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On the Behaviors of Sulfides and Relative Nonmetallic
Tnclusions F.ormed. in Steél
" Toru ARAKI, -Haruhiko HirAI,

Yukio MATSUSHITA and Tom KARASUDANI

Synopsis: :

The effects of varied elements on the behaviors of sulfides and relattve nonmetalhc inclu-
sions in a resulfurized steel were morphologically investigated using small scale ingots,
-‘whose compositions were based on 0°19 C killed steels with and without Cr and/or Mo.

At the same time the effects of deoxidizing conditions before solidification were ‘studied, e.
g of various grades of Al killed conditions and vacuum meltmg process. :

The morphological observation of sulfides etc. was mainly carried out with the microscope;
in addition 'the results were certified by the qualification with the electron probe X-ray
micro-analyser and the 1dent1ﬁcat1on of electrolyzed residues of inclusions by the X-ray .

dlffractlon method.

The obtained - results were as follows:

. In the case of low carbon steels, the increased S content makes FeS coalesce and float
up without forming a network, while-the increased C content easﬂy forms an FeS network
on the primary grain boundaries.

2. The increased Mo content up to 2% has a tendency to change the FeS phase to MnS

“when precipitated in primary crystals, although there exists no increased concentration of
‘Mo in the sulfides.’ ‘ : '

3.. In the case of Cr- -containing steels, the studled morphological aspects of sulﬁdes and
selenides were notably affected by the -deoxidizing conditions before solidified. Those
onenomena can presumably be interpreted from tne relations between the natures of deo-

o x1dat10n products and the nucléation of sulfides.

- 4. Many kinds of sulfide and selenide inclusions occurring in various conditions were analyzed
qualitatively with respect to the effect of Mo and also to the hot plasticity. A relation
was observed between the compositions and crystal structures of sulfides and their plasti-

cities also in acévord with the Mo contents. : “(Received 2 Apr. ‘1%4)
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Element . :
\\\\\\\ C | Si |Ma| s [Mo| O
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.0*00&

T-1 0°13 | 0°38 | 0762 | 0°286 —

T-2 0707 | 040 | 0750 | 0°288f 0°39 | 0°010
T-3 007 | 0740 | 0°53 | 0°272| 1°94 | 0°012
T-4 0%06 | 0°39 | 0°52 | 0°405 0°48 | 0*007
- T-5 004 | 039 | 0°58 | 0266/ 1°95 | 0011
- T-6 0736 | 041 | 0758 07004
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Microphotograph of distribution of
sulfide inclusions in low carbon steel.
(X 150 non-etch). (2/5) '

Photo. 1.

x 600 (2/3)
(a) T-1 (C 0°13 Mo-) (b) T-3 (C 0°07, Mo 1°94%)
~ Photo. 2. Sulfide inclusions precipitated in
" stringer (2-phase) and globular
(1-phase) state in T-1, 3 samples.
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Photo. 3. Microphotograph of sulfide inclusions
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%1000 (1/1)
(a) unetched, (b) etched by sodium picrate soln

Photo. 4. Microphotograph of a complicated

sulfide inclusion (MnS-FeS-MnO
system).
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Table 2. Segregation ratio of the referred non—metallic inclusions top to bottom.

Inclusions Part | T-1 | T-2. | T-3 | T-4 - T-5 | T-6
MnS - T 475 28 48°5 61°3 540 48°1 %}
(in grain) B - 52°5 711 51°5 - 387 46°0 51°9 %
MnS T 46°1 4749 66°7 100 96°0 — : 96}
(on boundary) B 53*9 52*1 333 0 40 — %
FeS T 42°8 " 21°1 66°7 87°5 100 75°0 %}
(in grain) B 57°2 78*9 33*3 12°5 0 25°0 %
FeS T 405 50°0 100 96°8 — 63°4 96}
(on boundary) - B 59+5° | " BOO 0 32 — 36°6 - Y%
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TERAK & I8 D EREESEOT 5 Lk, R ComT
X 0-Fe Wi b 1T & A E75 < 15 D IEMOT
TLTMn@VﬂﬁE?%<ﬂ el say:sudilie

 SHEfEEhE I L& E D Fet+S= FeS OHfHE
JEPMEE S TREFIC FeS PR ICTET S b 0 X Bb

ns.

L. %20 ARRICERT S REMIESR
NHEYICET ZER

ST S\ TR AR T B B O F W)

CONTOEMBEELRX DL AT VAL EE Y v
A DOBET YRR PBEL DTS, i vFe—Mn—Cr—S
ROV CEAIBORES LS LTV, LnLE
HEhasgEsa Aﬁlﬁlfbkiﬁk‘i‘éﬁfb%ﬁ AT O
U, 7ok ziF ALSL HEMEEREIA T UL AROMHE
BE, WERME, BAMEUEORD Mo, Zr 5 0°6% LI
COBID T EERE, MOBEREND
Z5{lis X8 Mo, Zr 75 ¥ OFRIC X BiagEHRICOV
AIRE TR
2F v A, BRRITEML EDN— 2 LR HRRER
»a ABICOWVT Mo & 0°3~10% WZbL, T
ﬁﬁi%lmﬁﬁfiﬁﬁ%<A1%%)kiuﬁﬁﬁ

Aimed and resulted analytwal compositions of sulﬁde containing samples.
R . __Element ,
Condition G c 'Si Mn Cr | Mo s - Al Zr 0O
roup : . :
, ‘ A-1 (0°11) | (0°40) | (0°65) | (10°0) | ( 0°3) 1 (0°33) | (0 02) e 0170} A
e SRR 21039 04 10%40 041 0344 0015 | .
Aoz CryLCry [ Crylcry (ol crycry| _
. 1 0°130 0°15 0°40 10°67 2°88 0°307 0*011
Air A | CZOLCry )y |80 | o) | (7 [ (7 )| _
meltin ’ 0*130 019 0°45 7*58 9°55 0312 0012 .
g Aa (7 )| Cz )y C7 )00 (o) | (Z) (7)) 18 | qpp
. 0°130 031 0°69 1067 | 0°31 0°380 0°023 015 ]
o CrNLCrY [ Cr Cr ) o | (7)1 CZ ) | 5o
0°105 0°44 0°56 12°52 0°30 0°354 0°024
Ao (7)) Cr Y Cr2Y | CrHy | (3|2 )| (7)1 _ _
_‘ 0'078 40'40 0°53 12446 2°97 0336 0°009
s | CZLCr I Cr (B | ooy | (7 ) _
‘ Q071 0°40 G°51 5°51 1040 0322 Q°0lLt
(7 o (ry]aoro [ con |z _ | — o
Vel 0°060 | 0753 | 042 | 1000 | 0°38 | 0°202 07003
Vo2 (7Y (7 )y (7 )| (o0 | (30 1(7) _ _ _
0°070 0°56 044 10°07 3°05 0°218
Vo3 C7 )| C7) 7 )1 (50 | (10°0) | (7 ) _ _ _
‘Vacuum . 0°080 | 0°50 0°41 7°13 9*54 | 07390
melting V-1 (7)Yl (C2 Yy |7 )] @00 | (o3| (7)) . _ 0002
. . 0°070 043 043 10°00 031 0r281
V-2 (7)Y Ce Y2 )| (7)) (30 |(7) _ _ _
0°054 040 0°40 10°11 3°18 0°29%4
V-3 (7)Y C2 )| (7 )| (50|00 |7 ) _ _ —
0°070 0°42 0°*39 ~7°13 10°20 0°202

Note: ( ) =Aimed composition
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‘Table 4. Aimed and resulted analytical compositions of selenide containing samples.
Element
Condition C Si Mn Cr | Mo Se Al S O
Group ) :
. _ (0*11) | (0°40) | (0*65) | (10°0) | (©*3) | (©*3) | (©*02) | .. .
Air Asel 0°08 | 0°19" | -0°54 95 | 030 | 0%49 | o-o23| 07052 | 07015
. melting -
_ CZ7X1C7Y[C7 )| 7)) | @O | (7)Y|(7) . .
Ase-2 0°13 | 040 | 0°43 | 10°8 | 290 | 0°29" | o016 | 07041 _
o (7 )| @3 |©s0)|¢r)|los [y | .
Vacudm Vse-1 0°08" | 0°40 | 0%43 | 10°25| 0°31 | o019 0°028 | 0°004
melting ! '
o _ (7)1 @35 | C72)Y| (7 )] (30 7)) . . _
Vise-2 0°05. | 0°42) | 042" | 10708 | 3°02 | 0°34 07039

Note: ( ) =Aimed composition

fF Mn-Si OZIEM)  1TOWT 4 DDEMT X D KR
LI EIRDWT S, Se, Zr, 7z YOTLEOTRINT X D
ERRT DREIENEOMR, K& X, 5%k EOREE,
FECRT A MR 2T 0% TR ENTIC X
HDRTEMOER 1 E1CDWT D TR, '

(1) & #©
1) Mo

PRAM OVERNT 10kg FBREIRFEIT 5 X OB 22y
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Table 5. Results of microscopic examination of sulfide inclusions.
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X BCERESE 2 v &R ORI S X0 L b
DEBNC OV TSI BE L AERR 2TV RO
eSS,

) RREES v MO O AR AR

BRIk, BRI X2 TR, TORBCHED
SRE R AR U 5. CHIUIIEROBEIRICAERT 2 B{L o
SR, SAiTn BONTHIL & O X VKRR & &R
BEFOTVWH XS THS.
©2) Mo:0°3% #&ETHRRERY v AR O
Ity Cra 4 BCEIE LS iR D a-MnS @ 1 1
MWL ohe CreSs @ 2 FE D780 % O HURERIX 8
hpC, ODRICI2TPRIVEASNG.

3) AFEEROHIFHTIE Mo X BM O L& TRk Es
OB L BNEDTICHE VIRMEEZRIRVE SR
2575 a-MnS, CroSsDHfHIRAEICZA b2 7z 2. CreSs

OFHEAMBAIE, X5I1T Mo: 10% TIEEEOR
bR AR S, Lok 2 ek iei L
TVH DL, chEEE Y 75~ RIEREIRIC 1
SO¥EE BB BDTHSS.

4) Al BEHFD X WA AL b D BRI L
WEEEMTTIEE A LR LIe VDS, TO—RIE a-

MnS HicLED Cr 2EBT570THHS .

'5) AERICH LM Zr & 0°15% 13 LRI
L 723 b OfL L s X OHT HERRBIC VW H U H LWWRE
W RL N 07z, '

6) Se i3S LIEGIL 7B AF L AMETIE Cr %
EYA3 %5 MnSe KT 5. b lbigL <
PREAME < BN T T RIRITOs Iz v, = v AR
F\C Mo ORET S & MR HiRF ORI 5 2L
BHLIV, FB M R TrRVEHETHIDLE
zbhs.

F D CARIIZEERR T B L TR S B BIEZ, /AR
RE, BHED, LREROHKCHELZERLET.
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