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Local Corrosion of Blast-furnace-trough Material at the Slag Surface

Kusuhiro MUKAL, Tatsuhiko MASUDA, Jyouki YOSHITOMI,

Tsutomu HARADA, and Shiichiro FujiMoTo

Synopsis:

Laboratory corrosion test of clay-bonded SiC specimen at the slag surface has been carried out in argon,
argon-oxygen and air, in order to elucidate the mechanism of local attack of blast—furnace-trough material
at the slag surface.

The local corrosion arises only in the oxidizing atmosphere in the narrow zone just above the slag surface.
The corrosion zone of solidified specimen during the progress of the corrosion is covered with thin liquid
slag film. Supplying rate of oxygen from the atmosphere gives remarkable influences on the relations
between the corrosion rate and dipping times, slag compositions, etc. It is estimated that the slag film, crept
up from the bulk slag, plays important roles in the occurence of the local corrosion by accelerating mass
transfer and causing the abrasion of the specimen due to its active movements in diffusion layer caused by
Marangoni effect. SiC granules on the surface of the specimen are oxidized by iron oxide in the film into
carbon granules, which causes Marangoni effect and also facilitates the dissolution and abrasion of the
specimen. Some countermeasures against the local corrosion have been offered from the corrosion mechanism.
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Table 1. Chemical composition and physical
properties of specimen.

Chemical composition (wt%) Apparent Bulk Apparent

density density porosity
SiC SiO, Al,0; (g/cm®) (g/cm®) (%)
67.4 21.0 11.6 3.00 2.10 29.9

BET 3 (99.5%) HAEL, Bs o, EE
BEHCC 1600°C ¢ 2h Fahl, A&, Bl
DT, B A S 7T, 40.7%Ca0, 38.1%Si0,,
21.29ALO; D AS 7 (A5 7A LTS HEIC
Ve, oA E SiC 2SR L D (N
% 4lmm, X 52mm) T, 31.5%C, 30.0%SiC, 7%
DXL Ch s,
UToOXEBRFRC X5l FFRB L FARO 2/
BfrBll, MHIRERREBREONER, %ET
RO 3 7 e @RROBLE L HR oS P . Bl
EFRABOBE, WIERE (Eic 1550°C) 5L T 30
min FELU-FARAE, T0g A5 7, 35mm DX
CREL, TIERMBEES X B, Smin [ L CH
BEATVOBRICHEDI:. BERF OB T2 H
HIC, —o5] & EFRRbCr, BiEboRBRIEE X
B, BEFIL2EADOT7A I FBORML Y, FIEDORE
REBED 7 AL FRHC X 117, REERIL Ar Kk,
360°C/h cf7of. HRMOBEME A 5 711 % WK,
20% oOHBBAKBECRELTREL, THEM&E 1/
1000 mm ¥ CHALE D FIRE) ¢, 3klD b—F o fH
DFREL 6 HPTAIE L, Fiflix Rt FARED
B, RAEIOF1E ETFEIE o IEag, 5l & B
L RACEFETHS.

A Z FDALFES W B MERE Y . #Bakt
SFEHERID SF o4z EPMA % v, EEMIE
VWZi¥, Bence-Albee® % Hu f-.

3. WR&EEEZE

31 HEoBEBRR

BRI & BB EOERESEMY: : Photo. 1 12 7R T7&
£ DEREGMHED D ETCHRLh5] & EFRBonRkEE
BEML, KOMBELXEL.

(1) A7 I7REMETS OChERHOBOEE, i
LR B EAER LI b O R, F it Ar-
21%0, OBFERS T SiIC-E+ERRE. = 0 B
B, REERIAS V-2 2 AR OREC B R7n &
5.

(i) REFBEEIMNZEALESER LS DOt d o @ Ar
FHRTo SiIC-K+RFk, BIMFEKCT A5 7rE

PI&OOI.O' Specimen D‘(ﬁ;ﬂ:t)ne Atmosphere Additive
a SiC-clay 30 Ar-21%0,; Metal
(Fe-C alloy)
b SiC-clay 30 Air
¢ SiC-clay 30 Ar-21%0,
d  SiC-clay 30 Ar
e SiC-clay 30 Ar-21%0,; Carbon powder
f Dense alumina 60 Ar-21%0,
g Dense alumina 60 Ar

Photo. 1. Wearing profiles of specimens dipped in
slag-A at 1550°C in various conditions.

Photo. 2. Vertical section of specimen dipped in
slag-A for 30 min in O, atmosphere at 1550°C.
PL : Slag penetrated layer.
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Bics.

LEORRE YD, AS /EKETRBERE UL SIC
HEERRARNCER L, LMROERRY, Z03RR L BR
A7 7, Ar-O, BE 7 AFEKOM A bR TITo%k.

[RFBEEOIRAE © B RO GLELY, Photo. 2 piF%
AEheRT Lo, A5 7HRGER U#EA 5 7Em
EWS) Xh Bk, ZEK (400 ml/min), Ar-21%
O, (400 ml/min) OPAETHLRKTHS. I b, BE
EERETERNC, fido74 i 8y AEASERBT X
¥, TR S 7RECEM LI (F AR 7 5)
MEXWET S Lk y, RBED L RETEIELSD
TUlE, A5 Z7EMEI D BT hD T Labhnor.

ARG 77 A4 naADEFE  Photo. 3 &iR3 A B 55
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corrosion ‘ff
zone
Slag
' Slag penetrated layer
Fig. 1. Sketches of the local corrosion zone

and the microstructure.

D7 ek LWL L SR, REEERE, TH
D A5 7R B LR, 90~120 pm o SF
TEBbh, ZhizAs 70E%ER (Photo. 2 » PL) o

Fwsckid. Fig. | crofgEREnrT. <o SF
i3 Ar BHEEOFELRENC L EECHELETS  (Photo.

3).
3.2 BMABCELITHERTORE
FRERoOBEY RTHEE LT, ARMBRMET
DIFADFIR R ddg-¢ (%) = (dy—ds—g) /dyx 100 (Z
DR ERICIE, BoEGCBRTIER LE TH
) HBV, BHEE, 4di-¢(%) B IETHERTOY
P, do TEBORER, ds-¢ IRARHTER
friE c O RBHEE.

3.2-1 KPR

1550°C, B 30min ¢, Ar-O, B&H AhD
MESHELREVARBEYEL IR RY Fig. 2
R, BREMU 21%0, 0%, HEOMME &b
CHBESHNL, BEOUARE R ALRY
Tl 35 X1ET. 50%0; o4, 800ml/min OiitE
F 0L 21%0, OBE LFRETH P, Thil EoliE

Photo. 3. Microstructures of slag film
creeping up along the surface of the
specimen dipped in slag-A at 1550°C
for 30 min in the atmospheres, (a) : Ar
(99.998%, over), (b) : Ar-219,0, gas
mixture and (c) : 100950,. SiC : Sili-
con carbide. SF : Slag film. DG : Dis-
sociated carbon from SiC. V : Void.
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Fig. 2. Relation between the linear loss, 4ds-¢
and flow rate of Ar-O, gas mixture. Specimen
was dipped in slag-A for 30 min at 1550°C.
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DI A E L b o EEFT. 10040, Tk, BEE
B BETIE A S EREET, Lvd 50%0, oBE XD
BV, - ORI, Mo BE N EIREECERn P E
P hEZTWBHI EERT.

3-2.2 BERM

B 30min 04 & THLK ok Fig. 2 ©
FEEDHKRO 3 oD MBI &L RY, BREOKRHA
fbxF~I. FofEREy Fig. 3 wrd.

(1) SHROEEE OSBRI F IR B XY
by B4 LE LT, 21%0, Ar-O, jif 400ml/
min.

(2) (1)YUADoBEOFEIK & I8HFIER &
LC, 50%0,, Ar-O, jii#& 800 ml/min.

(3) (HDAOmOBEOEE,N TR kM L
<, 100%0,, O, ifi& 600 m!/min.

(1)1, FIEEIMEOKRE L ek s LTH
mT s Ay, BEEROMMETRT. (2)&(3) Tk, BHR
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Fig. 3. Relation between the linear loss, 4d;_

and dipping time at 1550°C for slag-A.
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Fig. 4. Effect of SiO, content in slag on the

linear loss, 4ds-,. Specimens were dipped for
30 min at 1550°C.,
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PHELIEFTS. (3)Tik, WOBEEE 3 >0
FHEDOHTRATHD, WEEEOWA LIEYD 2B 4
BHFu.

3-2.3 =35 K%

3:2.2 TRLI(1) & (B)D&MEFTAS 7R EE
L3 Eicf R e Fig. 4 wid. (3) 0% FTiL,
(D HEXT, BEE A5 7do SiO, BEORA L
EBICHL ML, SiO; W EHEE K X /e B
o SR ol

3.2.4 HEpr

3:2:3 LR (1) L (3)D&MT T, BEECE X
EFREDCHEL TN, ToEES Fig. 5 winit.
(D) TIRED B & & BRI T E T3
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Fig. 5. Relation between the linear loss, 4ds_,
and experimental temperature. Specimens were
dipped in slag-A for 30 min.

0

Photo. 4. Wearing profiles of specimens after rota-
tional dissolution test in slag-A. Numbers on top
indicats the number of revolution in rpm.

25 (3) Tk, REO R E &L CEEBTELIC R
mis.

3:2:5 Fkto [z

3:2.2 R L(1), (3)OFMET, Ao EEK
120rpm  (EFECOBE, A5 7ofEc Xt 3+ 2 By
EECERXLELG) DTFofBECK L, FEE,
dds-g (%) IR ORII & & b, B IR RN
T, WK 4% WML, E€FLiZU», 120rpm ¢
T OER BT 7227, Photo. 412 (1)
BOWHERA A ", 120rpm Tl A 7 7 RE@KE T T
<, A7 ZHEGPTHREOBEIBEET D,
3.3 RS5UD%H

3:3:-1 RS /7 ANAD I 7 v E AR

KD 3 DOEFCET 5 RHMBFRLD 2 7 wflikr
Photo. 3 iz, EPMA & X% SF O/ #i#kiE% Fig. 6
iR,
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Fig. 6. Chemical composition of slag film in the
local corrosion zone of the specimen dipped in
slag-A for 30 min at 1550°C and line of constant
surface tension (in dyn/cm) at 1600°Cs).

(1) BEEEs e L4 (Ar BHR) ¢
Photo. 3a {254 X 51z, SF (Ri3igH— 7ol <, Rkt
EoBRwir SIC R, Fo SiCORILATERY & F
B, SOomcBRKECAEEL, Lofhmic Fe KMaEeE
T5. A7 ZHAREOHK (Fig. 6 odio@) & SF o
SiO, @ oL 5% DA HSH. ZofiF iy, SF
LRk L oL, BWREIGI EOMEER Do
LD A,

(2) BB HEITT % %M (Ar-21%0,) : Photo.
3b iRT X5k, SF X XnIERORE—1 M &t
b, AkE SF gHo SiC RoZE», (1)o
B4 L pEEC, i SF cET 5NN AMC 8
L, fiVCERKOAOHHETSL 5. BELE SiC o—ff
3, (D) o8t Een SF rhicE L, SF-ZMAE
wETETALOL B, SF ERCEMEET S SiC
BB RN by, SF ot A 5 7 HAK
DEM L h 4~13% BE SiO, #EnE < (Fig. 6),
BT, S0, 2 —F —LEABD =Y » 2 AT
HORLOHE®E DIk X rREOHF RS S .

(3) JHEwEsERT 544 (1000, FHX) ¢
Photo. 3c i2RT X 512, SF L3RR M L
v, THEALHOSEKOERIFETS. SICKOEE
1A 7ed, SiIC ko ¥ SF e HBE L, cofhik
IXARORE— g 7T 5. SF o i,
Si0;, 22— —~E>T Si0, B AECHEML,
BEEREED 1550°C CirEHEOWmyd H 5. 20
ok, RMBEEIEZFL {EWTALME T, SF o
SiO, WEIIFECEL, £o SF c@liEhsb kil

T, SiC ¢ passive oxidation® (F7ci>b SiC 23Rk
XhT Si0, ish CO, CO, wARFE) HELS.

3:3-2 A3 FHEREFEOHR

Fig. 3 ¢, ®EEEN, (a)kEW#HE (100%0,,
600 m//min, 5min ) & (b)izd A EFLCHEVHEA
(1002 0,, 600 m!/min, 30 min &) TDH A F 7 A
o ETHIED SiO, BEEBEERDO A 5 7% nH LTH
~Nfz. (a) TR ETHAD SiO, BEOMHER 1% L
NTHDLH, (b)TIEAT I RIEHDOFLA T 7 HAEME
b 3% Eu. Fhdx REERSER 3 ST
X, AT B Ui Si0, (¥ L0 Photo. 2 1075
THOEORGRERIH L) TELEIIK S & V.
3:3-1 (3R LOWNINL b, FOREHIKIL SF 3
Si0, TEEIhTE b, FFBEHERD SF L A3 7%
MBS WIRRBTH 5.

3.3.3 SiC-2A3 77 1 v 2O

Photo. 3 125k L7z SF-RE B RAHIc 2\ SiC kL
OB, B TR L5, AF SROBRC X
h SiC 2% Si0, LRF (ZDRFEER/MC LITL) I
7t b, SiO, 1% SF e iEML, HRCikd Lo SiCH
CHEWEOEERBLILDELELDLZENTES.

BLMFAK T, BRESESEL, aRA 7 7, &
Kot Besknrh £ 0.1 wtyy (KBREO 5
FidsE, wt%y 1324mbiks FeO L LT#HE), 0.9 wt
% GENRDDT, £HHY OHBFRCHEZE, O (21X
SF Az (L2285 R L = o4 U7 O~ L positive hole
2 SIC FEREAPHEIh S L EZORD. TOKE,
KOKE(L), (2)Xo>T, SiCkom{br Fiic
HrborEx bR

SiC+2(Fe,0y) = (Si0,) +4(FeO) +C(S) -+ (1)
2(FeO) +1/20,(g) = (FeyOg) +errrevvrersenes (2)

B EAEY Y B TG (1), (2) OFPEALE
DEEERN B, Po,=0.21atm TG (1) ikE~HE
HiG 5.

3-3:-4 MBI COAT V7 40 ADEE)

B EIRCRWT, ARTELDL < T V=3RRI
H3<¢ SF oifii% LubvikssoNn ¢ LicHTFOOT® o fif
W RuTEH L. Tibb, BEGH (ZH) X
WA a (dyn/cm?) OB 5 K FREFPC
T, ERRBRBIR TN D L EDZHEH MO ME V, ik,

V,=1/p- (8p/0z+ pg) (1/2-22—hy) +ay/p-+-(3)
L7ch 0T, WX, y=h(KEEZ) COWEY znid

t 2213, SECONGED TP Fe BB OND L &5,
25 -2 Z VRETORRBBOGED L RABORIS, SiC+2(Fe-
0)=(Si02)+C+2Fe DA EAL LN S. LU, Fe KOBRIZ X
5 7- 2 ZVAEHDOBE LD 3FL LD
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Van=—h/2p-(0p/32+ pg) +ap/pp-+++reeeeeee (4) Table 2. Comparison of observed wearing rates
SET, o REHEAREK (g/cmes), p RIEIEAOES with those calculated by using permeability of oxy-

(dyn/cm?), p XEBEOEE (g/cm?), ¢ XENIERE
(em/s?) TH%. JFIMEEHACIx SF RKE O HRLE
DZEITFEE K E SE(L LTV 7w (Photo. 2) T,
AL 0p/02<Kpg &5, (a) Ar-21%0, TR
MR OB A Von=—0.18cm/s, (b) 100%0, p¥A
EHO%E, Vin=—0.017cm/s 2755, HBEwrT
Fig. 6 o SF B X v, (a)Tik £=9.2g/cm-s9, p,
=2.59g/cm?1%, g=—25/0.2 dyn/cmz ), h=0.009cm
(Photo. 3), (b)Ci% £=150g/cm-s», ps=2.54g/cm3
19, a=-40/0.2dyn/cm? M, 2=0.012 cm (Photo. 3%
ot

AR ESEAT IR B R E 2, F D h OFERE (SF &
SLACHERE ToWEr Vien &35, k ABIFER
Ried b, Fikim» oYy 1em (RHEMEELO
LT & LBaE, Sl SR 2B ok
E Voo 1%, Brasius'? o35 HEO @RS Buviud,
(a)< 11.3cm/s, (b)¢6.1cm/s L7c5. T b,
ART~ 7 v =I5 SF oEBN, TiREF
fi7elfihd Ve &L Tix(a)T llemss, (b) T 6cm/
s BEDER HET%. Ve % 12mmé ORFEOH
HE L ZIe UCRIERCET% & (a), (b)oBasr
nzh, 180rpm, 100rpm Lic%. 235 7ZHEKETCD
BRIFER TR CIZE A LA LT, 120rpm P EoE
Be 525 & WEREIENE TS (Photo. 4) = L h,
(2)HWT, =5 va=3Ricx s SF o # 3 (58
3 AROBEERET L0 TFyOREIThHD L

Relative intensity —»

Do
r-Dissociated
carbon p— 50” —_
le——— Slag film >l Specimen—

Fig. 7. EPMA line analysis on the slag film in the
local corrosion zone of the specimen dipped in
slag-A for 30 min at 1550°C in Ar-21%,0, gas
mixture (400 ml/min).

gen gas in slag.

Wearing rate (g/cm?-min)

Po Dip. time (min)

: Calculated Observed
0.21 15 0.012 0.003
0.5 15 0. 026 0. 009
1.0 5 0. 043 0.016

ETE5. L»d Fig. 7 wiT L5 SF oEsHE
ik, BEARZRDOhLZ 0L, o SF oEE)
TILEBRC SO T, WEBEY X ECRETS
EEZbRA.
3-4 BELCHBIEITHERAFOREORR

KD b OERFR OB HEE L DB : RIE RO
BERNBIND T COBREEE L, BEOMHEE L &1
gk s (Fig. 3). zZT SF #H@LCoBEOH
MEESREEE 2, EH5Y OBEOEBE S AT
WO BB IREE A HE L. XL, SICR2EL
INRTABOBENEL EL, 7141 AJE X588
FBRID 90~120 pm 2 L 7. # B % Table 2 1= 7%
T, REMEE 3 KR L F—KL, Lt 21%O0,
X b 50%0,, 10040, i3t >T—~H%oRENR
Ve 2, FREBROBGEBEIGE MBI, B
HEERECEET A REA 7 A DKL G RLIR I
{IgBledEEL bhs. fok, 10040, OEEFEHHEH
JEVX, S BB CIITHhEIT 59 ZEn b,
21270, Tomp bk 0.5wty YL, EREF A5 7
HLBL T D fERAE BT YT 5 T2

BEUAGEE XD HE o BMEIE © EiEE% (Fig.
3) : B HEm LIEhBE D 7o SiO, Bt A5 71, %
BN CDTAZ FREEE, EAREC LY, K
B THOAZ FHRANEBITT 5. L L, BEER
HENKE WL, WihEd 5 S0, EbAZ27CX3
SiO, DRHEEEDF K EL R HHER, A7 7 EHO
SiO, WL I DAL, MEEm< ey, KEENX%
PBAL, =5 va=Rc LB A5 7 OB EREST
5. FORHWEBEEEIRD L, RSBE ERET
5. Ar-2190, ¢ix, SiO, E{b2 5 7 O EEN K
XD T, AT sEHO SIO, KTHA S S
IR L, EHEO SiO; BEIVNXL o5 LHOEEHOE)

12 25 VROBROBEELGHBOBRILBICE LU EET IO L0
5 FERHT, EBB/HBEETORLEEE & ISER - OB
BOEDSEI NS, UL, AERTR, 22013 :R 0 Eh0™
EHEOBAIR I IEN. T2, SIC-C R30ITE, AMicks=x
I 7 OFEREBEN AR & 2 BBOBEBHIEMAIER R E U T
ADLOTHBY, BRISKBEDOR S FBHEHTEZN. TDL
5 il LOMBOI D, BIBBEORBORFTIHLL, 44
OFELLTRINS.
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XMERCTILD, B EIETLIAD S, 207t
A0 DR LITbh s SR, BERO FMEH R
(Fig. 3) 7’Bhsd0tEZ2bh5b.

AT FEKREOBFR  BBROMBEES AL, BN
BIREENAE 22 Th, AT ZH#HRAED S0, BE
AMEGEEIL, R EREBE DT, Sk
HETRL L, 2REREOFHOBFHER AT S.

B E OBR  BEOHIRIAT 4 i & (Fig. 5
O@H) T, REDOERE LI, o0y
CHE N LBEOHENE I, BRT~DOBED
AT ROBEN K E LR, BHEE WAL, B
FoEar o iREE (Fig. 5 0 AH) TR, BED L
e LB AT 7 ORERESEA L, IREBRROIEX
THZEREY, BRRSDAT 7HARNDOBITIE
DMRAE I N D B BESHEINT 5 LHEEIh 5.

REMHENNTCEE I 2 BRVRER OB
BB IR H IR, RfEEsE3h%.

SRHEEER & OB ¢ EEERE T, B Xy R
B X OA S Z7#iAED SO, EE0H—{Lr Bk
I a, 120rpm ¥ OEEIEHEK T, BET XD
AZ 7DV ENY BFEIh SO LEEIRS. E
BR, SRR T, RRRTEREATHC®E .
3.5 ERNBREEOKTE

D EofEREY b L ARORMEEEREZ KD X 51T
BELL. BRI 2AERAAD AT 7O E2D
L, FOBETL D SF = v o= & CihEEN
THEFCE = L2 XoTC, ARG WH t WEBE)
MMEE IR, REEER coOBEENEL. < T va=%)
BRI, A5 722 VREAOHEY LR, £
CRIE(D), (2)efts SiC oFgfbic L>T SF tho
SiO, BENAT FrKE I VAL RA LB, —T7,
L5 SiC ok, AT 7-2 2 AREOBEY L B,
REHEB O AR HCT B, AF 7O\ B2 b
Iy ko, RpEEO SIC BB A CHEHBICEL
xh, @ SiO, EEoAOEmWREHR L, SiIC o
(ERIEOEITHMZ 5. A7 ZHEAGHR T, K15
OBEFEOMIELRIL(L), (2)rEFETs L,
REt-2 5 FRAFED AT ZOBZI AT & DD,
BHEIAMEII NS, AEREET CoORMEREE O/
WE P, REBEOWHTIL, &KMo bRRERE~D
BEOEMBRTH D, HROBBE & L 3 H Bk
i, BHREESTA T SERCER SRS SI0; foo
A5 VARG ~OBITERCE 5.

PlEo X 5 e LicBigsr X v BAEmMRB Tl LR
235 7edicit, SF ok RO LGR 7=

CADEHENBCEE TH Y, EELIHR SiO(s)-
(PbO-8i0,) A 5 /R TITo X 57c SF 0EB)DEH
B L LT OBNPDLBETHH .

3-6 BIFHBEONE

3.6-1 EFEHEED A 5 FEEC KT 5B ROBR
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Fig. 8. Formation of slag film due to the
variation of slag level in the practical use.
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