A - FEME T AKX SO NENFE OB 1121

© 1983 ISIJ

LTI TR

i X

IR

BF « SFIELET 7 IS X Bk D 15
ZB) O IRET
JRFOFBULS - MR RSO EF
TH BB KE HE

Experimental Study on the Mechanical Behavior of Refractories
by a Blast Furnace Hearth Model

Kunikiro HIRONAKA, Akibumi FUJIWARA, Masayuki Fujmo,

Koji SHIMOMURA, and Yoshio OHTA

Synopsis :

To study the fracture mechanism of the refractories of blast furnace by thermal stress, a model
furnace of hearth and bottom of Kakogawa No. 2 B. F. was constructed. The model furnace was
heated to about 1500°C, twice.

Thermal stress(strain), displacement of refractories and those of shell were measured during the
heating test. Crack behaviour of the refractories was detected by A. E. during the heating test and

also by visual inspection after the test.
The results are summarized as follows:

I. High stress was observed in refractories and in shell at the first heating test.

The stress observed

at the second heating test was less than that of the first. Also, displacement of shell and refractories was

fairly affected by heat hysterisis.
joint mortal and carbon stamp.

2. Cracks were detected at side face of carbon blocks, by visual inspection.

These phenomena may be caused mainly by irreversible shrinkage of

The result of A. E. signal

indicated that these cracks probably occurred at the final stage of heating process of the first heating

test.
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Fig. 1. Construction of the experimental blast

furnace hearth and the location of sensors.

Table 1. Properties of refractories in model
furnace.
Carbon block  Fire clay
Porosity (%) 18 12
Specific gravity 1.6 2.3
Thermal expansion (%) at 500°C 0.15 0.35
at 1000°C 0. 30 0.62
Compressive strength* at R.T. 4.2 5.3
(kgf/mm?) at 500°C 4.5 6.2
at 1000°C 5.0 11.0
Bending strength* at R.T. 1.5 1.2
(kgf/mm?) at 500°C 1.7 1.5
at 1000C 1.8 2.2
Chemical composition Cc96 Al, O3 44
(wt%) . Si0; 55
Feg 03 1

*Specimens were loaded in direction of extrusion.
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Fig. 2. Temperature transition of refratories.
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Fig. 3. Transition of radial displacement of
shell and carbon blocks.
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Fig. 4. Transition of hoop stress of shell and
carbon blocks.
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Fig. 5. Temperature distribution after heating.

H—ARv7 e, 7 CRREBCI2pHLLT, TORE
HATFERETHY, EFREBOLhCENC Ehb
5.

VPR ECFEANRSERECELLO D, BRR IV
BEXEVELT, ABREEENNASRLCEE DI
5. B RIETEER T~

Fig. 3 1T, #—HAv 7 vy 7 LGPEEOFRITHEMN
Bt BEBEOHN—HEVTm .y, 7 DEML, Fig. 2
FTABOBBEM COBREER L RN IS % AT
2%, BREOEYIE L IO TENOTEIEN R T 5
HRCHDZ Ehbns, ¥t, A—Rvre, 7 Lk
FEOEMEC VT HFEFEOEAIRZT RS, 20
FEDOLRED HRDI-A & v 7 DGR n ORFEEL
fl% Fig. 6(a) wrT. &k, ARCRT IS, A
GHHB L A 5 v 7 TlX, 1=2% BEOEMEMIEK
ML, Fig. 6 (b) &, BESHE» LHPEL TRDI
AR VT DB OBGEE 2 ORRELERL, b

37 —



1124

& &

]

2 69 £ (1983) H 9=

6
5
a4
£ 3
= 2
|
okt (@) Compressed ratio
$ 4
T
£ 3
N 2
Q
s |
a2
; 0 {b) Thermal conductivity
1 1 L J | L Il 1 | 1 |
o1 2 3 4 5 6 7 8 9 10
Time ({day)
S 4 -
T '
£ o % _®
N pod
o -
< -
~— 2 —
< el ©
//®
(o} 3 6
7 (%)

(C) Relation between % and X

Fig. 6. Transition of the compressed ratio 7
of stamp.

. Fig. 6(c) &y & 20BGEEYRT. AT, £5
DENRDOLRDH, A BKREL nH e ohEint
BT H 5.

Fig. 4 &, 7—HFvoe, 7B I08EOFNER
DFRFTEIGT] 00¢ 00 DIEBEELE AT, RRD ST
oor 1X5|3R, oo (AR BBEMT RKELERTHS T
b, Ei, ARCET 2BELE L EHIEEHD
BICRIZ, AR DOREREE) & LA OB & FAig R T
wEMERL, Fig. 3 & Fig. 4 oORFTIEIRD
bhs.

¥/, Fig. 2 Xv, E BX b LoFE&RE R, 10
HRCIRERICRST\5. AA, RAZECRT 58K
X, FEFECHIIORB L D SIFEL T\ % = &8
Fig. 3 X vbhd. ZoBHLL, Az VvIHBIBEOY
HIEID, A2 v FEORTRERC > TR S hic
ZERIBLDEBEbLNRAS.

WIC, EBRTHROMGCREOKETIX, By — %
vZwe o, o/, k- A2 VvF R, AxvTS o Hh—FEV
Try ZECTEMAER I Thboffiz, GB

Before heating

During heating

(without considering circumferential expansion)
During heating

(with considering circumferential expansion)
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Fig. 12. Bending strength of carbon pieces which
were sampled from testing model furnace after

heating.

5. RBREOH—RIT0v IDRE

kB, BESIVCIENIBRE Y —Kv 7 ey 712
b.x HEEE Lo, MFREREER TEmL,
SIRIEE op B RDI.

Fig. 12(a) i, FBO» —R v 7 ey 70 bORER
FEULE, Hr&, *ORBR hRiEsE 7 AP ER
TR REEREY AT, ¥ RBRAE L 40 mm
(& X) x40mm(fF) x 150 mm(E X) & L. RBRGE
A BT EL, TR IDTE LRI EEE op %
Fig. 12(b) R7. WThoBiconwTh, FA—ERE
BT B LT, EEFRD oy(or) BATTRD
op(o3) Lo LBV EFECHS. ZORREEL, »—HKv T
vy 7RE U URET 5B S h e, RS

(a) Size
(b) Arrangement
(¢) Crack of hutched region ff—f_‘.m) x5 E %;\3’_ Toﬁ”b 5.
Photo. 3. Cracks of fire clay bricks. ¥¢-, B, C,D Brcit, RER OFEF METALE D

ER XD op DENRDLRISGE, EB XD b EHIC

— 4] —



1128 gk &

5 69 4 (1983) 9=

DL, o BBRBEMNOF B GER L B, ¥ it
BEBOTPBEEM L v ECE S HEAN R D b h
5.

CDOBRY, BEEASSEMCH L CRENE»D
el &, BIORHRERDIKRE DL LiciERT
50D EEbh5.

6. &

PP ORI BR L ® FAFI Lo, B
DRANFE HE L FHRER, SIOHBEEEL
KBEITOC, ¥R E.

(1) A=K vFe, s, CEOBLENE XOREY
X, RAIDFBFHFEKRE xR L, FOBOBELE)
RC BT 5 Zh BEBOEMIINI D%, Liahdi>T
RSP PRI Ot K D BIG TN Th, kKARBOR
REBOEAEEELEL bhb.

(2) FBRFORzx VIS OEMENCIIAT A
KIht, FLEBRRTEORGEREND, 2xv T -
SR, A2V - h—FEvFe, 78R IOy —
Ry Ta, sBCTEMIBEIRE. E4, H—Fv
7e oy Z3FARPICERS AgEACBET . ok
B XoT, BRPCI»nbLT, s —£voe
v 7 DZBEMNC T E RN U AREM 5D & L2 B
VR LT,

(3) FE>Y+<E, PRAROEEER T, FEfHC
XDECKEBbhS, RAKBEROEWSEHIEIH
7e.

(4) BBYEAr—Rv e, 7oflEcI2, BEHE
22D 150 mm OB, BB & T nEhnimd 6
hic. Zoflhig, AE FBEERE L v, RERCE T
T ERHEE SR, ¥R, BENEHERC L, =
DI DIRED AL EFRBO £ HICHE S D TH DL,

il

(3) HBOEA —Rv T e, 7 DEIL, HiEDLD
WIREGRRBRACEMIG N FR S L EBh s
ThEGRERY, ERHEROMTRBRECK VT, 5]
REPDAELD X 57, SWGCEHAPREH K L T w
5. LIctioT, EFMEDHN—Fv T ey, 712,
KA USRI ERE S hizb o L Bbh b,

(6) KB THROBEWOEHI —HKv 7w, 7508
WU T-BRBRAC X 5 TR RE <1k, ARG REE
EERBEM OB L 0 &<, RRIGT ARG R
BEROFHHREIER & b & &V S AR R L.

Bbhi, FEFAFRRICESKILH R\ el
WP R T HER B, MAEXKY X C oG
AR B L E T

3 [

1) mm#@E=: & &M, 68 (1982), p. 200

2) BAEAN, AR, IIERE: ZExWask, 87
(1981) 7, p. 356

3) MnEE—EB, FRAELR, HLE: %W, 68
(1982), p. 105

4) BILEA, /ANURTER, BEER, WE [E: &
L\, 65 (1979), S113

5) RRAIEAN, WHRE, X, MEMK: &
&, 67 (1981), S6l

6) FHIE, K iE, WEFEER, HKE R, BA
F#0, BRI WEKMIA (1975) 283, p. 110

7) R, gk, K A Wk, 30
(1978), p. 111

8) FMEE, WEAIA, K iE: Whky, 31
(1979), p. 388

9) #reEEEE, )lisE—: JERkERE, 19 (1975) 10
p- 509 :

10) =7 %, REM®HE, ROE—: M, 67
(1981), p. 313

11) F. H. WitTMAN: Advances in Fracture
Research 1981 (ICF 5) Vol. 4, p. 1467

12) A. A. GrirFiTH: Proc. 1st Intern. Congr.
Appl. Mech. (1924), p. 55

13) BRIEMER, Eh3F, HEEZ: &L, 68
(1982), p. 2116

49 —



