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Application of Calcia Electric Arc Furnace Hearth and Its Effect

on Oxide Inclusions in Steel

Synopsis:

Hiroshi NAGAYAMA

- -In order to decrease the macroscopic inclusions containing spinel (MgO-Al,O;), the main mineral phase
“of oxide inclusions in steel, calcia refractories were newly developed for electric are furnace hearth materials.
Some properties of calcia hearth materials and the effects of using calcia hearth materials on oxide inclusions

were studied.
Main results are summarized as follows.

By using ‘calcia hearth materials, not only the quantity of MgO in the form of oxide inclusions, but also the
quantities of Al,O, and SiO, were lower than those in the case of using magnesia or dolomite hearth mate-
rials.” The quantity of CaO in the form of oxide inclusions did not increase. Accordingly, the total quantity of
oxide inclusions decreased to less than the half for the case of using magnesia or dolomite hearth materials.

Moreover, it was recognized that the sulfide inclusions decreased remarkably. By these results, it was
confirmed that number of macroscopic inclusions in steel were decreased and cleanness of steel was improved

remarkably by using calcia hearth materials.

1.

KEAEDDOHICIEEED MgO &b DA% <,
Z¥F L (MgO-ALOy) & LTERILMBRNENOTHE
TR E 7 LT nwB i, KBENEDNEZRBT 5720
WIACANDER LTS EBBEEL K LF
Abh5. '

BibhEBAEho MgO ofER & LTk, BINFEFE
ROMEE, EMFERNIBMRIClmTs 70704, &
EME SR E LTEENRSE MgO #2505
B T =uTe4, S SRET 5 MgO X El
FFERMRD MgO ot LE LKL EBHL S BET
HBY. LEBOTHILMRNEDSRO MgO &HR%
R S 720y, EINFFROBEEZET L E
BT, FROBERS ZRE#ET DI T & LIFR
MELTMgO 243 VLR EHT L2 EMNDFE
LV JERFIMEFERMT E LT, SRR 5i5Hs
LVRAS VX BBECT SRR R T < /407
Y, Raw4 koY ohic X OEEER KRS
FHINTETW5, ThoDEEMRR Kk ORT
Lo &r st sy 7ERADTHS.

i

B 7B KIVEE DFERID A7 (CaO) H3[E
HNICEWCLEBTRERT ZHEEAFAMERTH BT
b bF, B FOE LWHILE (ERhoksy
ERG LUTHET HE) oedic, hETESOM
Ll T E 729719 T b b T E I TR
CEE XN TV VWERICS 5. EEHIXEBILRNED
DKRIBIARIBE W B 7o diT, LT < BIE
WM E LT ChictbBa s T 5 5 ov o 7 Hliit ki e
Hiio i BEFE L7

AL I VT, chbDnvy 7B ER
CEIMEFRM & LCER L, BIERAEDCE XE
TEECO>VWT R4 PRIV VAV 7HAE K E
HFHLCES LI L, Bt LaRicovnthR~3%.

2. BAFPFEMELTDOLLTE
Ray ITHOHE
21 HaL7ERRYOMHEILEONRE
AT o) v h OHEREREICIE Fe,05 TiO, 7 &
BEMTHHZ LRI LMENTWER, TEMICARE
RERGHCHafitiBibtEeR"T 2 Y v %B 570D
Wy AT T o) v hRORRHOFEZE I OV T T

* B 50 4 10 BELHEASICTHEE WM Sl £ 11 B 24 A%+t (Received Nov. 24, 1976)
(BB RIEFRBETYE T (Katsuta Works, Hitachi Ltd., 832-2 Horiguchi Katsuta

Ibaragi 312)

923 —



1644 & &

% 63 4 (1977) 102

Table 1. Chemical composition of hearth materials. (%).

Hearth material ﬂ Sio, ALO, Fe,0, MnO CaO MgO
Calcia 0.62 0.96 4.32 0.19 85.89 7.69
Dolomite 1.11 0.63 4.15 0.27 43.97 48.48
Magnesia 2.46 1.49 4.27 0.43 2.91 88.20

WEt L7z, FoER, SiO, avers Y oradinia
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Table 2. Properties of refractories corresponding
to the cause of wear of electric arc
furnace hearth.
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Fig. 2. Compar'fson of shrinkage on test hearth
materials.
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Fig. 3. Comparison of thermal expansion by rapid
heating on test hearth materials.
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Fig. 4. Comparison of stability after slag absor-
ption on test hearth materials.
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JEizvx CaO, MgO D E»icit 6Ca0-2A1,0,-Fe, 04
DTN IR BRI T, FKERD SO DS
X DK, CaO fho XEREfiiE, R
Eitdiz LA EEBIMERD bhich 2. ZHIZH LT
ko4 MEEDOESICIE 3Ca0-Si0,, 7Ca0-25i0,-
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A & 2 BB GRIARASEIR DEEEHC £ TR b, <
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Table 3. Comparison on chemical composition of tapping slag.
Hearth | Sample | si0, | ALO, FeO MnO | Cr,0, CaO MgO CaF,
Calcia 1 21.2 2.77 0.11 0.10 tr. 63.2 0.89 9.75
¢ 2 19.9 3.88 0.16 0.07 0.07 67.7 1.02 5.55
Dolomite 1 20.1 3.33 0.66 0.10 0.04 50.8 8.87 12.7°
0 2 23.2 2.55 0.61 0.13 0.06 56.0 6.93 10.0

Table 4. Chemical composition of calcia hearth used for 10t electric arc furnace (%).

Distance from the Color SiO, ALO, FeO MnO CaO MgO CaF
surface (mm) 2
~10 Orange 2.02 | 0.95 4.52 0.10 | 82.74 7.06 0.46
10~30 Brown  .2.00 ' 0.72 3.89 0.08 | 83.36 7.40 .0.46
30~40 Brown 1.52 | 0.89 3.48 0.08 | 84.37 7.46 0.20
40~70 Black 1.90 1.22 3.62 0.07 | 83.98 7.46 0.70
Before use Black 0.65 0.97 4.33 0.19 86.30 7.73 -
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.- - - ! Table 5. Chemical composition of dolomite hearth used for 10t electric arc furnace (9%).

Distance- from the Color Si0, ALO, | 'FeO MnO CaO MgO CaF,
surface (mm) )
~10 Yellow 5.02 1.02 5.59 0.26 43.97 42.62 1.24
10~20 ‘“gggf”h 3.38 0.66 5.43 0.11 44.30 44.55 1.78
20~30 Grey 3.38 0.66 4.95 0.10 44.20 42.74 1.71
Before use Grey 1.11 0.62 4.85 0.13 43.87 48.90 —

]) 6mm from the surface
3) 30~36mm from the surface

2) 12~18mm from the surface
4) 42~48mm from the surface

Photo. 1. Microscopic structure of calcia hearth used for 10t electric arc furnace.

KOBEL Y DRAS FRSOBENMIT LS EEREDS
REWV. BEBOHREMSEMBIT Photo. | KRT XK
KWL 36mm BEFTITISELNLTED, 200k ©
CaO # AT TR I N TV 5. 24~30mm OfE i
2Ca0-5i0, ML KEELTRRE L FET SN, 36
mmplEDFI D EE UL L, R4 PO
BLzol Sl LB LESHBEEL TV 5.
3-1-3 bR AT
BV 2 T IFER DR WD D 7odiz, Table 675
THARD &4 (10 t) 30T > v T AT
XL OXTFTHEmAR 2R L, SULESRS X KR
D—ERE X 0 BEWVD TR T HETRBE ZERR L 7.
T ED R X B OB RN -NEY
COWVTHMSEE, BEFERERSICEPMA tX 5

Hiz 10t e DWW T E TRE R

Table 6. Chemical composition of test heats (2,).

C Si Mn Ni Cr Mo

0.80 0.40 0.35 0.03 2.00 0.20
~0.88 | ~0.50 | ~0.45 | ~0.09 | ~2.20 | ~0.25

SHEFAS L Ebic, BFEx 42/ — ki X D EE{LE
SENEME L U, XREFZTR ok,
Zfilswvwika =4 b
PEIRE® B\ E < 7% v 7 BRI OEA & i L7
BILMBANEMOILESITF R L Table 7 R4 X
S, Ay TIERIEHIC X D BChBRAEDE LT
Thad MgO», HIRATEMOBETY 2 7HRD
a0 10%, Fo<4 MPEEROEED 20% BE KR
Ls SiO; ALO; ¥ &HHED 50~60% FREE I IKE
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5, AN FIIEERE2FERT S & X b ERAT
BENLE TSN @RS Shicwv. Ly 2T
Bt s L HEERTEROSE L ERRIC, BEL
WMHRANAEDPDO MgO BE LKL, Feea MED
L v & 7THPRBHAOEE KL, Si0; i 20
~30%, AlLO; 1T 70~80% iRk L, NMEMERL L
T 0~50% ZEETEHZE8EHLNE. ZhbD
B LB RN MO P mEKIT Table 8 X O 9 KR T
X3, BN TEREGER LSS TSRO spinel
(MgO-Al,Qy), 5Ca0-3A1,0,, CaO-AlLO; 7c & DL

WMHEHLEROTED, 27207 HEERDIPBVIIRFe A
MERBEHOBSIC L spinel 232 LB L, ¥ VY
 HFREAO FHER S S F Fe w4 MERE
AoBgizimbohsd CaO-FeO Zofiihvy 7
FIREROB SIS bRy, ZThbDOBLHHRM
EWOEMISMEEHNE Photo. 2 KFRT X T, HTT
PR (i D413 Photo. 2-3a iz5R+ X 57 10~20 4
D LIRS A K KD b DAKERS T, Photo. 2-3b
DY SEPRXKBOLDIEEbLDTAhkv. EPMAK
X BT RT Table 10 iTRT X 512, FowA{ MF
REME L-BEI L CaO &4 BHRMEL, MgO
DOEHEMSEIML TV 553, spinel oF I, 5
Ca0.3A1,0,, CaO-AlLO; 7 & 0 HiwpEih & 0o CaO-
ALO; REMMBHDLNDE. 2 /32 7HEHBWVILF

Table 7. Chemical analysis of oxide inclusions (X 10-195).

Hearth Sample $i0, |-ALO;, | FeO | MnO | Cr,0, | CaO | MgO | Sum
Before tapping 11 10 2 tr. tr. 4 2 29
Calcia Casting period 11 21 3 tr. tr. 2 3 40
Ingot bottom 11 24 2 tr. tr. 3 2 42
Before tapping 19 34 8 tr. tr. 4 14 79
Dolomite Casting period 33 34 4 tr. tr. 3 13 87
Ingot bottom 30 34 4 tr. tr. 3 10 81
Before tapping 43 31 5 tr. 1 1 21 102
Magnesia Casting period 34 38 4 tr. 1 3 26 106
Ingot bottom 36 36 4 tr. 1 3 28 108

Table 8. Result of X-ray diffraction analysis of oxide inclusions in steel before tapping (x10-425).

ggztlg?als Charge No. |MgO-Al;O4 32?2%3 Ca0-AlLO; |{C20- 2FeO Sqigzr(tg)— cxs'iis?ozls:l;tc)
Calcia 5 + + N
Dolomite é i i i i g ++_|_
Magnesia % i i j-_ i

Table 9. Result of X-ray diffraction analysis of oxide inclusions in ingot bottom.

Hearth materials| Charge No. MgO- Al O, gglazgs Ca0O-Al O, Sqi‘i’r(tg)_ crsisigf)(:ﬁi—te

Calcia ; __:: ir. +

Dolomite é i i i * +++

Magnesia é i _—:: i -

:

porey



oAy 7T BERFFROERLEBICHRAED~ 0B E 1649

hE

. 3a v
la,b : In case of using Magnesia hearth.

2a,b : Tn case of using Dolomite hearth.
3a,b : In case of using Calcia hearth.

Photo. 2. Microscopic structure of oxide inclusions. (X 400)

Table 10. Analytical result of oxide inclusions in ingot sample by EPMA ().

Sample )
Hearth material Si0, | AlLO, FeO MnO CaO MgO | Cr,O,4
No. Position ;
. 1 Top 24.0 | 31.5 tr. tr. 19.0 8.5 tr.
Calcia 2 Bottom 2.0 | 29.0 tr. tr. 27.5 | 12.8 tr.
. 1 Top 25.0 | 26.5 1.5 07 | 43.5 5.0 tr.
Dolomite 2 Bottom 200 | 305 | 2.0 | 09 | 440 | 4.0 tr.
: 1 Top 30.4 | 30.5 4.0 tr. 20.0 | 16.0 tr.
Magnesia 2 Bottom 21,5 | 282 | 35 | o5 | 205 | 255 | .

v 24 MEREGH LSS OB RAEDSS spinel O L TOZ LW E WL 5. 7k Photo. 2-3b Dk
EERLTLLDOTHLORML, ZOANBEMIEMAE Sk BD DO B{LEMMIF Photo. 2-3a 23T
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Table 11. Comparison on cleanness of molten steel before tapping.

Hearth Charge Number of inclusion ‘ Cleanness dggy 400 (%)
; e |
material . e 40~80,  80~120p  >1204 | Sulfide Silicate Sum
Calcia 1 0 0 0 0.006 0.025 0.031
c 2 0 0 0 0.008 0.020 0.028
. ) 0 0 0 0.013 |  0.062 0.075
Dolomite 2 1 0 0 0.013 | 0.083 = 0.09
| .

. ] 1 1 0 0.013 | 0.058 0.07!
Magnesia 2 1 1 0 0.011 0.068 0.079
Table 12. Comparison on cleanness of ingot bottom sample.

Hearth Charge Number of inclusion Cleanness dggx a0 (%)
material No. 40~80u | 80~1204 | 120, | Sulfide | Silicate Sum
Calei 1 0 0 0 0.003 0.008 0.011
alcia 2 0 0 0 0.004 0.006 0.010
Dolomit 1 3 0 0 0.025 0.083 0.108
olomite 2 3 0 0 0.017 0.078 0.095
M . : 1 4 ' 1 0 0.014 0.093 0.107
agnesia ) 4 0 0 0.028 0.080 0.108

Table 13. Comparison of failure rate by inclusion

detection.
Numberr of inclusion Ratio of
(100 x 100 mm?) failure rate
Hearth 1 by inclusion
material | §3..0.49 | 0.5~0.69 | ?detection
mm mm (%)
Calcial -.0.0437 0.0032 1
Dolomite 0.0412 0.0068 2.1
Magnesia 0.0992 0.0080 4.3

FETH 5. LAV TIERE2ER LA, I
R Frho FeO &HEBNE L LKWz L3 Table 10
KR LNDA, Zh XL RANEDmE L CHFETS
spinel HUT LA EEHHEFEIFLTWIE WZ LE2TTDH
OTHY, BRBKEMNTHD. BILWRANEDDOEARE
2 S AU THERDBWIE R o w4 MAREAOEG &IZ
IFHELLLTVWAAS, Table 11 X8 12 @RTX35KC
HEB AR ONEDIE Fe <4 MKW 5 3 &
FHEREROSESCHLE LKL TED, HFE
SNT BELESRD BNE. TihbbHEMEROSE
KOWTER 72V 7 FRSBWIE Ko w4 MAKRES
DOPEITIE L, HEBERNEDS 60~70% R L, i
{LIBNED D RBRERRT 320 EhiEEs LT

60~70% BB L TV5H. I HLITHNVUTIFRE FRL
A, L0 SEEET BB E W TEMORGE
MEL L HEmETA ST, EEROREC O T
BEAL N TEIIC BT 80% IR, BRILMFBENEDI S
W 80~90% {RINT %7 DIiHIGFENE LKET S
T EEMED DT Lz o Tl 10t fRidicovwTo
Hh & FHRERM S Table 13 TRT X ST, B 7iE
PRIEFAIC L DF L METSZ L &R

32 £ B

kv 7 qA & v TR ERENHEEAIROR R
e 10t EIAEIC B3 2 EBRBICTE W T LT
KiE LTOH RN Fa <A VERAZ U THIDITS
NTWBZLEHEPDBE T ENTERL. ThIERED
FRIZOWTORFERRICLOND X, A7 &R
R U7 CaO/Si0, 2@V kT, EBMELERT 5
X3R5 IR OBIRDB LI F2DIT, FROBARE
ENKE QIFED B VITERT X > TRET 2Em» /N
X<, LA AhOBEGEBOREE LTad
NTVW5 X S R ERERBEORZEC D L3 HEMA K
—~ ) I X AHEEmMDITEAER VW EIT kB LE
265, FEBRICIBWCHFRER R 80 ECER
BERD 7= DI PR 2 Ac e U728, (HRABOFERITZLE A
EhDThTPTHDTLEPS, Foes NEHBWVIE
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2 XA FEAL Y THICE LE I ERBIE AT AE &
Exibhb.

B 7P EA L THEER LG EEB{ERANE
MPBE LK LIbE $REEMURT 28t s L T
W, ETERMFBO MgO S HEMN Feva MNER L
T LE LK i, MR EE>TVW 5709
WA 5 2o MgO SEHEMER L, BEHR? o X
S5IT7 =) 3 & X OTHERT S spinel D
ERKIBCEBRTA L IDEE LIRS, X BT,
MgO &k HITERIEIAEE D RS T d B SiO,, Al,Oy
eEbINVUTIRREEAT S LK TRBT 558
ZOME E LTINS, USWR LY 7 BOF
EHEALT Si X0 Al I X 5ERIC DWW DEEERS
PIRFEIC 5V TRED 72 & ST, HEmENEsrhiciminT %
T =20 2T XBMEREROF LML (REX
, REEIRBPET T2 &8FB2bN5S. Thbb7 =
ooy AL tiEE 1~20 @ Al A EhTED,
ZOKREBEBRD Al LA LNRBDZ ERD, F=n
v arvEhmc kb Si REEDANC—E AL T X B RiEE
LfFabhsd tELONRD. LN DoTINLORELE
B TH B SiO,y, AlOy g EXLDIEERM 2 A L7
Bact LRCE LR, ST 50 siE20Nn5. &
BRIV T EOFhDERIC Al 2iRnT 5
L 5o 3Ca0-ALO; ke ToEEAMEOR
JCEPAR L, ThiZ X > TN, BmssFIR
T L2WELTWS. AEOESIFEREZED A
WV FIRR O XEEEEFIC BT CaO-ALO; Rt
Hixh§, Table 41T7R Lz X 5 ICFERREIC ALO; 3
B L 5 B IEm D RO S oo 0s, BRLRATEH
ik 5Ca0-3Al,0;, CaO-AlO; 75 EAERD LI
Ep b, FIREMmMICAR Lz 250 CaO-ALO,; R4k
MPBBRAIIRAL, HitXhi-db0THs5. E5
HSRATERC 7 = o & ) 2 Ui X D CT4RT % spi-
nel 13, 7o ) a3 FOFRFME LTD Al 25
SN TFEDOHMAERIGC LS LEZLNSEDM, Fhho
X OB E LT ALO;, SiO, I Edshvy
TIEREERT LI XY, BLE HHEESKEL
B, —fgic ALO,, SiO; X b LA E DwE
BEDRTEELRTVWEEZONS CaO ke ¥
B A7 TN L OMENIEATSfTebh b X il
%. L7cioT ALO, L dMEFEEIDWTHENE,
RIGHERMD CaO/ALO; WALV EWSD LD, K
FitEo 5Ca0-3AL,0,;, CaO-ALO, 7t F&4ERTS.
CNLRBHEE CHMETHY, BERLLRTVEH
bbb, X3 LT T vy arFEmEick

DTHRT S ALO; £ THIRMMEOHERISERY &
LTk, ST Do, BIEWRNEDE L <o
ALO; DEFEAZOLNELDEEZ LN, SiO, o
WTHERRT Y, B v PIEKRSER LSS,
Si0; wWHLEE, HEHLLTwiEZLHASL CaO-
SiO, REME AR T HdLELLNS. TBhLy
FTHEHRAZ L THOERSTHS CaO yIHvs 7HES
R L T SBICRANED I ENSEED &S R e hD
fo. Zhid CaO RSB MIchniEWEE2ET 5
ZEILEBIED, A0 X 5z CaO piReE, S L=
TWHERISERMEZER T 570 LEFE2Dh5.

AL THRRERC XD HETR 5 yho MgO &5
Ba 1% WNNCETERBET S Z B8 TERD, Bt
FAEWPICR RS0 MgO tiERTH L5605
spinel b TR HFb L. FHRD X 5L
FEf D MgO EFBWIFKRMD MgO £HEKE
BIEWGIT 22 05, Mgl 213LAES TR VWAL
v FER 2T U spinel AR FIFIESEL ISR
TE&EBHELEZDND.

S LA TR X D BRI N E DA MER
THHEBITOWTIE, FELWBH AL T B OE R HH
L TORMERIC IS WCERD/- L 5ic, CaO-ALO; H
FiSEoBEic X MREEE, BMBERICHAT im0 &
Fabhbd. FERLVIIBMPOBEESEEH0-291)
TR EREBRILTLL T 7802 E2MBEL T WS
2, FMROLEOBERPOBESHEIXZ 40ppm LT
THVFELVWIRBER AT bhicbD tEZLNS.
LR DNV Y TIFREZMEH LcEaix Table 3 iR L7z
X525 yOEEE (CaO/Si0,) W< BaEL i
D I DICIEH DRI E N E Z LB 2 5N 585,
BRI 2WTIRESHAS LB~ SOSBEORE
HES LB THLERDB.

4. #2*

BALWFRNIEW D EERE 18T 2 €2 VENTEWE KIE
AR S 7, BEIMPIFRM & L CitskfaAah T
Elw A TEDBVIE R <A NERE L PRk
L MgOEFEENELLEDNVCFHER S e {E
AL, B tMRNIEDC S IETEESC > THELE.
BohBREEH LT TR RS.

(1) »No7HFRII e w4 MAEFRICH LERFI
B DIEE, FEERLEL, BELUBEVWEERFERERZE
KT B ERABDI.

(1) #Anve7HR2ERTC &0, BEWR
NHEHHRDO MgO S FRII < 74 v 7 P2 EA L

o
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= 63 &£ (1977) 5102

A0 10%, Fo<4 MEKREFER LGSO 20~30%
IR L, ALO,, SiO, i ¥R E L KR T B /00
EMBEL LT A2 7HERPH VI Fo <4 MAK
PR LB ED 40~30% KK T 5 2 L 2D,
(3) e 7FRE2EHATE LTI BELHRN
b CaO SHEOHEMITEAEBD LN,
7=
(4) vy 7FRZERTSZEITXD, Fred
MERER OB AT LB LN EMS R L, Bk
FNEPORREDVEOTEHFEDOE LVWEE, HE
FARAREROERSE LN, KBNEDORRICH LTE
HDOTHEMTH S Z L 2Er DI
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