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The Direct Patenting of High Carbon Steel Wire Rod by Film

Boiling

Keinosuke TAKEO, Kanichi MAEDA, Tadaoki KAMISE,

Hitoshi TWATA, Yoshiaki SaToMi, and Hidekazu NAKATA

Synopsis:

A new direct patenting method characterized in coiling hot rolled wire rods in a aqueous solution bath
held at its boiling temperature has been developed. The unique idea originated from the discovery of
the fact that the cooling rate of wire rod during a film boiling stage when quenching in hot water is com—

parable to that of conventional patenting.
The remarkable features are as follows:

1) The apparatus is so compact as it can be set up in an existing rod rolling mill without any trouble.

2) The operation is very simple and the running cost is quite small.
3) The cooling ability is so high as the tensile strength level of the wire rod processed by the present me—

thod is between that by lead—patenting and that by air-patenting, and large diameter rods up to 14 &£ mm are

available.

4) The variation in the mechanical properties is sufficiently small as for general purposes except for high

grade applications.

(Received March 25, 1974)
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Fig. 2. Cooling curves at a core of 9mm ¢ silver
rod quenched in pure water of differrent
temperature.
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Fig. 3. C-C-T diagram of steel (0-762,C, 0°29
%Mn, A. T.860°C)!V) and various kinds
of cooling curves.
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Fig. 4. Cooling curves at the core of steel wire
rod.

KB COERBEALHFIFRCOFRPVELBIERCTH S
Fig. 6 i HEREAS/NE LB EFHIC v T o9 4.
AR L, BELT 3EmAEDONE. ZOREDR
1% 0°6%~0:8%C Hfic kWi 2°0mmg¢ THH, T
D DHELRE L #990~100°C / sec (HLLER) L HEE S 1L
B. 28— 35 4 AT OWTI, BEANXLLBITD
nT, =354 b7 27 —HRONI I N—5 4

MELE e B, BEAA F A FPDOERIT2OWTIE, TDE
R LA 5 (3 BRIk pifovgs, 008%C #T
2:5mm¢~3-0mme¢, 0°7%C HIL 00°6%C #T
¥ 220mmg~2-5mm¢ LF 2 bhb. Thbb, i
LOMEE ERD 2 v F B A bOERKT BERE S ITE
FlEnEFA S WEET, Fig. 6 ki) 55 5EEE
2°0mmg~2'5mm¢ TETLTWDHDM, EE~NAF
4 bORMTHY, ZOFFRERIEH N HERELELDT
W5, BT LTWiRWS, ZoOMEHEETvT
Y4 PBERLTWEEELHD, 2ok S LRI

200

150}

& 1oof

Rt :

= 50 +

8 !

[

>

o

£

8 1o}t
1 RPN RIS BT A
| 5 10 20 30

Wire diameter (mm)

Fig. 5. Relation between wire diameter and cool-
ing velocity at a temperature range from
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Fig. 7. Relation between wire diameter and heat
transfer coefficient at stage of film boiling.
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Fig. 8. Effect of the surface scaling condition on
cooling behavior of steel wire.
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Fig. 9. Effect of addition of chemicals in water
on cooling behavior of steel wire.
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Fig. 10. Duration of film boiling when quenched

in water of different temperature.

Effect of addition of surface active agent in water

on deviation of mechanical peoperties in a coil.

SWRH~7171AI;H§(:{? kg Number of Tensile strength ( kg/mm?) Reduction of area (%)
Standard . " Standard
Solution \ samples Mean deviation Mean deviation
Pure water (100°C) 30 115-0 2-4 365 2-0
Pure water+0-05%
Polyvinyl alecohol (100°C) 30 113-9 1-8 40-1 1-8
(PVA)
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Fig. 12. Aging phenomenon of the processed rod '
at room temprature.
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Fig. 13. Correlation between dipping time and
mechanical properties obtained.
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Fig. 14. Distribution of mechanical properties in
the processed coil.
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Fig. 15. Tensile strength level of processed rod
compared with ordinary patented rod.
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Fig. 16. Mechanical properties of processed wire
rods of popular diameters in a year.
(Tested within 4 to 6 days after rolling)
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Fig. 17. Deviation of tensile strength within each
charge of steel wire rod patented by film
boiling in direct sequence with hot rol-
ling. (Results from production for one

year)
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Fig. 18. Work hardenig curves in wire drawing.
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Table 2. Mechanical properties of hard drawn wires made
from the processed and lead patented rods.

Wire dia- Rad Hard drawn wire
Steel meter Diameter Pate'nting Tensile strength | Reduction of | Torsion number
(mm) (mm) (kg/mm?3 | area (%) (100D)

55 New method** 155 50 39

Lead patenting 156 48 41

0719, C 8-3 New method** 174 47 34
0-53%Mn 3 7.0¢ | Lead patenting 175 47 34
0-799 C 11-0 New method** 190 47 34
0-539%Mn >0 {0-0* | Lead patenting 191 45 32

* Drawn from rods patented by new method.
#*  Patenting by film boiling in direct sequence with hot rolling.

35mm# ® New method”
O Lead patenting
ot * Patenting by film boiling in
E . direct sequence with hot rolling.
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Fig. 19. Fatigue properties in plane bending of
3:5mm drawn wires shown in Table 2.
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