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Shape Control Mechanism of Nonmetallic Inclusions in Steel by

Calcium Treatment

Takami IXKEDA, Nobukatsu FuyiNno, and Hiroyuki IcHIiHAsHI

Synopsis:

Hydrogen induced crackings in line pipe steels are caused even by very fine, elongated inclusions.
In order to prevent these crackings, calcium treatment of molten steel has been developed. Sulfur in
steel can be reduced to about 10 ppm and both oxide and sulfide inclusions are modified to be glo-

bular by calcium treatment.

In this paper, the distribution of elements and the shape, composition and distribution of inclusion
in the calcium treated commercial steel were investigated to clarify the shape control mechanism of

nonmetallic inclusions.
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Table 1. Sample specifications.

. Components in laddle (%)
Heat No. g‘i%j;‘ﬁ" ° Slab
C Si Mn P S Sol. Al Ca see
1 — 0.08 0.35 1.00 0.017 0.001 0.077 * 188 x 1 150
2 — C.10 0.31 0.89 0.017 0.001 0.045 * 190 x 1 810
3 O 0.10 0.40 0.76 0.015 0.001 0.036 0.0081 250 x 1540
4 O 0.11 0.36 0.74 0.016 0.003 0.022 0.0032 | 250x 1 540
4 O 0.10 0.40 0.74 0.015 0.002 0.032 0.0098 | 250 1 540
6 O 0.10 0.35 0.74 0.014 0.001 C.044 0.0018 | 250x 1540
— Ingot
7 0.08 0.27 0.82 0.017 0.002 0.023 0.0090 130% 1975
Q : Available, — : Unavailable % unanalyzed in ladle

@ for sulfur print
@ for micro sample

(@ for chemical analysis

e
Q. "~ discharging
§ direction

thickness

I

drill chip
for chemical analysis

68
=
= ~—for oxygen
1 8 . analysis
~35
RIS

(c) sample for chemical analysis

(b) micro sample

Fig. 1. Sampling method.
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Before etching

After etching

Photo. 1. Inclusions in dendrite arm.
(Heat No. 6) (—Inclusion)

Before etc\'h'ivr'{a
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After etching

Photo. 2. Inclusions in interdendritic zone.
(Heat No.6) (<-Inclusion)

5 FNTTF = v 20HD CafEDRIBEN, 5L

Before etching

After etching

Photo. 3. Calcium sulfide inclusion.
(Heat No. 3)

Table' 2. Inclusion detection frequency.
(numerals in table represent frequency)

\Heat No. *
Place 1 2 3 6 Total

of ditection \

Dendrite arm 9 10| 8 | 12| 39/609,

Interdendritic zone 10/ 4| 6 | 6 | 26/409,

* Inclusion of mono-phase CaS omitted
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Table 3. Results of analysis of inclusions by EPMA.

Sar\tlnple Contents of sample Mstal composition (ppm) Phase and chemical composition of

0. Ca 0 S inclusions
| Heat No. | 50 60 10 | globular, mono-phase (Ca0-ALO5-CoS)
2 Heat No. | (in dendrite arm)| 50 60 10 | globular, mono-phaose (CaO-ALO3z-CaS)
3 Heat No. | (in dendrite arm)} | 50 60 10 | globuiar, mono-phase (CaO-Aix03-CaS)
4 | HeatNo. | (I interdendritic)| 56 | g0 | 10 | globular, mono-phase  (Ca0-Al03-CaS)
5 Heat No. 2 35 40 20 | globular, mono-phase (Ca0O-Alx03-CaS)
6> Heot No. 7 : 60 S | 4 | globular, dual - phase {(CaO-AI.—Qs-CoS) +Ca$}
7 Heat No.7 16 8 | 6 | stringer, mono-phase (MnS)
8 Heat No. 5 43 13 I 2 | globular, dual -phase {(COO-Algos-CaSHCaS}
9 Heat No. 5 20 8 I'I | globular, dual -phase {( CaO-Algoa—Ca$)+CoS}
10 | HeatNo.5 (Ininterdendritic)| 20 | g | || |globular, dual-phase {(CaO-AkO3-CaS)+CaS}
11 Heat No. 3 65 17 | O | granular, mono-phase (CaS), mono-phase (CaO)

Table 4. « value and composition of inclusion.

Heat No. 1 2 7 5 3

X ~-7.5 - 1.9 2.8 75 42.6

Quantitative | 1.2Ca0-A1203 % 12Ca0-7A1203% | 6C00-A1203% | C€a0
analysis of —

Ca0-Alz03 | (Ca0 =40 wt%) (Ca0=47wt%) | (Ca0=70wt%)|{ Ca0=100wt%)

Composition Ca0-Al203(-CaS) Ca0-Al03 {~CasS) CoS
of
inclusion mono - phase CaS  dual phase rmono - phase

% : Composition estimated from weight percent
& : Average for heat
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Photo. 4. Images of inclusions in Ca added steel on EPMA.
(a) Ca0-Al,04-CaS, (b ((c) CaO-Al,O3-CaS+CaS, (d) CaS
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51 Bikk, BMEBRGCYFRRCEZ D LEME R b O
T, T I Tl Gcao=0.5 LRETS.

Ca IR OBBRIIEL (S)RTKE N 5 25, = D
M, ROGANE = ¥ CHitert Fig. 11 Thhs L5112
CaS DFEEE Ca DEERZ I OTHES. CaS OERE
Rz ORORBOEHTKRETS. fiziE, Bifo ke
kgD CaO-ALO; ZDAF ZNhIur4dK L CaS
T RRIRIN X, Gcas WNETfEx & b, Ca D
AUNI BT, a2VNZ L, FONEYH®
Sw#H—wEGH, CaS XEMEL Lisv e — + No. 1, 2
DONEGNZNCELTH b0 L Bbhs. —F, CaS
BRI 2 b 0T Y CaS OBMENRER L, Geas
=1 700, ZoBT CalBENE < o binw & B
HEE 7o\, CaS IRV 2 CaO-ALO; 23 oM
EPLINCHFFE LinWIBA 1 CaO-ALO, o &b

NTHBHOT, HE LI CaS BT iuF CaO-
ALO; MBIV TE 5, L Eicic’ & CaO-ALO, &
o CaS ML, BHELLTCEETLZ I >ChRS.

RicHARDSON LMW XY, # 50 wt% o CaO %4
¥ CaO0-ALO; A5 70 1500°C TORIFS PEEST
lwty BETHD. a DENRRLRLREL, CaS »HEiF
LT ENTEWEEETDH e — b No. 5, 712 hiciy
T5EEZBIS. 10ppm @ SExEd 5 Ca O
Fig. 11 X »§EARHL% & Gcas=1 TIX 1.5ppm TH 5
B, Acas=0.5 Tix lppm LUTF &5,

DLEX BT ORRZBE TH 5 1 BRERED S 0B X
DWW TUER I f03% <, HERlOER A H7a\A, DT
B R 5,

P Sy 10 ppm & O KGR ClriiEEIRC
BT LTCLEBEOHIEL LTIEFhiE &L by
ZENRF bR, BLIESEB® 2 1330°C ¢ Mn
1% LA Eoghdic S2 30 ppm BBERMCE 5 o L&
HELTWBZ ENbELT, BEMPCHEED S MER
TEHAREEN D D, Land, ZOfHIIES LAMEC
LTS SECE DT EBRTEREELVEBELZ T
B5. B CapVfFEE LTV AEED SI1L Ca EF#H LT
WB 2y, Ca offfEEsi i Ca 28 CaS & LCEE
e IR T LEDORRIE, Stk Mo & oFE#IC
®5. Mn LFET5 S Ca LPHT5S X0 IxEL
SKREVDT, SOEBTARERITETETAREL 2
5.

Gcas<1 TGRS #IT L, BE Ca 2NT LA E T
B, BERHT L7z Sk CaO-ALO, h i+ 0 FEHEID
Z CaS & UTHIHTA. oSk MnS & LTHIH
T B, MXERCERT 5.

WfE Ca 230 ppm & & o B, BWEIR LA S 12
CaO-ALO; A7 LCHTHI T 50 Lid A 7ol o
IFodm CaS & LTHHTS.

B Ca BT HFETAEHIRERNT LcSit Ca

Table 5. Formation mechanism of inclusions in Ca-added steel.

Amount of dissolved Ca

In molten steel

During solidification

Little Aeas <l
Ca0-Al,0,-Cas

Ca+S—CaS (in Ca0O-AlL,0O;-CaS)
Remaining S—>MnS or

(<1 ppm) mono-phase dissolved into metal

Medium Acas=1 Ca+S—CaS
Ca0-Al,0,-CaS deposited on CaO-Al,0,-CaS or

(several ppm) dual-phase precipitated alone

Much Acas=1 Ca+S-—-CaS

(about 10ppm) dual-phase

CaO (-Al,O,) -CaS +Ca$

precipitated alone

<

i N

B e



Ca Iz X %364 BATE O T B T ke e b ‘ 5049

ERIE LT CaS AR TA.
Db, BRd, BERO Caimmilo N 7Edd ik
F LK L Table b Link.

5. ¥

SEEM 0.005% LIToOWEMc Ca Z¥RML, S%&
0.001% Wit & LMo A5 7R HEL, T
Ru B,

(1) A5 7HCHELLETH NMEDIERbcAER L
Ca DALY OBE LIcbONLEEKTHD, Ok
Ca LORE—%8% & 5.

(2) Ca MIIRNINEDNTEOMK X »EMETH
L7, FERELST, BETLHNEDI LD L
AENRSp T ED., &0 X5 ICBRERDNICANTEY
VLB o B HEEM i — kT 5.

(3) Ca WIEERFOMUIEF Otota1, ¥ Ca BT X
D, T AHANEDOHBES RIS D, TR T
. MnS 3 L, BB e THRERE S T
7o

i

DLk, BRI ~0 Cafmimic X b, Hifbdyzseac
HREHTE L, Tokho, RO TUEFHECER Mo RLE
NE[BE L InD T,

BB, AMROFEELHT INIERSETE FR)
WG R AR AT AT R/ A, e 50K
I ZHRE N RS T R BRFRAT kR A FE B — ECI R e
LET.
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