc tién hanh véi 100 ml dung dich
NaOH cé néng dé thay déi tir 10 % dén 55 % dé
hoa tan 10g Al(OH)3 sau khi dugc lam sach bang
nudc cat & nhiét do thuong (35 °C) trong 3 gig,
khudy bang may khudy co vdi t6c do 300
vong/phtt. Huyén phu sau phan Ung dem loc thu
dung dich. Phan ran khong tan ria sach, sdy kho
dén khéi luong khong déi roi can dé xac dinh hiéu
suat hoa tan. K&t qua nghién cltu anh hudng ndng
dd NaOH dén hiéu suét hoa tan Al(OH); dugc cho &
hinh 3.

— 100
£
< 80
=
g 60
=
*E 40
=
o 20
T
0
0 20 40 60

Nong d& NaOH (%)

Hinh 3: Quan hé ndng dé NaOH va hiéu suét hoa
tan Al(OH)3
K&t qua tu hinh 3 cho thdy ndng dé NaOH 40 %

cho hiéu sudt hoa tan t&t nhat (83 %) vi vay chon
néng doé nay dé khdo sat cac yéu té tiép theo.

Anh huéng cta téc do khudy téi qud trinh hoa tan
Al(OH)3
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K&t quéd anh hudng cla téc do khudy tdéi hiéu suét
hoa tan Al(OH)3 dugc cho & hinh 4.

95
90
85
80

75

Hiéu sudt hoa t

70
0 200 400 600 800
Téc dc} khudy (vong/phut)
Hinh 4: Quan hé t6¢ d khudy va hiéu suét hoa tan
Al(OH)3

Hinh 4 cho théy téc dé khudy t&i uu & gia tri 400
vong/phut, hiéu sudt hoa tan nhdm hydroxit & t6¢
doé nay dat khodng 92,5 %. Vi vay cac thi nghiém
ti€p theo dugc thuc hién & t6c dod nay.

Anh hudng thdi gian phdn (ng téi hiéu sudt hoa tan
Al(OH);

Anh hudng thai gian phan Ung téi hiéu suét hoa tan
Al(OH)3 dugc cho & hinh 5.
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80
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Thai gian phan tng (gid)
Hinh 5: Anh hudng thdi gian phan tng dén hiéu
sut hoa tan Al(OH)3

Hinh 5 cho théy hiéu suét hoa tan A(OH); dat cuc dai
92,5 % sau 2 gig, vi vay cac thi nghiém tiép theo dugc
thuc hién trong thdi gian 2 gic.

Anh hudng cta nhiét dd dén hiéu sudt hoa tan
Al(OH)3

Két qua nghién clru dnh hudng cla nhiét dé phan
Ung dén hiéu suét hoa tan Al(OH)3 dugc cho &
hinh 6.
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Hinh 6: Quan hé téc dé khudy va hiéu sudt hoa tan
Al(OH)3

TU hinh 6 cho thdy hiéu sudt hoa tan Al(OH)s; dat
cuc dai 99,6 % & khodng 60 °C. Nhu vay cac thong
s6 cong nghé qué trinh hoa tan nhém  hydroxit
trong dung dich NaOH la: Nong dé dung dich
NaOH = 40 %, téc do khudy 400 (vong/phut), thdi
gian phan Ung 2 h, nhiét dé phan ung 60 °C.

Két tua Al(OH)s tur dung dich NaAlO2

Thuc hién két tia dung dich NaAlOz bang cac dung
dich HCl, H2S04, CH3COOH va khi COa. Két thic
phan Ung dem loc két tla va rira sach cac ion CI" va
SO4% (thif bang AgNO3 0,1 M va BaCl, 0,01 M). Mau
két tla dugc sdy & 11 5°C trong 4 gid sau dé dem
phan tich thanh phan héa hoc bang XRF. Két qua
dudc cho & béang 3.

Bang 3: Thanh phan héa hoc mau Al(OH)s

Thanh Tac nhan két tda
phan
(%)
ALOs | 99.996 | 78.140 99.989 99.991

HCl H.SO4 | CH3COOH cO2

SIO2 0.000 | 0.000 0.000 0.000

503 0.000 | 21.854 0.000 0.000

Na.O | 0.000 | 0.000 0.000 0.000

CaO | 0.000 | 0.000 0.000 0.002

TU bang 3 nhén thdy khi két tda bang dung dich
HCl, CH3COOH va khi COz thi Al(OH)s thu dugc co
do sach cao hon nhiéu so vdi khi st dung dung dich
H2SO4. Tap chat SiO» khéng xuét hién trong ca 4
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mau. D4i vdi mau két tla bang H2SO4 thi ham luang
SOs rét cao (21,85 %) con déi vai mau két tua bang
khi CO2 lai xudt hién tap chat chilta CaO, diéu nay
chiing t6 c6 phén tng CaO véi COz dé tao CaCOs
két tla lan trong san phdm. Qua két qué trén bang
3 nhén théy c6 thé sit dung axit HCl, CH3COOH va
khi CO2 dé san xuét Al(OH)3 c6 dé sach cao tir dung
dich NaAlO..

Nhiét phan Al(OH)3 dé san xudt a-AlO3

Két tua Al(OH)3 tha tir dung dich NaAlO, bang axit
CH3COOH sau khi dugc loc rifa va sdy khd & 115°C
trong 4 gid s& dugc dem di nung dé san xuét Al203
c6 dé sach cao. Gian dd TG mau Al(OH)s dugc cho
& hinh 7 dudi day.

3.0 148°C
o 99.9%

32.3% 288°C
82.2%

o
DTA /uV
Weight/ %

DTG / (mg'min™)

0.5 (2)8.-8701C ¢/mi |
20| oueec .571 mg/min Lso
0.172 mg/mi
0.0

30 120

100 200 300 400 500 600 700 800 900 1000
Temperature / °C

Hinh 7: Gidn d® TG/DTA mau Al(OH)s

Hinh 7 cho thdy Al2Os dugc tao thanh hoan toan
khi nung méau tr 600 °C trd nén. Tuy nhién nghién
clu nay tap trung vao san phdm dang o-AlOs.
Qué trinh chuyén pha cta cac dang oxit nhém
dugc cho & bang 4.1

Bang 4: Qué trinh chuyén pha clia oxit nhém

Tién chat| Qua trinh chuyén pha theo nhiét dé
nung

Gibbsite — 280 °C — x-phase — 800 °C

Gibbsite — k-phase — 1000 °C — a-ALO3

Bayerite — 280 °C — m-phase — 830°C

Bayerite — 0-phase — 1000 °C — a-Al20s3

Boehmite-450 °C—y-phase -
Boehmit | 800°C—56-phase — 920 °C—0-phase —
1050 °C—0o-Al203

Diaspore | Diaspore — 500 °C = o — AlO3

Nhu vay cé thé thdy khi nung dén 1050 °C thi tat ca
cac dang thu hinh ctia nhém hydroxit déu thanh o-
Al2O:s.

Hinh 8 & gian do nhiéu xa XRD méau oxit nhém sau
khi nung Al(OH)3 & 1100°C trong 2 gid. Két qué phan
tich XRD cho théy san phdm tao thanh hoan toan &
dang o-AlOs (corundum).

15004 B

10001 H

e

EY 0
2theta [deg)

Hinh 8: XRD méau Al:03 dugc nung & 1100 °C trong 2 h

Hinh 9 13 dnh SEM mau san pham a-AlOs khi nung
Al(OH)3 & 1100 °C trong 2 h.

Két qua phan tich kich thudc hat mau a-Al.03 bang
tan xa laze dugc cho & hinh 10.

- 100
N 90
502 1 #
e At N
i % §_
) N
§w 50
: o §
20 = e
10- @
)
0.0' | 84 | IIIIIII e IIII|II' 1 '0
0010 0100 1000 1000 1000 1000 3000

Diameter(um)
Hinh 10: Phan bd kich thudc hat AlOs

Két qua hinh 10 cho thdy kich thudc hat trung binh
san phém a-Al203 san xudt theo phuong phép nay
vao khodng 10 um.
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K&t luén

D& nghién clu thanh phan hoa hoc, thanh phan
pha va hinh thai hoc bé mat hat nhdm hydroxit nha
may Tan Rai.

P& nghién cliu qua trinh lam sach cac tap chat
NazO, SiOz va CaO trong mau nhdm hydroxit.

P& nghién cliu qué trinh hoa tan Al(OH)s trong
dung dich NaOH va tim dugc diéu kién t6i uu.

D& nghién clitu qué trinh két tda tU dung dich
NaAlO, dé san xuat Al(OH)3 ¢ dé sach cao va nung
chuyén pha Al(OH)3 vé dang a-Al;Os.
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