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The Mechanism and the Countermeasure of the lL.ocal Corrosion of Blast

Furnace Trough Material at the Slag-Metal Interface
Jyouki YosHiToMl, Keisuke HIRAGUSHI and Kusuhiro MUKAI

Synopsis:

Slag film formed between trough material and metal is always in liquid state in the local corrosion zone,
while percentage of solid phase of the film in the metal zone increases with increasing dipping time.
Changes in the composition of the slag film are detected along the surface of the trough material in diree-
tions vertical to and also perpendiculer to the surface in the corrosion zone. By combining the above re-
sults with those obtained in the previous studies? on the local corrosion of this system, the following
mechanism of the local corrosion is proposed: The local corrosion is caused by the active motion of the
slag film induced by the Marangoni effect and also by CO bubbles evolved along slag film-metal interface.

Local corrosion zone in the blast-furnace trough is extended in vertical direction mainly due to the
formation and removal of the film caused by the up and down motion of the slag-metal interface level caused
by the variation of the flow rate of pig iron in the trough. :

Some countermeasures against the local corrosion are proposed from the standpoint of suppressing the
film motion.

Key words : local corrosion ; trough material ; blast furnace ; slag-metal interface ; slag film ; marangoni
effect ; CO bubble ; mechanism of the corrosion ; countermeasure.
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Table 1. Chemical composition and physical prop-
erties of specimen.
Chemical composition (mass%) Apparent Bulk Apparent
densntgr densxt:?' porosity
SiC SiOy Aly03 (g/cm®) (g/cm®) (%)
67.4 21.0 11.6 3.00 2.10 29.9

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

Ca0 SiOy Al,O3
40.7 38.1 21.2
Dip. time
4(%C)

% EPMA % W TiTv, Fig 2~4 SR THERE £
7o, BB O SF i, Fig. 3IRT LI, SR
B—THAHDT, Fig. 2 121374 VAR EN 4
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570, MEBREO< MY v 7 2Th 2+ O % 7
. BHICERLZ A [%C] B3R (1) TRENB LD
WX WHDRBEORBFOBE L RT.

A [%Cl=[%Cl.—[%C]

[%C], [%Si] ¥x %L C, SioEHET [%
Clea EHIERY TR L 72 Curevan 59 OfER W THEH
L7,
3-:2 S-MAERMELTXA ZNEBICHITIBRFTT 740

LR D HE
3:2-1 CEEMNMEVWEE

Fig. 210R$XH12, BEERICKEEZEBAL I

Specimen—
Slag zonel

SiC: Silicon carbide DC: Dissociated carbon from SiC Fe:
Fine particle of iron

Fig. 1. Schematic presentation of the local corro-
sion zone.
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Fig. 2. Chemical composi-
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Specimen -»}«———— Slag film

Fig. 3. EPMA line analysis of the slag film in the
local corrosion zone of the specimen dipped in slag
and metal (A[%C]=2%) for 30 min at 1 550°C.

Mark 4(%C) Additive
2  none

0 none

2 1.5mass%Al
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A 1.5mass% Al

60 50 C12A7 40CA 30
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Fig. 4. Chemical composition of slag film along
the slag film-metal interface in the local corrosion
zone of the specimen dipped in slag and metal for
30 min at 1550°C and lines of constant interfacial
tension (in dyn/cm) for pure iron at 1 600°C>.
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Table 3. Physico-chemical properties and velocity of the slag film in the local corrosion zone.

Al%C] (%) Additve & (cm) @ (dyne/cm? Van (em/s) Voo (cm/s) Rotational speed (rpm)
2~3 None 0.007 —10 —0.028 4.7 75
53 0.043 6.4 100
0 None 0.010 -3 —0.035 4.4 70
27 —0.0096 1.9 30
2 E 1.5%Al 0.007 >320

>0.35 >26 . >410

#=6.2 poise?, Pm=6.9g/cm®?, p,=2.59 g/cm39

THWT, RERELHICBITS SF- 2 VREO ET

HUOFHERSILE « (FEFW, FTHEEEELTS.)

% Table 3 (Z/RT L9112, A[%Cl=2~3% DHEA,

@ =—10~53 dyne/cm?, A[%C]=0 DA,

a =—3~27 dyne/cm?, 1.5%Al i (A[%Cl=2%)
DA, @ >320 dyne/em®™ L RFEL O, CORE
EHHE e LT, v v ToghBICHSCRRD
SF ®#&j% Lupvikson & Licatroor” O % FH W T
BB L2 T4bb, REAN (Z#) CREEHIG
Bl @ (dyne/cm®) ®H % SF » Tl 2 HXEHEICHD T,
EHIREBRCHENLED ZEHAORE V, id, 2
U OBREERB A T ZSICHB LT, Taolchsne
Al ED DT, «
Vz=1/1(@P/3Z+ APg) (1/2+y>—hy) +ay/p--(2)
L72452C, SF-X % VR, y=h (74 VAEE)
TOFHE Vay 1,

Vzn=—h/21:(QP/OZ+ APg) +ah/p «wovveeee: (3)
ZZT, MiEHERH (g/emts), Pt SF ADTH
(dyne/cm?), AP A Z N (P,) ERTFF (P,) DHE
% (g/em®), g BENIEE (em/s?) THhs. BEHE
HERPN Tl SF K O ML Z WMk E (%
ftL TR ndT, BUKICOP/0Z<<APg & L7,
Table 3 IZ/RTWEALEMERE OERER L2 HW T,
H(3)KDEH SN Vg % Table 3 ISR

MO R 7 7REIC BT 5REEHEEICET 530
& [Alkk, Brasws'V OBEFRE OB R E AV FEC
L0, FREFITHEBREE 2, W, S b OEEE (SF
E& LFUIHE) CToOWMEET Vy &35, B ABRE
FENCHY, PHRERLSOHEBEE 1em (BEHEE
Wo LT & LABE, PRy o+ icEn - g
DEE Vo 13, Brasws'P ERZBOBTER*HWC
KoObBNDL, 8512, 20 Vo, 2HE 126 oREED
BEEE AR LT, HE 126 ORXBIEOREICHE L
7S %E Table 3 IC/RYT. Al 2L 2 WIEESTREX

t4 BIERY TR L2 LD, BEMBEEO SF-2 ¥ VBRI, BiR
D OVDOAT FYEEFELASVDT, SSMREFEICKL
THLPICFHICEET DB EEZZONE. 2002 Al TEMOEE,
RERBIEER T i o SF- 2 & WO FER S 1213 BREFONNET 5 0
%, AREET LSO S-M REMORTRDICE, X#59 oFE
SEATRROfEE 72,

100 rpm, 1.5% Al 2&EM L 723546 Cid 410 rpm Bl ED
BRI ICHT 5. % 72, $iKo Fig. 5 (R KIG (4)
DL, FeO DHARIC LD, SiC O LA HEEEmIC
HE O BEEHEET C I BEREROERY, $4bb, SiC
KO—EH LBERPFEC L 2o b DD, SF
~NRBTARFOIBEI LI LY 5, L SFo
v Ty TRIGHABOBEMBER A AR LBs KA X
ThHsbEHEEIND. 25 VHAEFTORBOBIEIG
BIEBF T LALEL RV, 25 7HICRE LR
BT 120 rpm (A 7.5cm/s) OEIEEE 5 25 &
KEICMMMDH % BFREIEEZ LS L AL HEEFEL
B0 565124 E, K% 200 rpm (5HE 12.6
em/s) WML 2n, 25 VHEKEFTCOL D
R IBHEPHER S, FHOBEIEE Ads 1348 10% 1032
L7z, 72720, Ads(%)= {(do—ds)/do} X100, doiZ
AE O FEE (12mm), ds 122 7 FETHORBE. Al
WMOGE, Kis(4)12X5 5 FeO Dfitfaidiz & A &1
HCTERVAY, T > TZyiE 120 rpm [EEELL_E A
BID, 2Oz, ALRMOEKBED~ T » T35
£ % SF O#EMEH X, RGN X5 FeO DHtRRA 7%
CTHHBFOBRILE (M) 750 (FeO) Dty

“ Penetration of slag
Eq.(4) —
[SIC+ 2(Fe0)—~(Si02)+2Fe+C|

= xC

)

A §

Eq(5)
J— l:>>(Si02)+ 2Fe—
T 2(Fe0) +Si

Ee () i A

£G.lo)/ ) I
' (Si02)+2C—~Si+2CO |

—— .
== (Si02)TMovement of
= (AOs)| | SF due to

(Ca0) | [Marangoni effect

Refractory Slag film (SF) Metal

(Specimen)

Fig. 5. Transfer paths of reactants and products
during the progress of local corrosion of specimen
at the slag-metal interface.
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Adhesion of slag to the surface of refractory LPenetraﬁon of slag into R-M interche]

by the up and down motion of S-Minterface,
1

| |
/ [Formation of SF along the R-M interface]
I - - = . __ 1
Reaction of the film Reaction of the film with refractory Motion of the film induced
r with metal. :Eq.(4) and dissolution of matrix by Marangoni effect and
:Eq.(5)(6) component (Al203, Si02), CO formation by Eq.(6)
I l——_—_l.___1

I
Solidification of the film
by the preferential
reduction of (Si02),
:Eq.(6)

1
Remaining of dissociated
carbon in the film.

1 -
Consumption of SiC,| |Abrasion of| | Acceleration of
which lowers the [Trefractory. | |mass transport.

Supression of the film

protective effect
of SiC*.

% movements. [ I
y Lowering of the wearing| |Lowering of the local Increasing of the wearing

rate in the metal zone.| |corrosion far high rate at the S-M interface.
. l carbon metal. I

|
|Generation of local corrosion at S-M interface]
*SiC has generally good resistance to slag corrosion.
SF:slag film , S:slag , M:metal , R:refractory(specimen)

‘r Fig. 6. Mechanism of local corrosion for clay-bonded SiC specimen-slag-metal system.
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FETFIEIE 100mm BETH ), KEBTEOSNLABOL
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Fig. 7. Wearing profiles of used trough and rela-
tion between tapping rate (t/min) and slag-metal in-
terface levell?,
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BREEEENL S, FOoLFIcETBER SS-M R
LAV, BOEFHEELHICLEVIIETT50T,
FRiORER L L i, &KL LTRWMBHEME T AR
BETHEEIONS., LdoC, EBROMTORL
BHHIEIS-MARLANAVORSMNELYY THATIICAL
ThY, LrbRWAEEROLTIEDO Tiid, S-M R
HMOETREOTHL DR Tichs LiEESINS.
ZITERBIIBITS, TOXSICLTROKE ZFEL



1540 % ¢ @ B34 (198 B F

Photo. 1. Wearing profiles of specimens dipped in
synthetic slag and metal for 30 min (continuously),
(a) and 15 min X 2 times (intermittently), (b), 5 min X
6 times (intermittently), (c¢) at 1 550°C.

T
4dt 4dm 4(%C)=2.5%
6ol O @ 5minx6) intermittent
0 A A 15minx2 ] dipping
— —-— Continious dipping? dt‘ -
do //'/
a0l . ,4d
N ) Yslag 'V
~ (RN Metal P4
° i ' 7
<1 '-gIIL{. ///
Ll L,
20|-—=== -7/6"// prd
Smin Ve
7 e ——
l / rﬁf;__—————"‘ 4dm
Ve ! |
0 [ o 15min | 30min |
Dip. time (min)

Adt (%)= (do— ds-m)/doX 100  Adi (%)= (dm— ds-m)/doX 100=
Adi— Adm  Adm (%)=(do— dm)/do X 100
Fig. 8. Comparison of wear rate (Adi) between
continuous and intermittent dip at 1 550°C.
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OCRASIEE A EHERE W, Z i, Fig 2 IRT X9 1S,
BEE#IE S-M REEZ TR, 2 ¥ VERS SF AT

WARREEICH D, SF 2SERICENTADT, X ¥ VET
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4, Photo. 1(b) B XU Fig. 8 ® Adi (AH)), Adm (4
F) A5RT LI hofEik(a) L (¢) ohiicd
D, Adm \ZEFFEETO 15min OfE% 30 min IZHHE
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PEREHF SNDL. FRICEDT, BIED L EERICA
¥ VB TCEWIEEE AR S NG, ZORRE,
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4. ERTO SF ORBBENICX HEE-2 5 IVEAD
BAICEBEIFTRL, B> S-M AR LR
XoTh EFHAOEWIEIC b TR END. KE
BER LD, SSMBRE LV LD FEKH 10mm ZE T
T, REOLTICEGRZ L, FCERSEEIETT
DHEFRE LB, HEERFEOES LIS S-M Rl
O LT S AL S, Thbb, FHHPEEE
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it (Fig. 7 O34, 7~8t/min) Tk ETEHOHE,
ETEDD 72 3#H Lvy SF O, BEFHFfTbh sE
R, TOEFTHHER BRI ET TS, ThENDTH
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s h, —EREBENED. I PHREEEOR
HLANVED ESTh, HstEL W & SF AL S
N—ERE SRS, S0 X D10 L CREHEERER I
BUAHFE L NIVHETRAD {IFA 2o BEOEH
ERTHIEIIRD.
BHDORFIREIL A[%C] =0~0.5BETHY, &
DREAFITIE SIC-¥ 1% M) HEOBEEN
120 rpm F2/E (B 4.5 m/min) DEEEIC X ST, #
HEREX Db 220, ENT L. zhwz, EHET
IFPERFICHE L €, MBI RTBRE LV RES R
HEHETES., FHEBORFMBEERIEL, BORERE
BIMOTWMOEHEICHFS L, BHEIBOTRZ T H~L
L#ED S, BOEFEL &b ICHSEED S-M RiEE TR
TAHADT, TOTREICIO>THEHMBEEOTRIZTH
NEDS,

B, REMEBOEFRRBAR—Y ¥ 7 THLHuRENE
&, EROROUIMEABEZ Ehbid, TEALEZD
nhwv, %6, 2X—-Y Y ZICXABELHB S L

Hih, BEHERIIELCRE L, REN2ERIER

T, BEEIE, BITFEHICLR L5 TH D,
5-2 RERBEEOBAILE
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A: Clay-bonded SiC specimen (Table 1) AG: Alumina-graphite
specimen ZG: Zirconia-graphite specimen
Photo. 2. Wearing profiles of specimens dipped in
synthetic slag and metal for 30 min at 1 550°C.
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SF: Slag film M: Metal S: Slag Gr: Graphite Zr: ZrO;
particle

Photo. 3. Microstructure in the vicinity of the
local corrosion zone of Zirconia-graphite specimen
dipped in synthetic slag and metal for 30 min at
1550°C.
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