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Abstract

Cold-work tool steels contain high-carbon, high-chromium or group
D steels, AlISI D2is recommended for tools requiring very high wear
resistance, combined with moderate toughness (shock — resistance),
due to some of mechanical properties are not covered and needed to
be improved by changing microstructure.

This work was to study the effect of heat treatment on
microstructure, hardness, impact and tensile test in D> tool steel.
Optical microscopy (Oly Maps Microscope) was used to examine
the microstructural basis, the mechanical properties were observed
from the investigation that both hardness and tensile test values were
significantly increased with increasing of tempering temperature by
using oil or air quenching media. At the same time the impact value
was constant. The mechanical properties has been improved due to
the D> tool steel was austenitezed at 1050°C for half hour time and
tempered for different temperature and quenched.

Key words: Heat treatment of D> tool steel. Mechanical properties
of D2 tool steel. Types and Classification of tool steel.
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1. Introduction

A variety of carbon and alloy steels that commonly used to make
tools were referred to as tool steel. Tool steels differ greatly from
steel used in consumer goods and were produced on a much smaller
scale. Strict quality control procedures ensure that a particular grade
of tool steel will perform a specific task, such as machining or
perforating. Cold-work tool steels contain high-carbon, high-
chromium, also known as group D steels. These steels are referred
to as group D steels and include D2, D3, D4, Ds, and D7 steels. These
steels have a carbon content of 1.5 to 2.35% and a chromium content
of 12%. Except for type Dg, all other group D steels contain 1% Mo
and are air hardened. Although Type Ds steel is oil-quenched[1],
Type D: steel is the most commonly used steel among the group D
steels as shown Figure 1 [2].
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FigurelThe phase diagram for D, tool steel[2]

Heat-treated tool steel is most commonly used. Many high-carbon
tool steels are also more corrosion resistant due to higher element
ratios such as vanadium and niobium [3].

D: steel is a high-carbon, high-chromium tool steel that hardens in
the air. It is highly wear and abrasion resistant. It is heat treatable,
with a hardness range of 55-62 HRC, and is Machinable in the
annealed state. When properly hardened, D, steel exhibits little
distortion[4].

On the other hand, the effect of annealing soling time on evolution
of microstructure and mechanical properties of D> tool steel was
investigated, The increase in soaking time during annealing process
causes the morphology of carbides transform irregular shape to
nearly round shape and distributed uniformly in a pearlite
matrix.The increased amount of carbide dissolution during
annealing resulted in enhancement ductility and decrement of
strength of D, tool steel. The study indicates that desirable
properties of D> tool steel could be obtained by judicious selection
of annealing cycle[5].

Do steel is very important steel for tools, some of its properties are
not covered yet and need to be studied.

This research deals with the study of the effect of heat treatment on
some mechanical properties of Dotool steel, determining the
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microstructure, measuring the hardness of the metal, tensile test and
impact strength test were carried out. Tests were performed before
and after the heat treatment processes to obtain results showing the
effect of heat treatment on this mineral as shown Figure 2[6].
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Figure 2 Illustrates the principal points of heat treatment cycle for tool
steel in general[3]

Experimental work

1.1 Material
The chemical composition of the type was determined using spark
emission spectrometer (model JY 132f).
This analysis was carried out in The Research and Development
Center in Tajoura, Libya, The chemical analysis result in weight %
for Datool steel is shown in table 1.
The result indicated that D> tool steel was within the limits set of
the ASTM-A681 standard[7].

Table 1 Chemical Composition for D, Tool Steel
Element | C Si | Mn | Cr | Mo | Cu \Y Fe
weight% | 1.33 | 0.25 | 0.32 | 11.4 | 0.69 | 0.14 | 0.95 | Balance
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1.2 Samples Preparation

Samples for the following tests were prepared at the center of
research and technological as fallowing.

- Impact test.

- Tensile test.

- Microstructure.

- Hardness test.
Charpy V notch impact samples were machined according to ASTM
E23 standard[8]. The dimensions of the samples are shown in Figure
3.

Figure 3 Impact test samples dimension

For tensile testing samples were prepared with dimensions of
20mm X 210mm at The Higher Technical Center for Training and
Production, as shown in Figure 4.

Figure 4Tensile test sample dimensions

For the hardness testing, samples were prepared with dimensions of
20mm X 20mm , as shown in Figure 5 A,B and C.

5 Copyright © ISTJ A giaa aodal) (348a
;\m\j ‘AJM @3&3\ M



International Aoy p A5

Science and Technology Journal Volume 32 2 Tntrrsaional e e Torkasiag bemrsal

XY
Auidilly pglall Adsal) Adaal March 2023 u»uh I S T IJ/\

Figure 5 Prepared Samples (A) Samples for Mlcrostructure and hardness
test,(B) Sample for impact test and (C) Samples for Tensile test

Sample preparation of metallography examination, metallographic
samples were ground by the abrasion of the specimen surface
against water lubricated abrasive wheels (silicon carbide papers
changing from <120 to 1200 girt emery paper”).

After grinding, the polishing process was done by the use of the
rotary disk with diamond paste. Polishing should yield a scratch free
specimen surface. Then, the etching operation was done with the 2%
metal solution (2%nitric acid solution in 98% ethyl alcohol).
Microstructural examination was carried out using OLY MPAS
Microscope as shown in Figure 6.All practical tests were completed
at the Industrial Research Centre.
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~ Figure 6 OLY MAPS Microscope
1.3 Heat treatment
The heat treatment schedule is shown in Table 2 for D, tool steel
material.

Table 2The heat treatment process[9]

Number Of Sample 1 2 3
Austenitizing temperature (C°) 1050 1050 1050
Time (min) 30 30 30
Tempering temperature(C°) 550 200 200
Time(min) 30 30 30
Media quenching Oil oil air

2. Experimental tests

2.1 Hardness test
A Vickers hardness testing machine was used to measure the
hardness using 15Kg before and after heat treatment. The final
hardness value are the average three readings.

2.2 Charpy V- Notch Impact testing
The impact test was taken before and after heat treatment. Using
impact test machine (MFL D-680).
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2.3 The tensile test
This test was performed by tensile machine (UH-1000KNI) that
gives the values recorded before and after the heat treatment
process.
3. Result and Discussion

3.1 Metallographic Examination
Figure 7 shows optical micrographs for all specimens (after and
before heat treatment). The micrographs of the base metal shows the
presence of primary and secondary carbides with different sizes in
the sample with ferritic matrix.While microstructure for specimens
after heat treatment shows dissolve carbon and chromium, resulting
in formation primary and secondary chromium carbides.

(©) D)
(A) Base metal, (B) After heat treatment, oil quension, (C) After
heat treatment. air quenching and (D) After heat treatment. oil

Figure 7 A, B, C and Dof microstructure before and after heat treatment
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3.2 Hardness test
The final hardness value are the average three readings.

Referring to the obtained measured hardness, results as shown in

table 3 and Figure 8.

Table 3Hardness value measurement for samples base metal and
after heat treatment

Sample Hardness Quenching Tempering
number measurement Hyv media Temperature °C
Base metal 231 - -
1 579 Oil 200
2 454 Air 200
3 510 Qil 550

B Tempering Temperature B Maximum Stresses N/mm?2

1919.41

1269.2

HARDNESS MEASUREMENT H,,
1013.95

o

(N 60091
200
200
500

BASE METAL 1 2 3

TEMPERING TEMPERATURE C°

Figure 8 Hardness value measurement for samples base metal and after
heat treatment

3.3 Impact testing
Referring to the obtained measured impact energy, results as shown
in table 4.

9 Copyright © ISTJ

WUHM@,NM



International gty p i g
Science and Technology Journal Volume 32 2 [FET——, S——

Gl o5l Rl Al reh 2023 G I S TIJ/\(

Table 4 Measured Impact Energy

Sample Impact energy (J)
Base metal 6
1 7
2 7
3 7

The change in tempering temperature and type of media doesn't
affect in the impact test.

3.4 Tensile test
Typical stress strain curve is obtained for tensile testing samplesof
D: tool steel is shown in Figure9, Figure 10, Figure 11 and Figure
12.And the relationship between tempering temperature and tensile
test value as shown in Figure 13 and table 6.
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Figure 9Tensile strength for base metal
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Figure 10Tensile strength for sample was tempered at 200C°than
guenching in oil
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Figure 11Tensile strength for sample was tempered at 200C° than
quenching in air
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Figure 12 Tensile strength for sample tempered 550C° and quenching oil
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Table 5 Tensile propertiesof D tool steel under different tempering

temperatures
Sample Maximum Stresses N/mm? Break Strain%
Base metal 690.91 19.65
1 1919.41 12.61
2 1269.20 20.32
3 1013.95 23.02

Table 6The relationship between tempering temperature and tensile test

value
Sample Tempering Maximum Stresses
5 Temperature C° N/mm?
Base metal - 690.91
1 200 1919.41
2 200 1269.20
3 500 1013.95

MAXIMUM STRESSES

I 69001

o

B Tempering Temperature

1919.41

200

BASE METAL

1

TEMPERING TEMPERATURE C°

200

B Maximum Stresses N/mm?2

1269.2

2

1013.95

500

Figure 13 The relationship between tempering temperature and tensile

test value
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The maximum stress for base metal was 690 N/mm?, while for
sample 2 was quenching in oil media was 1919.41 N/mm? exposed
to tempering temperature 200C° compared to sample 3 was
quenching in air media recorded 1269.20 N/mm? but for sample 4
different in tempering temperature up to 500 C° and quenching in
oil record the less value 1013.95 N/mm?.

Figure 7-A shows the microstructure obtained for base metal for D2
Tool Steel high carbon high chromium. It consists of primary and
secondary carbides with different sizes ferrite (o). For mechanical
test, Hardness, Impact and Tensile test. The measurement of all
them 231 Hy, 6J and 690.94 J respectively.

Figure 7-B, in this sample tempered at 200 C° and quenching in oil.
The microstructure consists of chromium carbide and retained
austenite. Increased carbide content improves the hardness
579Hvand tensile strength 1919 J.While Figure 7-D in this sample
tempered at 500C°and quenching in oil. The microstructure consists
of chromium carbide and retained austenite but less than in the
sample on Figure 7-B, because this sample tempered at a higher
temperature than it. Resulting decrease the hardness and tensile
strength.

Finally, the sample D- tool steel on Figure 7-C, tempered at 200C°
and quenching in air. The microstructure consists of chromium
carbide and high retained austenite. Resulting decreased the
hardness with increased tensile strength.

4. Conclusion

The effect heat treatment on mechanical properties of D tool steel,
the base metal for D> shows presence of primary and secondary
carbides with different sizes in the sample with ferritic matrix.While
microstructure for specimens after heat treatment shows formation
primary and secondary chromium carbides.other hand; The value of
hardness measurement increase with increse tempering tempreture
and oil quenching while decrese with air quenching.

Further more, The impact energy increse with heattreatment
compared with base metal.While the tensile strength of D> tool steel
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has

significantly increased with increasing ofTempering

temperature. Finally,effect of heat treatment on mechanical
properties of D2 were improved.
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