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On Rapid Heat Patenting of High Carbon Steel Wire Rods

Synopsis:

Eiji TakAHAsSHI, Takehiko KaTo

Jutaro ARARAWA, and Tsuyoshi Kouora

Rapid heating makes austenite grain of steel finer than usual heating. Study of application of rapid
heating to lead patenting of high carbon steel wire rods has been done. After high carbon steel wire rods

are rapidly heated and held for short time, they were quenched in oil.

High carbon steel wire rods were

rapidly heated again followed by cooling in a lead bath. The various properties of wire rods treated

described above have been examined.

Wire rods rapidly heat patented in this process are superior to usual lead patented ones in the following

points.

(1) Austenite grain of rapidly heated wire rods is finer than that of usually heated ones.
(2) Lead bath temperature in patenting for rapidly heat treated wire rods is lower than that for usually

heat treated ones.

(3) Tensile and fatigue strength of rapid heat patented and drawn wires is higher than those of usual

patented ones.

(4) Drawability and bending properties of rapid heat patented and drawn wire is better than these of

usual patented ones.
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Table 1. Chemical composition of wire rods (wt%).

Specimen j C—f Si |Mn J P | s {Sio%‘h
SWRH62A | 0.60 Fo 23 0.48 | 0. 01810 024 0.006
SWRH72A  0.73 | 0. 22 0.52 | 0.014 0.019 0.004
SWRHTIA | 0757 0. 224 0.53% 0.015 0.016/ 0.005
SWRH 77B | 0.79¥ 0.22¥ 0.70% 0. 023\0 021 0,004

# : Checked analysis. The rest : ladle analysis.

HiJ1 100kW) & vy, E388% BB 2 4 AT Eg:
RYICBE S BB ORI Ofc. T L EDHEHRD
BENEEX 12m/ min THD. I 705« 50D
SAFRD S HIAENE 400~600°C X 25sec Th D.
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Fig. 1. Bend test.
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Table 2, Heat treatment conditions of wire rods,

]

First heating

ﬂ Second heating ‘! Cooling in lead

Quenching | ! orth
T ° \r Heating E Holding oil f)eén P ° . Heating | (temp. 2;C) X
cmp. °G  rate °Cfsec t time sec ﬂ k Temp. °C } rate °C/sec (time sec)
i T 7 i 7
1000 ‘ 493 12.5 “ 70 850~1 000 ’ 139~.493 400~600x 25
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62A, 418~493°C/sec, 2. 77A, 139~164°C/sec
77A, 278~328°C/sec, 4. 774, 418~493°C/sec
77B, 418~493°C/sec, 6. 67A, usual lead pat.
77A, usual lead pat. 8. 77B, usual lead pat.
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Fig. 2. Austenite grain size in second heating.
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® 62A, 900°C, 443°C/sec
X 62A, 950°C, 468°C/sec
O 77A, 900°C, 443°C/sec
A 77B, 900°C, 443°C/sec
Fig. 3. Mechanical properties of patented wire

rods.
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Electron microscopic structure of rapid heat patented wire rods.

second heating temp. 900°C, heating rate 443°C/sec, lead temp. 450°C.
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Table 3. Pearlite lamellar spacings of heat treated SWRH 77A and 77B.

‘ Second heating

|

; Lead temp. Lamellar spacing g (Number

Specimen ‘ T oG ! Heating rate | °C ‘ of measured colonies)

| cmp- °C/sec :
SWRH 77A | 900 | 443 ; 450 F 0.042 n =135
SWRH 77A | 900 443 %; 500 0.056 n =150
SWRH 77B | 990 443 | 500 i 0.050 n =150

f i

_ SWRH77A | Usual lead patenting i 500 0.059 n =150
SWRH 77B j heating temp. 900°C | 500 0.057 n =135

ZRUIHER 450°C SRR TIE 900, 950°C o imEta
EDLEE TR 74 VGBS MTEATWS.
Zhlx 77A I HARF - R F F 4 MEESRRISAS Wi
WDTHAHY. $HiBEN 500°C DIFEIT DT L HGES
FRZR L7555 SWRH62A, 77A, 77B k4 i —7ciyd
fH/e— 24 FESREZR LTV,
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TW5. Zhickt L SWRH 62A 0412 1350EE 450
°CTRA F4 bHE—EH5ITH bR, 500°C CrRxfsmse
NW—F 4 MABAEE LTV 5DC, ZDRERCTHMT
EETNE, BEREES DT E A EZL Ui v B {AE DS
Hbhsbpt:Bbhs.

SWRH 62A }HCII4AIERE 500°C CHHED X 50ty
—IR A~ Z 4 MEESE LN, SR X 120 kg/
mm?, {HTF 8%, Y 56% & ENERNEERES
5. Eio SWRH 77A $CIIERIRE 450°C T3 [5E#
& 138 kg/ mm?, {BHYS 7.8%, % 59%, 77B HCix
$RIREL 500°C TR X 138 kg/ mm?, {h% 7.6%,
RO 52% O EMRAEE T 50, #fo Fig. 4 xR
ENTVWBBHDERTF o7 1« v It R, EBRET
DR EEMBRELRNS. Tig. 31k Wi
BEBETLTIELAEES R wad LS En
Y. ERMOEBBEEORTE LI LET s @RI
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REMBBAD 1R~ 54 +5 2 5 —~DRREZT 57
DL, MEFEHEETA—54 b7 2 5 -[ENE/NTH
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HOLHERESIE, COEREIND LA 24 b T 2T
4 FEDEOAFHTHEBOEIZEL, I HIFADRE

RBTHRLAEZ—54 bI 27 —f@ELTELE.
ZDEERA Table 3 1275

2 Bl HDMEMRE 900°C, hnBEEE 443°C /sec TH
—Z7FA4 MELKHE, $RIRE 450°C & 500°C & C¢#%
L7z SWRH 77A i on\TliE, 450°C DIES D HH
WHx 7 2 7 —-HEEERLTWS. THICHRSLTEEE
WX HMELTVS.

F7z SWRH 77A, B iz DWOEAEREE 500°C T&AH
IR F T 4 T L DL REDR T T 4 Y
ZENRIE 500°C TV, /S— 354 b, <4 F4 MR
Atflkoc—5 4 FOERG LD T 25— BRE B L
fo. ZOERR, BUEMBST LT 1 v D ESEES
M7 {ERIC H B .

SWRH 62A, 72A, 77A, 7T7B LT, WHD, <57
VF 4 L TINEERE 930~950°C, 4AIEREE 535~550°C
THER L & BumEv 5 o 5 4« > & 2 B B O gk
JRFEE 900°C 7gvs L 950°C, fnBluEEs 443~468°C / sec
EATHEE 450°C TR L otbEhic v T, TP
XL, SIRY B X ChABRKERE Lic. ZOER
% Fig. 4 1257
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Reduction Torsion no.
of area % (100d)

Tensile strength
kg /mm?

250

- o | e © 5
e 2 . 6
200l a3 .,»/]9/— a7 e
a4 Ao s 8 e
150 T aete 0 o
n e pl R - - —
e o e
o___——o 75
[ 1 1
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loofig— 9

| 1 ! ! | T S T IR I 1 I | | I |
55 4.85 4.25 385 350 310280 230 175134 4.85 425 385 3.50 3/0280 230 175
2.50 2001.56 5.5 2.50 2.00
Diameter of wire. mm Diameter of wire. mm
Usual patenting Rapid heat patenting in this experiment
. Heating  |Heating Lead : Seceond heaﬁr!'rg Heating | Lead
Specimen temp. °C | rate °C/sec| temp. °C Specimen temp. °C rate °C/sec| temp. °C
| 624 S50 8 550 2 62A 250 468 450
3 72A 930 8 550 4 T72A 900 443 450
5 7T7A 950 8 535 6 77A S00 443 450
7 778B 950 8 535 8 778 900 443 450
Fig. 4. Mechanical properties of SWRH 62A, 72A, 77A, 77B drawn wires.
SWRH62A SWRH72A SWRH77A
240}
220
€ 200+
E
~
2 180}
8
£ 160}
w
140 |- ~ N
SRS NN WA NN TR A N NN SR SN NS SN SN SUSEN M N M LA &

As

200 250 300 350400 As 200 250 300350400 As 200 250 3C0 350 400

drown

Bluing temp. °C,

drawn

drawn

Holding time 3.5#: 15min, 25,204 : | Omin

1:3.5mm# wire, 2:2.5mm# wire, 3:2.0mm# wire, T:tensile strength, Y: 0.2% yield strength

—e— Rapid heat patenting in this experiment

--o—~ Usual patenting

Speciman_ ot e D] TP Soeimen " | S | tom
62A 950 468 450 624 950 8 550
72A S00 443 450 72A | 930 | 8 550
TTA  |900(20%850) [4a3(20f420)| 450 77A 950 8 535

Fig. 5. Mechanical properties of SWRH 62A, 72A, 77A wires blued.
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Table 4. Fracture percent of blued wires in bending test by one stroke (95).

% T Inside —_— i o
Specimen Heat ! Diameter o)f Bending) i radius at Bluing temperature °G
‘ treatment | wire (mm) . angle (°) bending edge™ a5 i i [ r
: U min © drawn| 200250 | 300 | 350 | 400
o § A 2.0 | 45 1 o | n | o 0 | o 8
SWRH 624 | ! 2.0 | 45 ‘ 1 0 0 oo o0 0
N N 2.5 45 | 2 00 o | 8 8] 50
SWRH 724 | g} 2.5 | 45 | 2 l o o lo0o 0! o0
, A 2.5 s | 2 T ololololol o
SWRH 77A B, 2.5 5 | 2 o0 | o0 o0 o0 0
| A 3.5 9 | 2 ol ol o] ol o] e
SWRH 778 | 3, 3.5 0 | 2 ’ 0 ‘ 0 E o | o0, 0 |0
Heating Heating Lead Second heatingl' Heating Lead
temp. °C rate °C/sec temp. °C temp. °C rate °C/sec temp. °C
A, 950 8 550 B, 950 468 450
A, 930 8 550 B, 900 443 450
A, 950 8 535
By, Bz : Rapid heat patenting in this experiment,

Ay, Az Aj: Usual lead patenting.

Table 5. The fatigue strength of blued SWRH

77A wires,
. Tensile Fatigue
Heat Diameter strength | strength (B)/
of wire A
treatment mm (A) (B) %
kg/ mm?| kg/ mm? o
3.5 166 49 29.5
Usual 2.5 194 48 2.7
P g 2.0 204 46 22.5
Rapid 3.5 170 54 31.8
heat 2.5 198 52 26.3
patenting 2.0 221 51 23.1

Usual patenting : heating temp. 950°C, heating rate 8°C/sec, lead
temp. 535°C. Rapid heat patenting temp. 900°C, heating rate
443°C/sec. lead temp. 450°C. Bluing : 350°Cx 15 min for 3.5mmg,
350°C X 10 min for 2.5, 2.0mm¢. Fatigue test : rotating bending

fatigue, rotating number 5000 rpm, length between fulcrums 200
mm.

B, IR RiT o T, g E L — SR L
TEXDOWIHEEEIIR Y, BIHITENBIEET LHEFEUTO
MWCIREE MR TAEE L. ZO—RETOHERE his
RIFEEL, COMEZTOHERE Fig. 4 wid# L.

IRz X% & SWRH 62A, 72A CiXmEMEC & %
IR A D Z 3w, ThizxtL 77A, 77B TiRAHE
InELSF 7 4 Tk 1.75 mm @, SR DS 8T
T4 TIE2.5mme FTHETE, FIEDFES M
MERT T3,

LD O CHMEDE, TRCXDRTFU 71 0F
DERIBEAETI®ES2 LB IUEHRIEROMEI X
D, BB OCREEMEAT 7« v VB ED

g7 7 4 v TN 30~40 kg/ mm? 5 |5RIES D
BWRMEEL LN TED.

SWRH 62A, 72A, 77A, 77B O&&EME$F o 7 4 »
TEICBEDR/ T 71 07 Ltz 3.5, 2.5,
2.0mm¢ I{EER Lizh DIt 2T 200~400°C T 7L
—4 VTRB L. ZhHRBHFO55RES % Fig. 5
WY, TR RE Table 4 iR

T—4 SRR R AN ST T 4 T
LBHDEBNRFT T 4 P ETHSRS E, Migbhicisid
DEE LR CEMTHD. MY, o, hARBED
FERAHT RN - T L [ Uz = Uk

B FRABRIC DWW TR ERFEDOTHIC TR L FEE TR
W, SRR IEEATE O B s B B a4 VRO {EgH o s
A, Pl X CEEE O 4 R oWl R L, R
BRI T DA R % TEDb L.

THRIT XD EQEME ST > T « o TIEBIFOFE S 5
BEOERNRT T 4 07 NBH X Y LITER B NTH
5.

3.5, 2.5, 2.0mm¢ @ 350°C X 10 %7:1% 15min 7
W—A v TR DWW TESRBRETE 2. TOERS
Table 57577 .

BEMEERTF 7 1 M D EISBEDRCT T 4
TR RE R X GBS PRI X T T B aE
DHIEWERE L.
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