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Development of a Carbon-free Casting Powder for Continuous

Casting of Steels

Hidemaro TAKEUCHI, Hisashi MORI, Toshiaki NISHIDA,

Takashi YANAL, and Katsumi MUKUNASHI

Synopsis:

The carbon particles are contained in conventional casting powders to control the fusion rate of the pow-

ders.

They have been found, however, to give rise to the surface carburization of continuously cast stainless
steels when solidified shells come in contact with carbon concentrated slag layers.

On the other hand, fine

boron nitride particles, like carbon particles, have been found to be able to adjust the fusion rate of casting

powder without causing the surface carburization.

Thus, the carbon free casting powder using sintered

granular particles as basic particles and BN particles as skeletons has been developed.
Application of the carbon freec powder to continuous casting of stainless steel blooms has resulted in excel-
lent castability and surface condition, completely preventing the surface carburization.
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Table 1. Casting condition and compositions of casting powder for SUS 304 210 mm § blooms.

Casting condition Compositions of casting powder (%)
- Comsump-
Casting Casting Sources of carbon (%) Basic particles tion
speed temp. Carbon | Powdered { C from . (kg/t)
black coke Na,CO, | ¢20 ‘ 510, | AlOy| Fe,Oy| Na+ | F-
1200 1 480~
mm/ min 1 500°C: 2.0 ’ 3.0 1.0~1.5{33.6 {30.5, 3.6 2.0 ’ 9.1 7.4 0.8
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1. Surface of continuously cast and pickled

SUS 304 bloom.
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2. Macro and micro structure of carburized
area of SUS 304 210§ blooms.
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Fig. 1. Surface carburization in continuously cast
stainless steel blooms.
(SUS 304, 210mm §)
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Photo. 3. Scanning electron micrograph of casting
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Fig. 2. Effect of carbon black on the fusion rate
of casting powders.
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Photo. 4. Progress of fusion of casting powder with and without skeletons (carbon black).
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10000, R: radius of basic particle
r : radius of skeleton particle
1000 D: specific gravity of basic particle
d : specific gravity of skeleton particle
L B AN W: amount of one layer of skeleton
) N particles covering a basic particle
®) 610 N n: number of the skelefon particles
' N
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n = 4nR¥/nr?

Fig. 3. Relation between W and R/r.
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Fig. 4. Diagram illustrating melting of powder
and distribution of carbon during con-
tinuous casting.
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Fig. 5. Relation between carbon content in casting
powder and molten slag layer.
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Table 2. Selection of skeleton particles by crucible experiment.

42 BN TZBBREAET DERE/Y L—DOEF

S R — ENHRER R B XIS T RRIRL TR/
BNRFELED

Skeleton particle Crucible experimental results
C d |Added ° Sintering Gas :
ompoun ed amount] M. P (°Q) tendancy generation Evaluation*®
BN 1~59, 1 020 weak medium O
A.IN 7 1 030 medium strong X
'%‘I?IN\I{ ;/ 1020 weak strong A
Nitrid iN = 7 1 040 weak strong A\
1nae Cr,N 4 1 060 medium strong x
MnN 7 1030 medium weak X
FeN 4 1 080 strong weak %
ZrN 4 1 080 medium strong X
MgO 7 1030 strong weak X
MgsSi, Oy “ 1 030 % 4 %
1,0, 4 1 030 4 4 X
SiO, 7 1030 4 “ X
CaO 4 1 030 4 4 X
Oxide TiO, 7 1030 4 ” X
Cr,0O, 4 1030 ” 4 X
FeO ” 1 030 4 ” X
NiO 4 1030 ” 4 X
ZnO 4 1030 4 4 X
BaO 4 1030 4 4 X
* (O +rGood, X :Faulty

— 62 —



Yo

WS HEREAAY X -0 1553

Table 3. Physical properties of BN powder®,

. Crystal Specific Grain size Melting point .
Material structure gravity (p) (°gC)p Purity
Boron nitride Hexagonal 2.26 0.5~3 3 000 >99.5
(BN) : sublimation )
Graphite (C) Hexagonal 2.52 — 3 650 R — _
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Fig. 6. Effect of the amount of boron nitride
particles in comparison with that of car-
bon black on the fusion rate of casting
powder.
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Photo. 5. Scanning electron micrograph of BN
containing casting powder.
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= ‘skelton particie radius

W: amount of skeleton particles calculated from Fig.3

Fig. 7. Effect of size of basic particles and<amount of skeleton particles on the fusion rate
of casting powder, and observed compared with calculated amount of skeleton particles.
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Fig. 8. Effect of the amount of BN on the melt-
ing point of casting powder.
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Fig. 9. High temperature oxidation of BN
particles.
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Fig. 10. Effect of preventing the lowering of mel-

ting point by incorporating reducing
agents.
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Fig. 11. Relation between the viscosity (») and
basicity (CaO/S8iO,) of carbon free

powders containing 29, BN.
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Table 4. Constitution and fusion characteristics of carbon-free casting powders.

Skelfﬂ{m Basic parf;icle Fusion characteristics
Casting particle  |:powdered ~Basict Viscosi
powder | Amount | Ga-Si Process Grain size (gzgl/y Melting (pi)si(;glt;’? Fusion rate
of BN (mm) $i0,) point (°C) 1300°C (g / min) -
PB, 1.5% 3.5 rl\f;t‘;‘iilgaw 0.05~0.06 0.90 1030 2.5 120
F;B 1.0 2.3 s 0.1~0.5 0.90 1030 2.5 122
F,B, 0.5 1.p | Sifting after | 575 779 |  0.90 1030 2.5 140
FyB, 0.4 1.0 | Sintering 1.0~1.5| 0.90 1030 2.5 140
Ly, SEEOHMEOREZBNATER V&% 008 ! |
fEL, SUS 304 71— »DEERBREITR, gEHE 007 —O\lT/v I
T M & Mt & DBIR % T4 L1k B b, CaO/SiO, 8 o6
=0.9, 1300°C iz &F 5% ki 2.11~3.13 poise D () 005 —°=<Lﬁ>—— b0
X —%FER L. Fig. 11 @ BN RTEHRM-AY & —D 004
. N — o carbon free powder
CaO/Si0, It & Ktk DEIRE T —_ 1o o conventional carbon
4.2.3 BNRHTEBEERE Y X — DR g 8 |—— containing powder —|
BN KF2%, RIKT & FRRE O WERIE LA GE S 6‘j7251
CBHIER) 235 © L&A LT, BNETORE 8
VSO0 B A S RIE e AS s DRI /B NRE & 21"
Ly, ik X OIS T £ oW, Ca-Si 0 o 20 30 a0 50
KM L OEEERKC X #HE/LL, Table 4 1/R .
o . Distance from surface (mm)
THEEETERE Y £ - &R L. . e
P o SUS 304 Fig. 12. Distribution of [C] and [B] near the
4-3 BN HITERERESVI—ICLD surface of SUS 304 210mm § blooms
T — LESEER continuously cast with carbon-free
4.3.1 BRI KT S % F 7o [BILC] o2%E) casting powder containing 29,BN.
FIOERRARK, BEa v A L.

1.5% BNKTEHFERR Y X~ OffEARC kT
BAG 7 EEMA T 2o [CIIBIDE LY FHE L
TefEE, A5 /<7 A5 7dio[ClY, RESGE v
A= UTEL, BieAx s sk 0.059% LIFC
B, gHEERTRWT, AT Z7H[BIL 0.359% THDY
BAEXRD bhT—ETholk.

Fig. 12 1= SUS 304, 2104 1 — A I FHEDIC]
BIO[Bloafizrd. RRRRIL, Tecbksh
TWB 2%, 2~3 ppm O r VIRIAREE L. BN
EREy #—rpp[Bli, BNRFHEMEL.5% O
Ba, 0.70% THy, WA T 7o [Blix 0.35%,
SR —(FRE 570g/t -steel THBHMD, D%
25, BOBTLIcbD LT B LA vEE, 2ppmé
b, ERMA R vEEEE-F LTS,

4.3.2 gH 7V — FRERRA

BN TEEERE Y X —%, SUS 304 210§ 7
—ACHEA LCER, SEERREFVELRLY, K
Ay X — OREME, FRAERECNIRT ) — FRE
T3 ETHOR. £ T, 79— FOEER IOFEH

Photo. 6 (a) (b)iz, fREMNLT Y — FOIMEEB L O
WIEREES AR T, 7V — Fik, BEE T O EE
VDI VU —Y g Ve =m— IEBENT, FOL
S DI L7c i g6 I ClE L b D Th 5 &%
Zbhb.

7Y =Tk, - a0fEHCEFLTRERELCE
h, FEMERL, Tr—2@EEHFAFLETHE. 7Y
~ Fok X XiZ, E 60mm, £ 40mm LT, %4t
@ HD 909% L& EDTWS. 7Y — FRE@ERL
1~2 {f/m2 TH%.

TV - FORETRRAELLTUL, BRTLL5, B
HEBR IORE—EETHDLELDRS.

a) BHEZE : BEABSPNIVEE, BE A
BRBENI D EELXLT, 7 AVBEREE T Y —
FRAER L ORGRYRAE L R%Y Fig. 13 iRt

GEEFT, 7V - FREYBRLCRY, Zhirés
BT AER LIcr s Z7<7HEK L, GESER LS
Hi, BEY = A OREPFRCERD D EZEZ L
. FBEEHEIRETLOLE LT, ALVBRLD
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b) Transverse macrostructure of bleed.

Photo. 6. Bleed on SUS304 210 mm § bloom cast with BN-containing carbon-free powder.
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different carbon-free casting powders.
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