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Chapter Il Heat Treatment of Steel
What Is the heat treatment

Why does steel be heat treated | Annealing

| Common heat < Normalizing
treatment | Quenching
Tempering

Surface quenching

Surface chemical
heat treatment

Heat treatment
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Surface heat {
treatment

-Vacuum heat treatment
| Special heat | Controlled atmosphere
treatment | heat treatment

Deformatlon heat
treatment
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S 3-1 Transformation of steel as being heated

3.1.1 Formation of austenite
1. The forming process of austenite for eutectoid steel

a

FG3C

Schematic of forming process of austenite in eutectoid steel
2. The forming process of austenite for hypoeutectoid
and hypereutectoid steels THEEND
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3.1.2 Size of austenite grains
1. Practically grain degree of austenite

2. Essentially grain degree of austenite
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3. Factors affecting essentially grain degree of steel

Allov elements ~ THEEND
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S 3-2 Transformation diagram of austenite

3.2.1 Isothermal transformation diagram of austenite
1. Measurement principle of isothermal transformation

diagram of austenite
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3. The process and products of isothermal transformation
What is the super-cooling austenite
1) Pearlitic transformation

for super-cooling austenite
FB3C FB3C
@ @a ﬁ
a) b)

Schematic of pearlitic forming  THEEND
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Microstructures of pearlite formed at different isothermal
hold temperature (a) 655°C, (b) 600°C, and (c) 534C
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2) Bainitic transformation
04
Y
a)
Y
b)

Schematic of bainitic forming
a) upper-bainite b) down-bainite
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b) X 10000 b) X 10000

Microstructure of upper-bainite Microstructure of down-bainite
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3) Martensitic transformation

a) b) c)
Schematic of forming process for needlelike martensite
N . 1 K
@ f P i B
(a) ity (b) - ‘(c)

Progress of athermal martensitic transformation in an Fe-1.8 wt. %
C alloy cooling to (a) 24 C, (b
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Micrograph of low
carbon martensite

a) A DM X 5000 b) ERSEEH#X 1500

Micrograph of high carbon martensite a) qguenched b) tempered
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diagram of austenite

1) Effect of car

DON content
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4. The main factors affecting 1sothermal transtformation
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2) Effect of alloy elements
i we K 0.56 Wi H1.0% - we N 0.5% we H2.2% s we N 0.45% wy N 1.0%
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The effects of alloy elements on the isothermal transformation diagram
of austenite, (a) effect of Ni, (b) effect of Cr, (c) effect of W

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



FHXAA Y munssTrRER

3.2.2 Continue cooling transformation diagram
of austenite
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Comparison between the continue cooling transformation diagram

(continue line) and the isothermal transformation diagram (dashed line)

of austenite for eutectoid carbon steel
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Schematic of application of the isothermal
transformation diagram of austenite for

| THEEND eutectoid steel as continous cooling
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% 3-3 Common heat treatment of steel
3.3.1 Annealing of steel

1. Complete annealing

2. Spheroidizing annealing

3. Relief annealing
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= Complete annealing of 40 steel
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3.3.2 Normalizing of steel
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3.3.3 Quenching of steel
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1. Purpose of quenching
2. Medium of quenching
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Perfect cooling velocity for quenching of steel  [INHEENON
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3. Common methods of quenching

i i) B i)

S

c) d)
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Schematic of common

methods of quenching

(a) single-stage
quenching

(b) double quenching

(c) step quenching

(d) 1sothermal
quenching
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4. Harden ability of steel
1) What is the harden ability of steel

2) Measurement of harden ability
Tz
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a) b) k@x

Top-quenching method a) and the curve of harden ability JFEENEH
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3) Main factors effecting the harden ability of steel

The essence effecting the harden ability of steel
— Incubation period of super-cooling austenite
In the C curve of the syeel

The content of carbon In steel

The alloy element in steel

4) How to consider the harden ability of steels
as selecting materials
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3.3.4 Tempering of steel
1. Whate Is the tempering of steel
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2. Purpose of tempering

3. The chainges in structure and property of quenched
steel as being tempered

) ¥k TR X 5000 b)) B SE{E X 1500

Microstructures of quenched martensite a) and tempered martensite b)

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY




FHXAAY marssTEREn

70
- 1600 o,
o \\-q"“\ 8017 N 320
\\,wcjj |2% HBS _\k\ ™ . 500
50 SN | 1200 50 0 8
NN ‘I”C 50.8% ” 60 N 240 7~ 4450
P & = N, 2 !
40 s, = >
& e ‘\\ < T N \"--..._ ] %
E we %50.6% N & 800 f; 40 N ] 160 = 4350 &
we 40.35% \ 2 / = % T
20 ; N 400 20k ¢ 80 250
wcﬂqO.Z%)\ " o] S
10 K ~
0o+ 0 (- 0 150
0 100 200 300 400 500 600 Ll T S
Il K IE/ C o K Bk €/ "C gP
a) b }

Changes In mechanical properties of quenched steel with tempering
temperature a) change in hardness of steel with different carbon
content b) changes in various of mechanical properties of 35 steel

4. Class and application of tempering

1) Low tempering 150~250°C

2) Average tempering 350~500C

3) Hightempering 500~6507C THEEND
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§ 3-4 Surface heat treatment of steel
3.4.1 Surface guenching
Purpose of surface quenching
Steel applying to surface quenching
Common methods of surface quenching
1. Surface quenching by flame heating

:@"z
3

- THEEND Schematic of surface guenching by flame heating
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2. Surface quenching by
Induction heating

1) Fundamental principle

2) Induction frequency

3) Pretreatment

T W R W
{ oo’

4) Post treatment

5) Final structure

i
Schematic of surface quenching = W
by induction heating N "
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Arrangement of hardened layer of a surface-quenched
| THEEND gear by induction heating
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IEEEEEN A cylinder liner Surface-quenched by laser heating
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3.4.2 Surface chemical heat treatment
1. Purpose \
2
2. Common methods R } d
74
3. Gas-carburizing of steel Qf“
o \§ M
1) Fundamental principle 3 I 5
2) Steel applying to -Tn": -~
carburizing e d% _
3) Temperature for ) EJ,:.
carburizing
4) Post treatment ///////////@;
o) Final structure Schematic of gas-carburizing method
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Structure of low carbon steel as slow cooling after being carburized
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~ THEEND A carburized gear
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