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SUMMARY

SYNTHESIS OF HIGH-PURITY ALUMINA BY THERMAL DECOMPOSITION
OF INORGANIC ALUMINUM SALTS

The inorganic aluminum salts such as Ammonium aluminium carbonate hydroxide (AACH with chemical
formnla  NH4AICO3(OH),;) and Ammonium aluminium sulfate (AAS with chemical formula
(NH, )AI(SO, ), .12H,0) have been known as the excellent precusors to synthesize high-purity alumina
because the simultaneous removal of NHs;, CO,, SO, and H,O occurs during the thermal decomposition.
Probably, this is the cause resulting in the formation of fine aluminium oxide. It is shown that the synthetic
method used to prepare the precusors and the method to fabricate alumina from the precusors have a
significant effect on the structure, porosity, and dispersion of the resulting aluminium oxide. This work
forcus on synthesising of high-purity alumina by heat decomposition of AACH and AAS.

Keywords: ammonium aluminium carbonate hydroxide, Ammonium aluminium sulfate, high-purity
alumina, synthesis

1. PAT VAN DE van duong 6ng. Bén canh d6 nhom oxit 1a
mot hop chat cd tinh 6n dinh cao, chiu
nhiét va cach dién tét, c6 kha ning chong
an mon cao trong moi truong mudi, kiém
va axit vi vay n6 duoc sir dung trong san
Xuat cac dng bao vé cap nhiét dién caa 10
nung, cac 6ng dan trong néi hoi, ndi nau
kim loai, vat liéu cach dién va vat liéu
chéng chéy. Véi viéc thay thé cac bo phan
kim loai trong cac may méc, thiét bi bang
vat liéu san xuat tir oxit nhdm sé& ting
cuong kha nang chbng gi, mai mon va
bién dang... Oxit nhdm chat luong dic
biét ¢6 thé dugc st dung dé san xuat dén
LED va dén chiéu sang, san xuit cac ong
Mo cho dén natri cao ap, san XUat ngoc

Do ¢ mét sb tinh chat dic biét, oxit
nhom da duogc su dung rong réi trong cac
linh vuc cong nghé hién dai. Oxit nhém
dang y duoc str dung dé san xuat cac chat
xdc tac va chat mang xudc tac, chat hap
phu, chit 1am sach moéi trudng khéng khi,
chat 1am khé sau cua khi. Oxit nhém dang
a-Al,O3 (corundum) c6 do sach va kich
thuéc hat nho dugc st dung trong san
xuat céc loai gdm cao nhém (bao gom
gbém su trong sudt, 4o giap chdng dan va
gbém sinh hoc), 1am chét don trong vat liéu
chiu lira, vong dém, bi nghién, 16t khudn
duc, trong san xuat vat liéu chiu mai mon,
cac dung cu cit gon, va cac bo phan cua
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bich, mat kinh dong ho, dung cu goém cé
d6 bén cao, san xuat cac chi tiét chiu mai
mon, bang tir... Ngoai ra oxit nhém thugc
nhom vat liéu cach dién tdt nhat nén
thuong duoc sir dung dé ché tao cac chi
tiét cach dién, vi du nhu gém cach dién,
dé cua chip vi mach trong cong nghiép
dién tw, bugi xe may, 1& cach trong pin ion
Lithium... [1-6].

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chat va dung cu

Mudi Alp(SO4)s, o tinh khiét
(PA, TQ)

Mudi (NH4)2SOs4, d6 tinh khiét >
(PA, TQ)

NH;HCO3, d6 tinh khiét > 99% (PA, TQ)
(NH4),CO3, do tinh khiét > 99% (PA, TQ)
Can phan tich 4 sb

Binh 4n nhiét

May khudy co

> 99%

99%

May loc hat chan khéng

Lo nung, ta say

May say phun

Cbi nghién bi va bi nghién cao nhom

Céc dung cu thuy tinh: nhiét ké, coc thiy
tinh chiu nhiét, 6ng dong, ...

2.2. Phwong phap tong hop tién chat
Céc tién chat dé cap trong nghién ctu nay
la mot s6 mudi vo co dé phan hay nhiét
cia nhom nhu NH4A|(SO4)212H20,
NHAI(OH),COs.

- Tién chat NH,4AI(SO4).12H,0 dugc ché
tao bang cach cho dung dich muoi
Al3(SO4)3 nong d6 1,0M-1,2M phan tng
véi dung dich muoi (NH4),SO4 ¢ nong
d6 1,5M-2,0M. Phan tng Xay ra nhu sau:

A|2(SO4)3 + (NH4)QSO4 + 12H,0 —
INH,AI(SO4),.12H,0
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Sau phan tng tién hanh loc rira sach bang
nuéc cat hodc nude deion dén khi khong
con sy c6 mat cua ion SO,.%. Kiém tra
bang dung dich BaCl, (0,1N).

- Tién chat NH4AI(OH),CO; dugc ché tao
bang céach cho dung dich muéi AICI; hoic
Aly(SO4)3 ndéng d6 1,0M-1,2M phan tng
v6i dung dich mudi NH;HCO; hoic
(NH4),CO3; néng d6 1,5M-2,0M. Cac
phan &ng xay ra nhu sau:

AICIl; + 2(NH4)2C03 —
NH,AI(OH),CO3{ + 3NH,CI + 2H,0+
CO,

A|2(804)3 + 4(N H4)2C03 — 2
NHAI(OH),CO3{ + 3(NH4),S0, +
4H,0+ 2CO,

AICl;3 + NH;HCO3; — NH,AI(OH),CO3l
+ 3NH4CI + 2H,0+ CO,

A|2(804)3 + NH4HCO3; — 2
NHAI(OH),CO3{ + 3(NH4),S0, +
4H,0+ 2CO,

Két tua tao thanh dugc tién hanh loc rua
nhiéu 1an bang nuéc cit hoic nuéce deion
dén khi khong thiy su c6 mat cua cac ion
CI/SO,#ICH3COO". Kiém tra bang dung
dich AgNO; (0,1N) va BaCl, (0,1N).

2.3. Tong hop oxit nhdm tir tién chét
Cac mudi vo co d& phan hay nhiét caa
nhém khi nhiét phan sé tao thanh oxit
nhém.

2NH4AI(SO4)2.12H,0 — Al,05 + 2NHa?
+ 45031+ 25H,041

2NH4AI(OH),CO;3 — AL,Os + 2NHst +
2C0,1 + 3H,0h;

Do phan ng nhiét phan céac tién chat tao
thanh oxit nhém, cac khi NH3, SOz, CO,
va hoi nude do d6 néu tién chat duoc tong
hop tir hda chat tinh khiét va nuoc cit
hoic nudc dé ion thi oxit nhém thu dugc
s& c6 do sach cao, ciu tric xop.



3. KET QUA VA THAO LUAN

3.1. Nghién ciu phan hiy nhigt tién
chat

Dé xac dinh nhiét d6 phan hay cia mudi
NH4A|(SO4)2.12H20, nghlén cuu da su
dung phuong phap phan tich nhiét trong
luong (TGA). Gian dod phan tich nhiét
TGA cua hop chat dugc ghi tr 25 —
1000°C, téc do gia nhiét 10°C/phdt, trén
may Thermo Plus VEO2 cua Rigaku. Két
qua dugc cho trén hinh 1.
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Hinh 1. Gian do TGA tién chat

NH,AI(SO,)2.12H,0
Két qua TGA trén hinh 1 cho thay, sy mat
nuéc bat dau xay ra o nhiét do > 80°C va
két thic ¢ khoang 230°C, tuong ung Voi
% sy giam khdi luong la 48.7% (ly
thuyét:  47.69%). Mudi kép khan
NH,AI(SO,); bit dau phan hay trong
khoang nhiét do tir 415°C dén 517°C.
Trong khoang nhi¢t d6 nay sy phan huy
chi xay ra véi mudi amoni, hop chit thu
duoc 1a mudi nhém sunfat khan véi do
giam khéi luong 12 62.2% (ly thuyét la
62.26%). Va cudi cung la sy phan hay cua
mudi nhdm sunfat khan, bat dau & nhiét
do trén 600°C, va co ban két thic &
820°C, tao thanh san pham Al,Os, tuong
g voi d6 giam khéi luong l1a 88.6% (ly
thuyét 88.75 %).

Db thi dong nhiét (heat flow) cho thiy
xuét hién qua trinh téa nhiét xay ra ¢ nhiét
d6 trén 900°C. Piéu nay phu hop véi qua
trinh chuyén pha tir y - ALO3 sang o -
Al,O3 [7].
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Hinh 2. Gian dé TG/DTA tién chdt
NH,AICO5(OH),

Hinh 2 la gian df) phén tich nhiét trong
lugng cua tién chat NH,AI(OH),CO:s.

Gian d6 hinh 2 cho thay céc pic thu nhiét
tmg v6i giam khdi lugng, ¢ 103.36°C
giam  12.639%, & 212.96°C giam
28.651%. Tir nhiét d6 620-1100°C khdi
luong hau nhu khong giam, diéu nay l1a do
tién chat d3 mét nuéc hoan toan tao ra
Al,O;. O nhiét do 948.6°C cd pic thu
nhiét, diéu nay co thé do su chuyén pha
sang dang o-Al,Os. T 1000-1200°C
khong thay su thay d6i nao nita ching t6
oxit nhom di ton tai & dang bén 1a a-
Al,O3.

3.2. Tong hep Al,O3 bang phan hiy
nhiét tién chat NH,AI(SO4),-12H,0

Két qua nghién cau tir phan tich nhiét
trong lugng mudbi kép
NH,AI(SO,),.12H,0 cho thiy, oxit nhém
chi ¢ thé tao thanh ¢ nhiét d6 khoang
600°C tr& 1én. Vi vay mau tién chét sau
khi say khd & 115°C trong 2 gio dugc cho
vao 10 nung, téc d6 gia nhiét 15°C/phat tir
nhiét d6 phong dén 900°C, giir ¢ nhiét do
nay 30 phut, sau do nhiét do tiép tuc duoc
nang lén 1100°C, téc dd6 gia nhiét
10°C/phat. Mau dugc giit ¢ nhiét do nay
trong 2 gio sau do duoc lam ngudi tu
nhién xudng nhiét d6 phong.

Hinh 3a l1a gian d6 nhiéu xa tia X ciia miu
duoc nung & 1100°C trong khong khi sau
2 gio. Két qua cho thay o - Al,Os3 1a mot
trong nhitng pha chinh, bén canh vy -
Al;03. Cac peaks twong wng Vvéi chi sb



Miller thugc vé pha o - Al,Os, cac peaks
con lai thuoc vé pha y - Al,O3 [8]. Nhu
vay, sau 2 gio nung & 1100°C, mau van
con pha y - Al,Os.

Hinh 3b dua ra két qua nhidu xa tia X
mau thu duwoc sau khi nung
NH4AI(SO.)»12H,0 & 1100°C  trong
khong khi sau 6 gio. Két qua nhidu xa X
cho thdy san pham 14 don pha a. - Al,Os.
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Hinh 3. XRD mdu Al,O; tgo thanh khi nung
NH,AI(S0,),-12H,0 ¢ 1100°C trong 2 gic (a) va 6
gio (b)

3.3. Tong hep Al,O3; biang phan hay

nhiét tien chat NH,AICO3(OH),

Két qua phan tich nhiét tién chat
NH,AICO3(OH); trén hinh 2 cho thay c6
4 pic thu nhiét ¢ 103.36°C, 212.96°C,
293,39°C va 462.88°C. Cac pic thu nhiét
s€ g Voi cac giai doan phan huay nhiét
cua tién chat. Nghién cau nay cho thay
nhiét d6 phan hay nhiét cua
NH,AICO3(OH), thap hon nhiéu so véi
tién chat NH,AI(SO,)2.12H,0 do d6 c6
thé sir dung phuong phap sy phun dé
diéu Che bot Al,O3. Uu diém cua phuong
phap sy phun 1a téc do tao thanh Al,O3
nhanh, hat min va roi nhau nén khéng tén
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ning lugng nghién vé sau. Nghién ciu
ndy di st dung may say phun HT-
RY1500 cua Trung Quéc. Pé tién hanh
sdy phun can phan tin két tua
NH4AICO3(0OH); vao nudc theo ty 1¢ 150-
200 gam két tia/1000mL nudc cat hoic
nuéc deion, khudy tron huyén phu trong
60 phat ¢ tbc d6 2000-3000 vong/phut dé
phan tan déu cac hat két tua.

Két qua phan tich hinh thai hoc bé mat hat
Al,O3 tao thanh sau khi tién hanh siy
phun  dung dich  huyén  phu
NH,AICO3(OH); & 300°C bang anh SEM
cho thay cac hat Al,O3 tao thanh c6 dang
hinh cau kha doéng déu, kich thudc trung
binh khOang 20-30nm (h|nh 4 a, b)

Hinh 4. Anh SEM mdu Al,O5 khi sdy phun
NH,AICO5(OH), ¢ 300°C (a, b) va nung ¢ 1100°C
trong 2 gio (c, d)

Két qua phan tich thanh phan pha theo
phuong phap XRD cho thay bot Al,O3 thu
dugc theo phuong phap say phun huyén
pht NH4AIO(OH)HCO; ¢ 300°C ¢6 dang
vo6 dinh hinh (hinh 5a).

Pé tao thanh san pham o-Al,O3 can phai
nung chuyén pha bot Al,O; sau khi siy
phun. Nghién ctru da tién hanh nung mau
Al,O; trong khong khi ¢ 1100°C trong 2
gio. Két qua cho thiy san pham sau khi
nung da chuyén vé dang a-Al,0s (hinh 5b).

Phan tich hinh thai hoc bé mat mau bét a-
Al,O; cho thay kich thuéc hat trung binh
van nam trong khoang 20-30nm, diéu d6
c6 nghia khong co su két dinh cac hat oxit



nhém trong qua trinh nung. Tuy nhién
mau oxit nhdm sau khi nung cé hién
tuong co bé mit, diéu d6 ching t6 cac hat
da bi thidu két (hinh 4c, d).
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Hinh 5. XRD mau Al,O; tao thanh theo phuong
phéap say phun NH,AICO5(OH), ¢ 300°C (a) va
sau khi nung ¢ 1100°C trong 2 gio

4. KET LUAN

- Pa tong hop duoc 2 tién chat dé phan
huy nhiét cua nhém la
NH4A|(SO4)2.12H20 va

NH,AICO3(OH); tir cac mubi don
A|C|3 hOéC A|2(804)3 va NH4HC03
hoac (N H4)2CO3.

- Da tién hanh phan tich nhiét trong luong
Cua cac tién‘ chat ’dé xac dinh nhiét do
phan huy tién chat cling nhu nhiét do
chuyén pha cua c&c dang oxit nhém.

- Da tién diéu ché duoc oxit nhdm tur céc
tien chat theo phuong phap nung doi
Véi NH4A’I(SO4)2.12H20 Vfi, phuong
phap say phun doi Vai
NHAICO3(OH),.

- D4 nghién ciu qué trinh chuyén pha
cua Al,Oz vé dang a-Al,Os.

LOT CAM ON

Bai bao duoc thuc hién dudi su tai tro

kinh phi tir dé tai Nghi dinh thu “Nghién
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ctru cOng nghé san xuét bot alumina tinh
khiét tr nhdm hydroxit caa Viét Nam
ding cho san xuat hat nghién Hiper
AI997”, ma sb mad s6 NDT/DE/22/15
thugc Chuong trinh ZIM.
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