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Evaluation of Creep Results of Silica Brick by Creep Test Method
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Abstract: Industrial silica bricks were obtained in tunnel kiln by sintering at 1450 ‘C with crystalline silica as a raw material, and
lime milk and iron scale as binders. The creep in compression tests was carried out on 7 fired bricks with different residual quartz
contents according to the standard GB/T 5073—2005. The results show that the test can be divided into three stages from room
temperature to the end of creep according to the change of deformation rate. The distinct expansion stage occurs from room
temperature to 900 ‘C, and the expansion is positively correlated to the residual quartz content. The distinct shrinkage stage appears
from 900 to 1450 C, and the shrinkage is negatively correlated to the residual quartz content. The creep tends to be steady at 1450 C,
and the samples with a low residual quartz content show a better stability. The creep curve of silica brick obtained based on GB/T
5073 is not consistent with the expansion or contraction during the whole heating process. At the creep temperature (i.e., <1470 C),
cristobalite will translate to tridymite, and the samples with a low residual quartz content tend to be negative (i.e., shrinkage), while
those with a high residual quartz content are positive (i.e., expansion). The residual quartz content has an influence on the creep
process. It could be questionable to evaluate creep high-temperature performance of silica brick just according to GB/T 5073—2005
creep test method.
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Table 1 Chemical composition of samples

Sample wi% Residual  Tridymite/
No SiO, CaO AlLO; Fe,0; K,O+Na,O quartz/% %

A 9598 1.85 0.59 1.02 0.158 7.3 56

B 9593 1.84 0.65 1.15 0.178 1.5 61

C 95.55 241 059 098 0.172 0.8 69

D 9579 2.04 0.72 1.02 0.183 0.8 69

E 9538 2.54 0.74 0.76 0.27 0.5 83

F 9535 228 1.05 0.79 0.203 0.5 84

G 9539 229 1.00 0.76 0.227 0.4 85

w—Mass fraction.
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Table 2 Physical properties of sample after sintered

Sample  Apparent Ture density/ Cold crushing/ Linear expansion

No porosity/%  (grem ) strength/MPa  rate/%
A 21.9 2.33 50 1.24
B 23.8 2.33 37 1.31
C 219 2.33 55 1.27
D 22.9 2.33 46 1.28
E 20.6 2.33 62 1.21
F 21.6 2.32 50 1.23
G 20.7 2.33 63 1.23

2.2 BETHEFE
K 2 ARREM 1450 °C, 1EIE 25 h AR 2k .
PR 2 iR #2570k 3 NI B, R AR 1R



5 48 5 9 KT S R AR S T VR R AR 45 R (R N M R 5 .+ 1507 -
* 0 Quirc B AR K. R A B4 SR A 7.3%,
e o * Tridymic AR ABINCLRE, SEE RS I 5 7 4

G i * o & Cristobalite e A

R R R SR,

R 3 Ay RESIEI A8 et (1 FHEL B A2 4R
LI ASRBRT AL, FESL TR 3 M BL, R
o | Y. 8 0 e 6 X 1 7 X 31
e o 55 1B 0~150 min Z43(41 900 C )iy G

s . %m& FE ML DOE I A B, K R TR

Al SRR L. A BN ST, AR N R

10 20 30 40 50 60 70 80 90
20/(°)
ICSD 16331, Silicon oxide-alpha, Quartz, low

Intensity

20/(°)

(a) 10°-90°

O Quartz
* Tridymite
@ Cristobalite

2 | i
z — Mwﬁjr(/wyﬁ

20 30 35

(b) 20°-40°
1 BeJakemh XRD %
Fig. 1 XRD patterns of samples after sintered

0.2r
§ From top to bottom
s Sample A,E,G,C,D,F,.B
= 0.1F
8
O
0.0 - @ @ @
—0.1F k
1 1 1 1 1
0 5 10 15 20 25
Time/h

K2 BeJakEmh A 24 G 1 1450 T2 £k
Fig. 2 Creep rate of sample a to sample g at 1450 'C

I 2 R s FaSIF AR . IR AR R T 42
o AHRERERE S A1 12 5 5 I TRV R ) AR AR

BIFAR (FASRAE-0.2~0.3 Z[Al). HAPF AT A 8¢
k%%ﬁﬂ%,ﬂﬁﬁ%%mﬁ%MW?,ﬁ¢#

ﬁ%%ﬂ@%yﬁﬁﬁﬁm%ﬁﬂ%%ﬁ,n7c
y-IE A BTG ) o~ A1 LA, 180 C B-TT AT ETT
DR TR o= 77 A AR s Bt WL B T i CE Bl TR AR A
) =AY, AR R R RS, H
23 R FANZ A -

252 B BCA 150~300 min(900~1 450 °C)If) A &
WARMY B, FE S AR 20 4, Wi i SRR

R Y BT o-J5 A PR o5 A P
AR A0S WA A A A ORI G R,
TERERT ()8 st R b PRIBCRH 23 A1 R 5% ) J7 A 4 v
FERBUREIX I, 5547 e e vh A i X 4, Rl AR S
B R b, AT RS 2 (R 1 J7 A7 o [n) 54 0 (1) e
AR, FEIGARSEZIG I 0.2 MPa I I 41E R, 7E a-fif
A HERRE IR E X 8] (870~1 470 C)ITHE L FER, T
A G ) fig Ay % (R AR T A A R, R 3 R
Fr IR« 20%11T -5 A1 Je AR N a-fAy
23K 0.94% AR IS4 -

%5 3 B Bh 300~1 800 min(1 450 C AR AR A
AR B, FE SRR G TR e, R AR

FARE i S I B AR E 1 o AE AT BOA T A 9 1)
1.6 T
Room: temperature —
L4=900{C A
1.2
o\\c’
f‘-—é 1.0
£ -
g 0.8 From top to bottom
§ sk Sample A,B,C,G,D,E,F
jo)
A . .
0400 CH1 450 C
1450 °C holding 25 h
0.2}
00 1 1 1 1 1 1 1

1
0 200 400 600 800 1000120014001 6001 800
Time/min
B3 AR s T rp B AR A 5 I ) 5 AR il 2
Fig. 3 Relationship between deformation rate and time in
creep experiment



+ 1508 - CREMR Eh 224D

J Chin Ceram Soc, 2020, 48(9): 1505-1510

2020 4F

i S MR AT, BRI ARTRW AR, TR AL
AR, RIAETIEM, FE 5L 4
Tl N2 0] 564 J IR 25 R B o 1B BOB AR =D,
Rt B AT R0 1) e il 00 A2 1 B

e GB/T 5073 M (M A2 AR T, AE T
DA K AE 4 A LAY ks ok B P L S (R B — A
I, R SRAE e FE AR EE AR A o [R]INE ZAmE T4
Fhi i R I S ek, 7 18] 2 IRieE Az ith 42 1l
it B AR AR, AR SERR I TR R AR B )
B A & AP AR T SN E 1470 C(a-fifiA
Y5 o= AT SR LR AL ) DA I8 AR 2 22 O A
(i), X2 FRAT TR RS () iR M R SR s X

Kl 4 B RESAE 1550 CARIE 50 h g AS ih
LEFIRAR MR . hE 4 v ], HLBEHES
25 h MR ARSI B A — 3
2.3 HMEED I

T SEI0 451 R, ISR FE i B i v &)
PR 5 AR AR

—

From top to bottom
Sample B, D, F, E

N~

Creep rate/%

—0.30F
—0.35F
| 1 | | |
0 10 20 30 40 50
Time/h
(a) Creep rate

Bl 5 FESh A BFEARHET SEM IR . B 6 AR
A SRR SEM M. B 5 R 6 Al UL, AR A
IEAR GRS G AR 2E, R TRRA RS 'S
FEC AR FTRE S ORURL IR A 0 22 K bR
A DU AL, A8 5 BE 22 R /N ok
(NS A e, 5 Ao 3 B FESAR 2
FE it A2 B4 ) S Rl 22—

Bl 7 AFE S F iS5 23 SEM [ . fE 7
AL UL, KAORE P 38 AR A IR T A 0%, A 2 2y
FLEF T
24 itig

FERE 1 450 °C (i AR ik B2 ik 4 0 o AR J
T A i AR LR A R I A R . TR
VR R SO s AR N AR VA NI B | ]
3B SRARAEGBEAB KRR HERR
S B AN R AR RN 2 A ity 52 B A ) e il
AVERE, 3K o FRATTAE F W Ak A 0l AR P RO 55
M LUK HER A

1.4

1.2

| Set—

—
=
T

From top to bottom
Sample B, F, E, D

Deformation rate/%
o o
> %
1

=3
~
L

e
)

1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500
Time/min

e
=)

(b) Deformation rate

Bl 4 1500 CORIE 50 h AR it £k 55 AR 2 il 2%
Fig.4 1500 C holding 50 h creep rate and deformation rate of samples

(a) Overall morphology

(b) Cristobalite

(c) Tridymite

5 FEih A WEZZHT SEM JET
Fig. 5 SEM morphologys of of sample A before creep



48 B o W

TRFFHE A Hi AR S0 T VR T o AR A )3 A R .+ 1509 -

(a) Overall morphology

(b) Local morphology

(c) Cristobalite

6 FEih A GAZ)E SEM [T
Fig. 6 SEM morphologys of of sample A after creep

(b) Tridymite

(¢) Tridymite with cristobalite

(d) Polarizing microscope photo

7 FENF AR5 W JES SEM T
Fig. 7 SEM morphologys of fracture surface of sample F

RAR AT S B S A A JEORR R At th i R 45 2
R e, TR R LR ERe, Tk
FE BRI BT 3%. (RER A5 = IR
i 7E A4S R R Bk R B K D, AR R R BE AR T
1470 CIF, B9 SR, FEa B840 &
BRI 1)o JEBTHP A SR AT A, K2 A1
A5 RITREO (B Tb), X0 Bt kR 1 GRS
EVERABORM R X .

SCHR[I3TAE 1 500 °C ek cSe A8 kA 1 in i
RBIARIR AR A S B IFE S, JFIE T Hom#e

PRI FE P AR AR L (B 8) kAT PR A A D i
N 0.5%MFE S RILH T Bl AR et . 54K
Ry S50 45 RAFF A o

MR AR S IG 5 I RERG A AL,  HEARIR B P2,
FEAESP R KA T (an 10 4FBL L), Hais )
AT, A TE SO M A kAR
RFAIE [) G5 AL 38— (R B B S R 78 s I Si0, A AE St
B A B R A PR ) AR

HH FfeE s 530 0 A A AH LA TR R 2
FRKWREIK . TR HEAR T, GB/T 5073—2005



< 1510 - CREMR £R 27 4R

J Chin Ceram Soc, 2020, 48(9): 1505-1510

2020 4F

PO FERIG AT MK AN 5835 o AR E R RERE (145
AP, ACIG AR TR 0 T 50%IF I &5 3
WA R IR R

2.0 ———
Load-0.2 N/mm? l&t quartz 9.5%
s 5%
15k | 5.5%
3.5%
§
0.5%
2 1.0 5 K/min |0.2 K/min ’
&
o
0.5r
/ 1 1 1 1 1 1
500 1 000 1 2 3 4 5
Temperature/‘C Holding time/h
B8 1500 CHIEAR ORI A L A R IEEAII
JAT At

Fig. 8 Expansion behavior of silica with different residual
quartz content caused by heating rate at 1500 ‘C'*

3 #%

SIS DAASH I R AN )5 4 A s et 1 Tl 2R = fik i
MFESL, HEATT 1450 Cx25h (f) i A8 528 .

B B THE 2 R 2 OB AR %05 3 N B,
{H % A 2 T B Y g g — AN B R A 0 AR
P o RIFE S A E RS2 A7 AE X [A] 1450 'CHEAT 15K
5, RS AR A e AR S AT RE N FUE (), T
B A 0 s I RE AR I IEE (2K, X HER VP
Fek A 1) v e M BB A2 8 o R A A ) e A (1)
AL R MRS, H LRSI 7 R AR AR
R UE A

SE 3k

[1] BEERKENS R G C, VERHEIJRN O S. Reactions of alkali vapours
with silica based refractory in glass furnaces, thermodynamics and
mass transfer[J]. Glass Technol-Part A, 2005, 46: 371-382.

(2]

B3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

(1]

[12

[13]

[14

SERISC. R T KRR TR D). 0 KA, 2013(6):
473-475.

PENG Zhaowen. Refractories (in Chinese), 2013(6): 473-475.

HHIHE, RBE, RPN KR R R 5 TR [CY
2015 Wi KARHR G AR B+ = iR E A E TR KR AR
SN 2015 i KSURHEARAZ 2y, 71 8, 2015,

DONG Menglei, XU Enxia, LI Suping. 2015 Annual Conference on
refractory materials and the 13th National Conference on amorphous
refractories and 2015 Conference on refractory materials, Qingdao,
2015.

CHOKSHI A H. Diffusion creep in oxide ceramics[J]. J Eur Ceram Soc,
2002, 22(14): 2469-2478.

BAKUNOV V S, BELYAKOV A V. Creep in Ceramics and
Refractories[J]. Glass Ceram, 2003, 60(9-10): 326-331.

MR, EME, BREE. BOXUD TG A A R BRI D]. KM,
2012(5): 361-362.

WEI Xiao, CAO Mei, CHEN Yan. Refractories (in Chinese), 2012(5):
361-362.

PAGLIARI L, DAPIAGGI M, PAVESE A, et al. A kinetic study of the
quartz—cristobalite phase transition[J]. J Eur Ceram Soc, 2013,
33(15-16): 3403-3410.

PILATE P, LARDOT V, CAMBIER F, et al. Contribution to the
understanding of the high temperature behavior and of the compressive
creep behavior of silica refractory materials[J]. J Eur Ceram Soc, 2015,
35(2): 813-822.

PO, . ZAEREL X GTEATH M. Bk AL, 2012:
116-118.

CHAKLADER A C D. X-Ray study of quartz-cristobalite
transformation[J]. ] Am Ceram Soc, 1963, 46(2): 66-71.

R, Hoe, TR, & mEl o-J5 4 SERnm AR5 14 5 L[],
TERR 55274, 2006(1): 123-126.

REN Gangwei, CHANG Liang, WEI Xiaohui, et al. [J]. J Chin Ceram
Soc, 2006(1): 123-126.
IR, AR, B, A5 e Ti A
1992(1): 99-102.

GAO Zhenxin, REN Xixin, ZHAO Mengxi, et al. [J]. J Chin Ceram
Soc, 1992(1): 99-102.

MAIJDI A, HAGEMANN L, MAERCKER G, OVERKOTT E,
SUCKOW A. The thermal expansion of silicone stones for coke oven
construction[J]. Ceram J, 1982, 34: 89-92.

TR, 4253, skF5H, 5. BORUY mnlh DXOHTREA vh 847 S 454
HAR[Y]. RERRER IR, 2019(12): 1818-1824.

XING Dongming, LI Yong, ZHANG Xiuhua, et al. [J]. J Chin Ceram
Soc, 2019(12): 1818-1824.

TEIRI). GERRER2AIR,



