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Effect of Mo and Cu Contents on Work Hardening of
Cold Drawn Stainless Steel 304H Wires for Spring
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Abstract To investigate the effect of Mo and Cu contents on tensile strength of cold drawn stainless steel 304H
wires, metallographical and mechanical tests were performed for the wire specimens drawn to different
drawing strains at room temperature. It was confirmed that the contents of Mo and Cu have little influence
on the tensile strength of drawn specimens, even though the strain induced martensite transformation
decreased with increasing the contents of Mo and Cu. These results were explained by the strengthening of
the formed martensite itself due to the solid solution effect of interstitial solutes, carbon and nitrogen. The
contents of these elements were slightly higher in the specimens containing additionally added Mo and Cu.
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Fig. 1. Schematic diagram of experimental process.
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Table 1. Chemical composition of test stainless steels.
on clement g Mn P S Cr Ni Mo Cu C N
A 0417 1.27 0.0l6 0.002 18.36 8.38 0.124 0.217 0.057 0.0238
B 0.424 1.31 0.031 0.001 18.66 8.49 0.235 0.381 0.063 0.0265
C 0.413 0.31 0.031 0.001 18.50 8.51 0.358 0.490 0.067 0.0294
D 0415 1.31 0.030 0.001 18.34 8.47 0.462 0.690 0.067 0.0296
E 0.40 1.24 0.024 0.004 18.02 8.43 0.120 0.240 0.070 0.0280
F 0.36 1.29 0.030 0.003 18.18 8.39 0.110 0.260 0.077 0.0420
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Fig. 2. Variation of high temperature tensile properties of test
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Fig. 3. Optical micrographs showing the latitudinal cross-sections of wires with different drawing strains, (a) A, (b) B, (¢) C,

and (d) D steel wire, respectively.
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Fig. 4. Typical SEM micrograph showing Jd-ferrites and oxides
observed in the latitudinal cross-section of wire.

s
Y
2
A
b
ol
ok

© S
o
=
o
o
o
i
o
oY
i
y
iy
il'.
ﬁ
P,L
N
— 4
rh
)
o
b
f

o

CehHeA S-ferrite?] WAELS ZHZE 1.02, 1.48, 0.9,

105%2 71Ej0] AE7 2 Aol BANA 29 of
Aol ATl A4 AE g /R4S AYYA0|
MAHOE oA AL ROIXW, Most Cudl ¥
ol AR 4 Y& Sold £AH Aol

94 egke). mepd, Grrgane GxvigEds

MM
=3

(R
o
o
)
2
™
N
N
of
BN
N
2
X
ih)
o
jincd
o,
ox
ox.
i
i
MO e e

Holl Mo9t Cu 5=9 ¥eke gle Aoz

fn, 3L
Ay

o}

Fig. 5o 2144 A4 E vl2Ale|EAFSY 4
7¥et7) f18ke] EAE Arlolg el g AE
gt o] &4 W2 ol (bulk) A1HE HA Y
3zke 10%emu ZHEE HrtsleE gE& 2 (probe)ell A
ZHe Al TUAste] Ad FE sk 712y 9
Z}o]E 2393 (Ferrite scope)Hell Blst] AU=7l &
ot ()% (b= 2z A9 D 32 1.04 mmg AR o
A Folx Aow EAF 24 AWF LA A9 A3}
F(Ms/g)el DETH ZA JeEPFOEZA AJHY AGE nf
ZEIXfO]|EAYe] o] BaEg Roli 3ot o|9f Zo] H
71zt WEE Ad 2P g wet FEste Fig
6o, A& AFA PR Frid AT HEE Fig 7
o JeRHATE Fig. 6914 AM ZWHY & 333904 EY
A8 F 90% HEo] wlERIALO|EA; E& o
22t 28yt ol nlEdil|E B
7hsslth. 2l HaE $l8e A, B,C, DA
5.5mmg AR AZxe)HI & E, FE 2

o

2L

dr ) o

% 1o o3 ok

AHE



636

( ) nM%emu)
4

H{0e) 20K
Hmax= 1.648E+04 Oe
Ms = 4.079E+00 emu
Mr = 2.751E-01 emu
Ms/g= 1.204E+02 emu/{
Mr/g= 8.119E+00 emu/g
He = 4,717E+01 Qe
SR = 6.744E-02

(b) M%emu)
I3
4
;

H(Oe) 20K
Hmax= 1.648E+04 Oe
Ms = 3.447E+00 emu
Mr = 3,274E-01 emu
Ms/g= 9.978E+0! emu/d
Mr/g= 8.477E+00 emu/d
He = §6.0B9E+0[ OCe
SR = 9.497E-02

Fig. 5. Typical shapes of magnetic hysteresis loops measured
for wires with drawing strain(g) of 3.33, (a) A and (b) D steel
wire.

140 T T T T T — ‘1ﬂ4¢
1.44¢/,./= 1
120 & =Tl
_ [ 2094 54,/‘/—97/ g ]
D 100 - e B
E 2.92% % -/;/i =
o 80} | X:x/f/ i
[ /
9‘ 60 - 3.94 / / ]
© o o C:A
@ 40 7 R:8 -
s | /ﬁ a:¢
20 + L ®:E R
5.5 ¢/ m:F
0 1 1 1 n 1 n i J PN | s
0 0.5 1 1.5 2 25 3 3.5

Drawing strain (&)

Fig. 6. Variation of magnetic induction(M) with drawing strain
as a function of wire composition.
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Fig. 7. Variation of tensile strength(T.S.) with drawing strain
as a function of wire composition.
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