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Deformation and Failure Behavior of Refractories for
Blast Furnace at Elevated Temperature

Manabu MIYAMOTO, Toshio ONOYE, and Kiichi INARITA

- 'SAy;xrlépsis:

The complete stress-strain curve for brittle materials cannot be obtained with conventional testing
machines because of their low stiffness and difficulties in strain-control. In this paper, the deforma-
tion and failure behavior of refractories for blast furnace under strain-controlled uniaxial compression

with a stiff testing machine is discussed.

It is found that the refractories retain some strength and have still appreciable elasticity even after
the maximum stress is reached. Fireclay brick shows anisotropy with regard to the stress-strain curve.
It has a large deformability and superior resistance to the failure by thermal stress in parallel to the
direction of press forming. Carbon brick fractures with a small deformation after the maximum stress.
At the temperature above 800°C, fireclay brick exhibits visco-elastic behavior, which is substantially

explained by the Burgers model.
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Fig. 2. Effect of the method of loading process
control on the stress-strain relationship.
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(a) Stress-controlled, 0 =2.6kg-mm-2-min-1, fireclay brick (//)
(b) Strain-controlled, & =5%10-6 s-1, fireclay brick (//)
(c) Strain-controlled, €=5x%10-65"1, fireclay brick (L)
Photo. 2. Modes of failure of bricks under uniaxial compression at
room temperature (X%).
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Fig. 4 Stress-strain curves for fireclay brick
at clevated temperatures.
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Fig. 6. Apparent elastic moduli of blast
furnace refractories.
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Fig. 7. Visco-elastic behavior of fireclay brick.
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Fig. 8. Creep curves for fireclay brick.
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Photo. 4. Scanning electron micrograph of the
fracture surface of fireclay brick.
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Fig. 9. Stress-strain curves for carbon brick.

(a) R.T. €=5x10-65-1
(b) 1000°C, €=5x10-65-1

Photo. 5. Modes of failure of carbon brick (//)
under uniaxial compression (X%).

4. = =

41 HERBWORE

ko EmERREY B2 5854, MEHEC X T
JEH BRI L, B KO EfRRE LS
RS CHENCEETS. o CHAkosELE -0
FTHMFEEE B - DITIENE L X 5 0T H8% &
i MEABD. L LENRLUTLEHEOSEA Y
EUFie 7nd Bt b, Rl EV-RBIE T 2L 7eh
T-OTHMBEEED Z LTI 10192020 SpEAMG
DRl L O TARHE T B LR BHE-ZM R E © BG
T e Figlo ot kb Ths. RBREYAEIM K* D
REBECEW SR HEE, BAGIERTAECE T
T 4dx ODEWE ¥ 513, EHE ABCD iy
P Ky=dF/dx THoHLINAWMIBE, BHEFHIAL LS.

— 94 —



EFEAMXHOBRICE T 5EES X UCHESED 319

Specimen stiffness :k

Machine stiffness: K

A E K]
rupture
INONE, f
nooN K2
. gt(a E Kz rupture
N P o= (KoK (ex)?
8 P 2
1o
pM*¢
Deformaticn
Fig. 10. Effect of the testing machine stiffness on

the recorded force-deformation behavior
of a brittle material.

D= dAEERMEUETSTH D, L Lind LR
M HILER AECD iS4 T 5= A FrRHIhbic
», HH AEB wifX 3 588 0= x v FHRBRRTH
MBI ERIRD, AMAEEC OB, OBERR
FoRIHE-SEEomEE YL, chx £ &
FT5L, BRO=FAF AW 2(1)RTESRS. K

G TCE — T

I kEVEIM K b o RBErAV5E, K &
k —335F A TRABRFOEREHIHEHTE 525,
F S5 2 2 780w UCRREBCBR O = F A F T X
SOTREBHAGHETS. ched LRABRFOREIMELD b
K& el Ky % b oRBEEYACTOTAHHEER S
fez ¥, REHAKROEMTH DT EH-0F &l
WMAEBALZENTES.
REMEORIMELY B THHELLTUL, ZIREYKRT
%t EREBE A ORI R & T 5 M mEY — &
v AT AFFAVHEHEWIN S, BRBER Y — KR
BREETIR0 UL 5 @Rk B ms ot — & —)W O
BHETOTHEHEATERLDOT, DT AHAEEINSPEL
BECRTHERCBHL, Erd ERBE ORI S
BDHZENTES. Tok ME-EUBROGEN,LAK
Bag TR 2 AR ORI Y R 5 L # 107 kg/cm
Zith.
4.2 HEMHEETL

iR X 5 LB AR BRI W THEERET)
R4, HmHEFaoELUL Figo 1l @WRTI5K
HHEEdbbT &y oty FEWEELLLTATY
v ZREFI Ao Maxwell = F 4, WFic ADjc
b AR L Burgers ® FupiR
R3hTEKH, BOOKBEEEPCOVWTRIhDLOE
FAC L BB RLEONT 5D, ThfhDEFN

AW =

Kelvin = 5,

(Maxwell) ® AN EE
(Kelvin) *— —®
I
i

Ex

(Burgers)
En
(2
Fig...11. Visco-elastic model. e

oW T DS (kg/mm?)
~(5)RDOBRISKILT 5.
Maxwell model :

de 1 dag 1
o0 E ot Ty° (2)

Kelvin model :

g V0T e OFICIT(2)

”=E5+’7%(3)

Burgers model :

2 EyE
o, (B B B\lo  Buli,
ot 7@ 7K 7Pk / 9 pux
02¢ EnuEx Oe

+
at? 7K at

ZZTo=0 (—&F) D& &

=0 gyt S B (e )]
T Ey BXUO gu 12 Maxwell EFRoOHMER (kg/
mm?) 35 X OREMEEREL (kgs/mm?), Ex I I gk (%
Kelvin RO MERYS X O BlFRERTHD. ¢ —ED
BE, “hboeFardsto3 7Y —FHExY T L
Fig. 1200k TH%. Fig. IR LICHEENRALD
7 ) — 7 gh#s Burgers = F v 7 Y — PSR ORI
FULTWAZ End, (3)XEAVCTHEHNLICKERY
Rt & Tablel Drx)THSH. WHE E, HHERK
p EBRBRENEL LD EEBRNSLLERETRL
T3, ZhALORBIEA VSV EDTRRD LE
2 bhAh, WThLThHLERAVRDORRCKT
K2 BT Burgers £ AR X O TRERBTZ 5. #
HEE 7k B X gu OBREKREMS b Arrhenius @
KD EST I kBLV 2Kk 7V -7 ORKEEE=F L
FhRDBE, FhFh 22 X0 37kcal/mol TH

—Fy ()

— 95 —



320 % t

%67 4 (1981) ;2=

Table 1. Rheological constants of fireclay brick at elevated temperature.

gc g ) EM ™ EK 7?K g tM
kg/mm? | kg/mm?| kg/mm? |[kg-s/mm?| kg/mm? jkg-s/mm? s s
800°C 6.9 3 3100 2.6x108 6400 6.4x 108 1000 8.4x10¢
900°C 10.1 3 2700 5.7x107 3700 2.5x 1086 680 2.1x104
1 000°C 10.8 3 2 000 3.2x107 1600 1.4 108 880 1.6x10¢
1100°C 6.1 3 1400 6.5x10s 460 6.5x 108 1400 4.8x10°
Notes : o¢ : Compressive strengih, oy @ Applicd stress, ‘K=%I:?, ty =—%M;
Brick was compressed in parallel to the direction of press forming.
10f Fireciay brick €=0
4 Press direct.
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(Maxwell) § . %
T /
E
i—"—’ér
@ of 3°C/min
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B i
g N Stress relaxation | i ‘g
g* i, 3
| = u
(Burgers) g ] L v oL J‘/ ,/-‘“‘JA. E.’J \\' 3°C/min 720000

t

Fig. 12. Schematic creep curves for various models.
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Fig. 13. Thermal expansion of blast furnace

refractories.

9, Beyer 520 i 1225°C ~ 1275°C =\~ C 2, 3
DRTENRADD 2R 2 V — F 1 DTE - i 33~47
kcal/mol Lt X< —F1LTv5.

0 200 400 600

Temperature (*C)

800 1000

Fig. 14. Thermal stress generated in the
restrained refractories.
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Fig. 15. Stress-strain curve for fireclay brick
after thermal stress test.
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