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Local Corrosion of Blast Furnace Trough Material at the
Slag-metal Interface
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Kouichi HuruMI, and Shéichiro FujmMoTo
Synopsis :

Local corrosion of clay bonded SiC specimen at the liquid iron alloy-slag interface has been investi-
gated at 1550°C in order to elucidate the mechanism of local attack of blast furnace trough material
at the slag-metal interface. Results obtained are as follows :

Local corrosion arises in the narrow zone just below the two liquid interface, regardless of partial
pressure of oxygen of gas phase and also impurities contained in pig iron and slag. The extent of the
corrosion depends on carbon concentration of the metal. The corrosion zone has a thin slag film
between the specimen and the metal phase. It is estimated that the slag film plays important roles in
the occurrence of the local corrosion because of its vigorous movements which accelerate the mass
transfer and the abrasion of the specimen.

This movements are caused by the Marangoni effect and CO bubbles evolved as a product of SiO,
reduction in the film by carbon in the metal. SiC granules on the surface of the specimen are oxidized
by iron oxide in the film into carbon granules, which may facilitate the abrasion of the specimen by
the turbulence of the film in the case of the metal not saturated with carbon. When the metal is
saturated with carbon, the carbon granules remain in the film and may supress the local corrosion.
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View of used main trough of blast
SL : Slag line.

Photo. 1.
furnace from taphole side.
ML : Metal line.
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Scheme of experimental apparatus.

Fig. L.
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MAFC BT 2BE A O RRBREYRENE 2
HOWTHB LW, —7F, IeucHr 597/ (PbO-
SiO,)-Pb RECH 7 3 FDRMBBIOWT, BX
LM ST s bHB AT O>T W5, LarL, SEET
DAZ 7-2 &2 A 2HRBRE KT 5 Ko RHHEE
oWV, ARLTWSHAOHE S T I h
TWEVWORBRTH Y, e, B0 X5 SiC (K
1EEEE) LMW X v s AEEW Kok, o
FHEOHFRIIIT & A ERECE.
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FE (S-M RE) Ik s RiFEEEEY B b
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2.1 RBREBHRUAR

#EES Fig. 1 wRd. BN 60mm, £ X 700mm
Dﬁp%%ﬁ?mﬂ%iﬁf,%Wuﬁ%m%ﬁf%,
W BBES AV, HEBRERSCIY, —&
BECHE L. WEEE 1550°C TOFLEN © &
EXFIIAS 7k 4 2 ANFETHEET £2°C TH
“Of-. BIEEER < T 10min FH U230 (Table 1)
%, Bo1E (HE 4lmm, ¥E X 52mm, 31.5%C,
80.0%SiC B v ¥it) NCHRLIcA S 7 40g, 2 2
160g iz, 40mm OPE I RE L, FrERHEREERS]
& LW, S5min B LCHER S 7 OBRECED, B

Table 1. Chemical composition and physical
properties of specimens.
A B C
Specimens SiC SiC-Al;0;  AlLO,
-Clay -Clay -Si0,
Apparent specific gravity .
(g/cm?®) 3.00 311 3.69
Bulk density (g/cm3) 2.10 2.14 3.17
Apparent porosity (%) 29.9 31.1 14.2
. . SiC 67.4 51.7 —
Chemlcaé cg}(m)posttlon ALO, 116 28 2 %5
Wwere Si0, 210 20.1 4.0

Table 2. Chemical composition of slag (wt%).

CaO Al;0; SiO; MgO TiO; FeO MnO Na,0O K;0

Blast fur- 4y 63 1433 32,00 371 2.18 0.61 0.52 0.41 0.29
nace slag

Synthetic 4 55 91 15 37.98 0.16 tr 0.08 tr 002 0.04

slag

Table 3. Chemical composition of metal (wt%).

C Si S Mn P Fe

Pig iron 4.80 0.65 0.030 0.44 0.094 Bal
Fe-Csat. alloy 5.02 0.50 0.018 <0.01 0.003 Bal

Electrolytic iron ~ 0.001 0.005 0.005 <0.01 0.004 Bal

BIABOBBEERABE L. BENRK 2 2 VAL
ARG R L. FPTAER, TR Ar GERRK
-99.99% LI b)) CcE#®L, A&, RENYEDTER
Fiid Ar (20cc/min) ®H L. EPMA s LU
gt 5 Eh, REERELET RS LR

LOXAGWE (LB hsy B &S, BEREE
13 1300°C (=5 70 WHHERE) %<k, 15°C/min

L. s
2.2 3Hl .

BERAR : M OFXEREE Y TH S SiC, ALO, ¥k
XOHiED 3EDEARIC X 5 3EOBENE L ERL
foo Th BB T X OifE% Table 1R
REA, Bix SiC, AL O; 36 X UKL %A E DRI H
&, B L 1450°C © 2h BLEHESKP CTHRELCD
D% 12 F#13 128x85mm i h L TER. RE
ClIzEAMt kR AD S 120x85mm iz g h H L.

A5 7 AWIBEA T 7 EERA T rOLFEHEB %
Table 2 k3. HEAT 7t CaO & U THiBEHKRA
BRI H VT 2B BRI h D%, SiO L ULTHIH
R IR KRR 7, ALO; & LT OEMEE
731+ (99.5%AL0O,) & FECHKRHEAL, BA
P2 BN 5 oiFdh TR ER U .

AR Y Fe-C &%\ 1. Fe-C £4& D
BB EMR: L B b LD BRI R E RS 2

7z Fe-CAfA &MV THELL. ThEthofb®i
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(a) : Specimen A-blast furnace slag-pig iron system.

(b) : Specimen B-blast furnace slag-pig iron system.

(c) : Specimen C-blast furnace slag-pig iron system.

(d) : Specimen A-synthetic slag-Fe-C alloy system.
Photo. 2. Wearing profiles of. specimens dipped
in slag and metal for 30 min. -

B% Table 3 w73, Fe-C £4D S, Mn, PEE X
Thdx, Fe-C fafig & L ERGORCH B 12T TH
LS, EEBOSHFITE, S 0.010~0.019%, Mn<
0.01%, P 0.003~0.006% “Ck->i:.

RO WY : frhORE (C) 5 #ABER B (R R
Erk. g0 ER S BoMERE. A3 7F0
CaO, SiO,, ALO,; /) fREE:. '

3. BRLEER

3.1 HERROER

3-1.1 EfEHoLRSEN

B OBE : ISP AT I XOSBEE AV Ar K
T33O RApE 0min BELLBAOBEBRE K%
Photo. 2a~c 3. SiC-fi+ZORKI A 1125 75
(A5 Z7HABTH O B, D FCLEDIRWIRYD, 2
T IHAEREIEA S S ERRT. A 2 OEERRELE) T
OER|TAETT, S-M FHEME CHEERRTER
TR AU S. Bt ALO, 2L Th, REA,
Bo kEEcH bk X5, BERNBBRERIT RE TH
D, JIEHDPEXHE—FMTToeT BOERER
SR UMD L BT ABRE TH O, Fh, ALO;, &
DRBCTIRAS 7 ToOEEB L LI, RAFEBERL D
Thich Un A, FOREIR SiC-HitRhET5 &
NE,

B EofER X v,S8-M REfHE oo REERo
AR FEE SIC-HEHebsr LELbNB. T TLH
BoOERIFAYHWTED .

AZ 7, A ZABRORMY : AT 7-Fe-C & &
%T%, Photo. 2 (d) AT ISR, BIFAT 7/—#
PROBFE LFAK, S-M REAE CHEE R EN
HUB. Thdx, Table 2, 3 DR LIIFEND

(a) : Pure Ar (99.§9999% over).
(b) : Ar (99.998% over).
(c) : Ar-03(21%) gas mixture.

Photo. 3. Wearing profiles of specimens dipped
in synthetic slag and Fe-C alloy for 30 min in
various atmospheres.

(A) : Dipped for 60 min. (B) :Dipped:,ﬁor 20 min. (C):

llustration of the vicinity of slag-metal interface of the
specimen. (D) : Illustration after the literature (1). (d):
Unsaturated polyester resin.

Photo. 4. Vertical sections of corroded specimens
with Mo-wires embedded in the specimens.

BFE AT 7, $BEORCE T hABBOTM Y HEE
HogRrxd LU THRENERY 525 b DTl
Ehvbn .

SHho@E : 1550°C CHESED R 5 FHKH
Ficdob, RO EE CREERL o Ar (99.99999% L) k),
MR Ar (FEE#HKE 99.998% LIE) & X O Ar: B3R
=0.79:0.21 OEARHEPTOFEE (Photo. 3) X b,
S-M  REFE TORFBERIITHEPOBREIEDKN
DR EfRTHE Lalbonb.

DEDERI Y, LIBERA T 7/-Fe-C &%,
MR Ar BRSSP CEREED -,

3-1.2 REBFBROLRME o ‘
S-M REHEC B0 5 RME RO L RAE 2 IR
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Photo. 5. Vertical section of specimen in slag,
(a), and metal, (b). The specimen was dipped
into the two phases through the upper slag, (a).
(c¢) : Slag film. (d) : Slag penetrated layer.

MBZ L, RTBEEEYENAT S LCcEECHS.
ot 20mmB OFF A D% A, RPEWECETIZ,
E& 0.5mm © Mo (£) 75 v) #% 2~3 mm [
THDIAL, WEBRE #~<7e. RBMFRLE, 20 mmU
x150mm DkEFAhRBPEXNEL Lk, HigsH—
HECHE 92mm, X 110mm o350 b EiE A
S rLgigeag L 500g, 3kg Ah, 7V 7 AFERH
WCBEER ST ok, 1550°C THhFh 1h & X
20min B L AP m g, Mo % & UrHEicii 2T
WD L. ZTofEY Photo. 4 T, RERERH
ORER X567, BRI AERELTVWATS, Tihbb
(b) IO Zh X b TFD Mo FRIXFRZEEM DR
AHEEL, READORKRAF Mo oRERMML v 7B
% EPMA ZHWC EBHEMTLARR, (b) TiX Mo
B Fe LELIELTEY, &b (¢) TLER
Hbhic, BEIEUTCHWBERIY B Tbb (a)
BIXOZERIY ETIX, Mo iz Fe Mg LA EBHX
higiot, chboERE, B35 S-M AHOKY
(Photo. 5, 6) %ERE+hi¥, Thwxz Mo g0 & &
BIZA 2N EETHIERIDEL, AT 7 LOEMT
AU EbbnD.

DEo#HRXy, SMAHEMGE CTCORMWHE R
Photo. 4 (C) RTXoc, AT 7 LBELHOMAHED
Bl o>-3 < HERRCEIE AU, RERFMIRT
W3D X 57 (D) ORETRISNT &b,

3-1-3 FrREoBis

30min B L 7= FARE O B E O MEO BF %
Photo. 5 wnd. S-M REMEDRIWEHEL, 21
WAL, k-2 2 LR ES 100~200 pm RBE
DAZ 774 Vs (LAMg SF EWEET 5) BHFET 5.

Photo. 6. Vertical section of the specimen in slag
and metal.

Slag, (a), was added after the specimen, (e),
was dipped into metal, (b), only. (c) : Slag film.
(d) : Slag penetrated layer. (f) : Carbon crucible.

SF 3 &»TAS 7 LETHHE, FBHOZERICA
S IINREL, A5 IVREBYVRTS.
3.2 RS3T7404
ARBRDORBHBEHR IO, LEiE, SF ofFfE
L5 B TEE Lo—BHE L, PbO-SI0, 23
FrRE BT HEE Si0, 0BE LAROBFHERA LR
T. SIO,DFHMHEEY CRBRE IV THOAZ 7 b
Bk SiO,pFENC IV ko7 SF 2i~5 va =%
IOoTHERCEH X b, WABHMELEIRTH
WERELE LB IO EHEES L. Thdz, FAER
o SF ORELXFHN, RHFBHLIOBFREYHLIATE
i, RRORFBEREELBHTIEE LR )2
BonsbortBibhs.

3.2.1 A3 774 0v2DEHR

Photo. 5 iR X 5 BEBEHEIMET TR, 2%
AR E CHAETH SF LRI, RHBREOE, 25
BB O TRBCABELIAS 7/ ChDLEXLD
b, D SF ik 2 2AMesnTh, ZUrhikd
BRCEELZ L —BrEETS. —F, A7 7@
B VESd Photo. 6 iR L 5 BHE
Bz, 275 7BEBEBIe e LAk SF 2%
77 %. Photo. 6 DFEHL, LITO#EME TihbbE
F A EADLICRES 1550°C TBEL, FO0¥EED
CHHGRE S, REBELicsr 2D AT 7% 0
¥, HOREL, 1550°C T 30min RFEEFHLTH
LhichDThBH. ok, RBE 2 210X BELT
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S

Photo. No. Dip. time(min) C(wt%) Si(wt%) 4[%C]

1 0 2.80 0.78 2.24
2 30 2.76 0.33 2.42
3 0 5.01 0.43 0.13
4 30 5.02 0.36 0.15
5 30 5.01 0.61 0.08

Photo. 7. Microstructures of slag film between the
specimen and the metal for low carbon alloy,
(A) and for high carbon alloy, (B). SiC : Silicon
carbide. SF : Slag film. DC : Dissociated carbon
from SiC. M : Metal. Gr : Precipitated graphite
from metal. F : Fine particle of iron. V : Void.
Common marks are used in Photo. 7 and 8.

Lz AEBHELE. Lrd#Edo Photo. 7 o 1,
2Rt Lo, SF oFET CREFRI HErZ Lo
5, Photo. 6 o SF 1XFEME#HNAE L S HNICKHhIC X

DERALLLDEELBRS., ZOX5RBRAE-251
BEIA S FOINEERYE U T W& Ted b, SF
AT 7OHEL LS BBRAR I OTEETHEEZD
h5.
3.2.2 A5 774 a0 7 aifli
SF o : 7 nfEfk, WEIRTEELELHhIDTO
2 R AT — e B b, ¥RERES CRBEC
IoTh RS, FhEhDOEED SFAREORKT %,
B OB &£ X » b T Photo. 7 R T
AT%C] 132 2 AhOREOREAMOBE /R LIH D
T, kR HEH L.
A[%C]=[%C]S“__[%C] .( 1 )
[%C]S“. :5_23_().304.[%&] ( 2)
[%C1, [%Si] ixEAE T, [%Clsat. 1L CHIPMAN
BYDfE (XR(2)) REWTEH L. Photo. 7 X H K
Dz Eybas. (1) RB-SF RET, SiC KEO—
My UL RegnBKEEe TS, (i) BEWH O
S-M REME & 4 # A%k L O 30min o S-M F
HfHED SF o 3 7 wiHihT SiC BT IEAREH— 3
BEECl, R, fRLBOHLALL. co sz
@ EPMA Et o Xhud, &7 7RGk L Rk
ORSEHEY, FHE—ERTH S b, ERIEE
CRWTHREIREBIE S D E a7 Dh. LrL, £ &AM
Tt 3 7 RO TRE— IHAEZ ), AROBED
BUHABR, 2R, KBELED LIS AROM,
EPMA 12 X 5B HHE R LRER & oxbiG s L0’
RORIG(T)DAEREZE T, 703 FFERiisv
YW AT NI FR— b LM s, (i) CEE VS
LT, EVWEA LD b SFo kit 7 v OB —
{brgEE T, FE Lk SiC BE L.
3.2.3 SiC ¢+ A5 /74 L ADRIG
Sp-SF REico SiC @i EPMA THfL
7-45 5%, Photo. 8 (A) wRT XK, “OFBITE
AEDRRETHY, FOEIMTITA T 7SO Si, Al
Canih Pl I i, Thpz ook SiG HR
NRLUTHRE OB hz2oMC s, Mo Grix
A 2 VOBEROGHBHRTHOT, H#CLIRRKGT
%X2) RhokdDrhicwd, ONECOELIK
X7 Fe RIAVEFREL, KBFELEOEMMIFRD bhis
\». Fe %1z Photo. 7-2b (i) THLHAEIED LIS,
Fhdz, RORGEOEREIEL bhb.
SiC+ 2 (FeO) = (SiO,) +2Fe+C evvereeveee (3)
LEMRCOER, FORBETO Fe NOBFEELED
Bgud, G A 5 7 (Table 2, Fe0O=0.08%) k&
LS 0ER, HAWIEEFA T 7hicBE L7 Sic
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T% (Photo. 8 (B)) HH Xh5b. REEES CHE
LTHUBRIG(3) D BBEOHBEL, Fhdi &G4
(Ar) FOBBECRDLZEIHLL, A5 7B WL
REE LD B LY FeO B LT 0.9wt%), %
LOUTFoBNZHBE LY, KIE(4) S L0BROK
W5 (5) GERIL) o AT i Si0, iwkRed %D
NREYLEZ bhb.
(Si()z) +2Fe=2(FeO) +& (4.)

R (3) P EiRRBIc 1) % FeO DOIEE areo 12,
RPERC I T, Greo=1.7x10-0L HFEL b b,
L& @reo D HHWIZ, Rt HEEEHBH = F ¥ —F
{k, 4G° & JANAF Table® nffiz, %I 7o SiO,
DR Gsio, 1T 0.1219%, ¥ 7= Fe D{ER Ao 1L
Fe 73 C CFL T35 & LT, HuLteren 510 i
WEN DR S 2k 0.61 2HWi. —F, Kin(4)o
B 0 FHEREIC 817 % Greo & [%Si1=0.5%, [%
Cl=2~Cus. % LT, RIG(3) LA LCERT
&, 1.5x107350pre0=<4.3x10-3 %, Fhdx,
RIG(3)D Greo OFEEL Y XX, Kt (4) Tt
#waIhs (FeO) X W RIG(3)AM~ERS> B, &
¥, Areo 132 Z 1D C-OFH L >THEIS IS &
LBETH, REG(S) DFERECE TS Greo 75,
CO 4 Pco=latm, [%Si1=0.5%, [%Cl=2~
Ceas. % DHET, 3.6x1074<Ap,0<2.5x10-3 L7
H b, SiCo (FeO) X AMILRIGT AR LE
DEHBEDLECHDH T bbb,

(FeO) 4+- C =CO(g) +Fe erereeeenn (5)

EFL @reo DRI PFEER & L CHIRO HEZME

%, COMER ac 5 XU Si OFER dsi DHE ML Sic-

Photo. 8. EPMA image analysis of
transmuted SiC by the reactoin with
slag film,(A) and of transmuted SiC
in blast furnace slag, (B). Sp : Spe-
cimen.

WORTH & ELLIOTT®) D 2 (R DI % CTERE LU -EREK
%, @pe 1Y HULTGREN L1 DOHERE[E A 7o,

3.2.4 HMCOEH

SR COFLESHH : SF ho @ CoR CREMNE
WEHEIA L, BT iZd bhs (Pho-
to. 7 (A)). CEENEVWHE (Photo. 7 (B)) kil
<, SF L2z loficEE oi=b (Ba), # 2 LED
SF © X 51c SF-2 2 VAECERY 5 5HBECIZ, K
HECEHE T2 2% (Bb). tD X 5k ECDHL
kEx, HHBC, 257, 2z 3 MO REEO
B ST g L. HUCEROSMBCIE, 7sm<
TMc—7Tsc DHBE SF Ji, rsm<rsc—7mc DEE 2
g, Fic | rsc—rme I <rsm DBAHWIL SF-2
ZARECEES. 22T, ry i ij REORHEES
THDY, SR 7, Mit 2z, CitREYET.
7sc=7rc—rscosd;, rmc=rc—7rmcost, DEERE LD,

TSCerC=TMC0302_TSC0501 (6)

T, ri i ORARITHY, 0, ZAF S LR
R, O ksl RROBMATHD. rm=1735~
1581 dyn/em ([%C1=0~4%)19, rs=475dyn/cm1®,

0,=150°19), 0,=50~107° ([ C] =0~Cyar. %)™ %S
WhtE, rsc—rmc=1300~1500dyn/cm([%C]=0~

1 %), —30~—400dyn/cm([%Cl=4~Css. %) &5
5. Fiorsm=1112~1263 dyn/em([%C]=0.19~3.8
%)Y T HLDT, 4 Cix CEENMEGBEIT
rsm<7rsc—7Tmc &7 TAAAHFABITL, SVWEE
it | rsc—irme |<rsm &72T SF-x x4 FEIC
£3%%5. DEREIOKRCERRORELRE L B
THBHH, SMHE, HicLOPETHIRIERED  EH
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=2, FRoBEERLBLS—&KTS. LihoT, R
¥-SF AW T4 e Ci CEBEMEWE&IIT 2 &
AHABIT LR, LrbLESCHCERT 50 THiE
CoBB . CEBENREVEARIZA 2 A H~0D
BN LY, TOSELPRACERETHILDOLE
zZbhb.

%48 & OB{% : Photo. 7-3a w3 X 51, SiC ¥
—F 7L AR C el oA SF rh~ifiH
BE) LT\W5b., 2oz &rbiilic XoT LB
REIhDEEZDRD. ZOHRBESE N A5 78T
gL AEHUT, SFhTo2ET5OIRKIE (4),
(5) AT HtLoBH X st ho BkggEs b0
(FeO) nffax Xaiw X v, SiC OEE{EREIE (3) »°
HEFRLTELBZ L E, BB (3-2:5) X5k SF @
FEREBXC LB EELONRS. CRBENG MR
COBEYIE\ 4, Photo. 7 (B) oBBNRT &
Fbh, S-M REMECTORBIIRD THE . Shik
SF fRiclf i L= C At SF o Hoasid o ¥tk w1 hn &
2C SF o aMEL, Lard, SF Lrazr ol
B EM AT 5 X 5 kB TR L X CHrlEE
LT SiC ofbic EORIEHHETHcd L EL bR
5.

3.2.5 ASIFT7ANALERXEZALLEDRIE

KL : SF i, SF-x 2 ARE BT 5 RIS
(HHeme T, ®FA(7)emrTCrkX? SF i Si0,
ORTCRIEDARIEZ bhb.

(Si02)+29:&+200(g) (7)

R B DN AL A IR O HEBE(E1Y, SIGWORTH &
ELLiort® DFEBEAKEAVCCREL % &, AEEREH
T, @si0,=0.1219 [%8i1=0.5%, [%Cl1=2~Cst. %
TR WTIL, Poo @ FEEIL 1.7~8.9atm & /o5,
L7z o TRIG(T) 3R~ ERE L EHETHH.
o BEHEZGS, FlxiE Photo. 7 @ 2-b(ii) DX >
i SF2&EAIh, ZR, [EOLWEHE LY, RIG
(7)1x S, SF-M RETHERCELDL EELLRS.

BB L oB% : SF T, ERERIE(4), (7)hnz,
SiC OBEERIE(3), BIXORB =1V » 7 AT
L¥i-lo SF ~oBEHi FoRKiLoF#FhAe Ve L b, SF
DEBRMBEATHIDEEZ NS, e THRIG(T)
'3 SF oD Si0, XA X5 RIKELRFEREEZ D
5. Photo. 7 @ 2b, 4b iRT X5k, AF SHEK
kL OBEORBIRHIMBETCH LT I EELD

B2z Ao SF CRRIG(7T) X b, SiO, od

MNEEER D, 3-2.2 CRRLAROHOS SRS
B SF Lo, A2 A TOBREEML AL LE

z. bh5b.

—%, S-M REMFTE L TRIG(7) T2 b CO
S REL, Havek B pRE . A Mo REEHE
TR LD LA, oo CO [uoR4r SF ##
BT EY b2 BBEYRETSIDEZL DRSS, &
Sic SF o fHRZ iy, REEDE 25 7B & O
Z 2 BHEEE LT, A7 78 L RHME RO REERES
L, <w5va=FRcrb SFORERERT
L, *0oEEWEBBNEES R, LrdRBOEREE
HABHRhZRELT, RTBELREI LD IOL
*z bhb.

3.3 RIFRABROKE

L Eo#RsEr, ARCBSWTRTBENETTS
TurARED L5 CHEEL .

REHBERO A5 /7BEBR IS AT 7 ONE, B
WY B A I boAT 7O RBAR I, S-M R
Xy FH o RE-2 20 BRe SF BRI RS.
SF itREB IV A 21 ED RiGic e X v, RFTBIK
BHEEEREL, <5 v =FRORAER XIOT SF0#E
BERC D, ¥4Ck SF dhid (S8i0,) Lo R
ks CO SoFtd SF 0B kmds. £o—
e, RiE(3)Er o, SF thop (FeO) A% SiC
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