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The Influence of Crystallographic Boundaries
on the Mechanical Properties of Mild Steels

T ] B S
Byeong Soo Lim- Chang Hoon Lee

Abstract

The experimental investigation has been made to determine the effect of crystallographic
boundaries and chemical composition on the strength and hardness using mild steels of SAE
1016 and 1022.

Through heat treatments and quantitative analysis, different microstructures wvarying in
grain size from 4.4pm to 23.2um and in Fe,C particle spacing from 0.56um to 2.46um
were obtained.

Mechanical properties of yield strength, tensile strength and micro vickers hardness were
measured and the relationship between these properties and microstructures were obtained.
Some of the conclusions are as follows; When mild steels are strengthened by both grain
size hardening and Fe;C precipitation hardening mechanisms;

(1) the yield strength, o,, can be expressed in kg/mnf as
0y=a,+2. 3547740, 0022 A~

where ¢, ! constant, d: grain size (mm), A Fe;C particle spacing (mm).

S

the micro vickers hardness, MVH, can be expressed as
MVH (P =500g) =H,+5.29d" 1 4+0. 01324 (SAE 1016)
MVH (P=500g) =H,+3.32d" 140, 01112 (SAE 1022)

where H, is constant.

@

the tensile strength, 0,5, can be expressed in kg/mn’ as
Opom 0y+1.72d"F

where o, is constant.
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Table 1 Chemical composition, wt%

C |Mn| Si| P S | Cu

SAE 1016 | 0.14]0.60{0,25(0.13] 0.18]0.03

SAE 1022 | 0.24]1.10|0.23|0.16| 0.15}0.95
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Table 2 Heat treatment results for grain size control
. Heat treatment Microstructure
Material
SAE Austenitizing Holding Cooling Grain size ASTM Description
temp. (C) time (min.) condition (10~ *mm) grain size No. P
1022 . Furnace 164 9.0 Coarse
1016 1100 180 cooling 232 8.0 pearlite
1022 1100 30 Furnace 140 9.5
1016 1000 30 cooling 140 9.5
1022 c Furnace 92 10.5
1016 930 15 cooling 110 10.0
1022 Furnace 88 10.5
1016 900 0 cooling 83 10.5
1022 Air 67 11.5
1016 200 120 cooling 80 10.5
1022 1000 30 Air ) 45 12.5
cooling
1022 Air 47 12.5
1016 930 15 cooling G6 11.5
1022 900 5 Alr 44 12.5 Fine
cooling pearlite
Table 3 Heat treament results for precipitate particle spacing and grain size control
Tempered martensite Microstructure
Material -
SAE Tempering Holding Interparticle Grain size s
temp. (C) time (hr.) spacing (10~ °mm) (107 *mm) Description
1022 . 215 1389 Coarse
695 60 spheroidite
1022 246 1563 |
1016 69 18 213 1515
1022 = 223 1234
1016 695 36 192 1370
1022 695 24 111 331
1022 65 30
1016 630 2 64 37 ]
1022 56 28 Fine
1016 630 1 60 M spheroidite
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