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Structural Evolution of Cr,AIB, Powder and Its Effect on Properties in Al,O3-C
Refractories at High Temperature

ZHANG Yang, LI Yawei, LIAO Ning, LIU Gengfu, JI Zixu
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, China; National-Provincial
Joint Engineering Research Center of High Temperature Materials and Lining Technology, Wuhan 430081, China)

Abstract: Al,O;—C refractories are important for the continuous casting process. It is essential for safe and effective steel making
processes to enhance the strength and oxidation resistance of Al,O;—C refractories. A compound MAB phase Cr,AlB, has attracted
recent attention due to its high fracture toughness, high damage tolerance and excellent oxidation resistance. In this work, a ternary
layered compound Cr,AlIB, was introduced into the Al,Os—C refractories. The structural evolution of Cr,AlB,in Al,Os—C refractories
after treated at different temperatures and its effect on the comprehensive properties of Al,Os—C refractories were analyzed by X-ray
diffraction, scanning electron microscopy and transmission electron microscopy. The results  show that a gradual decomposition of
Cr,AlB, in Al,Os—C refractories generates a core-shell structure of CrB and Al,O5 covered with Al,Qs;, and catalyses the formation of
carbon nanotubes and carbon fibers on the surface of the core—shell structure after thermal treatment at 800-1 200 C. Cr;C, covered
by BN structure is formed inside the core-shell structure after thermal treatment at 1 200-1 600 “C. As a result, the densification of
Al,O;—C refractoriesis facilitated, and the cold modulus of rupture and oxidation resistance is enhanced. The cold modulus of rupture
after coking at 1 400-1 600 °C isincreased by approximately 9%, and the oxide index after treated in air at 1 400 °C is reduced from
44% to 31%.
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Table 1 Experimental formulation of Al,0;—C samples w/%
Raw materials Index R M1 M2
Tabular lumina 3.0-1.0mm 25 25 25
Tabular alumina 1.0-0.5mm 20 20 20
Tabular alumina 0.5-0mm 20 20 20
Tabular dumina 78 um 10 10 10
Tabular dumina 45um 8 8 8
a-Al,03 <2um 10 10 10
Silicon powder 45um 4 4
Carbon black N220 1
Graphite flake 78 um 2 1
Cr,AlB;, <154pum 1 2
B,C <45um +0.5 +0.5 +0.5
Phenolic resin(liquid) +4 +4 +4

w—Mass fraction; R, M1, M2 is sample No.
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Fig.1 SEM photographs of Al,O;—C samples coked at different temperatures
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Fig. 2 SEM photographs of sample M2 coked at different temperatures
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Table 2 Quantitative analysis results of points in Fig.2

w/%

Points

Potential substance

B C N (0] Al Si Cr
A 12,51 5.96 0.09 0.67 0.85 0.00 79.92 CrB
B 0.00 15.78 0.00 26.77 52.97 0.24 4.24 Al,O3
C 6.08 11.37 0.00 0.14 0.77 0.18 81.45 CrB,Cr3C;
D 0.00 271.27 0.00 28.24 40.79 152 218 Al,O3
E 3154 16.14 29.35 4.63 141 10.13 6.83 BN,C
F 0.00 11.75 0.59 0.66 0.00 0.16 86.84 Cr3Cy

: [] 500 nm

(a) TEM photograph of sample M2 coked a 1000 'C

T

'i‘arhun fiber

500 nm 500 nm
—_ | I

(b) TEM photograph of sasmpleM2 coked at 1200 ‘C  (c) TEM photograph of sample M2 coked a 1200 C

(d) TEM photograph of sample M2 coked at 1600 ‘C

(e) High-resolution photograph of selected areasin Fig. 3(d)

B3 Fih M2 BERHAL S TEM By
Fig. 3 TEM photographs of sample M2 coked at different temperatures
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Table 3 Line change of Al,O;—C samples

Samples Line change/%

No. 800°C 1000°C 1200°C  1400C  1600°C

R —0.07+0.00 -0.05+0.01 0.02+0.00 0.09+0.03 0.07+0.03
M1 —0.05+0.00 -0.04+0.01 0.14+0.01 0.20+0.02 0.14+0.01

M2 -0.08£0.04 0.00+0.00 0.24+0.00 0.26x0.01 0.26+0.00

F4 BEHRHRALEINENRETK
Table 4 Mass change of Al,O;—C samples

Samples Mass change/%

No. 800C 1000C 1200°C 1400°C 1600 C

R —0.64+0.03 -0.70+0.02 -0.12+0.08 0.84+0.01 -0.36+0.17
M1 —0.39£0.07 -0.35+0.05 0.44+0.12 1.46+0.09 0.63+0.03

M2 -0.18+0.01 -0.10+0.01 0.65+0.01 1.73+t0.03 0.47+0.13
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ARG A T SN LA AT X E T AL B
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T ot AR B S 1) 2 RAL 2 5 P 3 FLAR T UK,
CroAlIB, 1] 51 N W LA R BRI LT 3742 (3 5),
XL B CroAl B 1 45 Fa 38 A8 ] DUIE 78 1 i 4 19 K 1L
HEINGR R UL B oK e FLER:, Rl A B 2
% . A CrAlB, &A= 2 S BRI,
Xf B LAGAE R i RR

F 6 FERRRFE T2 A R A3 5 R iR b
SR, HHER 6 AT, AR A 800~1200 CHY,
FE S R BT RE C I B 2 R MR E
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Fig. 4 Poresizedistribution of Al,Os~C samplesfired at different temperatures
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Table 5 Apparent porosity and average pore size of
Al,O;-C samples after thermal treatment
Samples No. Average pore size/nm
800 C 1200°C 1600 C
R 659.8 708.0 475.6
M1 6715 497.0 290.0
M2 629.6 412.4 305.8

%6 WEHRESALERNERRITEE
Table6 CMOR of Al,0;—C samples after thermal treatment
JCMOR/M Pa

Samples . .
800 C 1000°C

No.
R 11.13+0.11 11.36+0.69 12.64+0.07 27.03+0.35 26.87+0.77
M1 11.42+0.21 11.20+055 12.81+0.31 29.43+0.57 28.23+0.45
M2 11.08+0.20 11.75+0.23 12.86+0.11 26.33+2.12 19.57+1.77

ocmor—Cold cold modulus of rupture.

1200°C 1400°C 1600°C
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M1, FEi M2 Il AF R E e E . gt
HEAMEAEX AL E], FEi R N 44%, TAE
i M1oA 31%, FEfh M2 4 34%. HEal L, @i
CroAlB, 1] DA 3 £ =y B B FF o 1 o il Bt S A 1
B o X EEAS R it Ak ) R A T Y 5 4 TR By
(KB 6)rT A1, FE&h R AN EZI & EFFE 5 ML,
FESD M2, T HLAE SN2 1 3505 A2 AN 5 5 )2 2 1]
T B BBk J2 45 /O B b, T A R S g
CrAlB, B, A LAE SR ARA R NS0, A 2H
1B R B — 2y
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Fig.5 Optica photos of Al,O;—C samples after the oxidation test at 1400 'C for 3hinair.
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Fig. 6 SEM photographs of Al,O;—C samples after oxidation
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Fig. 7 XRD pattern and SEM photograph of Cr, Al and B mixed powder after thermal treatment
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Fig. 8 XRD patterns of matrix samples after thermal treatment
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LA Cr LM ByOs, £ Alpha {f it A2 ik
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Cr,AlB,(s) = 2CrB(s) + Al(l) 1)

4Al(1) + 30,(g) = 2A1,04(s) 2

4AI(1) + 3C(s) = Al ,C5(9) (3)
18CrB(s) + 27C,H,(g) +180,(g) = 4Cr,C,(s) +
3Cr,054(8) + 9B,04(1) + 40C(s) + 27H,(9) 4
18CrB(s) + 27CH ,(9) +180,(g) = 4Cr;C,(s) +
3Cr,054(8) + 9B,04(1) +19C(s) + 54H,(9) (5)

9A1,054(s) + 2B,05(1) = (Al ,03)4(B,05), (1) (6)
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