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Effects of Nitrogen and Drawing Schedule on the Tensile
Properties of High Carbon Steel Wire**

Yoshiro YamaDA, Tadamasa Yoxovama, Tetsuo YAMADA,

Tatsu Fuyrta, and Shushi KiNosHiTA

Synopsis:

This paper describes the effects of free nitrogen (nitrogen not bound to nitride forming elements) and
drawing schedule mainly on the tensile properties of patented and cold drawn high carbon steel wires. The
results obtained are as follows.

The deleterious effect of nitrogen upon the reduction of area at tensile fracture, which is apparent in the
as-patented steels, gradually diminishes with the reduction by drawing and becomes negligibly small above
about 60 to 70%, reduction. The tensile properties of the heavily cold drawn wires are determined not by the
free nitrogen level but rather by the wire drawing condition. The important role of the drawing condi-
tion on the wire strength properties is discussed in terms of the progress of the strain aging during drawing.

The tensile-fractured steels were examined using a scanning electron microscope and it was found that
n the as patented steels, the fracture pass was mainly along the proeutectoid ferrite or the pearlite boundaries
and that in the heavily cold drawn ones, small voids elongated along the wire axis direction were dominant
in the early stage of fracture. These fracture characteristics are discussed in relation to the tensile ductility.
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Table 1. Chemical composition of steels used (wt%).

Steel | € ' Si | Mn ‘ P S

\ Cu l Cr \ Mo INE o

A-Vac 0.81 \ 0.19

0.51 }uM9 0.010

0.01 ‘ . | 0.01 | 0.002 \0.0016 0.0026

A 0.77 |am

0.51 !&MI 0.010

0.01 ’ 0.001 | 0.01 | 0.002 ‘0.0074 0.0017

Table 2. Drawing schedules.

Drawing speed Type of machine used

Die schedule (mm diameter)

lm/ min Draw bench

g}94BLa450»$09»366»318»2]9»2A9

(S ES RS RS

20m/ min Single head drawing machine .
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Fig. 1. Effect of drawing speed and reduction
per pass on the tensile properties ot
patented and cold drawn specimens.
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Table 3. Effect of austenitizing temperature at patenting on the tensile properties of as
lead patented and as drawn wires. Drawing speed : Im/min at each die.

Austenitizing ,o 0.29;, proof stress Tensile strength
Steel temperature °C) (kg/mm?2) (kg/mm?2) Red. of area(%)
1070 85.7 125.3 35.5
A-Vac 980 89.4 127.9 46.8
As lead 900 83.5 128.0 55.6
patented 1070 82.0 121.5 40.7
A 980 81.1 122.6 43.0
900 85.5 125.3 46.2
1070 150.9 164.5 52.2
A-Vac 980 156.0 167.7 54.7
As drawn 900 149.9 165.8 58.5
(59%, 3.56¢) 1070 149.2 159.5 57.9
A 980 147.9 158.5 57.8
900 148.4 161.5 57.6
1070 166.8 189.2 56.7
A-Vac 980 163.5 191.6 54.2
As drawn 900 168.7 190.3 58.4
(80%, 2.49¢) 1070 166.0 184.3 59.4
A 980 161.7 184.1 60.5
900 166.0 188.2 61.3

A-Vac BN

Photo. 1. Microstructures of as-patented steels
A-Vac and A. Nital etched.
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Table 4. Effect of austenitizing temperature at patenting on the tensile properties of
drawn wires. Drawing speed : 20 m/ min at each die.

Austenitizing /o 0.29, proof stress Tensile strength
Steel temperature °G) (kg/ mm?) (kg/ mm?) Red. of area(%)
1070 145.0 166.7 54.5
A-Vac 980 151.9 170.6 55.1
As drawn 900 151.1 173.4 55.9
(62%, 3.43¢) 1070 161.0 168.6 57.0
A 980 142.3 165.4 56.9
900 154.1 170.3 55.9
1070 178.4 201.9 51.0
A-Vac 980 183.7 200.5 51.2
As drawn 900 185.2 201.9 53.3
(80%, 2.49¢) 1070 174.2 189.9 57.4
A 980 182.2 193.9 55.3
900 175.6 202.2 55.4
£E160T .
g uT.s. g
[} N A
8 150 /.
+ /7
w140} 7/ -
i o’ /7 0.2°/sproof
c / stress
G 10F A -
~ OA-Vac
sof & A -
52 Red.of area
2 551 D\O ]
3
C sof .
g \A
3 45 -
o { 1
200°C
s-d g
A rawn x10min
aged

Photo. 2. Microstructures of cold drawn steel
A-Vac.

a :4.50mm dia. (34.7% R.A.),
b :3.56 mm dia. (5§9.29% R.A.),
¢ :2.79mm dia. (74.9% R.A.),
Nital etched.

FIELT 5 LR E L LT W 1 v Vi Ko
XD o Ehbind (Photo. 4). v ERIED <~

Fig. 2. Tensile properties of specimens A-
Vac and A of diameter 4.5 mm.
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A-Vac

As-patented

35% R.A.

59% R.A.

75% R.A.

Photo. 3. Tensile fracture surfaces of steels A-Vac and A.
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Fig. 3. Tensile properties of specimens A-Vac
of diameter 2.49 mm.
a : drawn with a draw bench.
b : drawn with a single head drawing
machine.

Photo. 4. A crateriform hollow observed on the
tensile fracture surface of 35.09, dr-
awn steel A.

5

3,bc, L oM d, 2

Photo. 5. Microcracks observed near the fracture surface of patented and tensile tested steels.
a,b: A-Vac c,d: A
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Photo. 6. Voids just below the tensile fractured
surface of cold drawn steels A-Vac.
a :59% drawn (3.56 dia).
b :759% drawn (2.79 dia).
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Fig. 4. Cooling curves and the corresponding
aging curves in 2.9mm dia. wires.
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% Mb R 20m/ min DFAITIE m=0.8 FREE L%
Z25N5. T THEMBETHE 3.42mm 75 2.93
mmF T 20m/min O EE T T 5541, m=0.8,
gy IR OFERE O FHED 84E, a=6°, p=
0.03, Ty=25°C L LT (3) Rickp T m:kds L,
A-Vac 3BTz 247°C, AstEITlE 240°C 70D,
Fig. 4 X v, WOz W T T BRI
T0%PEEET LT LES it b, ZhEiZiERSED
FIFTTRAU L7224 AEEROMBREL S 230°C FRE
THDW®, FHEEELERNI -7 5.

Wiz, Fo~—~xRyFTHE 3.18mm 255 2.79mm %
T Im/min OHETHE L L XD L4 2 OTOM
WIAEL#HE T 5. Luec 52 LRI I hiE, £4 %
T ORI I HRERE O 1/3 Bz e fld 5. &
FEEREL (O—FR) 1224 2 %58 LTI kir %
EFhE, m PMBEEED 1/3 TICHHIT B EE LT
Xv. E®D 20m/min OFET m=0.8 L L7=D7T,
Tk m=0.8/2013=0.295 L k17 %.

20m/min P LR LT 8) Xr BT T %
kv bk, A-Vac EITIE 169°C, AztkiTi 166°C
THY, BIEBEEHMNIT LA LEF LTy EBbh
5. FEE, SHONEIER (ZFE) o—#D, &
AR IR D XA AR LTMBCET 50T, X5
ok D DRI RV RER D . : :

LRz X 5z, BT 20m/ min o3

I O b 8 e

TR U7c 2.93 mm RT3 4 4 @SR oS H)

SN LT BRI R0 T Lz s E2 R B8,
Fig. 2icl S0/ X 51, 4.5mm REShEROEM T
B LTI, 2.93~2.49mm KO HE L bio,
HkRE & RER A-Vac 3RS AKX D HEh TV 5.
WWEE T D2 I v 7 13RS E T8 R0 72308 &
FIfkCHLDT, MBI NOBEEENHFR L-bD L
Fz2bivd. NO.0129% &HMONEEEE & HIE L7 &
5, HHOEE TN~ 2 €~ 7 23BANCEED 5
Nizoiexf L 200°C TSI 5 &, X%x— 22— 213
EERAICHEE LY. shind, ERORFEME
BENIKIFEWEH L TVEZ B3B8, BF5<, B
F AT FA MERRRR E DR FICIFNT LN 2 5
vy VOMBERG T LTWELDEEbRS. Lo,
A7 BERE VXA & > Tl T .

Dlb, & ULCHERMECER LTNE, MgLrto
R MR LR B 2 E s, 5
RELEFWERT. FIRHBR T3R5 703 BERS )
TTomEoLABEEINS. s, [EE,
fREEER, #R0 R LB EBR TR & 0% $sR o0 MR AR
ELTEL b DT, ZhbLDERICOXAET
5.

Fig. 1 @7/R L7z 900°C o — 25 F 4 Mbn@hoes o
74 v, BBMGEMEREUEHC oW TR DI Ll et
B &R 2 fT s D/ B 0E LT RERCl3vWTh
DMETDH A-Vac, A WBHETIZ LA L2330 5

Table 5. Torsion values of drawn wires.
Drawing speed : 20m/ min at each die.

Dia. | Stecl | (%560 8¢ | Remarks

44 No delamination

42 4

A-Vac | 44, Average 43 4

32 4

45 4

2.98 mm

45 No delamination

40 4

A 50 Average 43 4

31 4

50 4
34 No delamination

44 4

‘A-Vac | 29 Average 36 4

36 4

37 ‘4

2.49 mm
: 29 Delamination

31 4

A 32; Average 31 ‘4

37 4

27 : ”
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%ﬁ?" W’wfeﬁx e, N

LI Sy
5 nom.

EREMBOSEEHEICS X E TSR L MKt 429

Nigpofz. REHBRTY, HE4.73mm 2> 5 2.93mm
£ TIX A-Vac, A WEURHHCRRIEMEICEEEITRD S
g, BEREDRIFch ok, Lo L, fHE2.499mm
Th: A-Vac FRHIER L REBIE 2 L2 b »hrb
53 ARV Th o RE A D IREE BRI & 5
AL, FREETERE Las o T, EEgHEEE Lro
oo 8% 2.93mm r 2.499mm »F — % % Table 5 |z
Y. EELDTXBERTEHAA— T 14 MEHELE
DEREIRFEA DBV TR Lzl ciig L A L
BHETEZMDOT, 2.49mm £ A B OB OHtH
NI NOEZEPMER LW e D 5.

5. &

il

1) 99 —NiX317 07 1 7 LItk EOMIROLE
e (BT D) HIEERE, 9 60% JREELIT Off
M2 T S TR T 5. LA LZDBETH
a7 M TENRAE L /A5 E LDt NOEHES
BRI/ S 7 5.

2) S ABEnT 60 7oL 70% WEELL T
1, SRRO5ERMEEIGRP NEICIT & A ERFET,
o LA GEE, 1 S2o@E®R) cxitxh
5. i, Gl X258 1 RPEERAD OETRED
REEEMFIZ X O TEL D EEZ LD,

8) NFUTF 4T DEEDOME X UK 60% BEZRL
T O HBRERE O A S R OEITE L L
THWT7 =94 bRr8—54 bR (FiA—2F 7
A MEGRLFR, /Y~ VERRELHEIND) ©
B2TW5. NREWEETIE, §IERERIEE T i
bRNHEZDXS0 5 v I BELEHWERICHS.
4) 9 60% WEHEL EoMiga it s ot 5l
SRR SR (38 AR 5 A AR O B W R A 3% <
BEINh5. ZOX5BMEVRA FIREEICITT s

AEBZERSZVERDIRDS. CoOEOERIT

LLHEALZA MEOHKT LITUD2BIcTER S
5 LEbhs.

5) M\ X~ T4 MTEBIR S~ T4 b OTYRTREET
BFC BV TIRF LA EHE SRR AT,
AWFE D BRI I & v 7 (BR) #h P SUSRAT, $kim:
PEAERSGESMBASE R D 5 %, FRCHNTE R, &R W)
MEEZR, IBRE—0& KK X OERE FHEMSEEE
RSNz [FR R, EREARCEEL 5HESY
RLET.
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