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Effects of heat treating on the toughness, hardness and
microstructures of AISI 1060 and 4340 steels.
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Chemical compositions of steels

Introduction —“—m-m-

Steels can be heat treated to produce a great variety of microstructures and properties. Generally, heat treatment can make steel to

Speumen

have phase transformation during heating and cooling and changes its microstructure in a solid state. In general, the mechanical AlSI 1060 0.55-0.65 0 0.6-0.9
properties and microstructures of steels can be affected by the heat treatment. In this work, we studied the hardness, toughness and AISI 4340 0.38-0.43 1.65-2.0 0-7'0-9 0-2'0-3 0.6-0.8

microstructures of AlISI 1060 and AISI 4340 steels after five different heat treatment processes. The effects of alloy elements and heat

treatment process on the mechanical properties of steels were discussed. V notched Charpy type Specimen

Experimental procedure
3. Microstructure analysis
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4. Hardness measurement
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Impact test Charpy V-notch test determines the | Examine the microstructure Hardness measurement

Scale

amount of energy absorbed by a material
during fracture. This absorbed energy is
a measure of a given material's notch
toughness.

steel.

Use optical microscope to
observe microstructure of
The physical and
mechanical properties of
i | steel may be related to its
4 observed microstructure.

square based ——
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IMPression

(&) Vickers indentation

sample

(b} measurement of Impression
diagonals

The basic principle
IS to observe the
material's ability to
resist the plastic
deformation from a
standard load.

Result

s

Hardness measurement

Hardness (Hv)

Toughness (J)

Toughness measurement

enhanced.
For AISI 4340 steel, the Bainite structure has a very high hardness and moderate toughness.

by adding Cr, Ni and Mo elements.

AlSI AlSI AlSI AlSI AlSI AlSI AlSI AlSI AlSI AlSI 800 - 120 -
4340 1060 4340 1060 4340 1060 4340 1060 4340 1060 700 |
100 +
219.8 210.6 608.6 254.6 707.2 7444 549.6 430.8 315.6 297.4 600
ardness (Hv) 500 3 80 1
Standard 200 1
18.8 18.5 41 26.4 23.1 31.9 155 124 14.8 8.4 ro | 60 1
. .. . empering a empering a
0
AlSI AlSI AlSI AlSI AlSI AlSI AlSI AlSI AlSI AlSI 0
4340 1060 4340 1060 4340 1060 4340 1060 4340 1060 q;* Q;r ,ﬁ’ g@ g” @5‘ g»?’“ Q:»'*’g" (,» ,;;r
Average e?%{‘ e,é\o é\;}'i‘ fe}\b{\ <~‘§¢ ¢$¢ "'.5’? "\90’ “J"’& <§"@ :
& & ¢ 2 x, X, X x »
110.0 50.7 34.0 543 3.5 1.7 533 22 1093 943 @\f @‘é\ @“ \@6‘ o o {\(\%’*” b{s;* {@6’ ,;\@o"’ \\,b«&”
& & Q@ Q@ 3
90 31 00 15 09 03 111 08 75  30.6 & & &S ‘
deviation (J)
Full annealing Normalizing Quenching Tempering at 205°C Tempering at 550°C
— Defect
AlSI
4340
Phase Pearlite + a — Ferrite Bainite+a-Ferrite+ Martensite Martensite Tempered Martensite Tempered Martensite
AlS ' b The internal oxidation defect causes
1060 “\ L the steel to absorb more energy so
o gt _ RS- g (Sl el WS T L R that the toughness increases to a
o V155 e 1. RGO R TN AR VS s | T s e e U f higher value.
Phase Coarse pearlite + a — Ferrite ‘ Fine pearlite + a — Ferrite Martensite Tempered Martensite Tempered Martensite
Conclusions
v" The lowest hardness can be found for steels after full annealing due to the formation of soft ferrite phase.
v For AISI 1060 steel, the hardness of normalizing is higher than that of full annealing because of the formation of fine pearlite.
v' Martensite phase has needle shape grains which makes the steel becomes very hard and very brittle.
v' The tempering can release the stress and forms tempered martensite. The hardness of the steel after tempered at 550°C is lower but the toughness is greatly

The combination of moderate hardness (316 Hv) and high toughness (109 J) can be found for AISI 4340 steel after tempering at 550°C due to its good hardenability




