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Abstract: In this investijation CK35 steel was treated by using lasurface treatment and ma
comparison with conventionally heat treatment. Ldwadening was done by using pulse ND: YAG I
with energy of 1000mj, whilst the conventionallyahdreatment was carried out by quenching arcC
with cooling in oil and the tempered at 2(°Cfor 2hr. Mechanical tests were made for all the specin
which were used in this research before and aéiat tieatments such as: Tensile test and I hardness
test. Also grain size measurement and n structural evaluation were de by using computerize
optical microscopy. The results of this work showktt obviously improvement in mechani
properties for the specimen treated by laser mban tthe specimen treated conventionally as
following: From tensile test it showechat increasing in yield strength, ultimate tenssteength
elongation percentage and plasticity constant 0 decreasing in young modulus (E) and
coefficient of strain hardening (n). Whilst the na hardness results showed that the higheue was
obtained by laser hardening at the surface of pleeismen and deceased far from the surface withhc
of hardening equal to 0.5 mm. Also metallographiamination of the specimens after heat treatm
showed that refining in grain size of thpecimen treated by laser treatment more than tkeirsgn
treated by conventional heat treatn.
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1. Introduction
Medium carbon steels are used extensively in maghiand tools. Often the:
steels are selected for their wear resistance rrdtigh strength, and their pal
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frequently must be heat treated to meet in —sesti@ngth requirements [1, 2]. There is
a need in different industry sectors to improve plegformance of material surface
under wear and corrosion environments, which cabediulfilled by the conventional
surface modifications. One way to improve the swgfaroperties of materials is the
laser surface engineering [3]. Because of the luglver density of the laser heat
sources and the high processing temperatures déisined to be closed to the melting
temperature of the materials, precise temperatwasarement and control is essential
for keeping the process stable and ensuring repibléuquality of the parts[4].

The steady development of high power lasers and shéability to be introduced
in production lines has encouraged the industpalieation of laser surface treatment.
The methods of laser surface treatment of maten@le been classified in to two types
[5]. Thermal processes: with no change of compmsi(ino material additions), like
laser cutting, welding, tempering, annealing, meltiand transformation hardening.
Thermo-chemical process: with change in compositbrsurface (material addition,
like laser cladding, alloying, where the procesfediin the metallurgical structure.
Furthermore, the advantages of these surface tes#minclude flexibility and the
possibility of treating small areas, leaving thieess parts unaffected [6].

Some literature survey about laser hardening fopfs alloys has been made. M.
Gowshikan, S. Balasubramanian [7] during 2014 hareen an experimental
investigation made with ND: YAG laser system on shady of effects of laser surface
hardening process parameters on the high carbeh ctenponents. It comprises the
analysis on microstructure, wear resistance andnless after laser hardening process.
While H. Visscher, M.B. de Rooij, P.H. Vroegop, abd J. Schipper [8] made an
investigation about the influence of laser hardgroh carbon steel AISI 1045 on the
lubricated wear against steel AISI 52100. It isvehahat the wear resistance of carbon
steel AISI 1045 can be improved considerably bylbiaing the surface

The aim of this investigation is to imprabhe mechanical properties of CK35
steel specimens treated by laser treatment and aremihe results with those of
conventionally quenched and tempered.

2. Materialsand Methods
The chemical composition of CK35 steel specimeresiusr this investigation is
given in Table 1, while the mechanical propertieths alloy are given in Table 2.

Table 1. Chemical Composition of CK35 Steel (wt. %) [9].

Element C Si Mn P S Cr Mo Ni
Standard  0.31-0.38 Max 0.60-0.90 Max Max Max Max Max 0.40
values 0.40 0.03 0.035 0.40 0.10
Actual 0.34 0.38 0.62 _ 0.028 0.42 0.07 0.37

values

Note: Actual values are obtained by an examindtidBeneral Company for Examination and Rehabilitation
Engineering.
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Table 2. Mechanical properties of CK35 steel [9].

Yield strength Ultimate strength Elastic strength

i 0,
(MPa) (MPa) (GPa) Elongation (%) Hardness (Hv)

370 585 190-210 30 190

2.1 Specimen preparation

A set of specimens was prepared for hardness aestanicrostructural analyses.
Tensile test specimens were also produced fronagheceived CK35 steel of the same
composition. The specimens were prepared afteresensf machining operations
following the grinding by the emery paper (180, 3%00, and 1009,) and then
polished by alumina solution},).

2.2 Heat Treatments
2.2.1Conventional heat treatment

The prepared tensile test specimens and othemspes were firstly treated with
laser and the conventional heat treatment resgdgtiv

Conventional heat treatment for the specimens KBZCsteel was carried out as
follows: 840Cquenched in mechanical oil and tempered atQ@fr 2 hours.

2.2.2 Laser surface heat treatment

The laser surface heat treatment was performedsing ipulse Nd:YAG with 10
pulses and1064nm wave length, while the frequerfclaser system 1-6Hz. In this
investigation the applied laser energy is 1000rhg $ame conditions were done for the
specimens for micro hardness test, tensile tabtn@oro structural examination. Laser
beam was applied from distance 30 Cm for, by ubegm splitter (4 Cm length, 1.5
Cm width ) for tensile specimen, whilst for micrartiness specimen we used converge
lens to avoid the dispersion in the output poweahee the diameter of micro hardness
specimen 10 mm. This treatment is carried outserd@ngineering department.

2.3 Mechanical tests

2.3.1Tensile test

Tensile tests were carried out on the as-receigedyentional and laser treated
specimens using Instron Universal Tester (typedns1195 machine with full capacity
2.5 ton). Specimens for this test were manufactacmbrding to ASTM E8N standard
[10].

Each of the specimens was loaded till fractured] e fracture load for each
specimen was recorded as well as the diametereapdaint of fracture and the final
gauge length.
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The initial diameter and initial gauge length fack specimen were noted before
the application of the uniaxial load. The elongatfwercentage and reduction of each
specimen were determined; also the ultimate terssikngth and yield strength were
obtained from the following equations [11]:

Dy @

A m?2

oy =
F N
Oyrs = _n:lax (m_mz) (2)
L
£ =In;(3)

Whilst the strain hardening coefficient and plasticonstant for each treated
specimens were obtained by using the following fden11]:

o= k()" (4)

Where:
n: the strain hardening exponent.
k: the strength coefficient.

Logo =Logk + nlLogo (5)

2.3.2Hardness Test

Vickers pyramid method was used for the deternomatf the hardness of the
treated specimens. Macro hardness test was usedhéorspecimens treated by
conventional method, whilst micro hardness test wsesd for the specimens treated by
Nd:YAGlaser. Micro hardness test was carried guubing (Digital Micro hardness
HV 1000 apparatus). The magnification used was 48@X 500gm load for 15 second.
Many reading were taken for each specimen, and\ibege was taken finally.

Vickers hardness number for each specimen treat@ditventional heat treatment and
laser surface treatment was calculated by usingptieaving equation [12]:

V.H.N = 18544 x ——(=2L)(6)

dZye \mm?

2.4 Grain size measur ement

Particle size or grain size refers to the diameter grain of granular material.
Grain intercepts and plan metric methods are ahapydicable for determining average
grain size [13].
In this investigation we used intercept diametethoe to calculate the grain diameter
by using straight line with length (L) interceptmber of the grains (n) and then the
grain diameter equal te. Laser surface hardening lead to refining therngraizes as

shown in Table 3, [13].
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Table 3. Shows the grain size of the phases all the specimens which were
used in the investigation.

No. Specimen Grain size (@m)
Ferrite Pearlite
As-received 15.1 15.3
2 Conventional heat treatment 14.5 14.9
Laser surface heat treatment 133 14.0

2.5 Microstructure examination
A computerized optical microscopy was used to erantihe microstructure of all

the specimens which were used in this investigdbeiore and after heat treatment by
conventionally heat treatment and laser surfacethegtment as shown in "Fig. 1",

B-Conventionally heat treatment (100x) C-Laser surface heat treatment (100x)
Figure 1. Micrographs of surface microstructure of CK35 steel

12

3. Results and Discussion

3.1 Micro structural analysis

Compared with conventionally heat treated specimémslaser treated specimens
contain more retained austenite and undissolveblidzs. The conventionally treated
specimen contains mainly with tempered martensité @gissolved carbides plus little
retained ausenite [14].

Because of the very short time involved in the ewightion during laser surface
treatment, the finer austenite grain size resultimghe formation of unusually fine
martensitic structures was obtained, it meansititatasing in micro hardness and then
improving the mechanical properties.
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The hardness distribution along the depth of teerl&reated layer is shown in "Fig. 2",
The hardness of the quenched layer by laser istatimly greater than that of
conventionally quenched and tempered.

The hardened layer of laser treated specimen higcleness of 0.5mm. In the
hardened layer the hardness gradient showing augiradiecrease in hardness is
attributed to the reduction of dissolution of cdds due to the temperature gradient in
the depth direction, therefore improving the meatalrproperties.
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Figure 2. Hardness distribution curve along hardening depth of laser treated specimen

3.2 Effect of heat treatment on mechanical properties

Table 4 shows the mechanical properties of theeesired specimen with the
specimens at different heat treatment Conventibeat treatment and laser surface heat
treatment).

Table 4. Effect of heat treatment on mechanical properties

No. Specimen
Yield Tensile V.H.N Elongation K n
strength  strength (Kgf/mmz) (%)
(MPa) (MPa)
1 As-received 475 723 243 13 780 0.5
Conventional heat 558 750 438 13.8 810 0.312
treatment
3 Laser surface heat 670 810 675 15.2 832 0.2851
treatment
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The hardness measurements presented in Table 4khbthne laser surface treated
specimens had higher Vickers hardness number cehpaith conventionally treated
specimens. This may be due to faster cooling rblaser treatment resulting in highest
free carbon in martensite. Furthermore, the presehtine dispersion of small particles
in ferrite and pearlite, which will hinder the dishtion movement, may have also
contributed to the higher Vickers hardness numbkrthe laser surface treated
specimens [15], and then improving the mechaniagbgrties.

As shown in "Fig. 4", the yield strength and temstrength of both conventionally
heat treatment and laser surface treatment ingea#® the increase in the heat
treatment temperature. The increase in the yielehgth and tensile strength of the
treated specimen conventionally as compared wigh ¢ii un-treated specimens (as-
received) specimen showed that the heat treatmgnguenching and tempering
operations influenced the strength of the steetiapens. However, may be due to the
formation of fine pearlite as a result of fast ¢ogl

Whilst in laser surface treatment, it is well knotkiat the yield strength and tensile
strength of the materials could be higher than df@bnventional heat treatment related
to the hardness of the surface. Although martensiteard, the presence of retained
austenite has been reported to enhance the towgghwbsch implies that a proper
combination of these phases would result in higiedd strength and tensile strength. It
shows that the laser quenched layer is bettertth@aspecimens with conventional heat
treatment, because the surface strength and hardhélse specimens are significantly
enhanced by the laser [16].
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Figure 4. Relationship between stress and strain for specimens: as-received,
conventional heat treatment and laser surface treatment
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"Fig. 5", shows that laser surface treatment givghdr value of the strength
coefficient (k) than the values of the specimenrea®ived and the specimen treated
conventionally, whilst the value of the strain-hemthg exponent (n) for the specimen
treated by laser smaller than the specimen aswexteand the specimen treated
conventionally. It is perhaps attributed to that tlardness for the specimen treated by
laser more than the hardness of the specimen dreateventionally and the specimen
as-received [17]. Also laser surface treatment teasklf-quenching which in turn lead
to form martensite phase with retained austgohitese which were these phases lead to
increasing in value of (k) and decrease in valughpfor the specimen treated by laser
than the specimen as-received. Finally, the vabii€¢s) and (n) were agreed with [11].
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Figure 5. Relationship between log o- log € for all the specimens of this investigation

4. Conclusions
The following conclusions are made based on thigstigation:

1. Laser surface treatment leads to improve mechapioglerties such as the
hardness, yield strength, ultimate tensile streagththe percentage of
elongation.

2. Laser surface treatment leads to increasing theeva (k) and decreasing the
value of (n).

3. Laser surface treatment leads to refining the gratrthe surface of the
specimen.
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