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Effect of Silica Sol Impregnated Recycled Aggregates of Spent Mullite—SiC Bricks on
Performance of Al,O;—SiC—C Castables

SANG Chao, XIAO Guoging, DING Donghai, LEI Changkun, ZANG Yunfei, FENG Chao
(College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: For the improvement of the fluidity of castables with recycled aggregates of mullite—SiC bricks due to their high porosity,
high water absorption and massive cracks, silica sol was used to impregnate mullite—SiC brick aggregates. The effect of silica sol
concentration on the aggregate properties of mullite—SiC bricks was investigated. The microstructures and the element distributions of
modified mullite—SiC bricks aggregate were analyzed by scanning electron microscopy coupled with energy dispersive spectroscopy.
The water wettability of mullite—SiC brick aggregates was characterized via water contact angle measurement. The results show that
after the impregnation of mullite—SiC brick aggregates, the water absorption of mullite-SiC brick aggregate reduces from 6.9% to
2.6%, and the water contact angle decreases from 55 © to 7 °, thus improving the water wettability of the aggregate. The impregnated
mullite—SiC bricks were used as recycled aggregates instead of brown corundum in Al,0;—SiC—C castables. In addition, the effect of
aggregates on the properties of castables was also investigated. The results indicate that A1,0;—SiC—C refractory castables with silica
sol concentration of 15% modified mullite-SiC bricks aggregates after heat-treated at 1450 ‘C have the minimum apparent porosity
of 17.1% and the maximum cold compressive strength of 73.7 MPa, which is 45.7% greater than the strength of castables with brown
corundum as aggregates. Meanwhile, the residual strength and the residual strength ratio of castables after thermal shock are increased
by 69.4% and 24.1%, respectively.

Keywords: spent mullite—silicon carbide brick; recycled aggregates; alumica—silicon carbide—carbon iron trough castables; silica sol;
thermal shock resistance
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Table 1 Main chemical compositions of Mullite-SiC brick
aggregate

Composition Na,0O MgO ALO; SiO, K,O CaO Fe,04

wi% 0.225 0.696 57.230 27.060 1.850 0.565 2.209

w—Mass fraction.

K FH JC2000DM 2 i 71 0] & A4S e he S i k)

x2 BRMEREE.

EKIEMRA . R BRI GRS,
RRME 4 AN REERY BENER, BULF
PHEAE RpeE R IR sh{E . %M GB/T 5988—2007
i KA RN AR AR A A S0 7Y D&k
ke Ja AL . #4118 GB/T 2997—2015 (&
TEMm Kl SRR B R . B ALRA AL T
VRY RHRETRE I AR S BE AN B AR AL AR BEAT I E, I
ENFAIK. I GB/T 3001—2017 (i kAHkFH
TP AT 58 B SIEEG 732 U B e R IR LT A
%18 GB/T 5072—2008 (i KA R i e 5 ik
BS54 ) g we R I R R A . %I GB/T
3002—2017 TR KA R} il B 3 o 2 S5 7 %)
B R E R U AT MR . B GB/T
30873—2014 (i K A4 R #4E 1t il B 7 v ) Wl &=
GEVERMOPUA R AL, W FE AR YU AR R R
PN B E R P IGE M, X PR IR I B
SER AT AT RAL

ESAE, WAE

Table 2 Bulk density, apparent porosity, water absorption of aggregate

Performance Bulk density/(g-cm ™) Apparent porosity/% Water absorption/%
Brown corundum 3.85 1.9 0.5
Mullite-SiC brick aggregate 2.64 18.5 6.9
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Table 3 Formulation of the Al,0;—SiC—C refractory castables w/%
Modified

Sample Brown Mullite-SiC . X Silicon White a-ALO;  Silica  Silicon  Spherical ~ Secar  Defloc—

No. corundum Brick Mu;?l:i:(SlC carbide  corundum  powder  fume  powder pitch 71 culant Water
SZ 60 15 11 6 2 2 2 2 0.2 5.3
SGO 42 14 15 15 6 2 2 2 2 0.2 5.7
SG5 42 2 12 15 15 6 2 2 2 2 0.2 5.6
SG10 42 2 12 15 15 6 2 2 2 2 0.2 5.5
SG15 42 2 12 15 15 6 2 2 2 2 0.2 5.4
SG20 42 2 12 15 15 6 2 2 2 2 0.2 53

SZ—Sample of the mullite~Without silicon carbide bricks; SG—Without silica sol; SG5-Sample of 5% silica sol; SG10-Sample of 10% silica sol ;
SG15—Sample of silica sol 15%; SG20—Sample of 20% silica sol.

T4 WHEBRREREE. BSAE. RkX
Table 4 Bulk density, apparent porosity, water absorption of modified aggregate

Sample No. Bulk density/(g-cm ) Apparent porosity/% Water absorption/% Mass increase rate/%
G5 2.83 12.6 4.5 1.78
G10 2.84 11.1 39 2.26
Gl15 2.86 8.9 32 3.72
G20 2.89 7.5 2.6 4.70

(a) SEM photograph of sample GO aggregate sample surface (b) SEM photograph of sample GO aggregate surface

(low magnification) (high magnification)

4300 Al
3870 [
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52150
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(c) SEM photograph of sample GO aggregate cross section (low magnification) (d) EDS spectrum of point B in Fig.2(b)

B2 #E5h GO #BHE SEM B v A1 EDS 1
Fig. 2 SEM photographs and EDS spectrum of sample GO aggregate
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(c) SEM of sample G20 aggregate cross section (high magnification)
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(b) SEM of sample G20 aggregate surface (high magnification)

1200
1080 |
960
840
720
600
480
360
240 Al

120 i Plt
0 Laillu il bl 4 i s yu..h.. gl i i g

0.001.002.003.004.005.006.007.008.009.0010.00
Engergy/keV

Si

Counts

(d) EDS spectrum of point D in Fig.3(b)
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Fig. 3 SEM photographs and EDS spectrum of sample G20 aggregate
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(a) SEM of the surface of sample G20 aggregate

(b) SEM of the surface of sample G20 aggregate
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(c) EDS spectrum of point F in Fig. 5(b) after mixing (low magnification)

after mixing (high magnification)
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Fig. 5 SEM photographs and EDS spectrum of sample G20
aggregate after mixing

2.2 ALO;-SiC-C i AGFRERI B M RE

221 ALOs-SiC-C Mf-kFeiFRipmshtt 5
AR B 1 32 B 5 K & A E RN KR A S B
R BRI A ERE A G Ak, HAhR R 2

SRR ASPERE . QIRTRLI IR ININGRI . 2
ZEFL RLUE RS SR 1 Lo A e 2,

70

60 il

Water contact angle/(°)

0 5 10 15 20
w(silica sol)/%

w is mass fraction.

Bl 6 Rk K A B A VA s 2 B AR A i 2
Fig. 6 Water contact angle of aggregates vary with the
concentration of silica sol

K 7 i K EAHR BTSSR, 20 BT
JRRESRE N E R GEE R E . B 7 W LR
, PASOPERE SR 9 iR K GeiE BRARE R BIE K
T SGO BeERHAFETAIME, JF R EER S &
G K, SeERHmanER N, X3 ZRAF R
VEREZ IAFAEZE 7o BESRG R R I Jm, B
WS, BOKEFEG, I BRI KRR ROR
PR LEAS B 7 ARR I, X BRI AN
EZWIE R, RBIPEREZHI AL

150
145
g
£ 140 |
E
s
£ 135 |
=
130
SGO SG5 SG10 SG15 SG20
Sample number
K7 SRSk R bR R sh (A
Fig. 7 Flow value of refractory castables containing

Mullite-SiC brick aggregate
K 8 N ALOs-SiC-C HRIERHAMAE T K E & id
TvEE. mIE 8 LA, BEERER S ER
BEN,  CASCVERE S0 B R B R R K IR
gD o 21 SG20 TEERMANREA SZ TR RHARE )
KE—HUN, FTUUEH SZ Bl kbl R i sh (i



. 834 CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(3): 828-838

2022 4

(128 mm)A SG20 PV RHAREIF SME (130 mm) 2%
AR, BB DA S A R iR R A R
Uit TR RE .

135 6.0

172} Flow value
R Water addition  15.9
130 % 7 7R
7 oo 5.7 ¢
|7 5
- 125¢ 5 568
= 1e%0% 5
s 050 o 3
- 55 323 > F
: 2 5
2120 s el 54 8
= (55 oo %55 =
logecs 2525 09
0588 e to%s 5.3
5 ‘ o]
]
115 2 ] 2 52
3
st S 55
o0t ol 15.1
Kehd <5
110 s iy 20
< 5.0
SGO SGS SG10  SGI1S

Sample number

8  ALOs-SIC-C kP BN A
Fig. 8 Flow value of Al,0;—SiC—C samples
222 ALOs-SiC-C T KEEERNIYIHEA Ty 22 VR
Bl 9 A ALO;-SIC-C HFERHAFEZ I 1100 CHI
1450 CHREJa LR E. HE 9 nfLLEH, HE
TR IR BN, BRI S AR E M &
21100 CHRAEFZ G, FrEbeERHARE R L 1
Zlieds . SG HEERHARE B J5 2L At SZ eIk
BHARE B 5 B3/, X3 Secar 71 7K
(R 7KA = 1) 3 e AL S R R R AR AR 35 B2 A
Ko FEMLIR 2 T SZ BeiF BHAFE L SG RERHARE
RFVE R, TERGEERRE RS, Secar 71 7KiE
7KL= 0BT 815 SG BeiERHAFELL SZ beiE
BhARE ™ B, 3F H a-ALOs WM ARERCK 1 L
REFEK, fERE R PB4
221450 CHAEFZJE, I e BHARE b 5 2k

32

7S 7S GOEEESG 125G 100=mISG 15525 G 20
3.1
30} \

)
)
S

!\)

~
R P B
BRI

<<

Bulk density/(g-cm™)
[ %)
[e=]

g
o)

SO

xrxy)
R

N
n

<
‘/)()

AR R

o

<
¥

SRS

KN,

N
KRS,

\
™

X

\\ %

R
X z

o

77
%

>
et
.,

(a) BD of Al,05-SiC—C samples

2.4 7% / AR Z b 2.
24 hDried at 110 C3 hFriedat1100 C3 hFriedat 1450 C

AR I, SG15 B RHARE 1))e f5 282 0% dy
/NA0.30%, HIFRJE: — 77 BE & A IR & & 1)
#ahn, RFEE R G edhn SRR n; SO
FPIAEETT T o-ALOs G TE R, SR
MR 2 WREERAIN, JRAITE RS T Sk A, i
FOREEHAFE e G AR IK, e 42N Ik
o X 2 PR FILREIVER 1S SG15 BerikHARER
LA R B/ N RIS R 20%I, RN
WL MERAMIZIKER, 2 PR RRIE 5T 2 (5]
ghdy, EPRIERMRE G AR R K >
VZ2S7 IS GOEEZES G S ZISG 1 0S8 G 158235 G2(

04+

%
o
4

\\\\

(=}
[9%)
T
{}\}\
NN
p
////
g
y:Q<c$
o

N
o

>
7
s
<
22

(=
[\S]
T
SN
SO0
NN
>
%
S
s
5
>()(>»(‘<
0%

<
T
\\\ ,
7
<z
S

\\\
NN
Y
PP
%
0% te %%
Saetes

Q N\
)
s

N
N0
A
[
XXX
<

ot
o
2
i
g
7
%

Pcrmancnt line changc/%

|
.

-0.2

3 hFriedat1100 C 3 h Fried at 450 C

19 AlOs-SiC-C W 1Nk A 2875 1k

Fig. 9 Permanent line change of A1,0;—SiC—C samples

Kl 10 v ALOs-SiC-C BFEERHAREZ 110 CHE
F-v 1100 CHI 1450 Chedh i AR % A 2S5l
o mE 10 ATRLE Y, RIERZ 110 CHE)S, SZ
BT RN ARR S BN 3.01g-em®, BAFLER
/N 14.3%;  DASSPERE A% 9B B B R 1)
ARSI SZ BRIERHAFE RN, X2 H T ERNI
Ea Rl SRS E R LL, ARN R RS 3 R 2
AR LR RS, HARNI B R Sor% B kL AR L

25

20 +

Apparent porosity/%

NS 2 N

0 % | N
24 h Dried at 110 C3 h Friedat 1 100 C3 h Fried at 1

450 C

(b) AP of Al,O;—SiC—C samples

10 ALOs-SiC—C BURE [ AR FEA &AL A
Fig. 10 Bulk density (BD) and apparent porosity (AP) of Al,O;—SiC—C samples



[

25055 3 1 3

S IR RIR U S AR RN ALOs—SiC-C BRIERMERE I

* 835 -

BONEUE . 2401100 Chedlifa, iR EAAE
b, RRUE R R, 3R R R BRERL R  ER
Wit i, FEEZ A0, LR . s
RV RS B IE N,  BevE RRARE ) B 20
e BRARE THE S, SG15 Bt RHRRE AR %%
FERAN2.99g-em”, BAILKRNN19.1%. &
i 1450 CHAFEY 5, SEEHERIEME, Sio, 1
BESET M ALOs RNV A R T 5k A, BT
TR MG ZE T EA AFL, A B R R AR
BEPERAN, B LR AR o BE B T A R B
GV R AR BE e 5 vk, SG15 Haid kA
FERIR TS B B KN 3.07 grem ™, BSFLEREDA
17.1%.

Kl 11 4 AL O;-SiC-C BEiERHAFEE L 110 CHt
Tv 1100 ‘CHI 1 450 Cledh o i b om
(CMOR) AT L 358 (CCS). I 11 ATLE |,

22

S GOEEESGEZASG10 EEISG 15 B8 G20

Cold modulus of rapture/MPa

(a) CMOR of Al,05—-SiC—C samples

11
Fig. 11
Kl 12 24 ALOy-SiC—C HeiF RHAREEZ 1350 C
AL 30 min B SR PUHTIREZ(HMOR). HE 12
ATLAEH, AR SRR, RiERHARE 1)
ER TSR AR AN KR, B SZ FiEkHA
FER) HMOR b DURE SA% A 1 5e i3 R HaURE
m X RS RERHARE Sl R AR A E A
PO A PR R R T A T WA
1 oL H, RESCREE R &G B 2 28 0 R
gy, ERRE R R AR EE 2, X
WA PR AR ped B RE O s R B, Rk SZ wevEk)
RFER HMOR W& .
223 ALO-SIC-C M kFEERPAESE E
13 5 ALOs-SiC-C HyFEHERGERT J5 I H R
5 S HE AR JE R R LA o B AR FE e . I 13 ] LA

2110 CTH# G, AFEEERRERHLFER CMOR A
CCS Z A ZERE /N, 41100 CHAFEY 5, Pl
TRt A E BHAREEHAFE ) CMOR ¥t SZ Heyd Kl
, BEEREA R SRR, eiERERRFE R CMOR
JeFtE a B, SG10 BeydRHAFE ) CMOR £ KN
11.4MPa. %4 1450 CH#LH )5, DAEEZLRE N8 EHE
BrERHARER CMOR 1 CCS YL SZ Bkl i, b
RIS R RN, B RHARE 1 CMOR 1 CCS
BIRIUNF T E G K, SG15 peiEkHRFER) CCS
KA 73.7MPa. X2 R 9t A e 45 5 52 1) 38
Pem RS RHARE RS R T, JUH R BRIk R
) ALO; 5 it St 1 L2 1T PR A v R I B AR
BRT SR A, (BRGNS . TR H R
AR CCS 5 BD mIEMSE, BiERHAEE
BD oK, MPREEHAFER CCS K. RAEE 10a
SG15 i F£ () BD K, NI SG15 1) CCS K.

N (S IS GO S G A5G 1 kG 15 EESG20
80
70 t =N

60 |
50 t
40
30
20
10 |

Cold modulus of rapture/MPa

(b) CCS of Al,05-SiC—C samples

ALO3—SiC—C R YR HUHT 78 52 00 7 T i i
Cold modulus of rupture (CMOR) and cold compressive strength (CCS) of Al,O;—SiC—C samples

Hot modulus of rapture/MPa

AN RN RN NAR
SZ SGO SG5  SGI10  SGI15
Sample number

K12 ALOs—SiC—C i FE I s o 5
Fig. 12 Hot modulus of rupture of
Al,05-SiC-C samples

SG20



. 836 CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(3): 828-838

2022 4F

A, DA AR SR A E B B B AR AR J5 ik
KBTI R SGO B RHRARE s BEE
TRV R BE B 3G N, B RHAGE 5 W iR P o B K
TR AR DU o0 R 2 00 e T R BRI A,
SZ By BHAREHGE JE R AR BT B AR FFEN 29%,
SGO e vERHAFE 1 5k A B 9 FE AR FF (KA
26%. SG15 BeiERHAFER I & 7 I PT#E
RE, FRARPUITIREERFFZEA 36%AHL T SZ Wik
WA T 24.1%. DL LS5 RR: REE ok aE
B RN T ALOs—SIiC—C Bk, DA e
WIERHIPTATEERE

B POBIEIR BN, T KRR 5
FEAERAL, XGRS,
BEERHPEREBALE, ] SEM W5 T SZ. SGO.
SG15 WiFEHAMIIAE F IRy R, Wk 14a~
K 14d Fis, B 14 AR gbric 7 RaR .
Kl 14a A& 14b 9 SZ B RHAFE#VE J5 1 SEM
s A NIX I8 G FIX 38 H 1) EDS . & 141,
Bl 14g ATUAE W, ZXIBP TR N ALOs, iE
BHHOAEANI RS R, B 14a F1 14b AT DLEH, 2
GUET RIE R, Mo RAEE T SN EE

Aggregate

Matrix

Matrix

(a) SEM photograph of A1,0;—SiC-C
castables after thermal shock test: SZ

K]

Matrix

Aggregate

(d) SEM photograph of Al,O;-SiC—C castables
after thermal shock test: SG15

(low magnification)

(b) SEM photograph of Al,0;-SiC-C
castables after thermal shock test: SZ

(e) SEM photograph of Al,05—SiC—C castables
after thermal shock test: SG15

BHER RN R, KA T Fmbia, MoRaun
FHRERI A R-EE A T T Y R XU, RadE
SZ GEEFERFMY R AN, KA EERE—
o B 14c N SGO Heid BHARE AR S5 1) SEM B,
B X3 1 ) EDS 2041 14h WTLAE H, H3ERs

25 40

7221 CMOR Before thermal shock
B8 CMOR Before thermal shock - 38
< 2() - e
B * 436 <
e <
2 8
e =
L L -
= 7 s 7, <
5 7 o s 45 777 434 =
v o “i 7 [
a - Lo w0 boee 27, o =
=3 v 7 ] 7 o =
(S 7 7 7 o 7 &
o~ 7 0 o o s 32 5
iz ) 7 7 7 E
© 7 o w 7 v L i)
%] 7y o vy Tk v L 73
=] ] oo o b2 L oy —
= 10 L7 ) 7 0 o 7 30
9 ) e “ 2 -
3 7 7 v 7 7 7 3
3 0 v i i 7 7 =
7z 7 2
g 7 7 7% 7 7 7 %
7 7 7 7 7 ) 128 %
= o 7 o v 0
| [ A e o) s
< Sri e A e v 7
o L/ o Lo e s
© 57 7 7 " L “ 26
/s o (e g e gy
7 o L g s Lo
7 7 7
s A v ey o W
o v o o
o LEZ L o 7 i &
’ E

[®)
9
w
o)
o F
S E

Sz SGO SG5 SG10 S
Sample number

K 13 ALOs-SIC-C IRFFAGRRT . Ja (1 IR HTHT 585 S
PR DR LR
Fig. 13 Cold modulus of rupture of Al,0;—SiC-C samples
before and after thermal shock tests and their
residual strength ratios

(c) SEM photograph of A1,0;-SiC-C
castables after thermal shock test: SGO

1000 —7
900
800 |
700 |
600 O
500
400
300
200
100 |

Counts

Pt
0 Fy sk sl

0.00 2.00 4.00 6.00
Engergy/keV

s L

800 10.00

(f) EDS spectrum of point G in Fig. 14(a)

(high magnification)



50 5 3 F M . R RIRDIRES L B BRI ALO,—SiC—C B BHE RE K .+ 837 -
970 N 1300 N 1 800 Al
873 ¢ 1170+ 1620+
776 + 1040} 1440+
379 t 910 t o 1260F
2582 t0 £ 780+ 21080
= 5 =]
2485 + 2 650 F 2 900}
O © O
388 520 + 7201 0O
291 ¢ 390 540F _
194 | 260 360 | IS
97 + Pt 130 180 S Pt
0 A e 0 . e 0 - e
0 2 4 6 8 10 4 6 8 10 0 2 4 6 8 10
Engergy/keV Engergy/keV Engergy/keV

(g) EDS spectrum of point H in Fig.14(b)

(h) EDS spectrum of point / in Fig.14(c)

() EDS spectrum of point K in Fig.14(e)

14 SZ. SGO. SGI5 i # )5 Y SEM [ )7l EDS %
Fig. 14 SEM photographs and EDS spectrums of Al,0;—SiC—C samples after thermal shock: SZ, SGO and SG15

RFORA, X5E 2d 45585, IEHEROARESE
Tk, HIE 14c PRILLEH, ROET BT
fErh, ROH AT R TR AT R,
RETRBTFHBZ, X5 SZ BERKELY B
FRIEAL. & 14d N SG15 BeiERHAKERGE J5 1)
SEM M F, B 14e NIXI J WM REHBKE, MIX
1 K (11 EDS 2341l 141 7T LU 3L 32 Rk o N 2L
Kh, KEHTERERNERKS ALO; KM
TE RS AT

HE 14d FTLUEH, RN E 2R 5
G15 B BHZR I 5 W E B R -5 R s, R
BRI, BB 14e ATLLE Y, FEM G115 BB
RIEREA OB E ARV 2L, XML
BEAR T N0 X R PR ARE B, BT T 32 3R vy
[R5y RARRE . [FIE, DA Ak S 9 B R R BRI
B RS B 2 (R SR A R E N T kS
BRI G, WRTE T DLt RE STRE S E R T
GEERHAREM SR, X MARRE T DA ik S i Sy
R BT 5 BE LE DRI AR I hedE kel ok
JE e 11 5 A

TERGY RIS, 0 ARR Rl BHAT T2
SRR, ROy R R T i, 3
SRS IR AR 1IN, B AR e 2 TR, SGO
FeFEEHAME S SZ ek rHAFEAHLL, ROrFd Bk
WEBELZ s T SG15 WIERHARE S SZ Beyt BHAREA
b, REOREBR-ER A MY BEZ, FOREE R
078 2R RS B 1 I FER G e & 1IAE
H, SEELY RN IEE, RIFHRAREES
ZLSLI AR/ 35 A G THT 1 FH %o 24 0 B 388 im0 25
WL A 5%, BRI SG15 Beik RHRKEM BT AGE
BfE_XL!H_[29—3O]o

3 £

1) VLA JE/K IR R BEnE N k), A 2 &40 5l
K0 5%+ 10%- 15%- 20%(J5i 273 B0 ML 6t
Tk S AR B RLEATIR AR B . IR BE RI: BEE
BRI S B IBG N, AESCRS FAE & LR R N
2.64 grem > BN 2.89 grem >, RAKZEM 6.9% I
F 2.6%, JKIEIEAM SSFEARE] 700 BRI K
KRR T RR I .

2) B ot I R SR R ek W R S T
ALOs-SIC-C ek, g 1R 122 1t Re
PUEALHERERIPTIGEMERE . 48 1 450 CReLE ), LA
G15 N ERHPBeEEHARE(SG1S), i i e 5 FE L
PUEENI R A BB BHSZ) ) 5 45.7%; SG15 %8
HERHARE I E AL B R L SZ BIERRRAFEMR 26%:
SG15 FeiFRHAREHGE R R PUITMERFFR S SZ
B RHAREAI EL IR 5 T 24.1%.

S 30k

[1] PILLI V, SARKAR R. Effect of spinel content on the properties of
Al,0;-SiC—C-based trough castable[J]. Ceram Int, 2016, 42(2):
2969-2982.

LIS S, LIU J H, WANG J K, et al. Catalytic preparation of graphitic
carbon spheres for Al,O3—SiC—C castables[J]. Ceram Int, 2018, 44(11):
12940-12947.

SHI X L, TAN Y, XU F M, et al. Mechanical properties of
Al,0;-SiC—C composites using polycarbosilane as SiC precursor[J]. J
Alloy Compd, 2010, 490(1/2): 484-487.

TIAN X J, LIU M Y, LUAN J, et al. Effects of andalusite aggregate
pre-fired at different temperatures on volume stability and oxidation
resistance of AlL,O;—SiC—C castables[J]. Ceram Int, 2020, 46(14):
22745-22751.

CHEN A B, WANG X Y, ZHOU W X, et al. Oxidation resistance of
Al,0;-SiC—C castables with different grades of andalusite[J]. J Alloy
Compd, 2021, 851: 156836.

5. FEEIR A S ALOs-SIC-C & R BRI KT 7T 5 427 K [D].

B3]

(4]

(3]

(6]



838 CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(3): 828-838

2022 4

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

HRK: EPCKE, 2007,
HE Yong. Research
AlL,O;-SiC—C iron trough (in Chinese, dissertation). Chongqing:

and application of silicon sol-binnded
Chonggqing University, 2007.

DING D F, TIAN X K, YE G T, et al. Effect of andalusite aggregates
on oxidation resistance of Al,O5—SiC—C castables[J]. Ceram Int, 2019,
45(15): 19237-19241.

AR, BREE, KRR, . BEXT ALO-SIC-C BRERIRMERE
FISEIR[T]. BERR SR, 2019, 38(3): 918-924.

FAN Rundong, ZHAO Huizhong, Yu Jun, et al. Bull Chin Ceram Soc
(in Chinese), 2019, 38(3): 918-924.

SMITH J D, PEASLEE K D. Study of spent refractory waste recycling
from non-ferrous metals manufacturers in missouri[J]. Resour Conserv
Recy, 1999, 25(2): 111-124.

Yike, R, A, S RO IR B H O AR AR R R i 1 B
BIFZIALT]. BUBORHBOR 2225, 2010, 33(6): 609-613.

FAN Bing, WU Yunyun, SHI Chuan, et al. ] Wuhan Univ Sci Tech (in
Chinese), 2010, 33(6): 609—613.

WANG B, YAN L B, FU Q N, et al. A comprehensive review on
recycled aggregate and recycled aggregate concrete[J]. Resour Conserv
Recy, 2021, 171: 105565.

YANG K O, SHI C J, CHU H Q, et al. An overview on the efficiency
of different pretreatment techniques for recycled concrete aggregate[J].
J Clean Prod, 2020, 263: 121264.

KOU S C, POON C S. Properties of concrete prepared with
PVA-impregnated recycled concrete aggregates[J]. Cem Concr Comp,
2010, 32(8): 649-654.

MASATO T, TAKAFUMI N, MASIKI T, et al. Application of
conventionally recycled coarse aggregate to concrete structure by
surface modification treatment[J]. J Adv Concr Technol, 2007, 5(1):
13-25.

LEI B, LI W G, YANG Z, et al. Effects of environmental actions,
recycled aggregate quality and modification treatments on durability
performance of recycled concrete[J]. J Mater Res Technol, 2020, 9(6):
13375-13389.

Flg, PRPaz, RO, & ER R HK Ve 4 & NI K B BT
RN S5 A RERI FEMA D] RERR 3R 2731, 2018, 46(3): 427-432.
WANG Feng, CHEN Pingan, ZHU Boquan, et al. J] Chin Ceram Soc,
2018, 46(3): 427-432.

B, v, R EVE RO SR A 4 G NI B KRR ) S
RERUSZIR[T]. TEERR ER 229K, 2007, 35(5): 664-670.

CAI Yanzhi, YANG Bin, WANG Gang. J Chin Ceram Soc, 2007,
35(5): 664-670.

SINGH L P, BHATTACHARRY S K, KUMAR R, et al. Sol-gel
processing of silica nanoparticles and their applications[J]. Adv
Colloid Interf, 2014, 214: 17-37.

[19] NOURU-KHEZRABAD M, BRAULIO M A L, PANDOLFELLI V C,

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

et al. Nano-bonded refractory castables[J]. Ceram Int, 2013, 39(4):
3479-3497.

EEI, T, WP, & ISR E i K Ber e 45 7 1
BRG], RERRER 4R, 2017, 45(3): 422-432.

WANG Yulong, LI Xiangcheng, CHEN Pingan, et al. J] Chin Ceram
Soc, 2017, 45(3): 422-432.

T T, B, XUARHE. ERHR BT O B - B i kAR RE
FISEIR[T]. Tif SO L, 2020, 54(2): 98-102.

ZHANG Qiangian, GE Tiezhu, LIU lexuan, et al. Refract (in Chinese),
2020, 54(2): 98-102.

IBRAHIM M.I. B, EMAD M.M. E, Ahmed A.M. E. Rheology of
refractory concrete: An article review[J]. Bol Soc Esp Ceram V, 2021.
ZANG Y F, XIAO G Q, DING D H, et al. Synthesis of in-situ
high-content carbon-containing calcium aluminate cement and its
effect on the properties of Al,O;—SiC—C castables[J]. J Asian Ceram
Soc, 2021, 9(2): 1-10.

EE. ALO;-SIC-C kAR A EHE iR Al ML Rk 5 T & AL
FID]. B BBUBHR %, 2019.

WANG Yulong. The study on high tempture service performance and
harmlessness of Al,O3—SiC—C castables for iron runner (in Chinese,
dissertation). Wuhan: Wuhan University of Science and Technology,
2019.

T T ARV ORI T b L 4 5 1 RE B R AR T FE (D).
Mz I KA, 2020.

ZHANG Qiangian. Study on the influence of silica sol on the structure
and properties of bauxite-based refractories (in Chinese, dissertation).
Zhengzhou: Zhengzhou University, 2020.

FAN R D, ZHAO H Z, ZHANG H, et al. Effect of partial substitution
of alumina—chromium slag for Al,O3 on microstructures and properties
of Al,O;-SiC-C trough castables[J]. 2019, 45(9):
11204-11215.

PIETA A, BUCKO M M, Janus M, et al. Calcium hexaaluminate
synthesis and its influence on the properties of CA,—Al,O;-based
refractories[J]. J Eur Ceram Soc, 2015, 35(16): 4567-4571.

Ceram Int,

[28] XUKERY, XILE. Ak EE xR NI Pav ke sl F i 30 E Tk BE B BE R[],

[29

[30]

FERR Eh 274, 2011, 39(3): 436-440.

LIU Huimin, LiuJin. J Chin Ceram Soc, 2011, 39(3): 436-440.

BRM, (Efz, B85, & AE2ESERG M TIC-SIC BB A=
L HAS ALOs—C i KA R BERIFENALT]. TERR #h 21, 2021, 49(4):
799-806.

CHEN Xing, REN Yun, LUO Jiyuan, et al. J Chin Ceram Soc, 2021,
49(4): 799-806.

LIAO N, LI'Y W, WANG Q H, et al. Synergic effects of nano carbon
sources on thermal shock resistance of Al,O;—C refractories[J]. Ceram
Int, 2017, 43(16): 14380-14388.



