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MO PHONG VI CAU TRUC HE (A1,03),(SiOy)1.«
Hoang Van Hué
Pai hoc Cong nghiép thire pham TP.HCM

TOM TAT

Hén hop oxit (A1,03).2(Si05) [4S2] la vit liéu co ban trong cong nghé gom sit, loc héa
dau va la thanh phan co bdn ciia vé trdi dat, nhung hién nay cdc théng tin vé hé oxit nay
van chia dwoc nghién cieu day di. Bang phwong phdp MD va phirong phdp phén tich vé vi
cau triic ciia (A1,03).2(Si0,) trong khodng nhiét dg 350K - 5000K va dp sudt tir 0 - 25Gpa
cho thdy: lién két Si-O va O-Al tang. Cdc don vi cau tric SiOy, AlOs, AlO4 giam; cau tric
SiOs, SiOs, AlOs, AlOg, AlO- tang. Khi nhiér dé tang, dé dai cua cac cap lién két giam, tuy
nhién tai 5000K dg dai lién két Al - Al ting tré lai. Cdac don vi cdu tric chi yéu 1a SiOy,
SiOs, AlO3, AlO4 va AlOs hdu nhir khéng phu thuge nhiét dg.

Tir khéa: (Al,03).2(Si0y); MD; vi cdu triic; cdp lién két.

1. PAT VAN PE

Hop chat AS2 gdm hai loai oxit nhom
va oxit silic, trong tu nhién co thé tim thay
véi tén goi la zeolit va kaolin. Pay la cac
vat liéu ray phan tr ngay cang dong vai tro
quan trong trong xdc tac cong nghiép, dac
biét 13 zeolit. N6 cang ngay cang thay thé
vi tri cac loai xuc tac trudc day, vi thé da
thu hut duoc sy chd y cua nhiéu nha khoa
hoc trén thé gidi.

Zeolit 1a mot loai vé co dugc tim théy
trong tu nhién (khoang 40 ciu tric zeolit
khac nhau va mét sé dugc tong hop tir
nhiéu nguyén liéu khac nhau nhu di tir Si,
Al riéng 1é, cao lanh (200 loai zeolit tong
hop) ching dugc tng dung rdng rai trong
nhiéu linh vyc khoa hoc ciing nhu cong
nghiép v6i vai tro chinh 1a chat xitc téc,
chat hap phy va trao d6i ion. Chung con
duogc sir dung dé tach va 1am sach khi, tach
ion phong xa tir cac chat thai phong xa va
dic biét 1a xuc tac cho nhiéu qua trinh
chuyén hoa hydrocacbon. Chinh nhd nhiing
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dic tinh ndi troi cta nd so véi cac loai xuc
tac khac nhu: bé mit riéng 16n, c6 thé dicu
chinh duoc lyc axit va nong do tAm axit,
cAu truc tinh thé xdp voi kich thuéc mao
quan ddng déu phu hop véi nhiéu loai phan
tir c6 kich c& tir 5A° - 12 A° va khd ning
bién tinh t6t. Do d6, zeolit duoc danh gia 1a
loai xuc tac ¢ dd bén, hoat tinh va chon
loc cao. Viéc tim ra zeolit tu nhién va téng
hop duoc ching da tao nén budc ngoat 16n
trong cong nghié¢p hod hoc, dic biét trong
nganh dau khi. Sy ing dung zeolit 1am ting
ca vé s6 lugng va chit luong ciia san pham
dau khi. Zeolit chiém khoang 95% tong
luong xuc tac trong loc va hod dau, cé
nhiéu Gmg dung trong coéng nghiép, trong
doi song [7].

Trong tinh thé zeolit, cc tir dién SiO,
va AlO, lién két v6i nhau qua nguyén tir
oxy. Khong gian bén trong tinh thé gom
cac hc nhé duoc ndi v6i nhau bang céc
duong ranh c6 kich thude 6n dinh. Nho hé
thong 16 xdp va cac dudng rinh ma zeolit
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c6 thé hép phu nhing phan tr c¢6 kich  AS2 trén nhicu phuong dién khac nhau [2,
thu6c nho hon kich thuéc 16 va day ra 3, 8, 9] nhung Van chua cung cép day da

nhirng phan tr c6 kich thudce 16n hon. thong tin vé vi cau tric va cac tinh chat vat
Thong thuong nguoi ta didu ché zeolit 1y ca hé nhu sb phéi tri, do dai lién két,
nhin tao tir gel duoc dun trong autoclay  tricluster”... cua h¢ AS2 trong diéu kién

chira cac hop chét nhom, silic; mot loai ~ ap sudt va nhi¢t do thay doi véi gia trj 1on.
dung méi; chat khoang héa va mot tic nhan ~ Bai bao s&€ cung cap thém cac thong tin chi
dinh hinh cdu trac (SDA). Tinh chét cia  tiét vé sy anh huong cua ap suat va nhi¢t do
gel, cac diéu kién phan tmg va kich thudc dén vi cau trac va tinh chat khuéch’ tan
cia tac nhan SDA 1a nhimg yéu t6 quan thong qua viéc phén tich do dai lién ket T-
trong gitip zeolit c6 dwgc nhimg kich thuge O, T-T, phan bo goc T-O-T, O-T-O (T dai
16 x6p (dic biét 1a loai 16 vi x6p) ma nguoi dién cho Al va Si), h¢ Sé‘ khuéch tén cua
ta mong mudn. Trudc ddy, dwa trén co s¢  Cac nguyén tu Al, Si, O, bang phuong phap
thue nghiém ta c6 thé dé diéu ché zeolit ~ mO phong dong luc hoc phan tir (DLHPT).

nhan tao v&i cac kich thudc 16 xp theo yéu 2. PHUONG PHAP TINH TOAN
cau. Dua trén cac thanh tuu méi cua khoa M0 hinh AS2 dugc tao tir 1650 nguyén

hoc k¥ thuat nguoi ta da thiét ké va tong hop  tir, bao gdm 300 nguyén tir Si, 300 nguyén
duoc cac tac nhan SDA modi, nho d6 tao ra  tir Al va 1050 nguyén tir O véi thé tuong
nhiéu cu tric tinh thé zeolit méi véi cac  tic BKS (van Beest, Kramer and van
tinh chat wu viét. Viéc tao ra c4c zeolitnhan  Santen) c6 dang sau:

taoA da?g d}mc ép d’ungNnge‘ly’ cang Ar(f)nA’g I‘Ejli. > (r)= 9,06’ A exp(— 5 r)— C.p (1)
Mot s loai zeolit c6 nhitng tinh chat rat doc “r “r “r re

dao (vi dy: khi 1am néng 1én nd s€ co lai...) voi a,f = Si, Al, O va r la khoang
s& 1a d6i tuong nghién ctru ctia cic nha khoa  cach giita mot ion loai o va mot ion
hoc dé tim ra cac ing dung méi (didu chinh  loai . Cac gia tri ciia cac thong sb
do dai song cua tia laser, ché tao cac linh {A: B, C,s} dugc tinh toan bang
kién dién tir cyc nho v.v...) [1, 5]. phuong phap ab initio véi cac gia tri chi ra

Di c6 nhidu cong trinh nghién ctru vé  trong bang 1. [4]
Bing I: Cac théng s6 ciia thé BKS hiéu chinh cho hé (A1,03),(Si02) 14

Cap nguyeén twr 8 Dién tich (e
4p nguy A, (V) B, (A" C,pev A9 : ©
0O-0 1388.7730 2.76 175.0 ga=+3e
Si-0O 18003.7572 4.87318 133.5381 (o = -2e
Al-O 8566.5434 4.66222 73.0913 QS. +4e

M6 hinh dau tién ctia hé nhan dwoc  budc va dua vé trang thai can bang ¢ nhiét
bang cach gieo ngiu nhién cac nguyén tr  do 2500K, 4p sudt la OGpa mat do
trong khong gian md phong. Cau hinh nay  2,537g/cm®, kich thuéc méiu la 27, 974.
dugc nung nodng t&i nhiét d6 8000K va  Khi trang thai can bang duoc thiét 1ap, hé
dugc duy tri ¢ nhi¢t d0 nay trong hon  dugc chay thém 25000 bude dé dua vé cac
65000 budc thoi gian mo phong nham pha  4p suit 5GPa, 10GPa, 15GPa, 20GPa,
v& cac diéu kién ngiu nhién ban dau (véi  25GPa (mdi mau ¢ ap sudt khac nhau déu
budc thoi gian md phong 13 0.4776 fs). Sau  duogc on dinh ¢ 25000 budc). Két qua thu
dé mo hinh dugc lam ngudi dan sau 25000  duoc 6 miu & cung nhi¢t d§ 2500K nhung
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coO ap sudt khac nhau, 1an lugt 1a 0GPa,
5GPa, 10GPa, 15GPa, 20GPa, 25GPa. Tur
dir liéu & miu mo hinh AS2 can bang &
nhiét d6 2500K va ap suat 0Gpa, tiép tuc
tao thém 6 mau & 4p suit khong doi 1a
0GPa, nhung nhiét do thay ddi tir 300K,
1000K, 2000K, 3000K, 4000K, 5000K.
3. KET QUA VA BAN LUAN

Mdi miu mdi duoc On dinh sau 50000
bude. Két qua thu duge 12 mau cua hé AS2
O nhitng trang thai khac nhau. Khi cac mé
hinh vét liéu dat dugc trang thai 6n dinh,
tién hanh xac dinh vi cdu tric caa hé. S
liéu thu dugc tir cac mau dugc dua vao tinh
toan, phan tich.

3.1. Khéo sat anh huéng cia ap suat dén vi cau tric caa hé

Két qua do dai lién két r;j (A) thu dugc thé hién trong bang 1.
Bing 1. D§ dai lién két v () ciia ham phdn b6 xuyén tam (HPBXT)

ciia hé AS2 ¢ cdc dp sudt khdc nhau.

1)
P(GPd) Ss S0 00 SA OA AA
0 3.16 1.60 2.63 3.16 1.65 3.14
5 3.15 1.59 2.62 314 1.66 311
10 315 1.61 254 312 1.69 3.06
15 314 1.63 254 312 1.72 3.04
20 3.14 1.64 250 3.06 172 3.00
25 314 1.64 2.48 3.08 1.75 3.02

Tir bang 1 cho thdy: khi ap sut ting, 4o dai cac cip lién két trong cac hé déu giam,
ngoai trur cdp lién két Si-O va O-Al tang lén. Khi 4p suét tang tor 0GPa dén 5GPa thi do dai cap
lién két Si - Si giam, tuy nhién tir gia tri 15GPa dén 25GPa thi gia tri d dai lién két lai rat it
thay doi. So sanh v6i két qua ciia cong trinh [6] thi két qua thu duoc 1a kha phit hop (1.614 va
1.664). Do dai lién két cta cip O-Al ¢ xu hudng ting nhanh hon so véi cip Si-O.

Bing 2: D§ cao dinh thit nhdt gij(r) HPBXT ciia hé AS2 6 cdc ap sudt khdc nhau

gi(r)

G Si-Si Si-O 0-0 Si-Al O-Al Al-Al
0 5.17 14.32 3.08 4.11 7.97 3.43
5 4.46 11.68 2.74 3.62 6.22 3.23
10 3.71 7.59 2.45 3.22 4.74 2.91
15 3.72 6.75 2.43 2.97 4.40 3.26
20 3.49 6.13 2.43 3.30 4.23 2.88
25 3.56 5.94 2.51 3.22 4.12 3.09

Bang 2 1a gia tri dinh thir nhat cua
HPBXT. Tir bang 2 cho thiy, d6 cao dinh
thir nhat gij(r) cua HPBXT cua cua cac cap
lién két trong hé AS2 déu giam khi ap suat
taing. Tuy nhién, tai ap suit 25GPa, do cao
dinh thtr nhat cta cac cap lién két Si- Si, O-
O va Al- Al lai co sy tang tro lai. Trong
sudt qué trinh ting ap suét, do cao dinh thir
nhat ciia cia cip Si-O ludn c6 gia tri 16n
nhit va cap O-O ludn co gia tri nhd nhat
trong tat ca cac cap.
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D6 thi HPBXT ciia hé AS2 & 4p suit
0Gpa dugc biéu dién trén hinh 1. So sénh
v6i két qua cua cac cong trinh [4], [6] va
cac két qua thuc nghiém [5] déu cho thiy
d6 dai lién két cua cac cap lién két trong hé

AS2 phu hop tét (¢ ap suat 0 GPa) va
HPBXT thu dugc cling phu hop t6t v6i cac
cong trinh nghién ctu khic vé ca hinh
dang, vi tri va d§ cao cua cac cuc dai.

3.2. S6 phdi tri (SPT) trung binh ciia h¢ AS2
Bing 3. SPT trung binh ciia cdc cdp lién két trong hé AS2 ¢ cdc dp sudt khdc nhau.

P(GPa) Zi

Si-Si Si-0 Si-Al 0-Si 0-0 O-Al Al-Si Al-O Al-Al
0 2.31 4.02 2.37 1.33 7.11 1.37 2.35 3.74 3.22

2.45 4.11 2.93 1.35 8.40 1.46 2.89 4.15 3.87
10 3.36 4.62 4.02 1.44 10.78 1.56 4.01 473 4.90
15 3.94 478 4.18 1.51 11.43 1.65 4.16 5.06 5.47
20 4.00 5.04 4.85 1.53 12.06 1.65 4.85 5.21 5.23
25 5.32 6.23 6.12 2.48 13.50 2.55 6.12 6.42 6.41

Két qua tinh toan SPT cdp trung binh
trén bang 3 chi ra rang: & ap suat 0GPa phan
16n cac nguyén tu Si duge bao quanh boi 4
nguyén tir O, cic nguyén tir O lién két véi 1
nguyén tir Si, cac nguyén tir O lién két véi 1
nguyén tir Al 1an can, phan 16n cac nguyén
tu Al dugc bao quanh boi 4 nguyén tor O,
cac nguyén tir Si dugc bao quanh bdi 2
nguyén tir Al va da phan cic nguyén tir Al
duoc bao quanh bdi 2 nguyén tir Si lan can.
Khi ap suét ting, SPT trung binh cua tt ca
cac cap lién két déu ting. Trong do, SPT
trung binh cua cap lién két O-O tang nhiéu
nhét véi AZ, o =6.40 va cip lién két niy
ciing ¢6 SPT trung binh cao nhit trong tat ca
cac cap lién két & cac 4p suit khac nhau.
Trong khi d6, cap lién két O-Si c6 SPT

trung binh ting cham nhit AZ_ , =1.15,
cap lién két nay ciing o6 SPT trung binh nho
nhit so véi cac cap lién két khac ¢ day ap
sut tir 0 dén 25GPa. Tir cac két qua trén ta
thidy SPT trung binh ctia hé AS2 phu thudc
manh vao 4p suat nén 1én hé.

3.3. Anh huéng cia nhiét do dén vi
cAu tric cia hé

S&u mo hinh AS2 c6 ciing ap suat 0GPa
va ¢ cac nhiét do 300K, 1000K, 2000K,
3000K, 4000K, 5000K dugc xiy dung bang
phuong phap PLHPT. Vi ciu tric cila cac
mo hinh nay dugc phan tich thong qua céc dix
liéu nhan duoc tir HPBXT va phéan bd SPT.
S lidu vi cAu triic ciia md hinh thu dugc thé
hién trong bang 4.

Bdng 4. Vi tri dinh thu nhat Tij (/f’ ) cua HPBXT cua hé AS2 o cdac nhiét do khdc nhau

T(K) ri. A

Si-Si Si-0 0-0 Si-Al O-Al Al-Al
300 3.18 1.61 2.62 3.18 1.62 3.19
1000 3.17 1.61 2.61 3.16 1.64 3.19
2000 3.17 1.61 2.61 3.16 1.64 3.18
3000 3.16 1.59 2.63 3.16 1.64 3.12
4000 3.16 1.58 2.62 3.16 1.62 3.14
5000 3.16 1.58 2.62 3.14 1.62 3.16
8] 3.18 1.58 2.64 3.16 1.64 3.16
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Tir bang 4 cho thy vi tri dinh th&r nhét
cua HPBXT cua h¢ AS2 it phu thudc vao
nhiét do, cu thé khi nhiét d6 tang thi do dai
lién két cua cac cap déu giam nhe (Arg =
0.024, Ar, . = 0034, Ar,_, = 0.044).
Trong d6 cap O-O va c@p O-Al, rjj ¢ gia tri
khong thay do6i ¢ nhiét d6 300K va 5000K.
Riéng cap Al-Al, khi nhi¢t do tang tir 300K
Ien 3000K thi rjj giam nhe (tr 3.19 ¢ 300K
xudng con 3. 124 ¢ 3000K) sau d6 tang 1én
theo nhiét d6. Két qua nay phu hop véi két
qua md phong [6].

Khéo sat do cao HPBXT cdp gj cua hé
AS2 cho théy ching phu thugc manh vao
nhiét do (bang 4). Khi nhiét d6 tang tir 300K
lén 5000K thi do cao dinh thir nhét cua
HPBXT cua tit ca cac cap lién két déu giam
nhanh. Vi du nhu tai 300K d6 cao HPBXT
cia cip lién két Si-Si la 9.81 A song &
5000K thi gia tri twong ung la 3.94 A Két
qua nay ching té khi nhiét do ting cac
nguyén tr ¢c6 xu hudéng phan bd déu trong
khong gian dan t6i lam giam trat ty gan cia
cau trac. Trong sudt qua trinh ting nhiét do
tir 300K 1én 5000K thi cap Si-O Iudn co do
cao dinh HPBXT 16n nhit. Tai nhiét d¢
300K, 9aflp lién két Si-O ¢6 do cao dinh Osi-o=
29.254 va tai 5000K thi gsi0=10.454) va cip
0-O ludn ¢6 do cao dinh HPBXT nhé nhat
(tai 300K thi go.o = 3.824 va tai 5000K thi

Jo.o = 2.534) so véi do cao dinh HPBXT cua
cac lién két con lai. Khi nhiét do tang thi do
cao dinh thtr nhit cua cap lién két Si-O giam
nhiéu nhit (Agsi.0=18. 8/1’) va cgp 0-O giam
cham nhat (Ago o=1. 29/f) so v6i cac lién két
con lai. Két qua nay c6 sai léch nho so véi
[6], nguyén nhan co thé do lya chon mat do
khéc nhau. D6 thi HPBXT thanh phan cua
cac cip lién két trong hé AS2 dudi anh
huong cua nhiét d6 duoc biéu dién & hinh 2.
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Hinh 2: HPBXT ciia hé AS2 ¢ cdc nhiét do
khac nhau
Béng 5 cho thiy khi ting nhiét d6 1én hé
tir 300K 1én 4000K thi SPT trung binh cua
cac cap lién két Si-Si, Si-O, 0-0, Si-Al, O-
Al, Al-Al déu giam nhe, gan twong ty nhau.

Bing 5. SPT trung binh ciia cdc cdp lién két trong hé AS2 & cdc nhiét @6 khdc nhau.

T, K Si-Si Si-O 0-0 Si-Al O-Al Al-Al
300 2.32 4.02 2.38 1.32 7.13 1.41
1000 2.33 4.03 2.42 131 7.19 1.40
2000 2.30 4.02 2.40 1.32 7.09 1.39
3000 2.32 4.02 2.35 131 7.05 1.37
4000 2.29 4.00 2.22 1.32 7.00 1.33
5000 3.33 5.01 3.18 2.15 7.91 2.04

Pbi v6i nguyén tir Si trung binh 6
2.31 nguyén tir Si khac, 4.01 nguyén to O
va 1.31 nguyén to Al bao quanh. Véi
nguyén t¢ O c6 trung binh khoang 2.35
nguyén tir O khac va 7.09 nguyén tir Al bao
quanh. Tuy nhién, SPT trung binh cta cac
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cap lién két lai tang manh & khoang nhiét
d6 5000K. Tir bang 5 con cho thiy SPT
trung binh cta cap O-Al ludén co gia tri 16n
nhit va SPT trung binh ciia cp lién két Si-
Al ludn c6 gia tri bé nhat so voi cac cap
lién két con lai trong hé. SPT trung binh
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ctia cdp lién két Si-O chu yéu 1a 4 va 5. Do
d6 don vi cau trac chu yéu cua cap lién két
Si-O trong hé AS2 1a SiO4 (chiém 98% &
300K) va SiOs (chiém 2% & 300K). SPT
trung binh cua cdp lién két Si-O rat it thay
d6i theo nhiét do.

SPT trung binh ctia cap lién két Al-O chu
yéu 12 3, 4 va 5. Do d6, don vi ciu trac cia
Al-O la AlO; chiém 20.5%, AlO4 chiém
71.2% va AlOs chiém 7.8% tai 300K. Khi
nhiét d6 tang ta thiy ty 1& don vi cdu trac ¢6
su thay ddi dang ké. Cu thé nhu sau, ty 1€ don
vi cau tric AlO, giam déan tir 71.2% tai 300K
xubng con 52.2% tai 5000K.

SPT trung binh cia cap lién két O-Si
chu yéu 1a 1, 2, ¢6 nghia 1a ¢ nhiét do thap,
xung quanh nguyén tir O ludn c6 tir 1 dén 2
nguyén tir Si bao quanh, tuy nhién chuing
chiém ty 1¢ khong dang ké. Khi nhiét do
tang ta thay cac ti 1& SPT trung binh 13 1 va
2 hau nhu khong thay ddi, nhung ty 18
khong c6 nguyén tor Si nao bao quanh
nguyén tir O giam dan. O 300K ty 1é nay
chiém 13.4% va chi con 8.8% tai 5000K.
Tai 5000K trong hé con xuét hién mot it ty
1€ 3 nguyén tir Si bao quanh 1 nguyén to O
song ty 1& nay rat nho. Két qua nay ching
t6 tai 5000K trong hé c6 xuat hién maot it ty
1€ cAu tric “tricluster” 1a 3 cation Si* bao
quanh 1 nguyén tir O. D6 thi phan bd SPT
trung binh ciia cic cip lién két dugc thé
hién trén hinh 3.
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Hinh 3. Su phén b6 SPT ciia cdc cdp lién két &
nhiét @¢ tir 300k dén 500k
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4. KET LUAN

Trén co so xac dinh cac théng sé vi cau
trdc, két qua nghién ctru di dua ra hé thong
c4c tinh chat vat ly va cau tric caa hé AS2
trong cac diéu kién khac nhau. Trong ddy
ap suat 0-25GPa: a). Khi 4p sut tang thi
lien két Si-O va O - Al ting, cac lién két
khac giam. Lién két O-Al ting nhanh hon
s0 véi Si-O. O &p suat thip, cac don vi cau
tric chu yéu 1a SiOs, AlOs, AlO,. Khi ting
&4p suit, cac don vi cau tric SiOy4 AlOs,
AlOQ, giam; cac don vi cau tric SiOs, SiOg,
AlOs, AlOg, AlO; tang. Qua trinh chuyén
d6i nay didn ra manh nhit & &p suét trén
15GPa. b). Trong khoang 0GPa dén dudi
10GPa: c6 tir 1 dén 2 nguyén tir Si bao
quanh 1 nguyén tir O va tir 1 dén 3 nguyén
ter Al bao quanh nguyén tir O. Ngoai ra
cling c6 mot ty 1& dang ké nguyén ti O
khéng c6 nguyén tir Si hoac Al bao quanh.
Khi &p suat Ién hon 10GPa xuat hién
truong hop c6 3 nguyén tir Si bao quanh 1
nguyén tae O va 4 nguyén ta Al bao quanh
1 nguyén tir O.

Trong ddy nhiét do tr 300K dén
5000K: a). Khi nhiét d6 ting, hau hét do
dai cua cac cap lién két giam, cap lién két
O-0 c6 cuc dai tai khoang nhiét ¢ 3000K;
cap lién két O-Al c6 cyc dai trong khoang
1000K - 3000K. Tuy nhién tai 5000K do
dai lién két Al - Al ting trd lai. b) Cac don
vi cau tric cha yéu la SiO,, SiOs;, AlOs,
AlO, va AlOs hau nhu khong thay doi khi
nhiét do tang. ¢) S6 nguyén tir Si va Al bao
quanh 1 nguyén tir O ciling khong phu thude
vao nhiét do.
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ABSTRACT

(A1,03).2(S10,) mixed oxide [AS2] is the basic material of ceramic and petrochemical
technology, as well as the basic component of the earth's crust. At present, understanding
about this mixed oxide system has not been fully studied. Using the molecular dynamics
method and analysis of the structure of (Al,O3).2(SiO>) in the temperature range of 350K-
5000K and at various pressure (from 0Gpa to 25Gpa), we showed that Si-O and O-Al
linkages increased. The structural units of SiO4, AlO3, AlO4 were reduced, while SiOs,
SiOg, AlOs, AlOg, AlO; increased. As the temperature increases, there is a reduction of the
length of the atomic pair. The structural units mainly consist of SiO4, SiO3, AlO3, AlO4 and
AlOs, which are hardly temperature dependent.
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