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Corrosion Resistance of Fused-Cast AZCS Refractory by Borosilicate Melt

WEI Han'?, MAO Limin"* WANG Juntao'?, CHEN Haishan'?, YANG Haiyun?, LIU Jiwang®, QING Xiaohin?,
ZHOU Zhanghuai?, LIU Qiang?, SU Shixun?, LI Huan'?
(1. China Building Materials Academy Co., Ltd., Beijing100024, China;
2. Ruitai Materials Technology Co., Ltd., Beijing100024, China)

Abstract: The Al,0;—ZrO,—Cr,0;-Si0, (AZCS) material as a new type of fused-cast refractory has better corrosion resistance than
other fused refractories under high-temperature and high-corrosion resistance conditions. To investigate the erosion resistance
behavior of the material to the borosilicate glass melt, the AZCS material was subjected to an erosion test at 1 500 ‘C, by using
borosilicate glass waste-forms containing B,O; of 12% (in mass fraction). The samples before and after erosion were analyzed by
chemical analysis, X-ray diffraction, scanning electron microscopy and energy disperse spectroscopy. The results show that AZCS
material can be divided into the metamorphic layer, transitional layer and central layer based on the degree of corrosion. The central
layer changes little, there are still a large amount of aluminum-chromium solid solution and baddeleyite, and only a small amount of
newly formed magnesia-alumina spinel. MgO infiltrating the material reacts with the solid solution to form the MA spinel in situ and
partially replaces the aluminum-chromium solid solution in the original position. In the transitional layer, the maximum amount of
MA spinel is formed, and the Al-Cr solid solution dissolves and disappears. Therefore, the phases in this layer are MA spinel and
baddeleyite. In the metamorphic layer, there is basically only undissolved Cr,O3 phase with a loose Cr,O; structure and a worm-like
morphology. Aluminum-chromium solid solution, baddeleyite and MA spinel dissolve and disappear.
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Table 1 Chemical composition of fused-cast zirconium—chromium corundum (AZCS) refractory

Composition SiO, Na,O 7Zr0, AL O3 Cr,03 MgO Fe 03 TiO,
wW/% 12.31 0.80 25.32 29.7 31.22 0.26 0.32 0.07
w—DMass fraction.
2 WEHBEUANEZRFER
Table 2 Main chemical compositionof the glass waste-forms
Composition SiO, B,0s Na,O Li,O Al,O3 CaO MgO BaO Sb,0s5
wW/% 44.89 12.26 11.06 2.18 5.11 6.72 4.37 3.51 0.50
B, KSR 400 mmx500 mmx500 mm ) [A]2A 36 ho

AZCS JEURFERE AT X RREURE, DIHURESR; AR5 R
FAFESR, 3EAT SRIOM R PR DR 1 ) 2%, lRE
JRSFH 10 mmx10 mmx70 mm, 4 4 R, $&EAT
ML FRUE TC/T 806—2013 (33t 3 s 2 FH i K AR 25
TP IR 1R B0 1) RHAREHEAT PO AR £ B
BIER IR B Sz s . th T4 IR TAEIRE 1150 C,
BEAT 116 AZCS PHRHE RO ik 12 6 T 0 8] 10 4
AR ke, A IR 7 BRI VR T 2 A AR T
LF 2 —RIERAN AR, A U R4 KL
A AR IR, FEOCIERNZM RHERNERR 25
BRI AR R PR P RE AT IR A T, IRk, $2
BRI IR A, BOoE IR E Y 1500 C,
THEGEZ: =i ~1 000 'C, 8 C/min; 1 000~
1500 ‘C, 4 ‘C/min; 7£ 1 500 ‘CZ&1E N2t

B BITUE RS 85, PSR EH R A1 et 3 A
PR, FEBCERARAZREAT, IR R P
R B 2R A HYE /T 0.5 mm (16 WA 48
Rl PR A 0T, 0l 1 R

SRJE, AEDN B AT I R VR T £ AR AR
LT A TE R, TR A 1
J7 AR IR o WU ZR AL R 28 T — b 22— 4k
R 7333255 0D A 2 (2) TH 5

1 1
GC=E{G—§(91+92)} (1)
Hc=1[H —3(h1+h2)} )
2 2
Hep G NI RERITIZR A2 i, A9 mm; H,
JYRBERIA T 1/2 AR, 2 mm; G ke



+ 3198 - (RERR Sh2230)

J Chin Ceram Soc, 2023, 51(12): 3196-3203

2023 4F

AR ZRAL K 36, B mms gi o 20900
DITIRR 2 BAAFR AL %, AL mm; H
DRSS AT 2R ™ 12 A58, P49 mm:
hiv b 23RV JE I 2 SOk A T 1/2 AL

TERE, FAAL mm.

g, and g is width or diameter of two halves of cut specimen at glass line,
after test, measured on cut face (mm);h; and h, is width or diameter of
two halves of cut specimen at half-down level, after test, measured on cut
face (mm).
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Fig. 1 View of cut specimen and measurement position after

erosion test

1.2 H@mFIE

TERMRIGZE G, 5 B R T 5 (1 5k B
PeRE, HIARMERERI XRD APt ARG, KH
Miniflex—600X BU5F L ATHAL S AN G AZCS
BHMR 1l R R A EHEEAT XRD A7 04T
KH INSSPECT S50 ZUFH i T At , MEA= 1
Ja A FE RO 350 b, FERI A6 s 7 R AR 1
EDS BB, @R AR CRMRHE X $2k, 7
M4 B S B (1 6 3R B At .

2 HER54%

2.1 R IMA SR E

B 2 AR T SRS . B 2a~1& 2b 7T
WL, RO R 3R TR, 5% B3 B AR R Sh B, A
TE VIR TH 23 A R332 TS 15 A ek P 5k B BB s Ak T 42
o, SRR T AL R TR R BN, (E
VT £ 4k S BRI SR G BT

TR 1 2 30 B ] L AR P 0 R BoOs R
®iE, Na,O 5 Li,O W& ERE(ILER 2), ZBEBEG
k5 AZCS MEHZflE, A mmsE it 48
BT HIIREE AZCS MEHRIRFER, Rk, X488

Tl 4 B S IR N B TR Eh B 3 el
T5H B0y g, ReFFRH SRS E, SEONER
PR IR TE 2 5 151E B AZCS MR, B # B,Os-
Na,O F Li,O ] AZCS M B} Y 8L, {8 AZCS #4
B B AR A AR, 3t T AR [ A 1) ALO;
J&5#R, BEJS AZCS MR ZrO, F CrO5 46 1E
WRMEIR B R . S ER, R
KHE AZCS MEHE ALO; 55 B I FE AR 18 =
NEN SN SN g S S Sl () B G N
RPN R ZN . BT ALO; B T Si0,.
ol 4 8 A - R S L TR BRI B B, TR
BUESE AZCS MBI B A B I A E N
CAE m AR BRIk 1 B

(a) Before erosion

(b) After erosion

(c) Cut specimens
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Fig.2 Morphology of test specimens before and after erosion
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o is surface tension of refractory rich glass; o is surface tension of bulk
glass.
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Fig. 3 Schematic diagram of erosion mechanism at the glass
line of AZCS material
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Table 3 Erosion rates of samples at the glass line /at the half-down level

Single value /(mm-d™")

Measurement position

Average value/(mm-d™")

Sample 1 Sample 2 Sample 3 Sample 4
Glass line 0.52 0.56 0.51 0.54 0.53
1/2 down below glass line 0.04 0.22 0.15 0.11 0.13
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Fig. 4 XRD diffraction characteristic curves of the samples
before and after erosion
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Fig. 5 Micro-morphology and zoning of corroded sample
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Fig. 6 Maximum thickness of metamorphic and transitional
layers
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(a) Residual chromium oxides in the (b) EDS surface scanning results (c) Hollow-out chromium oxide in the

of Cr element metamorphic layer
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Fig. 7 Morphology of chromium oxide and its EDS detection in metamorphic layer

metamorphic layer
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Fig. 8 Fluctuation of element content in EDS line scanning of metamorphic layer
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(a) ALLO5 desolvation layer at boundary of (b) Surface scanning results of (c) Surface scanning results of

aluminum—chromium solid solution Al in solid solution Cr in solid solution.
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Fig. 9 Desolvation of Al,0;3 from the aluminum-chromium solid solution

(a) Micro-morphology and boundary (b) Characteristic microstructure (c) Characteristic microstructure

of transitional/central layers of transitional layer of central layer
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Fig. 10 Microscopic morphology of the transitional and central layers
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Fig. 11 Mixed crystal composed of MA new phase/Cr,O3 in
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