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Anh hwéng ciia qua trinh gia cong nhiét téi sw hinh thanh ciu tric vat liéu
chiu lwa xop a-Al.Os3 tir Al(OH)3
Influence of Heat Treatment on the Formation of a-Al,O3 Porous Refractory Material from Al(OH)3
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Tém tat

Vét liéu chiu ltra xdp cao nhém la mét trong nhifng loai vét liéu duoc dng dung lam viéc & nhiét dé cao (1én
t6i 1700°C). Nghién ctru nay st dung hydroxit nhém vira la nguyén liéu cung cép Al2Os vira la tac nhén tao
xdp. Khi gia céng nhiét, nuéc trong cau tric hydroxit nhém sé phan huy dé lai 16 xép, déng théi chuyén déi
ttr hydroxit nhém thanh tap hop céu tric tinh thé a-AlOs. Trong nghién ctru nay str dung phurong phap phan
tich nhiét vi sai, DTA, DTG dé phén tich déc tinh cta nguyén liéu déu. Céc phuong phdp, nhiéu xa tia X
(XRD), chup &nh dwéi kinh hién vi dién tir quét (SEM), va mét sé phuwong phép phi tiéu chuén dung dé phéan
tich céc tinh chét va céu tric cta vat liéu thu duoc & cac ché dé gia céng nhiét khéc nhau, nhdm lam ré anh
hudéng cia ché do gia cong nhiét dén hinh thai cau tric cta tap hop tinh thé a-Al.03 va mét sé tinh chét co

ly caa vét liéu.

Tir khoa: Gia cong nhiét, AI(OH)s, a-AlOs, vat liéu chiu Ira xbp.

Abstract

High alumina porous refractory material is one of the materials used in high temperature applications (up to
1700°C). This study uses both aluminum hydroxide as a feedstock for Al20z and as a foam agent. When
heat treatment, the water in the aluminum hydroxide structure decomposes leaving the porous hole and
converting from aluminum hydroxide to the a-Al2O3 crystalline structure. In this study, the use of differential
thermal analysis, DTA, DTG to analyze the characteristics of the raw materials. Methods, X-ray diffraction
(XRD), photographic scanning electron microscopy (SEM), and some non-standard methods used to
analyze the physical properties and structure of materials obtained in the different thermal processing
conditions are used to clarify the effect of heat treatment on the structural form of the a-Al203 crystalline
aggregate and some physical properties of the material.

Keywords: Heat treatment, Al(OH)s, a-Al20z, porous refractory.

1. Mé dau

~ Vat ligu oxit nhom xép 1a loai VAt ligu chiu lra
XOp c6 thanh phan chinh 1a oxit nhém (Al;O3) — ton
tai & dang anpha oxit nhom (a-Al>O3).

Trén thuc té, phuong phap san xuat vat lidu
chira a-Al,O3ssit dic phd bién va d& thyc hién hon rat
nhiéu so véi vat liéu chira a-AlO3 c6 d6 xdp cao ma
van c6 kha nang lam viéc 6n dinh lau dai ¢ nhiét do
1én t6i 1700°C. Vat lidu x6p va 6n dinh 1au dai & nhiét
d6 cao nay s& rat hitu ich khi str dung dé lam vat liéu
cach nhiét trong cac 10 nung lam viéc & nhiét d6 cao.

V6i ngudn nguyén liéu va phuong thuc xur 1y
nhiét khac nhau sé€ tao ra oxit nhdm cé cac dang thu
hinh a—A|203, B-Ales, ’Y-A|203, 9-A|203, K-A|203, 0-
Al,03 [1]... Bang cach phan huy nhiét hydroxit nhom
s€ nhan dugc 3 dang thu hinh chinh: a, B, y-Al2Os3,
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trong d6 dang o va y-Al2O3 hinh thanh khi khong c6
mat cua tap chat [2], con dang B-Al,O3 chi tao ra khi
c6 mat cua tap chat.

Hydroxit nhom c6 cong thic 1la AlOsz.nHO
ching dugc chia 1am 3 loai: gibbsite (hidrargillite)
Al,03.3H,0, beohmite va diaspor déu c6 cong thiic
chung la A1,03.H,0 [3].

Tuy thudc vao diég kién gia cong nhiét cu thé
ma hydroxit nhém s€ bién d6i thanh cac dang ton tai
khac nhau.

O didu kién gia nhiét thong thuong gibbsite
(Al03.3H,0) s& qua giai doan mét hai phan tir nudc
tai khoang nhiét d6 208 - 370°C (tao ra dang
boehmite - Al,0s.H,0) [4], mat tiép mot phan tir
nudc ¢ khoang 500 — 700°C (tao y-AlbO3). Hai qua
trinh mat nudc nay lam giam 36,43% khoi lugng [4]
va qua trinh chuyén d6i dang thu hinh cua Al,O3 tir y
sang o & khoang tir 900°C.
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Bang 1. Thanh phan hoa hoc ciia hydroxit nhém nguyén lidu

Hydroxit nhdm nguyén liéu

Thanh phan hoa hoc | SiO, | Al,O3 Fe.03

TiO

Ca0 | KO Na,O MKN

% khéi luong 65,92 0,03

MgO

0,05 34,00

Hydroxit nhom khi gia cong nhiét Xdy ra qua
trinh mét nudce 1y hoc, héa hoc va qua trinh két khbi
co thé tich. Qua trinh ndy thong thuong sé két thuc &
trang thai sit dac cao (kh01 lugng thé tich ~3,8 g/em?).
Dé vat liéu c6 h¢ 15 x6p ¢6 c& micro va meso xen 1an
trong ciu triic khung hinh thanh boi tap hop tinh thé
a-Al,03 thi phuong phap khéng ché dleu kién gia
cong nhiét hop 1y trén co so tim hiéu sau vé m01 lién
quan giira nhiét do, thoi gian luu va hinh thai céu trac
cua tap hop tinh thé a-Al,O3 1a phuong phap c¢é hiéu
qua va kha nang ap dung thuc tién cao. Chinh vi vay,
viéc nghién ctu anh hudng cua qua trinh gia cong
nhiét t6i sy hinh thanh tap hop cau trac a-Al,03 co
vai trd quan trong trong san Xxut vat liéu oxit nhom
xop di tir nguyén lidu du 1a hydroxit nhom (dang
khoang gibbsite).

2. Nguyén vit li¢u va phwong phap nghién ciru
2.1 Chudn bi mdu nghién ciru

Nguyén li¢u chinh duoc sur dung 1a: hydroxit
nhom c6 thanh phan hoa hoc trong bang 1.

Phéi liéu duoc chudn bj dé tao hinh bang
phuong phap ép ban kho véi do am 6% va phu gia
hoéa déo PVA 1% tinh theo khéi lugng nham ting
cuong do6 moc.

Sau khi phoi liéu da dong nhét vé do am va phy
gia hoa déo, mau duoc tao hinh trong khudén hinh tru
dxh=25x25 (mm), &p luc ép: 80 (kg/cm?)

Mau thu dugc dem siy kho ¢ 110°C trong 24h
truge khi tién hanh gia cong nhiét.

Cac mau nghién ctru dugc tién hanh gia nhiét
Vi tc do (4°C/phut), tang toc do cham tai cac giai
doan (xac dinh trong muc 3.1) va thuc hién luu ¢ cac
ché do khac nhau. Trong nghién ciru nay xem xét anh
huong cua nhiét do dén cac mau co cing thoi gian
luu (gia cong nhiét mot bac), anh hudng cua thoi gian
luu ¢ cung nhiét d¢ va anh hudéng cua gia cong nhiét
¢6 thoi gian luu ¢ hai khoang nhiét d6 khac nhau (gia
cong nhiét hai bac)

2.2 Phwong phdp nghién ciru

- Xéc dinh sy anh huong cia nhiét do dén qua
trinh phan huy Al(OH); bang phan tich nhiét vi sai
DTAva nhiét trong luong TG.

- Xéc dinh thanh phan khoang cua vat liéu bang
nhiéu xa tia Ron-ghen (XRD).
- Xac dinh hinh thai c4u tric vat li¢u bing kinh
hién vi dién tir quét (SEM).
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- Xéc dinh céc tinh chat co 1y cua vat ligu (khoi
luong thé tich, d6 co toan phan) theo phuong phap
phi tiéu chuan.

2.3 Thiét bi sir dung nghién ciru

- Lo nung dién cyc Lenton — nhiét d6 toi
1700°C.

- Tu sy WiseVen — WOF — 105.

- May ép thuy luc.

- Hé thdng thiét bi, dung cu phan tich, do luong:
e May kiém tra c¢& hat Horiba LA — 300.
e Can k¥ thuat d6 chinh x4c 102 g.
e May phan tich thanh phan hoa MESA.

e May phén tich thanh phin khoang DS —
advance.
3. Két qua nghién ciru va thao luan
3.1Khdo sdt anh hwéng cia nhigt dp dén qud trinh
phéin huy Al(OH)3

Figure:  Experiment: Al(CHR
2610502016 Procedure; RT —>900C (10 C.in-) (Zone 2)
T T T T T

SETARAM Crucibie: PT 100 AtmosphereAir

Mass (mg): 6115

T T
S FeaFlowmw
Exo/ﬁ o

Labsys T&
T

Peak 52880 °C

Peak 347.35 °C

Onset Point 262,55 °C
Enthalpy /g : 670.68 (Endothemic effect)

Hinh 1. Biéu d6 phan tich nhiét vi sai cua hydroxit
nhom

Qua biéu db ta thay xuat hién ba peak thu nhiét
tai 259°C, 347°C va tai 528°C twong (ng vdi qua trinh
mat nuéc hoa hoc, chuyén tir hydroxit nhom dang
gibbsite (Al203.3H.0) sang hydroxit nhom dang
beohmite (Al,0s.H,0), cudi cing 1a sang Al,O3 Véi
tong khdi lwong mat khi dén nhiét do 700°C la
33,85%.

Nhu vay, mau khao sat can duoc gia nhiét véi
tbc do cham tai cac diém xay ra qué trinh mit nuéc
hoa hoc nham dam bao cho mau khong bi nirt v khi
hoi nudc thoat ra manh. Trong nghién ctu tiép theo,
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tat ca cac mau duoc gia nhiét cham (1°C/phit) tai
khoang 250°C - 400°C va 500°C - 550°C.

3.2. Anh hwéng cia nhigt dg lww dén sw hinh thanh
khodng
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Hinh 2. Biéu d6 XRD cua miu: a) luu mot bac tai
1250°C: 3h, b) Luu mot bac tai 1450°C: 3h

Céc tai liéu tham khao di cho biét, sau khi phan
huy nhiét thanh y-Al,Os, qua trinh bién d6i thu hinh
sang dang a-Al,Oz s& dién ra trudc khi dén nhiét do
1250°C. Két qua kiém tra XRD d6i v6i mau nghién
ctiu cho thay, khi luu 3h ¢ 1250°C, vat liéu da chuyén
ddi hoan toan sang dang a-Al,O3 (hinh 3). So sanh
biéu do XRD cua hai mau luu cung thoi gian 3h &
nhiét do 1250°C va 1450°C khong cho thay sy khac
nhau, vi vay co thé néi trong khoang nhiét d nay o-
Al,O3 di 6n dinh céu tric co ban cua no.

3.3 Anh hwéng ciia ché dp gia nhigr d@én dp xdp va
dg co toan phan

3.3.1 Anh huwong cua nhiét dé lweu doi véi mau gia
cong nhigt mgt bdc

Qué trinh bién d6i thu hinh sang dang o-Al,03
din ra hoan toan va 6n dinh céu truc co ban khi luu
3h & nhiét do 1250°C vi vay nghién cuu lya chon luu
mau tai cac mdc nhiét do tir 1250°C dé xem xét anh
huong cua nhiét do dén do xbp, do co toan phan cua
mau (bang 2). Luu mau & cac nhiét d6 khac nhau
(1250°C - 1300°C - 1350°C - 1400°C - 1450°C -
1500°C - 1550°C - 1600°C) Véi cung thoi gian luu
(3h).

Két qua kiém tra khdi luong thé tich cua cac
mau cho thay rd rang, khéi luong thé tich tang khi
nung mau & nhiét d6 cao hon. Vat liéu c6 khdi lwong
thé tich tir 1,14 (g/cm3) khi gia nhiét & 1250°C va
1,28 (g/cm®) khi gia nhiét ¢ 1600°C. Diéu nay dugc
giai thich la do nhiét d6 nung cang tang thi sy dao
dong cua cac ion tai cac nit mang cang 1én, dan téi
kha nang khuéch tan vat chit tang 1én, lam ting mirc
do két khdi dong thoi tang khéi luong thé tich. Két
qua song hanh vé do co toan phan 1a twong thich Vi
két qua kiém tra khdi lwong thé tich, khi khdi lwong
thé tich tang thi do co toan phan ting. Mtc d6 chénh
léch v& d6 co toan phan gita mau luu ¢ 1250°C va
1600°C twong ddi 16n 16n (4,11% va 7,91%), diu nay
s& han ché kha ning sir dung vat liéu do sy mat 6n
dinh gay ra.

Bang 2. Ché o gia cong nhiét lvu Mot bac ¢ cac nhiét do cudi khac nhau

Mau M1 M2 M3 M4 M5 M6 M7 M8
Nhiét d nung cudi (°C) 1250 | 1300 | 1350 | 1400 | 1450 | 1500 | 1550 [ 1600
Thoi gian luu (gio) 3 3 3 3 3 3 3 3
Anh huong cia nhiét dé heu dén khoi lwong thé tich va dé co todn phan
13 127128 —~ 8’2 791
P 125 S . 7,38
S 125 g
< = 7
S 265
2512 117117M2 g 6
22 1 5 55
3 115 o 5 4,46 463
ﬁ o) 4’5 4,11
11 4

M1 M2 M3 M4 M5 M6 M7 M8
Mau

ML M2 M3 M4 M5 M6 M7 M8
Mau

Hinh 3. Anh huéng cua nhiét do luu dén khdi lwong thé tich va do co toan phan ddi véi cac miu gia cong nhiét

mot bac
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Hinh 3. Anh huong cua nhiét do luu dén khdi luong thé tich va do co toan phan ddi véi cac miu gia cong nhiét
hai bac

- 100nm AIST 10/4/20|

100nm AIST 10/4/2016
5.0kV SEI SEM WD 7.7mm  12:58

X 30,000 5.0kV SEI SEM WD 7.8mm 11:51:38 X 30,000

10/4/] - 100nm AIST 12/8/24
SEM WD 7.7mm 13: X 30,000 5.0xV SEI SEM WD 8.1mm 11:09

100nm AIST

Hinh 4. Anh SEM cia mau: a) 1250°C — 3h, b) 1450°C — 3h, ¢) 1250°C — 3h va 1450°C — 3h, d) 1250°C — 12h
va 1450°C — 3h
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3.3.2 Anh huong cua ché dé gia nhiét @oi véi mau gia
coéng nhiét hai bdc

Mau duoc gia cong nhiét theo ché do luu hai
bac: bac mot Iuu tai diém nhiét do chuyén ddi hoan
toan dang thu hinh tir y-AlO3 sang o-Al,Os (tai
1250°C, cac mau luu Oh, 3h, 6h, 9h, 12h) va bac hai
luwu 3(h) tai nhigt d6 nung cubi (1450°C).

Két qua khao sat cho thay, thoi gian luu bac mot
& nhiét d6 1250°C tang (0,3,6h) lam khdi lugng thé
tich va do co toan phan ting va cao hon so véi luu
mot bac cung thoi gian ¢ 1450°C. Nhu vay, tai
1250°C, qua trinh két khdi tao ra tap hop cac tinh thé
0-Al,O3 dii cham nhung van déng gbp vao qué trinh
chung khi nung tiép vat liéu & 1450°C. Véi cac mau
¢6 thoi gian luu bac mot dai hon (9,12h) khdi lugng
thé tich va do co toan phin khong tiép tuc ting ma ¢
xu huéng giam, nhu vay viéc ting thoi gian luu két
khi & nhiét do thip dén mirc nao d6 s& 1am ting tinh
on dinh cua tap hop tinh thé va giam kha ning tap
hop két khdi & nhiét d6 cao hon.

3.4 Anh hwong ciia ché dg gia nhiét dén hinh thdi
Cdu tric vt ligu

Anh SEM cua tit ca cac mau c6 ché do gia nhiét
khac nhau déu cho thay hinh thai cdu trac twong tu,
céc 16 x6p phan bd ddng déu gitra tap hop tinh thé a-
Al>Os.

Mau luu 3h & 1250°C, tap hop cac tinh thé c6
kich thudc nho tir 100nm dén 300nm (a). Khi luu
cung thoi gian & 1450°C, tap hop tinh thé co kich
thudc taing manh dén ¢ pm, ddng thoi kich thudc 16
x6p ciing ting tuong ung (b).

Mau Tuu 3h & 1250°C va 3h & 1450°C (c) cho
thiy kich thudc cua tap hop tinh thé khong ting so
Vv6i luu mot bac tai 1450°C (b) nhung c6 thé nhan
thiy sy giam xudng cua kich thudc 15 xdp. Thoi gian
lru dai hon ¢ 1250°C (d) cho thay tap hop tinh thé c6
xu hudng tang kich thuéc theo chiéu dai va ting kha
ning dan xen giita chung trong ciu truc.
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Két luan

Khi gia cong nhiét hydroxit nhém, tu 1250°C
vt liéu da hoan toan ¢ dang a-Al,Os3.

Tang nhiét d6 nung, khdi lwong thé tich va d6 co
toan phan ting. Mirc d6 ting rd rét nhat tai khoang
1250°C dén 1450°C va tang yéu dan trong khoang
1450°C-1600°C.

Ché d6 gia nhiét hai bac & 1250°C va 1450°C-3h
lam tang khdi luong thé tich cua vat liéu so véi gia
nhiét mot bac & 1450°C-3h. Khi thoi gian luru bac mot
& 1250°C du dai (9h, 12h) thi khéi lugng thé tich cua
vat liéu lai giam xubng so mau luu ¢ 1250°C-6h va
1450°C-3h. Chénh léch vé khéi luong thé tich cua vat
liéu khi lIuu hai bac véi thoi gian luu bac mét khac
nhau 1 rat nho.

Nhiét d6 tang lam tiang kich thudc cua tap hop
tinh thé a-Al,0s. Thoi gian luu bac mot dai hon sé
lam tap hop tinh thé ting manh kich thudc theo chiéu
dai va mtc d6 dan xen trong ciu truc.
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