Effects of Heat Treatment and Alloying Elements
on the Mechanical Properties of High Strength Steels
for Cold Forming
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Abstract

Effects of Heat Treatment and Alloying Elements on the Mechanical

Properties of High Strength Steels for Cold Forming

by Gi Woon Ju

Dept. of Materials Engineering, Korea Maritime University,
Pusan 606-791, Korea

The present study is aimed at developing the high strength steels for cold
forming. The main emphasis has been placed on understanding the effects of
heat treatments(austenitizing treatment and isothermal treatment) and alloying
elements(Mn and C) on mechanical properties and microstructures of steels
for cold forming. Five kinds of Fe-(0.15~0.25)C-0.25Si-(1.5~2.5)Mn steels
were prepared, austenitized above Acs temperature and isothermally heat
treated around Ms temperature. Microstructural observation, tensile tests, and
impact tests were conducted. In order to construct time-temperature-transformation
diagrams, the amounts of transformation products were measured by an

image analyzer.

The results are summarized as follows :

1. It was confirmed that steels without carbide forming elements can get

high strength, toughness, and yield ratio by proper heat treatment and alloy



design.

2. Superior tensile properties were obtained, and heat treatment time could
be shortened by the austenitizing treatment at Aci+30~40C followed by
1sothermal treatment conducted around Mg temperature to obtain

microstructures of bainite or bainite and auto tempered martensite.

3. The addition of Mn was more effective than C addition to improve
tensile properties, but in case of over 2% Mn, impact values were decreased

dramatically.

4. 0.20C-20Mn steel has higher fatigue limit than S45C which is a

conventional high strength bolting steel.
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Table 1. Type and manufacturing processes of high strength steels without Q/T.
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Table 2. Application for the bolt steels

without Q/T.

Bolt Type
Hexagon Hexagon
Strength Hexagon
Stud Bolt U Bolt Head Bolt [Socket Head
Head Bolt | .
with Flange Bolt
7T O O O A X
8T O O O A X
9T @) - A X X
10T O - A X X
O : already in practical use
A o in limited use for bolts with low compression ratio
x o out of use
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Table 3. Chemical compositions(wt.%) of the steels investigated.

Steel C Si Mn
0.15C-1.5Mn 0.15 0.25 1.49
0.20C-1.5Mn 0.20 0.25 1.50
0.20C-2.0Mn 0.20 0.25 2.01
0.20C-2.5Mn 0.20 0.24 2.49
0.25C-1.5Mn 0.26 0.25 1.50
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Table 4. Transformation temperatures(‘C) of the steels estimated using dilatometer.

Steel Aci Acs Ms
0.15C-1.5Mn 710 873 440
0.20C-1.5Mn 708 368 410
0.20C-2.0Mn 705 865 401
0.20C-2.5Mn 703 866 383
0.25C-1.5Mn 708 867 393

Table 5. Heat treatment conditions of the steel in this study.

. i ) Isothermal ] ]
Austenitizing Temp. Holding Time Holding Time
. . Treatment Temp. .
(T) (min.) ] (min.)
(C)
880 350, 380, 410,
20 10
910 440, 470
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Fig. 1. Optical micrographs of (a) 0.15C-15Mn, (b) 0.20C-15Mn, (c)
0.20C-2.0Mn, (d) 0.20C-25Mn, and (e) 0.25C-15Mn steels as hot-rolled

condition.
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Fig. 2 . Time-temperature transformation diagram of (a) 0.20C-1.5Mn, (b)
0.20C-2.0Mn, and (c) 0.25C-1.5Mn steels austenitized at 910C for 20minutes.
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Fig. 3 . Optical micrographs of bainitic ferrite of the steel austenitized at
910C for 20minutes and isothermally transformed. (a) 550°C, 30sec (b) 550C,
1200sec (c) 450C, 10sec (d) 450C, 120sec
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Fig. 4 . Scanning electron micrograph of the specimen shown in Fig. 3 (d).
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Fig. 5. Tensile and yield stress of (a)0.15C-15Mn, (b)0.20C-1.5Mn, and
(¢)0.25C-15Mn steels austenitized at 80T and 910C followed by isothermal

heat-treatment at various temperatures.
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Fig. 6. Yield ratio of (a)0.15C-15Mn, (b)0.20C-15Mn, and (c)0.25C-1.5Mn
steels austenitized at 880C and 910C followed by isothermal heat-treatment

at various temperatures.
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steels austenitized at 880C and 910C followed by isothermal heat-treatment
at various temperatures.
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Fig. 9. Tensile and yield stress of (a)0.20C-1.5Mn,
(¢)0.20C-25Mn steels austenitized at 80C and 910C followed by isothermal

heat-treatment at various temperatures.
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Fig. 10. Yield ratio of (a)0.20C-1.5Mn, (b)0.20C-2.0Mn, and (c)0.20C-2.5Mn
steels austenitized at 830C and 910C followed by isothermal heat-treatment

at various temperatures.
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()0.20C-25Mn steels austenitized at 880C and 910TC followed by isothermal

heat-treatment at various temperatures.
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Fig. 14. Optical micrographs of 0.15C

, 410C,

T

treatment at 350

910C for 20minutes followed by isothermal heat

and 470C for 10minutes.
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Fig. 15. Optical micrographs of 0.20C-1.5Mn steel austenitized at 830C and
910C for 20minutes followed by isothermal heat-treatment at 350C, 410C,
and 470C for 10minutes.
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Fig. 16. Optical micrographs of 0.25C-
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350T

410T

470TC

Fig. 17. Optical micrographs of 0.20C-1.5Mn steel austenitized at 830C and
910C for 20minutes followed by isothermal heat-treatment at 350C, 410C,
and 470C for 10minutes.

_41_



880T 910C

350TC

410T

470°C

Fig. 18. Optical micrographs of 0.20C-2.0Mn steel austenitized at 830C and
910C for 20minutes followed by isothermal heat-treatment at 350C, 410TC,
and 470C for 10minutes.
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Fig. 19. Optical micrographs of 0.20C-2.5Mn steel austenitized at 830C and
910C for 20minutes followed by isothermal heat-treatment at 350C, 410C,
and 470C for 10minutes.
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Fig. 20. Fracture surfaces of the (2)0.20C-1.5Mn, (b)0.25C-1.5Mn, (c)0.20C-2.0Mn,
and (d)0.20C-25Mn steels austenitized 910C for 20 minutes followed by

isothermal heat-treatment at 380C for 10 minutes.
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Fig. 21. S-N curves of 0.20C-2.0Mn and S45C.
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Fig. 22. Optical micrograph of S45C.
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Fig. 23. Optical micrograph of defects created initially during the tensile test of
the 0.20C-2.0Mn steel austenitized at 910TC followed by isothermal heat-treatment
at 440°C.
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