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Influence of Austenitizing Temperatures on Microstructures and Mechani-
cal Properties of Hot Water Quenched Steel Wires

Yuhua TAN and Xichun DONG

Synopsis : : .

A new prbcess of hot water quenching from low austenitizing temperature was explored for steel wires.
It is pointed out that the operation of lead patenting of steel wires at high heating temperature (1193~
1223 K) is not a optimising process. Higher austenitizing temperatures of lead patenting are caused by
lower cooling power of lead liquid: The possibility using lower austenitizing temperatures in patenting of
steel wires was proposed by means of theoretical analysis. The effect of austenitizing temperature on
mechanical properties and microstructures of the hot water quenched steel wires was studied in detail.
Austenitizing temperature of steel wires during patenting can be reduced to conventionally used heating
temperature (Acs+20~30K) in heat treatment by enhancing the cooling rate. When performing single-
step hot water quenching in pure boiling water, the strength and ductility are arised with a increase in aus-
tenitizing temperature ; when the austenitizing temperature exceeds a certain valure ( Tm), brittle fracture
of wires would be occur for producing martensite. Tm is a lowest austenilizing temperature, at which mechan-
ical properties obtained by hot water quenching is similar to that of lead patented steel wire, under a given
cooling rate, and Tm of various diameters of steel wires falls with increasing the cooling rate. A new
technique— Complex Water Bath Processing has been developed, which can make the heating temperature
reduce to 1073~1 093 K for intermediate heat treatment (normalizing) and to 1093~1123 K for final heat
treatment (patenting) in wire production. The quality of the complex water bath processed wires can fully
attain the level of lead patented wires, and the strengths of wires in diameter of more than 5mm ¢ may be
even higher than that for lead patented wires. :

Key words : high carbon steel wire ; low austenitizing temperature ; hot water quenching; patenting; com-
plex water bath processing.
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Temperatures (K)

Time (log)(s)

(I) Normal (lower) austenitizing temperature

(II) High austenitizing temperature

a : Lead patenting from low austenitizing temperature

b : Lead patenting from high austenitizing temperature

¢ : Hot water quenching from low austenitizing temperature
Fig. 1. Beginning line of austenite transformation
of C-C-T diagram and three kinds of cooling

curves.
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Table 1. Chemical composition of used steel.
Chemical composition (wt%)
Steel -
Cc Mn Si P .. S
65 0.67 0.63 0.36 0.011 0.014
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Table 2. Total boiling times of various diameters
of steel wires.

) . Temperature Wire diameter (mm)
Cooling medium
(K) 2.0 25 35 51 6.0
P 373 9.2*% 13 23 3¢ 39.2
ure water 353 - - 10 16 i
15% NaOH water 373 — — — 18.7 26

* Total boiling time (s)

KBEW, 15% NaOH ZKBEW TH 0, KDM@ E 353
BLU3IBK THAH. MEKIRE 1223K 06, £
BEEOMMBORIIEEERE (2 F S % BAKPICREL
OB ERT 5 TCOMRKERE) % Table 2
2RY.

HnEk U 7= SRR O BT R D 4 HEAE SRz,

(1)HBEBAKBEAN.

(2)BB#AKBEAN+S75K, 1.5min BEdD & L.

(3 )BEKBEAN.

(4)88/835 > F > FHLE,
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lﬂ’&'ﬁ‘ofc.

DB %3 L -t icow T, SRR
707 BRBELTFI—VEREEHL .

3. REHERHIUHRE

3-1 EBA—XFF1 MEBEKBAN

Table 3 {2 1.0, 1.6, 2.0, 3.5 mm¢ $#f % BAKEEA
NLUEOBHBME2RT. +— 27+ 1 MURER
1103, 1223K, &HEIEEAMBEAKB L 0.5% v —
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D7D T v F v B OB RBER 2 R

IZEEA L7z, Table 3 25, SHMOBMOEEICE XIT
T+ —R5F 4 MLBRE, 0.5% v —7&M, 873K 5E
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ARICBW TR, 2.0mmd FROBMAEE I R LB
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BoOG@K e MR AT ICHE L 2546, 113K A —2
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Table 3. Mechanical properties of various diameters steel wires (0.65%C) after hot water quenching from

1103 and 1 223 K austenitizing temperatures.

Heat treatment Diameter (mm)
Specimen group - Mechanical
Heating Eele(n;peratur © Cooling medium properties 1.0 1.6 2.0 3.5
Single-step hot - - o3, MN/m? 230 1110 1220 1030
1 water quenching 1103 Pure boiling water @ % 0 0 52 56
2 Single-step hot 1103 0.5% Soap boiling a5 MN/m? 1160 1120 1060 980
water quenching water solution 4 % 51 56 50 53
3 Single-step hot 1223 Pure boiling water —» tem- 04, MN/m? 1290 1200 1340 —
water quenching pering at 873 K for 1.5 min 4 % 7 16 9.5 —
Double-step hot Pure boiling water — o4, MN/m? 1260 1240 1220 1180
4 water quenching 1223 20s at 773~873 K
max. value — air cooling 4, % 53 60.8 54 54
. P 1140~ 1130~ 1130~ 1100~
5 Lead patenting 1190~1223 Lead liquid 04, MN/m? 1 320 1 %(3)»0 1 ggo 1210

* 0, : Tensil strength ¢ : Reduction of area
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(33.5% $HMELT:). COGHBEERER VL 2D, ¥
WEME I RIFT A — AT 54 MUBEDOFE % Table
512 F. 1093K TF—2AFF 4 ML 2B, 5l5gH
SDFEFICE L, FIY o, 13 880 MN/m2 Th %25, +—
27+ 4 MEBED FRICONTHER LZWIZmEL
Twh., A— 27+ 4 MUIRE 1223K Tit, Bohi:
SEIGHEM AU A%, 0,=1 080 MN/m?, ¢=52.1% T 5.
6.5mme 557 2 F  FEME 1213K TH—AF F
A MEL 7B FH5 [5R5# & & 1058 MN/m® T& %%,
NS DORERN S, KEBAKBEA BB OBMATER 2
R TFUvF U IO L WIE L TWAD, IMBEEE
L, RiRA—27 74 MEE vz v, KESRKRO
MABEAETESHE) LB &, BHEDD - LW
HHEBALZRB L2 IR 6%, B2, SHEE
DBEXEFETSELILPIEZOLNS. Table 2 IR
T&L, 5.lmmg SR EMBWAPCHEHTH L ED
SER R BRI 134 34s, 15% NaOH MK+ Co
N 18.7s T, WHIHEE X 45.2% B H I L b
TX7. LAL, fikizBwe, KiR% 373K 25 353
KITTiFsE, RBEEERI 34s 2205 165 124
52.7% KT +5%. $4bb, K% 20KBETx€%C
EICEBED NaOH £ MA 5 Z L ICXBHRITH~
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LA —25F+ 4 MLBE L OBE% Fig. 2 IRY. &

Table 4. Effect of austenitizing temperature on mechanical properties of 2.0 and 2.5 mm diameter steel wires.

Austenitizing temperature (K)
1073 1093 1113 1133 1163
Wire diameter (mm)
I ¢ gy ¢ gy ¢ gy ¢ gy ¢
(MN/m?) (%) (MN/m?) (%) (MN/m?) (%) (MN/m?) (%) (MN/m?) (%)
1170 55 1220 55 1200 55 500 0 — —
2.0 1190 58 1200 55 1220 48 200 0 — —
: 1170 52 1260 55 1040 0 960 0 — —
— — 1220 55 — — — — — —
1120 61 1160 52 1200 55 950 0 1200 0
2.5 1130 55 1180 55 1210 52 1010 4] 760 0
1100 48 1140 55 1240 48 1230 52 480 0
Table 5. Influence of austenitizing temperature on mechanical properties of 6.0 mm diameter wires.
Austenitizing temperature (K)
No. 1093 1133 1163 1183 1223
g ¢ g ¢ oy ¢ o ¢ o R &
(MN/m?) (%) (MN/m?) (%) (MN/m?) (%) (MN/m?) (%) (MN/m?) (%)
1 890 46.4 940 55 990 50.8 1040 49.2 1090 53.5
2 870 53 930 52 .5 980 52.5 1020 50.8 1070 50.8
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Y S . . , ) L Fig. 2. Effect of various austenitizing
1073 1093 1113 1133 1153 1173 1193 1213 1233 temperatures on mechanical properties of

Temperature (K)

three diameter steel wires.

(A) Austenitized at 1223 K, cooling in boiling water, about 93% martensite ; (B) Austenitized at 1 223 K, cooling in 0.5%
_ soap boiling water, about 78% martensite ; (C) Austenitized at 1 103 K, cooling in boiling water, about 45% martensite.

Photo. 1.
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ST, FNFERA 1093, #1113 BXr1223K
PETHA. BHEEZHOAI LIZKD, Tm HET
T %. , '

WER B A AN OBEITIE, BRI Tm 248 L
XL, SROBWMIE s YT v F oL
BRL NVICET D, SRt — 27 F 4 b O FRIREH
823—~870K M#PAE & V), BHIZ VNS M H 5k DMl
WABONT b ThD. FEENF—2FF4 b (B
8 Photo. 1) % 773~873 K \ZAR¥F L 22 BAMEIFICRE L 72
%, TNTYMNA MIRL, #7274 PP %ewn
W 78— 5 4 FRBSEOND. OO O
BB ST v F v IO ERLAVICET S, Th
A LT, MBGRED Tm XDV F— 2751 MME

Optical micrographs of 1.0 mm diameter wire in various conditions.

DOREBKBEA NS OG iR & 25 8h/ ST ¥ F ¥ THD
LAWIZEL vk, BIBAOGHEESAR 5% 7
HThHH, FROGHEELZ&ZOLZ LICKD, Tm %
FEF &, BBEKBEA N O PEE & 8087 > F
YIMDUANNIZTBIERTELEEZLND,

3-4 SMIBOBEHBEESBICRIFTA T MEBE

-7

YO IR £ OIRERIC BT 5 S HEEEE O W O SRR
Mk % #1282 L /2. Photo. 1 12 1.0 mm¢ SO BEHR
#757¢. Photo. 1(A) & (B) i&, #— A7+ 1 ML
JEAT1223K T, HIE EHMEEARICEHIL, wvT s
T4 FEFR 93% O, BERZ0.5% V— THHEAKRIC
WHL, VT A FEPK 78% DMEERT.
Photo. 1(C) &, *—AFF 4 MLIEEH 1103K T,
WIS ARICERIL, VT A F B 45% Ok
%773, Table 3 (/R L7 1103K KR+ —AFF A4 b
b+ Kb e K S FIBE, 1.0 BX O 1.6 mmeé RO
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(A) Cooling in 15% NaOH boiling water from 1 093 K, ,=870 MN/m?, ¢=53%
(B) Cooling in 15% NaOH boiling water from 1 223 K, 0,=1 090 MN/m?, ¢=53.5%

Photo. 2.

wire.

fErtaL o 7-BHRIEZZIDOZ VT w44 MO KB
WKEhEEZLND.

6.0 mm¢ SR O FAMBMB I KIEFTA -2 FTF A b
ALIRE DB % Photo. 2 V278, 1093K ThzkL,
15% NaOH @ KGH L2B4E, Ak s—5 14 FEE
W7 254 FEFZE VDT (Photo. 2(A)), BliEM
2134 870 MN/m? & A o 7z, 1223K TM#T 5 &,
VIUNSA L BYESZ, N—F( FEBXU T LT &
D, Lz - THELE (-7, 2Fh, KED
MBETIE, BREA—ZAFF 4 MBI X DB EE IR
Fans, Zhid 15% NaOH #lEKICEBI7% 6.0 mmé
SAHE DB HEE A HEBII B W 720 TH 0, KR TNk
L7:#, C-C-THICBITHA—RTF 4 b OGFEHR
ARSI BB L 22 2m 0, KRESRGEOGH MR & R
EREMM L OB T Y WA MBSO 5727
DTHAH, GHEBHPELLLRVWEEA, VILbv S M
¥l H oI, F—2F A4 MUREL LH S5
WA RGBT LENSHS. £/ 1223K TN
Bangl, RIFLEMEEABIFEONS. 3-3HTH
~N7- (BE Fig. 1) X)), GHHFOGHELED S
C ek, RO BEMGHEETE O NS INEIRE 2 K
TERLBIENTES.

1223K & 1103K THI# L 7214, HEEOEZEOH
BEMBEKPCHEHL 2o, BEERRPO< LT
YH A FEDOZALE Table 6 IZ/RT. 1223K T L
7B, HOWAMBICIBVWTY LT Y PHBRE S,
R OBEEIH I EZ LT v H A P EFE T
A, L2 L 1103K CTHRIEMEEEZ4TH &, 2.0mm &
5.1mmd PR TIE< LT v A4 PEL RV,

MEOMBOFEAMBHBH OV T > F A P EED R
72D, RO2HEEHS.

Influence of austenitizing temperatures on microstructures of 6.0 mm diameter

Table 6. Effect of austenitizing temperature on
amounts of martensite in microstructure of various
diameter wires cooled in boiling water.

Austenitizing Diameter of wires (mm)

temperature (K) 1.0 1.2 1.6 2.0 5.1
1223 93% 65% 49% 42% 10%
1103 45% — 18% 0% 0%

(&bt —27+1 MLBE*BTT 5.

(2)BHHNOGHEERFFTD 5.

A&, MBAEREFEKEES &, o+ 72 MHEBICA
%O TEAMBEABT IEMH 7 » 74 M HENRTHRBOM
EXETTAZ MO T WA, 1.0 mme ##R Tid,
1073K TR LCd, w5 44 bR L, Bk
s 572, 22T, REBOHEEFHE, FIZITH
BAFICY— TR M, GHEERTFOL LI VEERX
Lhb.,

PEFeosrl, @BROBEIHIrbLLT, GEHEE
PEZAHZEIZEY, A—Z2FF 4 MLIBRE%® 1073~
1123K & LT, $//37 v F v 7 & RIE ORI HE
BEHES N REBEREB XL UEES OKRBRIC I,
EERZICBWT, FEEFEOMBIERN TS HHEHI
RDOEBNTHA.

(1)¢ <1.5mm #1213,
(<0.5%) ¥*RATE 5.

(2)¢=1.5~4 mm W21, KT RHATES.

(3)¢>4 mm W2 1E, 5~15% NaOH % & & KEH
(343~373K) %M TE& 5.

DR BB BUKBEA N OBE T, BERBUKBEA N &R
e, whF YA POERFLRT AT &RV,

373K, V— 7KBW
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Table 7. Mechanical properties of steel wires in wire production using low austenitizing temperature.
Tensile strength Elongation Reduction of area
Diamet (MN/m?) (%) %
No. Steel l(ame)er Heat treatment
mm Me. Standard M Standard Mean Standard

an deviation €an deviation a deviation

1 0.65%C 5.5 ’("{"‘(’)g;‘*é’f‘“ treatment 891 8.04 10 0.49 59.0 0.76

2 0.62%C 2.6 fli'})aggfﬁtotgrgal(“)“e“‘ 1119 10.89 9.1 0.75 53.9 0.35

3 0.65%C 4.7 ff“l‘gs'ffitf{g‘;(“)“e“‘ 1136 14.42 7.6 0.82 50.3 0.48

4 0.65%C 5.5 Fli'ggghﬁ";‘ treatment 1103 3.82 8.8 0.53 — —

5 0.63%C 5.5 Lead Feasipe 1027 10.78 - — 48 23

* Datum?

3-5 4£EHRBROBR

EREZBILBTLABROLFE L LT, SMBORK S
200 mm T, FEOBEAKPICREINRSZOT, FED
BB TIionTEA TS, —F, TEEE
BIIARBROBME LT3, #smo TEL, Bk
FELZTHAL, SE»SB L ShABBENF LIV
WM 5. LA oT, BiEOGHEESREDZR
WCHARKE V., EEEOEEICE, Bt —2F7F 1 b
ILIBEEIRATAZ LICLY, BERIAEWMOTEE 2157
wWERZE, SROGHEE £ EREPOZ ISR
ELLARNE RS RV, EEEIIBWT, §EOGH
RELED - L CHRMEHERT [T 55E AR E LT,
MBE OB MBS KB (Complex water bath
processing) DSPHRE E N7, F L WEUKAE FiEIZ—
KAPHIZ O PR BRI (FERIIBR/ST v F v 7T 4 b
LEELR S L) OMBURE% 1073~1093K 12, —kf#
MB ORISR (FER /ST » F > V) DIk
mEE 1093~1113K IZFBETL, SMOMHTEE %
BNFUF U ITMDLNNVETHIENTEL., KED
FE (>5mme) 13, TOFLWEMBEAEERICKD, 5]
RIBSEENT VF v IMUELT B ENTE D,
Table 7 1286 7-#E 2R T.

BOKBEANIZ K PRHIZMLEONMBRE 2 ET &€ 5
ZEDNTELLOMEE, WO b BLE %I
113K LETE L, ZBE/NT 2 F 2 7 LT B,
BRNT v F v TR, MBMFA S T T &SR 24 AL,
WHIL Tl (B 773K) o LF (BZEEH) 2@EdT
B, TOHHEE IHERPT—EROMB 2 HE+
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