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Effect of the Condition of Short Time Continuous Quenching and Tempering Heat-Treatment

on Improving the Toughness of the Web and Base of Rail

Kozo Fukupa, Tsunemi Wapa, Ichiro Naxavcur and Masahivo Urpa

Synopsis :

To shorten treatment time, heat treatment conditions were investigated, taking into account the possible high toughness
of the web and base portions of rails by means of continuous quenching and tempering.

The investigation on the relations between fracture toughness and heat treatment conditions led to the following
optimum conditions ; namely, finishing temperatures in quenching from 100 to 150°C, rapid heating at heating rates of
10°C/sec or less for tempering, and tempering temperatures from 650 to 700°C.

In continuous quenching and tempering where heating rate is fast, when martensite volume fraction after quenching
exceeds 409, fracture toughness is not affected and remains nearly constant. This may be because the microstructure
formed under the above-mentioned conditions consist of tempered fine bainite-martensite mixture having a microstructure
similar to that of tempered martensite, and thus, shows nearly the same fracture toughness as that of tempered martensite.

heat-treated rail ;
temperature in quenching.
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Table 1. Chemical compositions (wt. 9).

Steel C Si Mn P S Cr V  sol.Al

0.016 0.007 — —  0.004
0.018 0.007 0.45 0.054 0.001

A 0.76 024 091
B 077 056 0.86

1000T X 15min

Tempering

temperature
Marguen-
/ ching

heating

// Finishing temperature

2 minutes immersing in quenching
in 270TC salt bath

Fig.1. Schematic diagram of continuous marquenching
and tempering treatment to study the fracture
toughness.
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Table 2. Heat-treatment conditions.

s s Base
Investigating factor condition Test range

Finishing temperature 100°C Room temperature

in quenching ~250°C
Heating rate in tempering* 4.5C/sec 0.6~10.5C/sec
Tempering temperature 650°C 450~700C
* : measuring temperature range ; 450~600C

1000C X15min

Tempering
700C
Rapid
6.0 cooling

[SOO-C C/sec
200TC

(a) To study the transformation curve

1000C X15min

Tempering
600TC

Marqguenching [SOO‘C

S J
20T / Rapid
cooling
(b) To study the transformation temperature
and microstructural volume fractions

Fig.2. Schematic diagram of heat-treatments to study
the transformation behavior during heating in
tempering.
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Fig.3. Relationship between finishing temperature in
guenching and fracture toughness(Kq, Kpmax)-
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Fig.4. Relationship between heating rate in tempering
and fracture toughness (Kq, Kpmax) 0f B steel.
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Photo. 1. Microstructures of A and B steels marquenched and directly tempered.
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Table 3. Optimum heat-treatment conditions.

Factor Optimum condition

Finishing temperature

in quenching 100~150C
Heating rate in tempering below 10°C/sec
Tempering temperature 650~700°C
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Austenitizing condition : 1000C X 15min
800r AC3=7417C
700} X 5% 95%
é 600+ Pearlite
o
o}
§ 500F Bainite
2
£ 400+
o
= 300+¢ Ms=280T
Y+Martensite
200+
1 10 102 103
Time from 1000TC (sec)
(a) A steel
200
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g 600t Pearlite
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Time from 1000T (sec)
(b) B steel

Fig.6. TTT diagram.
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F.T.Q..Finishing temperature in quenching

Fig.7. Effect of martensite transformation on bainite,
pearlite transformation curve during heating in
tempering.
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Fig.8. Effect of martensite volume fraction at marquen-

ching on subsequent transformation behavior and
microstructural volume fractions after tempering
in B steel.
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(a).(c).(e) ; Opitical micrograph,X400,
b).(A).(f) ; Scanning electron micrograph,xX3300,
M : Martensite. TM ; Tempered M, TB ; Tempered bainite,

TP . Tempered Pearlite
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Photo. 2. Effect of martensite volume fraction at marquenching on microstructures after tempering in B steel
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