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Suppression of Delamination in Hyper-eutectoid Steel Wires by Multi Skin-pass Drawing

Mamoru NAGAO and Takeshi KURODA

Synopsis : The effect of multi skin-pass drawing on mechanical properties of high carbon steel wires are investigated. 1.0mass%C—0.2mass%Si—

0.4mass%Mn—20ppmB steel was used in this study. The tensile strength change in wet drawing was not different between the filament with

single skin pass draft condition and that of multi skin-pass draft condition. However torsion property was drastically changed. Delamination

did not occur between 0.287 mm and 0.213 mm in diameter under the multi skin-pass draft, which strength was over 4200 MPa. From DSC

curve, the first peak (70~ 100°C peak) was observed only in muiti skin-passed filament. By analyising Kissinger plot, the activation energy of

the first peak was about 90kJ/mol which was close to that of carbon atoms lattice diffusion in ferritic iron. The effect of multi skin-pass on

torsion property change is considered originating from alleviation of dynamic strain aging by carbon atoms desorption from dislocation lo-

cated ferrite/cementite boundaries.

Key words : high carbon steel wire; pearlite; drawing; delamination; skin-pass; DSC; strain aging.

e

78— 7 4 MEEE AT B 1 b BV ISE IR O JiR
MICHSM T A MA T EF LW LHELERT., 20
BHEFRALTIAY -0 —TRAF-LI-FDLI &
EEEMEAEE XN TS, =T 4 RO R
127 A SRBOWMIIZL 38D T, TV T4 v LT
IEN B AERFR OEIR A REIZ & 5 T 7 4 7 REFRO ML
AEBRL, EMERRAEFZBILLTHS, LALID/ -
T4 bR A RN T U 7= & X OHRE & B 14 O B R
3, PERIZBICEHEMERICK > T X THEBAMMIZE S
SHRAGT TR T A, MmN LIzk->TFH /K
FTB LA 2L FPOERD, £AVZA FHFBELT
Lo T e N3 REBET LHMOEAERT LB
FTAEGPEETZI L §—F TR Tk, Z
NoDBENZODNT ORIV ERIL LEED TV 5,

— /T, EREREZREOSRERRALZT I I+ —
vog v EMEN 50 DER TORREBRIED BARA M
BETHEXN TS, FI33I5—Y a3 VOREREIVE
BRI IR TORWA, O FARBFINC & 2 H#iRRE &
DIEMEBR AR ZLBERIZEDZEEZEIONTNEY, &=
£BH 5 VRERBE TICHERERAVBTET S v
bhTk 0, FUEEHLRRE S, BEERA MM
EHEB LIS VWEND EFALERIBX R TNBEEO, x5

279 35—V 3 VRARANBESRBICL > TRELE
ft§ 2 LI BRENVBHER SN TED, ZOFERKREL
T7 & 213 Shimizu 5 9 13, MEFOREIRE , LR
Z#EEYT S EKRIZH BIEEMAREIC & - TRBMHR
PIAED , BN IAPIIRBEER LRSS0, 773
A=Y aVARETHEEL, MHL" IREZDED
ISR BERFEZICL > THERM LD BEE N RE 5
_a&tﬂigbfmét%afwé RN T4 D%
WL LUE, MRTREORK S A A TOREmEEL/NEL
T, ThbBAF U2 TEHIELETTFIIF—V 3
VEBIETES L WIMED Eh D, KA TIEIDA
F U A RIRLA AT TEL, BhOHER/ S RIS
LA L 725 AOBISHR OB BEAORE, THE
WD E & R 2= E i #57 # DSC (Differential Scanning
IZTRET LB RARET 5.

Calorimetry)

2. KBHE

ABFEIZ AN 22808 DL MR # Table 1SR, KHK
B 1.0mass% DK RN MEO AR T v 2B M L 7=t ToH
3, Fuy3FI33I4—-va vORERMALE L DSHE2H
774 FOEREIHIL, MRS —I2KE3T77 I
Vg VREABERT RN DH S0, EEEEEEREC
THBL 724 vy b &BRBEE IS TAMIE L v MIRE

SERR164E3 H30 B2 TR 1645 A 25 H3FE (Received on Mar. 30, 2004; Accepted on May 25, 2004)
% (BR) #ESUHATIOEITZEAT (Materials Research Labs., Kobe Steel, Ltd., 1-5-5 Takatsuka-dai Nishi-ku Kobe 651-2271)

* 2 (M) 7 SR N )1 818k AT (Kakogawa Works, Kobe Steel, Ltd.)



FEAF U SZMRIC & BIMBPRO T 7 I 17— 2 VI

Table 1. Chemical composition of tested steel.

(mass%)
C Si Mn P S Cr Al 8 N
0.99 0.18 0.38 <0.003 _ <0.0007 0.29 <0.003  0.0020  0.0018
Table 2. Drawing draft in tested conditions.
‘Condition 'draft i F-11 F-

A diameter(mm)  0.313 : 0.287

Reduction (%) 16.7 | 15.9
8 ‘diameter(mm) | 0.317 0.291 . 0.263 .

{Reduction (%) | 146 | . 136 16.0 |

Skin pass was applied at the hatched dies.
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Fig. 1. FE-SEM image of as-patented wire.
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Fig. 2. Work hardening property of patented wires.

Table 3. Changes in Tensile strength and torsion property during final wet drawing.

Wire diameter (mm)

Condition 0.313 0.287 0.26 0.237 0.216 0.2
A Torsion X X X X X X
TS(MPa) 3636 3772 4052 4252 4394 4601
B Torsion (@) O (0] (@) x x
TS(MPa) 3652 3803 4005 4182 4421 4652
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Fig. 3. DSC curves. (a) diameter 0.287 mm, (b) diameter
0.237 mm.
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Fig. 5. Kissinger plot.

Table 4. Analysed activation energy in each peaks.

Peak I I Jlig

Temperature(°C) 70-100 150-200 300
Analysed Ea(kJ/mol) 88.3 99 1517
Ea (C atom) (kJ/mol) 91.3 926 941
Ea (N atom) (kJ/mol) 79.9 80.4 81
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Fig. 6. FE-TEM image of heavily drawn 1.0 mass% C steel
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