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Dynamic Wearing Test for Magnesia-Carbon Refractories Using

Induction Furnace

Akio IKESUE, Jhouki YOSHITOMI and Hiroshi SHIKANO

Synopsis :

The chemical corrosion (static wearing condition ) and the mechamo-chemical corrosion (dynamic
wearing condition) on magnesia-carbon refracrories were investigated by a high capacity induction furnace.
In comparison with respective experiments, the specimens after dynamic wearing had large wearing rates
and showed specific corrosion mechanism on microscopic observation. The corrosion resistance of
specimen was determined by base material of refractories under static wearing condition. Through
dynamic wearing condition, it was possible to mention that the corrosion resistance has influenced by both
factors as base matetial and hot modulus of rupture.
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BEREZ>TVAD. %mmﬁwr$MK%uxaﬁt AE A EMELTHE 98.7wt% OB~ 2> 7
DOETN 2 (b fxmm@mﬁ@ﬁ%x 7 JREHIC EH LA MgO-CiiFkimTdhy, B B, C 3K
T%Lwﬁm&ﬁﬁ%ﬁwfwak5#ﬁb6¢,&% ALRLEMHERHVERLZNRLED Al RUF Al-Mg &
OEFHER AT 5B 2 EBRFERAfTI LA LRB S

Tuh 7, Table 1. Properties of specimen used in this test.
BAE, MgO-C it k¥ — Rl 2t B 0 3R 5 i & A | B | C|D]|E F
= e P e 24D~ peEg Ty Chemical ition (wt%
L(‘i@ﬁﬂﬁﬁ%’mﬁ(&kpﬂ%ﬁ&ﬁ(i A Z}':.H’C)#’L lsl‘;()ca composition (wt%) 78.2176.4175.3(78.6175.6 | 72.5
b, INBOFERR T ERAYH R ERFILICGE ¢ 19:2]19.1]19.1]19-2119.1) 19.2
CARRECHERL L 2 B8 (M 7% 5 1F) OFFECH Y, g lectrofused MeO |- jotjot) o
JFC OEEERIRO—E 2 5l L TV B DI Xk, & Metallic additive — | Al [AI-Mg — |Al-MgAl-Mg*
B KB e B S DB A OFE S E L Bulk density (10%kg/m®) 2.8712.8612.802.93/2.86| 2.80
P (=) A
= Apparent porosity (%) 2.7 {2.2 3.0 |2.2 |4.0 | 3.8

T, AROXFHCEBYEEORE L 5 2 2 EBR YTV, Modulus of ramtere (X10° Po) :
EROFMAEE LB L. BMWLERERTI, R T b 250 | 244 | 223 | 248 | 200 | 208

- o ) . 1400°C 47 | 108 | 141 50 | 159 179
MgO—C i K > 5 S & Taiﬁﬁ}ﬁ BT S I *  Addition of 50wt% electro-fused MgO

% L IS OMIEEBEN S, ZOFEEICO W TR *2 Double amount of Al-Mg additive to specimen C or E
EHRICE 9 HASHBEARICTRE FH24E 4 A 26 HZf (Received Apr.-26, 1990)
*  Bmge e (BR)FIMTEFSEAT (Technical Research Laboratory, Kurosaki Refractories Co., Ltd., 1-1 ngashnhamamachl

Yahatanishi-ku Kitakyushu 806)
*2 Himaee(O)FWIFZERT 18 (Technical Research Laboratory, Kurosaki Refractories Co., Ltd.)
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EERiFEmLTwb. AE D, E, F IZHE 99.0wt% D
BRw A2 7 722757 2EMLD
D) TEBLZOLOTHBERD 50% £ HH T 5.,
B D RE A LBHZNERBLOTHD, HE
EWREE C LRAZED AI-Mg & mML T, %
B F R ECHEMLAZZEEZED Al-Mg 68 %
WL, S CHEBLAESRIVTROEALME
90 wt% D RARBEIREHTH Y, B —K G4
B I9wt% Lo TWn5,

A AEHLHH 0 MgO-C it K & [k 7 = 7 — VIR
¥ FENFROBESICHEMLUZE, 1X108Pa 0%
H0 2T 150 X 150 X 500 mm OFIKIZHEFE L 7. F D1k,
200°C ¢7 = / — VRIgOWLLE 2 TV LEE S b
AR L7, 2B, SHIOFBHIER L 88 ok
IR A~F $CTR—& LTw5.

2-2 REHRAE

4 al o FEERIZ1E Fig. 1 R TERIAES 500 kg D
PFEIE & v 7o, FEBRICAET B EEHE NERGURE & [oleR
EBXFIGTIORTY S, MRAIRAH A~F %
F2HT o, FEF 12 BMOAETHE 420mm 125 1 =
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Fig. 1. Experimental apparatus of static wearing
and dynamic wearing test.

Table 2. Chemical
(wt%).

composition of BOF slag

Ca0 | SiOy | FeO |Fey03 MnO [ Al203 | TiOz | NagO | K20

54.1 17.4 | 4.0 2.9 8.4 0.5 2.1 0.4 0.1

YL, ZOPBRAENEICHM (SS41) % 100 kg %
AL, SREEFEMEIC X - THEM% 1650°C (S REF
L7:. Z0f%, Table 2 iI2783 C/S (Ca0/Si0, @ E NV
H)=3.3, T.Fe (A7 rhomteks * & ViR L7
HLND)=13.0% DEIF KI5 7% S kg ANEREL 7.

I/, A7 UEBHICBEETEE 2RV S — 3K
([0 85 3 g B K 200 rpm O BB ZE2E® ) 12 50 X 50 X
300 mm O ARk O BIEEEERH XA 2B 15, BHLT
FE#LT:. ZOHIOEEEBROREL W - < DiFHH
WEAL, H120mm OS5 TRIEL 2. BEEERD
[IEEiE 90, 180 rpm @ 2 5 Th Y, [MExmkFH (B&
Bf) i1ty b 1h &L #EoT, TXRTOKKD
BEZEERZTICE 4y bR, KLy P TEICRX
57D ELT o 7. BHEEREIT - 72856, SEERE
OHEAREB~DEE (AHEOE) »EL6NED
T, Fig. 1 IZRLZEX, YOFNREFROMBE TEEI
EERZITHI LT, FOEELHHII L.
Photo. 1 X EBKHPORRKELRLABEETH), X7
7SR MEEUR & P AL L 2B & BRI T R o
A EWTHORRTH S, ZOBETIEDOANIIL v
25 7HET, ¥4hbbRAI7-2 % VREMEIHE
IR T ZTIF T,
2-3 HHEOFMS

AW DR RERII ORI & PIREBRD 2 %47 - 7:

(a)Preheating (b)After wearing

Photo. 1. Experimental condition for dynamic

wearing test.
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Specimen (1)

Specimen (11)

>
Slag zone

Metal zone

S-M; Slag-Metal interface CW ; Center of wearing
CL; Center of Lining

Fig. 2. Wearing portion for specimens using
static and dynamic wearing.
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NORBG Fig. 2 ICRTEHIICRAT F-2 7 VHREICH
W LS AREIBEE ST T, PEERENE, 25
F-A Y NREEEEE LT, BA2EFEOSEBEFA
REAERZIT- 2L & LRABOHHRD ETFIESHL
RERIE#HTH Y, EEEEBROABIIA T 7-2 ¥ VRHEH
MEige L CPAROMNHRLERFE L T/, iR
BB L Cit, RAEBRITORETE Dy » 587
ARB% O D, BEBORE OB E LT HA
W2 5mm BIREICHEIE L2FEE) 2ELFE, AEYER
FRMA S Fy CTRESNAEBETEHAI LIlLoTK
7.

3. # R

3-1 REEROER

Fig. 3 I3k A~F 0 ZRBERH T HEREERK
FaR L7, T CRLUACEBEREL I, B A OWK
B (B 50) OBFEEE L 100 & L2HE 0 &R
HoOZhZhoBREE 2 BRETELZLDOTHS. ¥
7o, RFEEEOMGEICEH L T, B A OB LS
BT DA 0.71 mm/h T - 7.
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Fig. 3. Relation between wear index and wearing
condition on respective specimens.
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—7%, RBCEEE 5 2 -8 2 R AERILER 212
FRBR I AR o R AR o v, AR
E4EEELS LAY HIEEZDOHERIRKEL R oTWA, K
BARENZEESG LEHNLEMN (180 rpm) & Tit
6 EEVEREEROER A LS. BB, CICH
LCH BB IS B A EFH K UBIN 2 &4 (180
rpm) & R HETH L ENEFN 4.6 £, 3.6 f5& % B,
BEFFOEILIE > CHRE OB A —FIEDD
v, 27, RE D~F 33H A~C 12 LW
BEGTHERNLZBHAEMEETAIMETH -2, B)
B 7% & CREEEM LT LR Tid v, 3B
D 3K A DBHOERLIC L THAEREED D
NDTHH, BHEZBEAFHT TR Z0EERESH
60% K &> TV 5,

LA L, BI2BREEGEEL < & 52> THEHERE
BHrELLLERL, HEEEED 180 rpm DB DIEFZ£D
A 421 L oTWBD. TOfix Al 2 Al-Mg 84 %
RAELTVWRVLRAE A XDLERTVL2H00, Y
ZRAFHFTTEHEBENL > TWAHKBE B C LD
KEL B oTBD, BEFMH IS TFHEAKRE (LD
. Sz, R EGTCIHMELENZRAESAD
BB 120 (B OB A A L TR 4
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(a)Static wearing (b)Dynamic wearing
G ; Graphite Me; Iron  S-MgO; Sintered MgO SL; BOF slag

Photo. 2. Microstructure of specimen A after each
wearing test.
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(a)Static wearing (b)Dynamic wearing
G; Graphite Me; Iron S-MgO; Sintered MgO SL; BOF slag

Photo. 3. Microstructure of specimen C after each
wearing test.
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AL CRBNLAGTRIHEETHIZE ALENR
B 7oA, TiEOIBFERI % MR CHE L CHHE L
ZEAFTOONL W, LIAHT, BILEETIIRE A
BREBERmAHHET L2EMCEEI N2 DL (B
NTWd, #B CIREOHEBE IR SR TV
CENDbLL. REOEGHRE Al-Mg AEOFE
ZFTHBHH, WMAMICEEL RITL-HE S
HWThbhsb.

Photo. 4 XM U < 3UH D OFF 2 EB X O8N %4
U CRAESMZABOMBESEECHS. Z0RED
B EtTRES B A L FEFEORRICH
BY, WIML-BR~ 732 THART FHICERLTY
B (BIREEIENDIZT MY v 7 ZAFHHATEE L
7o7=®) WAMKRONSE., Lo L, BRI AT T LE
BT T, KRB A LREBRICHKBEDLS 2T 7
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(a)Static wearing (b)Dynamic wearing
G; Graphite Me; Iron S-MgQO; Sintered MgO
F-MgO; Fused MgO SL; BOF slag

Photo. 4. Microstructure of specimen D after each
wearing test.
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Photo. 5 (1508 F O #0977 &tk L UM % & T
BRIN-LEORBTHD, RREEHER D LFHL
BOBRMY /73 7%8&h, oA CO2/ED
Al-Mg 482 RML T A, EaEMcidild D &
FEAYENRTFOONEWEERRETHLOIIHL, B
W&t TREARBEECELZ > TV DDA, B
B % R BT Al-Mg A& RIS X AR O
LigstE C LITIThECTH D, FEEL2M/ICTAHZ
LIE o TEBIZEMRRINO R T 7~ RTE AR
Sh, REPCRLENLHAEELRTHEBL H 51K
GHTES.

4, E =
4Bl O EBHEE D S OEERE R EEN,

(a)Static wearing (b)Dynamic wearing
G; Graphite Me; Iron S-MgO; Sintered MgO
F-MgO; Fused MgO SL; BOF slag
Photo. 5. Microstructure of specimen F after each
wearing test.

Diffusion
layer

Solution concentration
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Specimen
Reaction
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Fig. 4. Schematic diagram of chemical corrosion.
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HE LB IEREPEYNA Z L fETE 5.

AREER TR SME LA NREEDECIGE
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fitid 513 I IR RMIERL LR EE LS. Lads
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LIAT, AF7-2FNVRETR<T vy T=—%R
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ﬁﬁ%”ﬁbfmé£5&7§yj;—%%uwé$
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m%m&mbaﬁtfuaﬂ%%mTéﬁﬂm Z
MRS, X LREMEIILER RIS LT EE
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5 400 NG
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Fig. 5. Mutual relation between wear index for

each corrosion test and hot modulus of rupture.
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