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Application of Hypereutectoid Steel for Development of High Strength Steel Wire
Tkuo Ocuial, Seiki Nisuma, Hirvoshi Ousa and Akifumi Kawana

Synopsis : The optimum patenting conditions for hypereutectoid steel to obtain a high drawability and a high work hardening rate
were studied by metallographic examinations and laboratory drawing. Based on the present results, higher strength
steel wire with small diameter has been manufactured on a production basis.

1) Provided that an appropriate cooling rate corresponding to carbon content is secured, the precipitation of thick

proeutectoid cementite can be prevented.

2) In the practical patenting temperature range, the cementite plate thickness as well as the pearlite lamellar spacing

decreases as the carbon content increases.

3) The work hardening rate during drawing and the delamination resistance are enhanced through elimination of the

upper bainite in pearlite.

4) The maximum strength of 0.04mm wire manufactured from 0.96%C-O.Z%Si-O.S%Mn—O.Z%Cr steel without
delamination occurrence has reached to as high as 5.70 GPa.
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Table 1. Chemical composition of steels.

(mass%)
Steel C Si Mn P S Cr Al
A 0.82 0.20 0.52 0.004 0.003 0.01 0.001 -
B 0.82 0.19 0.32 0.001 0.001 0.19 0.002
B1 0.82 0.20 0.32 0.001 0.001 0.00 0.001
C 0.87 0.21 0.28 0.001 0.003 0.22 0.001
D 0.91 0.20 0.28 0.001 0.003 0.23 0.001
E 0.92 0.21 0.31 0.002 0.001 0.22 0.001
El 0.92 0.21 0.32 0.002 0.001 0.00 0.001
F 0.96 0.19 0.31 0.002 0.001 0.20 0.001
G* 0.96 0.21 0.30 0.005 0.003 0.21 0.001
H 1.02 0.20 0.30 0.003 0.003 0.22 0.001
I 1.06 0.20 0.30 0.003 0.003 0.21 0.001

(*) Basic oxygen furnace

Pk 412 2 AR EXS5F4A 9 HRHE

(Received on Dec. 2, 1992 ; Accepted on Apr. 9, 1993)

* ¥ HARBISk (BR) BB MIFFAEE (Kimitsu R&D Lab., Nippon Steel Corp., 1 Kimitsu Kimitsu 299-11)
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Fig. 1. Torque-twist diagrams.
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Fig. 2. Effects of C content and cooling rate on
proeutectoid cementite precipitation in
0.25i-0.5Mn steel.
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Fig. 3. Proeutectoid cementite precipitated in cen-
tral segregation zone of Stelmor-cooled wire
rod (SWRS82B, 11mm).

(a) Optical micrograph, etched with alkaline sodium
picrate solution.

(b) SEM micrograph, etched with picral.
Arrows indicate proeutectoid cementite.

Fig. 4. SEM micrograph of prior austenite grain
boundaries of hypereutectoid steel (Steel F,
LP: 575°C X 12s, etched with picral).

Proeutectoid cementite (arrow) and carbon

depleted zone(a).

91

BALHTHIC & 5 HIMEMROMSE 1103 I

depleted zone#HK L2t F 2 6L 5b, [E—8K 2600°C
ToF v 7 4 2 LIZEAE, COIBUREL T 5129,

575°COBA =Tt X > & 4 MZJE L, » D, Carbon

depleted zoneDIE bJhv, 2D L 3 BT A Z A bOD
L, TR A Fig. 3OBACHRTECILTHY, ¥
—S A PR TALAVEXA POES LRIFEL G LIZHE
FECEETHDZ, LIZHKoT, 25— v F 2
I AREFEMEETRBMRE TS 2y, 2D L I CHVRRF
T A 24 ME, T332 34T~ 5 & 512,
MM I B35 2 Lk,

DED & 5, MmigmIE2HEC 258 03RRIt
AVEA MOESHMHETHY, ¥V By —XETT
v F U2, REBEMETRET S 5 & 5 ZEVRLF WY
RV EA S LIBAC Yy C—RIYRET 5 &
Friond,

32 BHEIFMO/N—F A1 MEE

BEEEBIIHTE 554 P I ASHRIZHIETCI &
UCroOEE #Fig. 5 (/" T, #8HdTablel DB, B1, E¥
SCE1TH 5,.625°CLLEDEBIRTIE, (2)RTART Zener
DRI L, 7 2 7 BRIZIISEHECEKFELCED
BEBIRLEAFALDOOL L,

1/A=pQAT/ 4 0T,

IIT, A AR, p  BE, ol tAVEA N/ 7=
SAMRBETANE, Q BREH, T, &TRE, AT &
W,

Lo L, ZEHLEO 7> 7 4 Y2 BETH 5600°CLLTT
X, COMBCEEIETT 372D ZenerO 1R 6 » VB
L, CREOBINC X b I X 5 RIS 5. —H, Crid
LAVRAN/ 7274 PREZANVEERDIE LD,
FRIEE L 635 25 R P LT 599,

Fig.5 D&ER P b L2, 575°CTIHIBERE S ¥ 128BHI D

Transformation temperature (°C)

650 600 550
20 | A S N |

= A 0.92C-0.2Cr
£

3 0.82C-0.2Cr
- 15} v |

o 0.92C

£ v

3 0.82C

a 10} )

) /

S /Y

= v /

g st "
© /

. / /7

///
¥ I |
0 50 100 150 200

Super cooling (°C)

Fig. 5. Relationship between lamellar spacing and
super cooling of pearlite transformation.
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Table 2. Lamellar spacing of pearlite and thickness
of cementite.

0.82 mass%C 0.92 mass%C
0Cr [0.2mass%Cr| 0 Cr [0.2mass%Cr

Lamellar spacing (nm) 100 67 76 57
Thickness of cementite (nm) 12.8 8.6 10.9 8.2

1) Transformation temperature : 575°C
2) Thickness of cementite : Calculated values
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Fig. 6. Drawability of Stelmor-cooled wire rod
(Steel F, do=5.5mm).

ferrite path® /N3 R 350 TH 5, L» L, Zener®B
1Ri2, COIBEEE DK 5 V600°CLLE D EEIE T b 51
DHO, BEDNT T 4 R ETDH 5600°CLLTF T
PUEEDR S VI, LIcHTo T, AREERFEET 4 600°CLLTF
DIREFEILD T X Z % Zener DA T L 2 DI E 4T
LW, 83, G.E.Pellissier 6712, BILTHD 5 * 5 G
JATHNC ST TH B L LT3, 212, &9, Co
HMOBEATFOEE ZFHE L, CEOEMIZL b5 XS5
FRDMOHILT 2 2 L 27RET 2 8HE 21T T v 5,
33 BHEHMTEMRM oL T

F#D 2 7 v 7 W HI#EHM (5.5mm) #8657 > 7 4 > 2
PHES TR LI, Fig 6 2R3 X 512, 5.5mmisk &
91.55mm (e =2.53) $ THIRELT 7 3I4—va ik
FAEL G v, TN O MR T L IZERICTh 5,
WIATHRAT 25 & G T2 R T H#EBE, A —2 TS
A MRFRCECHNT A 24 PPHHLTOLR G L,
7, eAVEA MRPES L Y= 4 b OmEMEDNE
LiczbtitdkatHFrzonsy,

700
650

600} /
550

500}

450

{(mass%)
Steel{ C | Si { Mn | Cr

Temperature (°C)

400 o| A |0.82{0.20|0.52|0.01

350 ] & [0-92]o-21(0.31/0.22
Austenitizing: 950°C X 5min

300

1 1 1
0.5 1 10 10°
Time (s)

Fig. 7. TTT diagrams of eutectoid steel (Steel A)
and hypereutectoid steel (Steel E).
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Fig. 8. Effect of transformation temperature on
microstructure and mechanical properties
(Steel F).



BAENTHIC & 5 EIHEMAROMY 1105 I

Fig. 9. SEM micrographs of lead patented wires (Steel F, etched with picral).
(a) 575°C, (b) 550°C, (c) enlargement of (b),(d) 450°C.

Phases P and B indicate pearlite and upper bainite, respectively.
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Fig. 10. Effect of transformation temperature on
work hardening behavior of wires during

drawing.

Steel F, lead patenting, d,=1.75mm, drawing speed=
600m/min, wet drawing.
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Table 3. Microstructure and mechanical properties
of wires. (Steel F)

}I),eg;i Patented (1.75mm) Drawn (0.30mm)

a

temp | TS RA struc-| TS RA Twists o
(C) |(GPa) (%) ture™|(GPa) (%) (100q) Delamination
600 1.45 36.3 P 3.76  38.4 23.9 Not occurred
575 | 1.50 31.6 P 3.91 38.6 25.4 Not occurred
550 1.52 32.2 P+B| 3.83 38.6 17.5 Occurred

*1) P: Pearlite, B: Upper bainite
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Fig. 12. Effect of C content on tensile strength of
lead patented wires.
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Fig. 13. Effect of C content on work hardening of
lead patented wires during drawing .
V =100m/min, wet drawing, LP : 575°C X 12s.
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Fig. 15. Tensile strength of hypereutectoid steel
wires (Steel G).
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