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Shape Change of Sulphide Inclusions during Hot Bar Forging and
Cold Wire Drawing and Its Influence on Mechanical Properties of
High Carbon Steels

Koji KANEKO, Tsuyoshi INOUE

Hisashi TARKADA, and Shushi KINOSHITA

Synopsis:

This paper describes the deformation behaviour of sulphide inclusions (MnS) during hot working
(forging and rolling) to bar and during cold drawing using high carbon steels.

During hot working to bar, MnS first elongates and then breaks into pieces and each MnS becomes
smaller. On the other hand, sulphide inclusions in REM treated steel remain almost globular during
hot working. '

On cold drawing, MnS also becomes smaller due to both deformation and fragmentation. In REM
treated steel, however, a large inclusion breaks into clustered pieces while a small inclusion stays glo-
bular and causes a crack in the vicinity of the inclusion in the drawing direction.

Mechanical properties of the forged bar are determined in both longitudinal and transveise directions
after being normalized at 780°C. Although the reduction of area of the transverse direction decreases
with increasing S content, the effect of S content decreases with the increases of the hot forging ratio.

Up to 70% drawing reduction, an increase of S content decreases the ductility in the transverse di-
rection of cold drawn steel, but over 709 the effect of S content disappears because the ductility is
very poor.

It is found that there is a correlation between the fracture strain and the sulphide inclusion area
fraction on the fracture surface of tensile test pieces. This relation is maintained regardless of the
amount and the shape of the sulphide inclusion, or of the test direction.

However, the fracture strain of cold drawn steel, of over 709 drawing reduction, is determined
mainly by the fiber structure of the matrix, caused by the severe drawing, and the above relationship
disappears.
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Table 1. Chemical composition (%).

Steel | C Si Mn P S Al Ce

W1 | 0.78]0.30 | 0.76 | 0.008| 0.006/ 0.004 —
w2 | 0.70 | 0.27 | 0.77 | 0.011| 0.009| 0.004] —
W3 [ 0.74 1 0.28 | 0.77 | 0.012} 0.018| 0.004| —
W4 | 0.74 ] 0.27 | 0.76 | 0.010| 0.047| 0.002) —
WR | 0.74 | 0.29 { 0.77 | 0.010| 0.006{ 0.028 0.020
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Fig. 1. Effect of hot working (forging) ratio on
deformation and cleanliness of MnS in
steel bar W3(QO) and W4(@). a and b
are major and minor axes of eliptical
MnS. Initial ingot size is about 180mm
in diameter.
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Fig. 2. Effect of hot working (rolling) ratio on
the length of major (a) and minor (b)
axes of MnS in mill rolled steel bar.
Starting ingot size is about 700 mm squ-
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Fig. 3. Effect of working (rolling) ratio and tem-
perature on the length of major (a) and
minor (b) axes of eliptical MnS in rolled
steel plate.
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Fig. 4. Relationship between rolling ratio and
increasing rate (¢ %) of the number of
of MnS observed on the polished surface.

o= N><1000

0
N, : initial number of MnS

N : number of MnS after rolling

T oA SBEE, BRI >T MnS 1K< 72T
 BA%, BEIINTLILEHA X T EoMaifThh s
Lo 2> ThE VD RONEDC DI WbDEELD
5. @R ThBERE VBRI TR 5 2 7=
FEMN Disted, DS BHFE TR0, B
B TREEMTHEZIERCKRELSTHZ ENFRETH
D, HMESERHALHCIE DL DTHS .

—7J REM %% L7 WR HMick\wik, HibWa
NEDIERET, RROLONREBEIHh, Bifo
BREIIN sk T b N EY OISR G B B I RN e 22
THD T EDERI NI
3.2 SEMBRCEITIINEDOER 8

Photo. 2 13 W4 #ic 83% o g Tx 52 7%
(9.82mm ) ORFHROPERE L THE IS MnS
T, R ER LTS L 0RHWc Lo TEVCAEY

(B) separated MnS

-y

Photo. 2. Scanning electron micrograph of MnS in steel W4 drawn to 83%.
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Fig. 5. Effect of total reduction, by drawing, on
the length of major (a) and minor (b)
axes of eliptical MnS in cold drawn steel
W4,
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Photo. 3. Fracture surfaces of transverse tensile
specimens of steel W4 drawn to various
drawing reduction. Size of broken
pieces of inclusions becomes smaller and
invisible as drawing reduction increases.
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Photo. 4. Scanning electron micrograph of a cluster
type inclusion of steel WR drawn to 839;.
Relatively large inclusions of REM treated

steel breaks into pieces during cold dra-
wing.
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Photo. 5. Scanning electron micrograph of cluster
type inclusions on the fracture surface of
transverse tensile specimen of steel WR
drawn to 839;.
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Photo. 6. Scanning electron micrograph showing a

crack in the vicinity of a small globular

inclusion which remained unbroken in
steel WR drawn to 83%.

Su
Photo. 7. Scanning electron micrograph of a glo-
bular inclusion of steel WR normalized
at 780°C after 799, drawing.
The crack as shown in Photo. 6 disapp-
ears during normalizing treatment.
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Fig. 6. Influence of S content on the mechanical

properties of steel bar normalized at 780°C.

F.S. : fracture stress, T.S.: tensile stress,

R.A. : reduction of area, (O : longitudinal

@ : transverse.

DIEMD DB A1 S OEBHNETH B, —HEH
MITHORECAROER S & MoS Zaah T
X HMOENEHE VBB LI tblcd, KEDE
R BRT S DEBCEE LS ChIWI oKt
%. L7choT REM 7o E i X 5 R HIHE o %%
LT EBEE T oo Tl B.

R, HEBEOMBHIEECOWTARDE, TOEE
EABRM L DA TOREVE VDO, WL W4 D7z
THA, XoFrRoEwrow < Fig. 8 iRl 7=
THB O WRTEINE BRI TR L &b ERT50,
0% L Ewcie? & 2D EARNKEL oo TLB. X&
J7 TG N RN TR OB E L b ¥ ) 2T,
0% DLz AThHTENCED L, T EoMignTE
ThTHENMEMCHS. FIERIFCTHR, Lo
i E B L T2, 70% Btk ORI TR 4L
NEHE LD, L LIS HRRMEMTELE LT3
CEEBHMERCETAHCHE TS X5/, *2THhH
& DEITKEL DT 5. T THEAER D EFEINT
FOPIABIETHA L, MEINTE 60~70% DLz
5 CTHBERTIORYD ORER v Ercind, Thll kofh
MIMTECHOEBE LT 5. oAk IE 70% %
TEBRCERD L, THULEOMBEMTRTILIR LA ER
h D WEERET 5. Dk X 5 HEMTEN 70%
B TR BE OB Y, MITEK 70% F T3-S
=54 FRDE 2 VA FHEER L CTEES RSB
fEcho, MIRT0% PRzt AEwr x4 b
WARERTHS EELBRS.

RALMRNEY OB ZH T 0 X 2 FR Ok

Forged bar sjze {mm)
25 13 8 25 /3 8 25 13 s 25 3 8 25 3 8
T T T T T T T T T T T T T T T
o~
g w1 w2 w3 W 4 WR
S @
eor 2| o 0 oS o———e—0
< _ — — o —
U)/zo~g - o--"® el ®
[ 4 X
W -
100 o
120}
00k - 8T _ e— - = e - __ e=="9
~ = = 87‘—‘6”—0 @=
80}
X
< sof o— o —3 - —=%=°
< o——¢g——3 8- o—0o"R|0— o6 5| e---
: - o —0
o 20} o— o -*
a1l PR SEE N1 P T o adota boal PR Y |,;|‘1.J oo atede sl N N
50 100 500 §0 00 500 50 100 500 50 100 500 50 100 500

Hot ‘working

ratio

Fig. 7. Effect of hot working (forging) ratio on the mechanical properties
of steel bar normalized at 780°C.
QO : longitudinal @ : transverse.

— 82 —




g ¢ »}

[’N

BREFROBEM I LI OMBERMC BT I2MIEDBAEDOLRED L BROLE~0BE 251

%220: w4
Erer L
D
T wof r
(12 100} :o’._._"‘-.——._—‘.;
190}
c s 14O I
w
. - a0~ —-®———0-
= ool - 3-8 —°
A L
< "L o~ L
[
o ok tg\o//‘ - %)\MW
~ - o-o—
P L ie-#--f----g L O -re-9--g--i-01

L 1
4 1 2 3 4 L 2 3
true strain true srrarn

. L L Il [ ——
0 40 60 70 so 90 (1g

tetal reduction (%)

L L 1 1 1 1
0 40 6o 80 90 85
total reduction (%)

Fig. 8. Effect of cold drawing on the mechanical
properties of longitudinal (Q) and trans-
verse (@) directions of steel W1 and W4.

hThb. SELOBRY Fig. 9 wid. HEMbH 5
WIHEMEBEIN TR R\ TR S BNt X o FHEK D
B LT 528, [BEBINTRN 70% Tz % & &2
v A NERMBRARCIEA T, NEY DD I
b X HERRD RHLL, SEOEEINIL DT
%.

3-4 WWELICHSDA3NEDERRELKLD OER

W A ALEETEMSE CRE T 5L, MIEBEE
DTS ONEYNREDND. ZNITBENNFEw
BOTHET LTS TDT, SMFOEMS (FHlHEPC Y
PV E—B) XBEEECEDENEYOEEE L X\
Bich B = SRR L7299, B X MR o
SRR E & ORGREY S vy b LIciiR % Fig. 10
T BWIE () Efh (p) ORlcite=In{l/(1-
o)} DBEN B .

R Fig. 10(a)ix, #HEAMbo S B TH
M, X ZHROHEE AR, REM RN H &R«
BRI LB b ic b B AN EMITRER & X\ MBI b
DTN, LOEBRENHTLWHEL WD LT %,
I TR O Fig. 10(b), Fig. 10(c) @\ T
E L ONEHEEERD s < Too T R OB
EBreinbd, =)y 7AHFOEENMET LTS
ERIRL, SERHEM HACERLSBETES. LT
AW 10% LA Lo TR S EFETFRRIOTE
C, Fig. 10(d) ® 70% Mg CidicTHm & X 2
THl & DEARIC T D, 79% {hEEM Tix Fig.10(e) o
X3z F ot BN o TwB. L L 70~79%
DEEH 2T 780°C 1 h  DBE7s & LA G &
M Uk LT bEERBREY T5 &, Fig. 10(f) o
X5 e fhERT s BUOBRERECRIE L. oz &2
B, HBRTRMEN LRI ERCB T, EERE

. (%)
S
B

R.A. of T.D
N
S
J/Zg\jt

01
30t

2ot
10}

002 004
S content (%)

Fig. 9. Influence of S content on-the reduction
of area in transverse direction of steel W4
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Fig. 10. Relationship between fracture strain and
sulphide inclusion area fraction on the
fracture surface.
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drawn (f) : normalized after 709, or 799,
drawn QO : longitudinal @ : transverse.
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