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USING OF METAL COATED DIAMOND BY POLYMERIC BINDER IN DESIGN OF SEGMENT
USED IN NATURAL STONE SAWING PROCESS

H. Siibiitay 1, M. Simsir 2

Original scientific paper
Performance of segment in the natural stone sawing process is decreased due to various reasons such as; non-uniform distribution of diamond grits,
contact of diamond grits to each other’s, segregation of uncoated diamond grits in metal matrix, wrongly selected type of metal powders and diamond grit
size. The aim of this experimental work is to prevent the clustering of diamond grits in segment production and to improve the sawing performance of
segment in terms of microstructure, density, hardness and wear properties by using metal coated diamond grits. Three types of diamond segments (A:
Commercial segment, B: Diamond with coated segment, E: segment without diamond) were produced in different compositions by powder metallurgy
(P/M) and each one of the segment sample was sintered at three different temperatures (800, 900, 1000 °C) holding fifteen minutes under vacuum by hot
pressing method.
The highest hardness and wear resistance have been determined in B type sample sintered 900 °C. The phases formed in the microstructures were analyzed
using SEM, EDS techniques and mapping. Fractured surfaces and wear surface were examined by scanning electron microscopy and the fracture, wear
mechanisms were evaluated.

Keywords: Powder Metallurgy; Segment; Metal Coated Diamond; Microstructure; Mechanical Properties; Wear

1 Introduction

It is reported that the natural stone processing
industry has shown rapid development since 1930. Turkey
has been influenced by this behavior, and many natural
stone factories have been established in the last 30 years.
Cutting disc (especially on the periphery of the steel disc
in brazed diamond tool) consumption is the primary
economic expenditure for natural stone processing [1].
Diamond reinforced metal matrix composites (MMCs)
have been widely used for drilling, grinding, cutting and
polishing in the natural stone, civil engineering,
construction and ceramics industries due to the extreme
hardness of diamond. Cutting tools can be produced using
methods [2, 3] such as cold pressing and sintering, hot
pressing, brazing and infiltration, hot isostatic pressing
(HIP) and spark plasma sintering etc. Powder Metallurgy
(PM) is the only viable method for manufacturing these
tools because the solid state prevents excessive chemical
interaction between the metal phase and the diamond,
thereby avoiding graphitization [4]. Furthermore, friction
decreases between powder and steel mold and cutting
tools can be produced at lower temperature and under
lower pressure. Cutting tool called segment is consisting
of metal matrix and diamond. Basically, two types of
metal powders are mixed and formed metal matrix. One is
filler metal powders such as; Cu, Sn, brass and bronze [5].
These metals have lower chemical affinity to carbon and
fill the pores formed during sintering. Second is the binder
metal powders such as; Co, Ni, Fe, Ti, W and prealloyed
powders (NEXT, KEEN etc.) [6]. These metals have
higher chemical affinity to carbon. When diamond
reinforced MMCs are heated, the metals attack the
diamond surface and bonds are formed between the
diamond surface and metal powder. These particular
metals (Co, Ni, Fe, Ti, and W) have good wettability and
chemical compatibility that holds the diamonds together
and forms chip flow grooves via rapid wear during
cutting. Also , the usage of which type powder as a binder
metal into matrix depends on type of stone to be cut [7].
In addition to that metal carbides (MxCy; M=B, T, W etc.)
particles can be defined as a third types of powder which
can be added into metal matrix as wear controller [8, 9].

Addition of filler metal powders and MxCy particles
modify the metallic binder phase characteristics, though the
use of these additions is subordinated to the successful
sintering of the tool material: total densification, good
bonding between the diamond particles and the binder
phase and chemical stability of the diamond during
sintering

The use of diamond reinforced MMCs in the natural
stone industry depends on the production conditions,
working conditions and the texture of natural stones used.
The parameters adopted for the production of diamond
reinforced MMCs depends on (1) the bonding strength
between the diamond grain and the matrix [10], (2) the
wear rates of the diamond and the matrix [11] (3) the
diamond quality (e.g., grain size, grain shape and strength)
and (4) the diamond concentration in the composite [10,
12]. Oliveira et al. [13] stated that the mechanical
properties (such as hardness and wear resistance) of
diamond reinforced metal matrix composites mainly
depend on the selection of matrix constituents. The
mechanical behavior of the matrix can be varied by the
addition of various alloying elements [14-24]. Bonding
between the diamond and alloying elements occurs due to a
reaction between the diamond surface and the surrounding
metal matrix. The extent of this reaction depends upon the
metal powder composition, particle size and distribution of
the metals, processing temperature [14, 17] and time [9,
25].

Performance of segment in the natural stone sawing
process is decreased due to various reasons such as; non-
uniform distribution of diamond grits, contact of diamond
grits to each other’s, clustering of uncoated diamond grits
in metal matrix, wrongly selected type of metal powders
and diamond grit size. In all of these literatures given
above, it is assumed that added diamond grits and metal
carbides particles distributed in the metal matrix uniformly
and homogeneously. However, this situation is never
obtained since there are great differences in densities
between metal powders (7.0-8.9 gm/cm3), diamond (3.51
gm/cm3) and metal carbides (for example; 15.63 gm/cm3
for WC). It is assumed that diamond grits have been
distributed uniformly in metal powders in the serial
production. Performance of segment produced by powder
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metallurgy (PM) is decreased due to non-uniform
distribution of diamond grits in the segment.

Non-uniform distribution of diamond grits causes
contact of diamond grits to each other’s and clustering in
metal matrix. Therefore, weak diamond —matrix bond
takes place [24]. This problem is not solved by using Ti-
coated diamond grits in segment production. Ti-coating
thickness is around 1um and TiC hard phase occurs on the
surface of diamond grits. Touching or clustering of Ti-
coated diamond in the metal matrix takes place due to
same reason. If diamond grit is surrounded and bonded by
metal powder using polymeric binder, metal coated
diamond pellet is produced. The density of produced
metal coated diamond pellets is higher than that of
diamond and by this manner density differences are
disappeared.

The aim of this experimental work is to prevent the
touching or clustering of diamond grits in segment
production and to improve the mechanical properties of
segment in terms of hardness and wear properties by using
metal coated diamond grits with polymeric binder.

2 Experimental method

In this study, the commercial segment is used as
reference sample (sample A types), therefore the amount
of constituents used in commercial segment production
was not given here due to commercial secret. However,
MX 1480 powder obtained from Eurotungstene (France)
firm is used as matrix metal. MX 1480 powder is mixture
of NEXT100 prealloyed and 20% Fe metal powders
(NEXT100 powder is consisting of 29 Fe + 46 Cu + 25 Co
in % weight). Powders size of MX 1480 is less than 100
um. Bronze powder was used as filler metal and size is
less than 50 pm. The ratio of MX1480 premixed powder
to bronze is 4:1 in all produced segments. Elemental
analysis of MX 1480 of prealloyed mixed powder was
conducted by using Energy dispersive spectroscopy
(EDS). Figure 1 shows the results of EDS analysis. Type
E segments were produced without diamond powder (i.e.
in the same time matrix of segment). Ti-Coated diamond
powder was used for type B segment. The used materials
for production of segment have been given in Table 1.

Figure 1. EDS analysis of Pre-alloyed mixed powder

Grit size of diamond is 40/50 mesh, and 20
concentiration (where a concentration of 100% diamond
grits was designated as 4.4 carat/cm3 ) of Ti-coated
diamond was wused. For type of segment B, 20
concentration of Ti-coated diamond was coated with metal
mixture (Co+bronze) by polymeric binder.

Diamond pellets were produced by Elementsix firm.
Elemental mapping of diamond pellets was applied by
using EDS. Figure 2 shows the elemental mapping of
diamond pellet. Type B segments were consisted of 50%
wt. matrix metal and 50% wt diamond pellets.

Figure 2. Elemental mapping of metal coated diamond

Table 1. Materials for segment production and sintering temperature.

Sintering
Segment Matrix Diamond Tem. (°C)

. 800

A MX 1480 Pre alloyed mixed Bronze 20 Conc. ) 900
powder (85/15 Cu-Sn) diamond 1000

MX 1480 Pre alloyed mixed Bronze 20 Conc. 20 Con. M'etal mixture 800

B powder (85/15 Cu-Sn) diamond coated diamond by 900
polymeric binder 1000

. - 800

E MX 1480 Pre alloyed mixed Bronze ] 900
powder (85/15 Cu-Sn) ] 1000
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The production conditions (powder mixing time,
heating- cooling rates, diamond concentration, hot
pressing, and lubricant) of the commercial segment are
the same as that of the produced segments in the current
study. The performance of the commercial segment that
was prepared by hot-pressing was analyzed in a similar
manner.

The procedure below was used to synthesize
segments (A, B and E) were blended for 45 min in a T2F
Turbula mixer, and alcohol with 2 wt% glycerin was
added before blending to obtain a uniform and
homogenous mixture. For each segment, the mixture was
placed in carbon molds with dimensions equaling the
commercial segment (24 x 10 x 8 mm). After setting the
mold, the powder mixture was cold compacted under 35
MPa, and the green product in the mold was placed in a
sintering machine. The hot zone was evacuated to
remove air from the chamber, and sintering then was
conducted using the hot press machine (Dimnet Sinter
Machine) under vacuum. The glycerin was heated up to
500°C and held for 100 sec, and a brown product was
produced and heated up to the sintering temperature.
After brown product was obtained at of 500°C, the
segments were heated to the selected sintering
temperatures (800, 900 and 1000°C) wunder a
compression load of 25 MPa and cooled in the sintering
machine. The total sintering time (heating and cooling)
was held between 12 to 14.5 min depending on the
sintering temperature for each composite sample. Figure
3 shows the applied sintering regime. The sintering
temperature must be maintained below 1150°C to keep
the diamond from reverting to graphite and the tool from
losing its cutting capability [26].
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Figure 3. Applied sintering procedure to the segment

3 Results and discussion

In order to observe the distribution of diamond
pellets in the metal matrix during the sintering process,
pre-experimental study which a sample was sintered by
using only diamond pellets was conducted. Figure 4
shows the behavior of diamond pellets during the
sintering. Necking occurred between diamond pellets
due to diffusion of elements and when the sintering
temperature is increased, diffusion will be increased and
necking process will be thickening. By this way, strong
metallurgical bond will be taken place between matrix
and diamond pellets. Also, it was measured the metal
coating thickness as around 1.6 mm and in the same time
it equals to the distance between two diamond.

e
MIRAS TESCAI

Performance in nanospace

Figure 4. Metal coating thickness and necking between pellets due to diffusion of metals.
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3.1 Density of segment

The experimental densities were measured with
Archimedes’ balance (using the AD-1653 specific
gravity measuring kit) according to ASTM B311-92
standard. The densities of the segment were given in
Figure 5. For E type segment which is the matrix of the
segment, it is noted that as the sintering temperature
increases from 800 °C to 900 °C, the densities of the
produced segments increases. Then, densities of the
segments decrease at the sintering temperature of 1000
°C. Similar tendency was seen for A and B type
segments. E type segments have higher density than A
and B type segments for all temperatures due to fact that
the density of diamond,

3.5 g/cm? is lower than that of metal powders and the
presence of diamond grits increases the porosity in the
segments during the sintering process. By the way,
densities of A and B type segments decreases. The
lowest density was obtained at 1000 °C temperature due
to increasing porosity in the all segments. B type
segments have higher densities than A type segments
for all temperatures. Because metal (Co+bronze) coated
diamond increases the bonding between metal and
diamond and decreases the porosity in the
microstructure. Densification of the segment B is better
than that of the segment A. Temperature of 900 °C is
suitable for sintering process for segment production.

ESampleA ESample B Sample E
10
g9 - 85
79 773 ok
8 742 7.5 "o 732 74
7,25 j 692 I
o 7
g
ﬁ] 6
Z 5
Z 4
@
2 3
2
1
0
800°C 900°C 1000°C
Sintering Temperature °C

Figure 5. Density values of segments sintered at different
temperatures.

3.2 Hardness

In order to determine the surface hardness of the
segments, three segments were used for each type of
segment and hardness test was conducted five times
from each sample. Average values of fifteen
measurements for each type of segment were given.
Surface hardness test was carried out applying 100 kgf
loads in terms of Brinell hardness. Figure 6 shows the
relationship ~ between  hardness and  sintering
temperature. Surface hardness of each type of segment
increases  with increasing sintering temperature
excluding segments sintered temperature of 1000 °C.
Produced segments with diamond (Type A and B) have
higher surface hardness values than segment without
diamond (Type E) because of dispersion effect of
diamond in the matrix.

Sample A mSample B Sample E

110 103 103 104

100 = 95 * I = 91
%0 1
80

70

50
40

Hardness, HB

20
10

800°C 2900°C 1000°C
Sintering T °C

Figure 6. Effect of sintering temperature on the surface hardness
of the segment

Presence of diamond grits hinders the motion of
dislocation in the matrix (i.e. interaction mechanism
between dislocation and dispersed phase). Type B
segments have higher surface hardness value than Type
A segment for all sintering temperature due to
Co+Bronze coating with polymeric binder on surface of
the diamond grits. Metal coating with polymeric binder
creates stronger bond between diamond and coating
metal (Co+bronze). It can be say that bond strength can
be improved more and more if diamond grits are coated
only Co metal since Co element has higher affinity to
diamond. For sintering temperature of 1000 °C, surface
hardness of each type of sample decreases [27-29]. It is
attributed that grain growth mechanism occurred in the
metal matrix for all type of segment and also strength of
binding at the interface decreases due to graphitization
of diamond for Type A segment.

Figure 7 shows fracture surface of two segments. One is
Type B segment sintered at 1000 °C (on the left) and
there is no any change of diamond color (yellow).
Second one is Type A sintered at 1000 °C (on the right)
and there is a change of diamond color from yellow to
black due to catalytic effect of Fe. This is evidence of
the structural decomposition of diamond to graphite and
metal coating prevents the contact of Fe to diamond in
the metal matrix.

Figure 7. Changing of diamond color at sintering temperature of 2000
°C. Type B segment (on the left) and type A segment (on the right)

3.3 Wear test

Wear test was conducted three times for each type of
segment in order to determine the wear loss of the
segments. Average values of wear losses were given.
PLINT multipurpose friction machine was used for wear

4
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tests to evaluate the wear characteristics of the
segments. Wear test were applied with speed of 350
rpm, 500 m sliding distance and under three different
load of 72, 87 and 102 N at room temperature.
Segments were cleaned with alcohol before and after
wear test and wear amount were measured by using four
digit electronic balances in terms of weight. Figure 8
and 9 shows the effect of load and sintering temperature
on wear amount, respectively. As it is seen in Figure 8,
when the load increases, wear amount increases for each
type of segment. The highest wear amount

sdo was calculated from Type E segment because
diamond grits were not added into Type E segment.
Addition of diamond highly increases wear resistance of
segment. The lowest wear losses were measured from
Type B segment since metal coating (Co + bronze)
decreases wear amount or increases wear resistance.
Metal coating prevents accumulation and touching of
diamond grits each other’s. Distribution of diamond
pellets is more homogeneous and uniform in the metal
matrix. By this way, performance of segment improves
against to wear. In addition to that metal coating
improves the binding of diamond to coated metal.

wSample A WSample B W Sample E

Weight Loss, mg

72N 87N 102N
Load, N

Figure 8. Effect of applied load on the wear loss of segments
sintered at 900 °C

The effect of sintering temperature on wear loss of
the segments is given in Figure 9. As it is seen in Figure
9, usage of metal coated diamond improves the wear
resistance of the segment sintered at the same
temperatures. Increasing sintering temperature decreases

in the wear loss except sintering at 1000 °C. Type E
segment produced without diamond has the highest

s t /7 F ~
Adhesive wear

Py
V

SEM HV: 20.0 KV 1 1 SEM HV: 20.0 KV
View field: 830 pm 500 pm

= ,," S

View field: 830 ym 500 pm

wear loss for all sintering temperature. The lowest wear
loss was obtained from the Type B segment sintered at
900 °C. For Type B segment produced at 1000 °C, it is
observed that grains in the metal matrix grow and
strength of segment decreases. Therefore, the wear
resistance of the segment decreases or the weight loss
increases. For Type A segment, the weight loss
decreases as the sintering temperature increases and
then increases. Increasing of weight loss is due to
structural decomposition of diamond and grain growth
of metal matrix.

uSample A mSample B u Sample E

80

70
s 60 - 52
H X
@ 50
2
S
- 40 -
=
w30
z
%20 ”

T 1,0
1,0
0,0
800°C 900°C 1000°C
Sintering Temperature, oC

Figure 9. Effect of sintering temperature on the wear loss
under applied load of 87 N.

3.4 SEM and EDS Studies of Worn Surface

In order to determine the wear mechanism on the
surfaces of the segments, SEM analyses were performed
by  Mira3XMU-Tescan. Figure 10 shows the worn
surface of the Type E segments (without diamond).
Main mechanism is adhesive type wear mechanism.
There is evidences on the surface like that some part of
metal removed from surface of the segment by applied
load and the applied load create a shear load to surface
and some sort of metal removes from the surface.
Removed metal from surface welds to counterpart or to
surface of the metal and the metal surface becomes so
rough. Worn surfaces of Type E segments sintered at
800 and 1000 °C have more rough than that of sintered
at 900 °C. It can be concluded that suitable sintering
temperature is 900 °C.

SR Riimias

=
Adheci/.
hesive Wear

o

SEMHV: 200KV | B
View fleld: 830 ym 500 pm
SEM MAG: 250 x Dot: SE.

Figure 10. Worn surfaces of Type E samples under load of 87 N; sintered at a) 800 °C, b)900 °C, ¢)1000 °C

International Journal of Innovative Engineering Applications 3, 1(2019), 1-8



Using of metal coated diamond by polymeric binder in design of segment used in natural stone sawing process

Figure 11 shows the worn surfaces of Type A segments
sintered 1000 °C under load of 87 N. Abrasive wear
mechanism is shown due to presence of diamond (Figure
11a). It is understanding that three body wear mechanism
occurs because hard particles (such as diamond and
oxide particles) have broken off from segment and
counterpart (hard steel) and placed between segment and
counterpart. These hard particles have created grooves
line on the surface of the segment. It is contributed that
leakage of diamond and breaking off diamond from
metal matrix are shown due to less retention of diamond
by metal matrix (Figure 11b). However, adhesive wear
mechanism is shown some places where the hard particle
does not present on the segment surface (Figure 11c).

Figure 11. Worn surfaces of Type A samples under load of 87 N;
sintered at a) 800 °C, b)900 °C, ¢)1000 °C

Figure 12 shows the worn surfaces of Type B segments
sintered 1000 °C under load of 87 N.

Sn Lt

Figure 13. Elemental mapping of worn surface of Type B segment sintered at 900 °C under load of 102 N

Abrasive wear is the dominant mechanism but also,
adhesive wear is shown somewhere.

Adhesive Wear

_Pillout =
- diamond grain

Figure 12. Worn surfaces of Type B samples under load of 87 N;
sintered at a) 800 °C, b)900 °C, ¢)1000 °C

Figure 13 shows the elemental mapping of worn
surface of B segment sintered at 900 °C under the load of
102 N. In this study, MX1480 prealloyed metal and
bronze metal powders were used. As it is seen that used
powders distributed uniformly in the matrix. Prealloyed
powder is consisting of some alloy phases such as Co-Fe,
Co-Cu, Fe-Cu or Co-Fe-Cu. These phases increase the
hardness and wear resistance of metal matrix. Also,
addition of diamond improves the mechanical properties
(hardness and wear resistance) of segment. Cr and Ni
metal powders were not added and it is understood that
they come from the production of the MX1480
prealloyed metal powder. Metal oxides phases
(especially FexOy) takes place during the wear test by
increasing temperature and sintering of segment. Fe,Oy
phase is a brittle phase and increases the wear lost.

Cu e
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3.5 SEM Images of Fracture Surfaces

The produced segments were broken down by using
a clamp and a hammer. Figure 14 shows the fracture
surface of the segments sintered at 900 °C and 1000 °C.
Type E segment behaves as like a ductile material. As it
is seen that fracture surface is rough and dark and also
grain of particles and pores extended due to the plastic
deformation (Figure 14a). Type A segment has brittle
fracture surface since the surface is smooth and bright
and shape of pores has not changed under load (Figure
14b). Brittle and ductile fractures are shown on the
fracture surface of the Type B segment (Figure 14c). The
left side of the image is ductile part and the right side of
the segment is brittle part. Fe powder creates brittle
phase as like Fe,Oy but prealloyed metal (MX1480) and
bronze powder gives ductility to segment. For Type B
segment sintered at 1000 °C, glassy fracture taken place
since the graphitization occurs at high temperature
(Figure 14d).

Figure 14. Fracture surface of the segments; a)Ego b)Agoo €)Baoo
d)Biooo

4 Conclusions

In this study, new type segment (Type B), which is
consisting of metal coated diamond grit surface by using
polymeric binder, was produced by hot pressing sintering
technique. The mechanical properties new type of
segment compared with commercial segment (Type A)
and following results were concluded;

» Using of metal coated diamond grit surface by
polymeric binder solves the problem which is the non-
uniform distributions of diamond grits in the segment
production.

» The highest hardness was measured from Type B
segment sintered at 900 °C,. Increase in sintering
temperature improves the mechanical properties.
However, graphitization of diamond occurs due to
catalytic effect of Fe element when the segment sintered

at 1000 °C,. Therefore, this temperature is not suitable
for segment production. For all type of segments sintered
at 1000 °C,, the hardness values decreases.

* Wear resistance of the segment improved by using
metal coated diamond by polymeric binder. The lowest
weight lost was obtained from Type B segment sintered
at 900 °C,.

» While diamond reinforced segments (Type A and B)
have abrasive wear mechanism mainly, the segments
without diamond (Type E) have adhesive wear
mechanism.

» The segment with metal coated diamond by using
polymeric binder (Type B) have better mechanical
properties than the commercial segment (Type A).
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EKLEMELIi IMALAT YONTEMLERI VE KULLANILAN MALZEMELER

Onur Ozsolak 1

Original scientific paper
Eklemeli imalat (AM) yonteminin uygulanmasi, zorluklari hakkinda bir siire¢ gegmis fakat aragtirmalar hala devam etmektedir. Eklemeli imalat yontemi
tasarimdaki esneklik ve coklu malzemeden olusan pargalarin imal edilebilmesini miimkiin kilan bir imalat yontemidir. Eklemeli imalat teknolojileri baglica
uzay ve havacilik, otomotiv, biyomedikal, savunma sanayi, enerji sektorii gibi 6nemli endiistri alanlari i¢in parga tiretiminde kullanilmaktadir. Bu
aragtirmada eklemeli imalat yontemleri ve bu yontemde kullanilan malzemeler incelenmistir.

Anahtar Kelimeler: Eklemeli Imalat, Toz Malzemeler, Al Alasimlar, Ti Alagimlar

ADDITIVE MANUFACTURING OF METALS AND METHODS

The application and complexity of additive manufacturing (AM) has a progression about the challenges but the investigations about AM still continues.
Additive manufacturing method is a manufacturing method that enables the flexibility in design and the fabricability of multi-material parts. The technology
of additive manufacturing are used for important industrial areas such as space and aerospace, automotive, biomedical, defense industry, energy industry.
In this research, additive manufacturing types and the materials used for this method were investigated.

Keywords: Additive Manufacturing, Powder Materials, Al Alloys, Ti Alloys

1 Girig ve ¢ogu durumda da daha yiiksek performansa

ulagabilmeyi saglamigtir. Eklemeli imalat teknolojisi

Eklemeli imalatin ortaya ¢ikist parca {iiretiminde
devrim  yaratmigtir.  Bu  teknoloji,  tasarimin
iyilestirilmesini ve Dbilesenlerin hizli bir sekilde
iiretilmesini saglamistir. Ozellikle kompleks pargalarin
iiretimini ve tamiratim  kolaylastirmistir.  Ornegin
endiistriyel gaz tiirbin pargalar1 daha hizli ve tam tasarim
ozglirliigli ile onarilabilmistir. Kompresor tiirbin kanadi
tasarimi igin AM teknolojisinin kullanilmasi, karmagsik
¢ok elemanli bilesenlerin iiretiminde yiiksek hassasiyete

{8 Hizli Prototipleme
- il
=

Uriin: Gaz Tiirbini

Uriin: Gaz Tiirbini

Bilesen: Tiirbin Kanadi 1

Fayda: Pazarlama suresinin dnemli
olctide azalmasi

Durum: Standart stirecin bir pargasi

Bilesen: Briilor Kafasi
Fayda: 10kat daha hizli
Durum: Ticari uygulamada

kullanilarak iiretilen ve ticari uygulamalarda kullanilan
gaz tlirbini bilesenleri Sekil 1’de diger endiistriyel
uygulamalar Sekil 2°de gosterilmistir.

Bu arastirmada eklemeli imalat yontemleri ve bu
yontemlerde kullanilan metal malzemelerin nihai parga
iizerindeki etkileri incelenerek literatiirde konuyla ilgili
mevcut ¢calismalara ve sonuglarina yer verilmistir.

2 !.Huh imalat .

Briilor \

Uriin: Gaz Tiirbini

Bilesen: Briilor Helezonu

Fayda: Helezon sadece SLM yoluyla
yapilabilir

Durum: Ticari uygulamada

Sekil 1. Eklemeli imalat teknolojisi ile tiretilen endiistriyel tirtinler [1]
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Havacilik: Tiirbin Kanads

Sekil 2. Eklemeli imalat teknolojisi ile iiretilen endiistriyel {iriinler [2]

2 Materyal ve Metod

2.1 Eklemeli imalat Yontemleri

Amerikan Test ve Malzeme Dernegi (ASTM
International) AM'yi eksiltici imalat ydntemlerinin
aksine, 3B model verilerinden nesneler olusturmak igin
genellikle katman iizerine katmanli malzeme birlestirme
islemi olarak tanimlamaktadir [3].

. Katmanlar

Alt Tabaka

Metal bir parganin eklemeli imalat teknolojileri ile
iiretimi, 3 boyutlu modelleme ile baglar. Ardindan veri
hazirliginin  organize edilmesi gereklidir ve parca
yOniiniin tanimi, destek yapilarinin konumlart ve modelin
dilimlenmesini igerir. Par¢anin iiretilmesinden sonra, son
islem (post processing) operasyonlar1 gereklidir. Sekil
3’de  sematik olarak  katmanlarin  olusturulmasi
gosterilmektedir [2].

Katmanlar

Alt Tabaka

Sekil 3. Eklemeli imalatta katmanlarin olugturulmasi [2]

Cok sayida eklemeli iiretim siireci giliniimiizde
mevcuttur. Bu yontemler malzemelerin birikerek
katmanlarin olusturulmasi, par¢a olusturma, calisma
prensibi bakimindan farklilik gdstermektedir.

Bazi metotlar, drnegin secici lazer eritme (SLM),
secici lazer sinterleme (SLS) ve eriyik biriktirme (FDM)
gibi katmanlar1 tretmek ig¢in malzemeleri eritir veya
yumusatir, digerleri ise stereolitografi (SLA) gibi sivi
malzemeleri birlestirir. Her yodntemin kendine 0zgii
avantajlart ve dezavantajlar1 vardir ve bazi imalatgilar
sonug olarak parcanin olusturulacagi malzeme i¢in toz ve
polimer arasinda bir se¢im sunmaktadir.

Literatiirde ~ eklemeli imalat yontemleri igin
arastirmacilarin ve sektoriin kullandigi yontemler igin
Tablo 1°de gosterilen terminoloji kullanilmaktadir.

Eklemeli imalat, ayni1 zamanda, geleneksel olarak imal
edilmis pargalarin tiimlesik bilesenlerinin iiretilmesine de
olanak saglar. Genel olarak agirligin ve baglanti / baglanti
elemanlarmin sayisinin azaltilmasi igin bir firsat saglar
[5]. Bugiine kadar, insansiz hava araglar1 (IHA'lar), yakit

nozullar1 odalari, takimlar, biyomedikal implantlar dahil
olmak iizere AM uygulamalar ile yapilmustir.

Herzog ve ark., mevcut birgok teknoloji olmasina
ragmen endiistriyel uygulamalarin gereksinimlerini
karsilayan sadece birkag yontem ile metal pargalar
retilebilmekte oldugunu belirtmislerdir [4]. Bundan
dolay1, imalat yontemi, mikro yap1 ve i¢ yap1 arasindaki
iliskinin etkilerini detayli olarak incelemenin daha faydali
oldugunu belirtmiglerdir. Eklemeli imalat ydntemleri
Lazer Isint ile Eritme (LBM), Elektron Isini ile Eritme
(EBM) ve Laser ile Metal Biriktirme (LMD)
yontemleridir. Sekil 4’de bazi AM yontemleri ve sematik
gosterimleri mevcuttur [6].

10
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Tablo 1. Eklemeli imalat Terminolojisi

Yontemin Adi ve Kisaltmasi Tiirk¢e Karsihig Aciklama
1. Additive Manufacturing (AM) Eklemeli Imalat
Additive Layer Manufacturing M
(ALM) Katmanli Uretim
3. Laser Metal Deposition (LMD) Lazer Metal Biriktirme 3.ve 4. Terimler ayn1
. . B . yontem igin kullanilmaktadir [4].
4. Direct Metal Deposition (DMD) | Dogrudan Metal Biriktirme
5. Electron Beam Melting (EBM) Elektron Isin Ergitme
6. Laser Beam Melting (LBM) Lazer Isin Ergitme 6.ve 7. Terimler ayn1
- - . ) yontem igin kullanilmaktadir [4].
7.  Selective Laser Melting (SLM) Sec¢imli Lazer Ergitme
8. Selective Laser Sintering (SLS) Sec¢imli Lazer Sinterleme
9. Direct Metal Laser Sintering _ .
(DMLS) Dogrudan Lazer Metal Sinterleme
10. Powder Bed Fusion Toz Yatak Kaynastirma
11. Powderfed Fusion Toz Besleme Kaynagtirma
12. Laser Cladding Lazer Kaplama
13. Laser-Based Additive . L
Manufacturing (LBAM) Lazer Destekli Eklemeli Imalat

(a ) e Elektron

1gni

Toz enjeksiyon
nozulu

Alt katman

Alt katman
_— Toz partikilleri

g k
(c) ot (d)
Lazer
T
e Toz serici silindir  Toz yatagi s
cco \ |

Tore — §—» Filtre /
Nozul —p .
Ark

~» Ince cidar

P t::lsma mﬁ_'//

»~
Fikstir — % Hareket yéni

(e) Sonotrot (f)

Transduser Injket baski baghg

Birikme yonii Toz serici >
( y— “p

Parga

Normal Kuvvet ) Q
Toz yatag:
Metal serit /
Titregim y&éni Toz haznesi
S = I l Uretim Tablas
Kapali kaynak bolgesi

Sekil 4. Cesitli AM yontemlerinin sematik gosterimi (a) DED-L (b) DED-EB (c) DED-GMA (d) PBF-L (e) Ultrasonik eklemeli imalat (UAM) (f) Jet
birlestirme [6]
(L: Lazer, EB: Elektron Isini, GMA: Gaz Metal Ark)
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2.2 Eklemeli imalatta Kullanilan Toz Malzemeler

Geleneksel imalat yoOntemlerinde malzemenin
eksiltilerek sekillendirilmesi s6z konusu iken bu
metotlarmn  aksine, eklemeli imalat, {riiniin ana
malzemesinin arttirilarak katman {izerine katman seklinde
imalati esasina dayanmaktadir [7]. AM teknolojilerinde
kullanilan malzemeler toz veya tel formunda olup, bir
par¢a olusturmak iizere odaklanmis bir 1s1 kaynagi
tarafindan segici olarak eritilen malzemenin es zamanl
birlestirme ve katilagsma iglemi i¢in de besleme stogu
olarak kullanilmaktadir [8,5].

Celik, aliiminyum ve titanyum dahil olmak iizere baz1
malzemeler i¢in giivenilir ve yogunluklu pargalar AM
yontemi ile imal edilmesi gelisen teknoloji ile
miimkiindiir [9].

Eklemeli imalat yonteminde kullanilan metal
tozlarinin ¢ogu genel olarak metal tozu iiretimi igin iyi
bilinen teknolojiler kullanilarak {iiretilir. Bu yontemler su,
gaz veya plazma atomizasyonudur. Genellikle, AM
isleminde, tozun homojen yayilmasini saglamak igin iyi

akis Ozelliklerine ve yiiksek nispi yogunluklu bir toz
tabakasinin olusumu igin iyi paketleme Ozelliklerine
ihtiya¢ duyulur. Kullanilan tozun 6zellikleri, imal edilen
par¢anin yogunlugunu ve gozeneklilik gibi 6zelliklerini
etkiler. En basit ve diisiikk maliyetli atomizasyon siireci su
atomizasyonudur. AM  yontemlerinde  kullanilan
malzemelerin 6zellikleri son parcanin 6zelliklerini
etkilemektedir [10].

2.2.1 Gelikler

Celik hala en yaygin miihendislik malzemesidir [11].
Bu nedenle, celik de agikca AM icin yiiksek ilgi goren bir
malzemedir. LMD i¢in 6stenitik paslanmaz ¢elik (316L)
[12,13,14] ve takim geligi (H13) [15] kullanimi da
literatiirde yerini almistir.

Sekil 5 ’de LMD ile 3 katmanli olarak imal edilmis
Ostenitik paslanmaz ¢elik (316L) igin kesit goriintiisiine
yer verilmistir [12]. Lazerin izleri de kesit goriintiisiiyle
tespit edilmistir.

g
3.Katman '

RN
Lazerin hareketi m

Es eksenli
taneler

1.Katman
‘ﬁ L

Sekil 5. LMD ile 3 katmanli olarak imal edilmis Gstenitik paslanmaz gelik (316L) i¢in kesit goriintiisii [12]

2.2.2 Aliiminyum Alagimlari

AM i¢in kullanilabilen farkli Al alagimlarinin
sayisinin  daha ziyade smirli  olmasimin  nedeni
Aliminyumun Titanyumun aksine islenebilirliginin kolay
olmasi ve Al parcalarin maliyetinin nispeten diisiik
olmasidir [16]. Aliiminyumun AM ile imalati, bu nedenle,
genellikle daha diisiik ticari avantaja sahiptir. Bir baska
sebep ise, birgok Al alagimmin kaynaklanmasmin zor
oldugunun bilinmesidir. Yiiksek performansh alagimlar
genel olarak mukavemetlerini ¢okelme sertlesmesinden
alirlar.

Biiyiik dlgiide sertlestirilebilen bazi alagimlar, 6r. Al-
Zn 7xxx serisinin EN AW-7075 'i, Zn gibi agir1 ugucu

elementler igerir, bu da eriyik havuzunun tiirbiilansina,
sicramaya ve gozeneklilige yol acar ve bu nedenle AM ile
imalat i¢in uygun degildir ya da kullanim1 kolay degildir.
Mevcut aragtirmalar boyle alagimlarin AM ile imalatinin
gelistirilmesi i¢in umut vericidir [17].

Vakum kosullari altinda ¢ok farkli bir buhar basincina
sahip alasim elementlerinin tercihen buharlastirildig:
bilinmektedir. Ek olarak Al, LBM ve LMD 'de uygulanan
lazer dalga boylar igin yiiksek bir yansiticiliga sahiptir,
bu da AM ile iiretilen Al pargalarinin bir bagka engeli
olarak goriilebilir [16]. Erimis Al 'in disiik viskozitesi bir
bagka problemdir ve aliiminyumun eklemeli imalatini
kiigiik eriyik havuz boyutlarma sinirlar bu durum LBM
'‘nin LMD’ye gére iistiin oldugunu kanitlar niteliktedir.

12
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Al pargalarinin AM ile imalati i¢in daha avantajli tarafi
Al 'in yiiksek 1s1 iletkenligi termal olarak indiiklenen
gerilmeleri azaltir, bdylece destek yapilarina olan ihtiyaci
da azaltir. Ek olarak, yiiksek termal iletkenlik daha yiiksek
islem hizlarmna izin verir.

2.2.3 Titanyum ve Alagimlan

Ti ve Ti alagimlart AM yontemi icin son derece ilgi
¢ekicidir. Ti yiiksek performans gerektiren pargalarda,
yiksek isleme maliyeti ve geleneksel islemede uzun
teslim siireleriyle enddiistriyel uygulamalar1 vardir.

LBM, EBM ve LMD yo6ntemleri Ti-6Al-4V pargalar
imal etmek i¢in basartyla uygulanmigtir [4]. Farkli AM
islemlerinden elde edilen sonuglar, AM iglemlerinin ve
sonug Ozelliklerinin karsilastirilmasimi da oldukga cazip
hale getirmektedir. Cok ¢esitli alasim bilesimi ve ilgili
mikroyapi, Ti ‘'nin allotropisinin yiiksek sicaklik
gradyanlar1 ve karmagik termal ¢evrimleri ile genellikle
AM 'de yer almaktadir. Ti esasli alasimlarin mikroyap1 ve
Ozelliklerinin  AM ile degisimi arasindaki iligki
arastirmalar igin en ilgi ¢ekici konulardan biri haline
gelmistir.

2.2.3.1 Ti-6Al-4V LMD Yéntemi ile imalati

LBM ve EBM yodnteminde olusan 6n siitunlu -f-
taneler Ti-6Al-4V LMD 'de de gozlenmistir [18,19]. LMD
'nin yiikksek tabaka kalinlig1 ile bile, 6nceki B-taneler
kristal dogrultusu anayap: ile ayni olarak biyiir,
(epitaksiyal) birkag kat boyunca uzanir ve 1.5 mm ile > 10
mm uzunluga ulasgir. Yap1 yoniine dik, tanelerin genisligi
ortalama 375 pum olarak bulunmustur. Tanecik siniri,
onceki B-tanelerin smirlari {lizerinde tespit edilen bir
fazdir. Sekil 6 LMD ile imal edilmis Ti-6Al-4V igin
bolgeye bagli i¢ yap1 goriintiileri gosterilmektedir. Sekil 6
iizerinde gosterilen katman igin bdlgesel olarak i¢ yapiya
bakilmis ve farkli yapilar tespit edilmistir [8].

Baufeld ve ark., ayni zamanda dereceli bir mikro
yaptyl da rapor etmiglerdir, ancak ¢ alami ayurt
etmislerdir. Sogutma oranmin en yiiksek oldugu taban
plakasina yakin, kiiciik bir a-lamel bulunmustur ve 1zgara
benzeri yapi, o’ martensit varligina isaret etmistir. En ¢ok
ist katmanlarda hakim olan yap1 tane smirlarinda
baslayan (a+f) kolonlaridir [19].

Sekil 6. LMD ile imal edilmis Ti-6Al-4V igin bolgeye bagli i¢ yap1 goriintiileri a) a- fazli tane sinirlart ince lamelli Widmanstaétten yapisi (alt kisimdan)
b) Daha kaba bir yapi (iist kisimdan) [8]

3 Bulgular ve Sonug

Eklemeli imalat yontemleri ve kullanilan malzemeler
ile ilgili uluslararasi ¢aligmalar incelenerek bu makale
hazirlanmstir. Literatiirdeki eklemeli imalat yontemleri
ve kullanilan terimlere yer verilmistir. Bu imalat
yonteminde yaygin olarak kullanilan metal malzemeler ve
uygulama ornekleri incelenmistir.

Bu arastirma ile agsagidaki bazi sonuglara ulagilmigtir:

1. Eklemeli imalat yontemi tasarimdaki esneklik ve

¢oklu malzemeden olusan pargalarm imal
edilebilmesini miimkiin kilan bir imalat
yontemidir.

2. Eklemeli imalat teknolojileri baslica uzay ve

havacilik, otomotiv, biyomedikal, savunma

sanayi, enerji sektorii gibi 6nemli endiistri alanlari
i¢in parga iiretiminde kullanilmaktadir.

3. Eklemeli Imalat yontemleri malzemelerin
birikerek katmanlarin  olusturulmasi, parga
olusturma, ¢aligma prensibi bakimindan farklilik
gostermektedir.

4. Eklemeli Imalat yontemlerinde kullanilan
malzemelerin ozellikleri son  parganin
Ozelliklerini etkilemektedir.

5. AM yontemlerinde katmanlar malzemenin bir 1s1
kaynagi ile lokal olarak eritilmesiyle
olusturuldugundan siklikla arastirmacilarin tercih
ettigi malzemelerin termo fiziksel ozellikleri
Onem arz etmektedir.

International Journal of Innovative Engineering Applications 3, 1(2019), 9-14



Eklemeli imalat yontemleri ve kullanilan malzemeler

Tesekkiir

Bu calisma, 2018 - 1. Dénem - TUBITAK 2219 Yurt
Dis1  Doktora Sonrast Arastrma Burs Programi
kapsaminda, “Lazer ile Metal Biriktirme Yontemiyle
Eklemeli Imalatta Is1 Tesiri Etkisinde Kalan Bolgenin
Sayisal ve Deneysel Olarak Arastirilmast’” adli proje ile
desteklenmeye  deger  bulunmustur. TUBITAK’a
desteklerinden dolay1 tesekkiir ederim.

4 Kaynaklar

[1] Navrotsky, V., Graichen, A. & Brodin, H. (2015).
Industrialisation of 3D printing (Additive Manufacturing)
for gas tlirbine components repair and manufacturing, VGB
PowerTech Autorenexemplar, 12, pp.48-52.

[2] EPMA Raporu. (2018). http://eklemeliimalat.info.tr/.

[3] ASTM-International. (2012). ASTM Standard F2792-12a:
Standard Terminology for Additive Manufacturing
Technologies.

[4] Herzog, D., Seyda, V., Wycisk, E. & Emmelmann, C.
(2016). Additive manufacturing of metals. Acta Materialia,
117, pp.371-392,
http://doi.org/10.1016/j.actamat.2016.07.019.

[5] Brandl, E., Palm, F., Michailov, V., Viehweger, B. &
Leyens, C. (2011). Mechanical properties of additive
manufactured titanium (Ti-6Al-4V) blocks deposited by a
solid-state laser and wire. Mater. Des. 32, pp.4665-4675.

[6] DebRoy, T., Wei, H. L., Zuback, J. S., Mukherjee, T.,
Elmer, J. W., Milewski, J. O. & Zhang, W. (2018). Additive
manufacturing of metallic components — Process, structure
and properties. Progress in Materials Science, 92, pp.112—
224, https://doi.org/10.1016/j.pmatsci.2017.10.001.

[7] Emmelmann, C., Kranz, J., Herzog, D. & Wycisk, E.
(2013). Laser additive manufacturing of metals, in: V.
Schmidt, M.R. Belegratis (Eds.), Laser Technology in
Biomimetics, Springer, Heidelberg, pp.143-161.

[8] Carroll, B.E., Palmer, T.A., Besse, A.M. (2015).
Anisotropic tensile behavior of Ti-6Al-4V components
fabricated with directed energy deposition additive
manufacturing. Acta Mater., 87, pp.309-320.

[9] Murr, L.E., Gaytan, S.M., Ramirez, D.A., Martinez, E.,
Hernandez, J., Amato, K.N., Shindo, P.W., Medina, F.R. &
Wicker, R.B. (2012). Metal fabrication by additive
manufacturing using laser and electron beam melting
Technologies. J. Mater. Sci. Technol., 28 (1), pp.1-14.

[10] Nandan, R., DebRoy, T. & Bhadeshia, H.K.D.H. (2008).
Recent advances in friction-stir welding- process, weldment
structure and properties. Prog Mater Sci, 53 (6), pp.980—
1023.

[11] Agrawal, B.K. (2007). Introduction to Engineering
Materials, Tata McGraw-Hill, New Delhi, p. 79.

[12] Yadollahi, A., Shamsaei, N., Thompson, S.M. & Seely,
D.W. (2015). Effects of process time interval and heat
treatment on the mechanical and microstructural properties
of direct laser deposited 316L stainless steel. Mater. Sci.
Eng. A, 644, pp.171-183.

[13] Majumdar, J.D., Pinkerton, A., Liu, Z., Manna, I. & Li, L.
(2005). Microstructure charac terisation and process
optimization of laser assisted rapid fabrication of 316L
stainless steel. Appl. Surf. Sci., 247, pp.320-327.

[14] Mahmood, K. & Pinkerton, A.J. (2013). Direct laser
deposition with different types of 316L steel particle: a
comparative study of final part properties. J. Eng. Manuf.,
Vol. 227 (4), pp.520-531.

[15] Mazumder, J., Choi, J., Nagarathnam, K., Koch, J. &
Hetzner, D. (1997). The direct metal deposition of H13 tool
steel for 3-D components. JOM, 49 (5), pp.55-60.

[16] Brice, C., Shenoy, R., Kral, M. & Buchannan, K. (2015).
Precipitation behavior of aluminum alloy 2139 fabricated
using additive manufacturing. Mater. Sci. Eng. A, 648,
pp.9-14.

[17] Bartkowiak, K., Ullrich, S., Frick, T. & Schmidt, M. (2011).
New developments of laser processing aluminium alloys via
additive manufacturing technique. Phys. Procedia, 12,
pp.393-401.

[18] Tan, X., Kok, Y., Tan, Y.J., Descoins, M., Mangelinck, D.,
Tor, S.B., Leong, K.-F. & Chua, C.K. (2015). Graded
microstructure and mechanical properties of additive
manufactured Ti-6Al-4V via electron beam melting. Acta
Mater., 97, pp.1-16.

[19] Baufeld, B., Brandl, E. & Van Der Biest, O. (2011). Wire
based additive layer manufacturing: comparison of
microstructure and mechanical properties of Ti-6Al-4V
components fabricated by laser-beam deposition and
shaped metal deposition. J Mater. Proc Tech., 211, pp.1146-
1158.

Authors’ addresses

Onur Ozsolak 1

Sivas Cumhuriyet University

Faculty of Technology

Department of Manufacturing Engineering
onurozsolak@gmail.com

14

International Journal of Innovative Engineering Applications 3, 1(2019), 9-14


http://eklemeliimalat.info.tr/
http://doi.org/10.1016/j.actamat.2016.07.019
https://doi.org/10.1016/j.pmatsci.2017.10.001

0. Ekinci

ISSN 2587-1943

MICROHARDNESS AND MICROSTRUCTURE OF FIBER LASER WELDED S960 AND S700
STEELS
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Original scientific paper
In this study, keyhole laser bead-on-plate welding of 6 mm thick high strength low alloy (HSLA) S960 steel plateand keyhole laser butt welding of 13 mm
thick (HSLA) S700 steel plates were performed by using 16 kW fiber laser machine. Microhardness measurements and microstructural study on the fusion
zone, heat affected zone and base material were carried out for different welding parameters that are used for welding of S960 and S700 steels. Furthermore,
X-Ray Diffraction (XRD) patterns of the welded zone was performed. In laser bead on plate welding joints of S960 steels, the average microhardness value
of fusion zone (FZ) is approximately 60 HV higher than that of base metal for all the welding specimens, while the microhardness value of FZ in laser butt
welded joints of S700 steel is approximately 30 HV. On the other hand, microstructures of FZ consists of martensite phases, whereas both base material
S960 and S700 consist of tempered martensite and strip-like martensite.

Keywords: laser welding, microhardness, microstructure, S960, S700 steels

FIBER LAZER KAYNAKLI S960 VE S700 CELIKLERININ MIKROYAPI VE MIKROSERTLIKLERI

Bu ¢alismada, 16 kWfiber lazer kaynak makinesi kullanilarak 6 mm kalinligindaki yiiksek dayaniml diisiik alasimli S960 ¢elik plaka yiizeyine kaynak ve
13 mm kalinhiktaki S700 gelik plakalarin alin kaynag: yapilmistir. Farkli kaynak parametreleri kullanilarak kaynak edilen S700 ve S900 ¢eliklerinin kaynak
bolgesinin 1s1 tesiri altinda kalan bélgesinin (ITAB) ve ana malzemenin mikroyap1 ve mikrosertlik degerleri tespit edilmistir. Ayrica, XRD testiyle kaynak
dikisindeki fazlar elde edilmistir. S960 ¢eliginin kaynaklarinda (ITAB)’da kalan bolgenin sertligi yaklagik 60 HV ve bu kaynak islemlerinde (ITAB)’da
sertlik degerinin ana malzemenin sertlik degerinden daha yiiksek ¢ikmistir. S700 geliginin alin kaynaginda ITAB’1n yaklasik 30 HV degeri elde edilmistir.
Diger taraftan hem S960 hem de S700 celiginin kaynaginda ITAB’1n martenzit, temperlenmis martenzit ve serit seklinde fazlardan meydana gelmistir.

Anahtar Kelimeler: Lazer kaynagi, mikrosertlik, mikroyapi, S960, S700 ¢elikleri

1 Introduction

High strength low alloy (HSLA) steels have been used
in a wide range of applications for years because of their
great strength, toughness, weldability and strength weight
ratio. For instance, these HSLA steels are used as
construction elements in the shipbuilding, offshore
industries, pressure vessels, the automotive industry and oil
transportation pipes (Ofioro et al., 1997; Yan, et al., 2009)
The use of HSLA steels as construction elements make
lighter and more slender components possible and lowers
setup costs without losing structural integrity (Shi and Han,
2008; Takasawa et al., 2012). Welding is a fundamental
fabrication method in joining HSLA steels (Ghosh et al.,
2010). Welding HSLA steels with traditional arc welding
techniques produces large heat inputs in the welding zone,
which leads heat affected zone (HAZ) to become soft and
thus strength of welding zone decreases (Viano et al., 2000;
Zhang et al., 2012). This is an important issue for high
strength HSLA steels, however, this issue might be
overcome via rapid water cooling. On the other hand, laser
welding can be a good alternative for welding HSLA steels,
which is a non-contact welding technique, tenders great
welding speeds, low distortion, strong and tough joints due
to its large power density and low heat inputs (Esfahani et
al., 2015; Hao et al., 2015).

In this study, keyhole laser welding of S960 and S700
HSLA steels was successfully carried out without using
filler wire. In order to determine the weldability of these
HSLA steels, the microstructure, XRD and microhardness
tests were performed and assessed.

2 Materials and Method

In this study, 6 mm thick HSLA steel plate (S960, Tata
Steel, oy,min is 960 MPa) was used for keyhole fiber laser
bead on plate welding. The chemical composition of S960
base material is given in Table 1. Additionally, 13 mm thick
HSLA steel plate (S700, Tata Steel, oy,min is 700 MPa) was
used for keyhole fiber laser butt welding. The chemical
composition of S700 base material is given in Table 2. A 16
kW continuous wave fiber laser (IPG YLS-16000) was
utilized for keyhole welding operations. Experimental setup
for the keyhole fiber laser welding is shown in Figure 2.
During welding operations, argon gas was employed for
shielding the top and back surfaces of the workpieces so as
to protect the molten metal from the surrounding
atmosphere. Keyhole laser welding experiments were
performed by applying a variety of welding speeds and laser
powers. On the basis of previous published studies (Guo et
al., 2017) with single pass laser welding of HSLA steels,
bead on plate single pass laser weldings of 6 mm thick S960
steel was performed at welding speeds of 0.9 m min, 1.05 m
min, 1.2 m min and 1.5 m min with laser powers of 4 kW, 5
kW and 6 kW, respectively. Moreover, single pass laser butt
weldings of 13 mm thick S700 steel was performed at
welding speeds of 0.5 m min and 0.72 m min with laser
powers of 11.5 kW and 13 kW. Welding parameters are
presented for S960 and S700 steels in Table 3 and Table 4.
After keyhole laser welding operations, welded parts were
cut from welded areas to reveal weld cross sections. The
weld cross sections were ground, polished and then etched
with a solution of 3% Nital for about 15 s. Weld cross
sections of S960 and also S700 steel produced with different
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welding parameters are given in Figure 3 and 4. In order to
examine the microstructure of the welds, JEOL JMS 6510
scanning electron microscope (SEM) was used. For crystal
phase identification in the fusion zone, XRD analysis was
conducted by Rigaku Ultima IV X-Ray Difractometer
machine using Cu target (A = 1.544 A). Micro-hardness
across the welded joint was measured using a load of 100 g
with a Vickers micro-hardness machine (Emco Test
DuraScan). Hardness determination was implemented in
the base metal, fusion zone and heat affected zone.

Figure 1. Experimental setup for keyhole fiber laser welding

3 Results and discussion
Macrostructures

The weld bead of the keyhole laser bead on plate welding of
S960 and butt welding of S700 HSLA steel with weld cross
section presented in Figure 2. Porosity was observed in weld
zone of S5 and S6 of S700 steel while undercut was observed
in the weld bead of S3 and S4 of S960 steel. Weld sagging
due to excessive viscosity at the bottom of Slspecimen of
S960 steel was also observed. On the other hand, undercut,
weld sagging or porosity were not observed in the weld zone
of S2 of S960 steel. Macrostructure shows that, weld bead
width of S5 of S700 steel is noticeably wider than that of S6
of S700 steel because of higher heat input in the welding S5.
Fusion zone (FZ), heat affected zones (HAZ) and base
material (BM) can be perceptibly seen from weld cross
sections in Figure 2 (a) and (b). From weld cross section of
S2 for welding S960 steel in Figure 2 (a) and weld cross
section of S6 for welding S700 steel in Figure 2 (b); there
are two different heat affected zones occured, which are
coloured as dark region representing HAZ, coarse-grained
HAZ (CGHAZ) next to fusion zone (FZ) and the other heat
affected zone appears as white strip far from fusion zone,
that is intercritical HAZ (ICHAZ).

Table 1. Chemical composition of S960 steel

Elements ( mass %)
Material .
C Si Mn P S Al Cr Mo B Ti Nb \% N Fe
S960 0.094 | 0.108 | 1.59 | 0.011 | 0.002 | 0.038 | 0.50 0.26 | 0.0025 | 0.027 | 0.04 | 0.047 | 0.0052 | Bal.
Table 2. Chemical composition of S700 steel
Elements ( mass %)
Material .
C Si Mn P S Cr Mo Al Nb \% B Ti Fe
S700 0.066 | 0.107 | 1.55 0.01 | 0.003 | 0.499 | 0.239 | 0.07 0.04 | 0.051 | 0.002 | 0.002 Bal.

Figure 2. (a) Macrostructure of bead on plate weldings of S960 steel, (b) butt welding of S700 steel
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Table 3. Welding parameters employed in this study for S960 steel

Welding Thickness of . Laser power Welding speed (m A

No material material (mm) Welding type (kW) min) Shielding gas
S1 4 0.9

S2 Single pass 5 105

S3 S960 6 (Without filler 6 12 Pure argon

material)
S4 6 15
Table 4. Welding parameters employed in this study for S700 steels

No Welding Thickness of Welding type Laser Power Welding speed (m Shielding gas
S5 Single pass 115 0.5
S6 S700 13 (Without filler 13 0.72 Pure argon

Microhardness

After keyhole laser bead on plate welding of the samples
with different laser power and welding speed,
microhardness of base material, intercritical heat affected
zone and fusion zone were measured from cross section of
the welded joint across the mid-section of each sample as
shwon in Figure 3. Microhardness values of base material,
intercritical heat affected zone and fusion zone were
presented in Figure 4 for each welded joint. From the
Figure 4, it can be seen that S1 has the lowest
microhardness values in the series while S4 has the
highest microhardness values. In general, hardness values
are greater in all FZ and HAZ when compared with base
material and also the hardness of the intercritical heat
affected zones is slightly higher than those of fusion
zones. Although the hardness values of S2, S3 and S4 are
almost nearly similar, S1 has typically lower hardness
values.

1 Fusion zone

Base material Base material

Coarse grained heat affected zone Intercritical heat affected zone

Figure 3. Microhardness measurement order
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Figure 4. Microhardness vs. distance curve for Keyhole laser bead on
plate welding of S960 steel

The reason for this could be effect of heat input since S1
has the least heat input value. According to (Guo et al.,
2015), because of fast heating and cooling rates occurring
in laser welding, the formation of martensite in the FZ and
HAZ takes place. This leads to an increase in hardness in
the FZ and HAZ. (Lee et al., 2010) determined that the
yield strength for FZ and HAZ are approximately 1.2
times that of base material. Microhardness curves with
respect to distance for keyhole laser butt weldings of S700
steel are shown in Figure 5. This Figure 5 expresses that
the hardness of S6 is greater than S5. The reason for higher
hardness in the S6 may be due to the welding speed, as S6
possesses greater welding speed. According to Tash and
Gadelmola (Tash and Gadelmola, 2016), the differences
in hardness are because of the low heat input and high
cooling rate generated as a consequence of increase in
laser welding speed. Another reason for high hardness is
different phases occurring in the microstructure of FZ and
HAZ.
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Figure 5. Microhardness vs distance for Keyhole laser butt welding of
S700 steel

During welding process, heating and cooling events occur
which cause phase transformations in base material. These
phase transformations change the material properties and
also volume of the material. In addition, in the welding
process, phase transformations play an important role in
the occurrence of residual stresses which affect
mechanical properties of the material (Wang et al., 2017;
Zubairuddin et al., 2017; Deng 2009).
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In the welding process of steels, material is heated and
melted and hence from liquid phase to alpha phase (i.e.
alpha ferrite), several phase changes occur. Alpha ferrite
can only dissolve in small quantity of carbon atoms and
thus excessive carbon atoms is rejected to the solution.
As high cooling rates occur there is no sufficient time for
carbon atoms to leave rather carbon atoms are trapped
and precipitate inside the alpha phase as Fe3C) and/or
form solid solution phases such as bainite, widmanstaten
ferrite and martensite. These martensites and
carbides account for hardness and strength of weld joint
(Nivas Ramachandiran, 2016).

Microstructure

In order to determine types of phases in the
microstructure after keyhole laser bead on plate welding
of S960 HSLA steel and keyhole laser butt welding of
S700 HSLA steel at different welding conditions, base
metal, fusion zone FZ and coarse-grained heat affected
zone CGHAZ were characterized by SEM (Scanning
Electron Microscopy). According to Poorhaydari et al.,
and Lan et al., (Poorhaydari et al., 2005; Lan et al., 2012),
the most significant aspects are the peak temperatures
and cooling rate when assessing the microstructure of
fusion zone and heat affected zone in the welded joint.
The maximum temperature is observed at the CGHAZ,
and hence this led grain size to increase in this sub-zone
(Guo et al.,, 2017). The microstructure of the base
material of S960 HSLA steel obtained by using SEM
machine given in Figure 6. As can be seen in the Figure
6 that the base metal has elongated grains which was
generated during the hot rolling process.

vl 7

Porosity

SEI 20k WD12mm SS51

Flgure 6. Mlcrostructure of S960 HSLA steel base material (BM)

It is explicit from Figure 7 that the microstructure of base
material (BM), fusion zone (FZ) and coarse-grained heat
affected zone are different when comparing with each
other. While the microstructure of FZ consists of almost
completely martensite, which could be due to the rapid
cooling rate, the microstructure of CGHAZ consists of a
mixture of martensite and granular bainite structure.
Figure 8 indicates the microstructure in the fusion zone
(FZ) and coarse-grained heat affected zone (CGHAZ) for
S2 after keyhole laser bead on plate welding of S960
HSLA steel. In laser welding process, the temperature in
fusion zone (FZ) can be greater than melting point of the
welding material, Figure 8 (a) shows only columnar grain
structure formed in the FZ after melting and then
solidification of FZ, whereas Figure 8 (b) shows that the
microstructure in the coarse-grained heat affected zone
(CGHAZ) is interlaced and equiaxed martensite, which
is the result of fast cooling rate following experiencing
the maximum temperature (Guo et al., 2017).

CGHAZ ICHAZ

Flgure 7. (a) The weld Ccross section proflle of the welded sS4 Jomt in keyhole Iaser bead on plate weldlng of S960 HSLA steel (b) the microstructure in
the base metal (BM), (c) the microstructure in the fusion zone (FZ) and (d) the microstructure in the coarse grained heat affected zone (CGHAZ) in this
weld cross section profile of S4. M: Martensite
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Figure 8. (a) Microstructure of FZ and (b) CGHAZ for keyhol bead on plate welding of S2

Figure 9 from S3 keyhole laser welding of S960
HSLA Steel presents the boundary line between coarse-
grained heat affected zone (CGHAZ) and intercritical heat
affected zone (ICHAZ). The boundary line can be seen
clearly. From Figure 9, it is clear that grain size of
CGHAZ is bigger than that of ICHAZ and color of
CGHAZ is dark while color of ICHAZ is white.
(Microstructures have been misinterpreted please check
CCT diagrams and literature)

Figure 9. The transition from CGHAZ to ICHAZ in S3

Figure 10 shows the microstructure of the base material
(BM) of S700 HSLA steel obtained by using SEM
machine. Figure 10 exhibits that the base material (BM) is
formed from partially tempered martensite and bainitic
structure From the weld cross section profile of welded S7
joint, fusion zone (FZ) and and coarse grained heat
affected zone (CGHAZ) can be clearly seen and also the
boundary between FZ and CGHAZ is obvious in Figure
11 (a). The microstructure of FZ in Figure 11 (b) consists
of mostly martensite laths and some lower bainite. Fig. 11

1GSS wwslaM Moz 135

2,000 v/ 10
o KK

(c) represents CGHAZ’ microstructure and its grain
boundaries can be seen clearly. When FZ is compared
with CGHAZ in terms of mcirostructure, there are more
martensite laths in FZ than CGHAZ and grain sizes of
CGHAZ are larger than those of FZ. Figure 12
demonstrates the welded S6 joint’ microstructure in
keyhole laser butt welding of S700 HSLA steel. This
microstructure has interlaced martensite phases and
bainite phases. XRD patterns of the welded joints of
HSLA S960, S700 and the base materials were presented
in Figure 13 and Figure 14 respectively. XRD patterns
revealed that the base materials and the weld joints were
completely consisted of o ferrite phase in the
microstructure of fusion zone was observed. Martensite
has a smaller lattice parameter than that of alpha ferrite
and therefore the martessite peaks are not visible with
wavelength of Cu target (1.544A), unless the phase itself
was tempered and recovered following the welding,
transforming into alpha ferrite in structure but has a
recopvered structure in appearance.

Figure 11. (a) The weld cross section profile of welded S6 joint in keyhole laser butt welding of S700 HSLA steel, (b) the microstructure in the fusion
zone (FZ) and (c) the microstructure in the coarse grained heat affected zone (CGHAZ) in this weld cross section profile of S6. M: Martensite
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Figure 12. The microstructure of the FZ of S6
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Figure 14. XRD patterns of laser welded joints for S700

4 Conclusions

Mechanical properties and microstructures of keyhole
laser bead on plate welding joints of S960 HSLA steel and
butt welding joints of S700 HSLA steel were investigated.
The main conclusions were presented below:

(1) The average microhardness value of the FZ is
approximately 395 HV while the value of BM is
320 HV in laser bead on plate welding joints. It
was found that microhardness value increases
gradually from BM to FZ. The biggest value is
on the zone which is between CGHAZ and
ICHAZ. S4 has the highest microhardness values
in S960 while S6 is in S700.

(2) Maximum porosity was observed in the weld
bead of S4 and S6. These pores can reduce weld

strength.

(3) It was determined that the microstructure
changes across the welding joint. The
microstructure of BM, FZ and CGHAZ are
different from each other for each laser welding
condition. It was revealed that in general, in FZ
and CGHAZ, the microstructure is composed of
martensite and tempered martensite which result
in increasing microhardness in FZ.

(4) From examining XRD patterns, it was confirmed
that there are not much differences in the
microstructure of FZ and CGHAZ due to similar
cooling rates occuring in the weld zone.
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St52 GELIGININ TIG KAYNAK YONTEMI ILE WC TAKVIYELI TOZLA KAPLANMASI

Thsan Kirik 1, Zulkiif Balalan 2, Yunus Andan 3, Mehmet Yaz 4

Original scientific paper

Bu calisma; TIG kaynak yontemi yardimiyla, farkli oranlarda Co-Cr esash WC takviyeli tozlar1 kullanarak St52 celiginin yiizeyine kaplanmasi
amaglanmustir. Farkli 6zellikteki ¢gelik alt tabakalari tizerine WC-Co-Cr toz karigimlart belirlenen oranlarda 6nceden yerlestirildi ve TIG kaynak iglemi ile
kaplama iglemleri yapildi. Farkl 6zellikteki kaplama tabakalari ¢elik alt tabakaya yogun ve neredeyse hi¢ gézenek olmadan metaliirjik bir baglanma gosterdi.
Kaplamalarin mikro yap1 ve faz analizi i¢in, taramali elektron mikroskobu (SEM), EDS ve X-Ray incelemeleri yapildi. X-1g1n kirinimi incelemesi sonucu,
kaplamalarda WC” lerce zengin diizensiz dagilimli 6tektik yapilarla birlikte birincil dentritik fazlarinda oldugu gézlenmis,ayrica WC-Co-Cr kaplamalari
WC ve W2C ile CrC ve Cr3C2 karbiirleri ile Kobalt, Nikel, Karbonun diizensiz dagilim gosteren fazlarindan olusmustur.

Anahtar kelimeler: WC-Co-Cr, TIG kaplama, St52

1 Girig

Asinma, korozyon ve diger mekanik-fiziksel
ozelliklerinin daha iyi olmasi nedeniyle 6zellikle son
birka¢ yilda seramik takviyeli metal matrisli kompozit
kaplamalarin ~ kullanimi  ve  gelistirilmesi  bir¢ok
arastirmacinin ve sanayicinin ilgisini ¢ekmistir. Metal
matrisli kompozit (MMC) kaplama iiretmek i¢in; plazma
sprey, lazer kaplama, tungsten inert gaz ve yiizey
alagimlama gibi uygulama alani bulmus birgok yontem
kullanilmaktadir. [1-5]. Bu yontemler i¢inde en pratik ve
fazla maliyet gerektirmeyen TIG kaplama yontemidir.
Ayrica, TIG kaplama iglemi, lazer, plazma ve elektron 1s1n
kaynagi gibi yontemlerle karsilastirildiginda daha derin
bir ergime noktasi sunmasi, atmosferik ortamda kullanimi
¢ok daha kolay olmasiyla &n plana ¢ikmakta ve dahasi
diger proseslere gore kaplamanin kalinligini, kimyasal
bilesimini ve Ozelliklerini kontrol etme imkéani da
sunmaktadir [6-10]. TIG kaplama ya da alagimlama
yontemi altlik malzeme yiizeyine yerlestirilen toz
karigimlarint ergiterek yiizey ozelliklerinin gelistirildigi
ve metalik malzemelere seramik kaplama i¢inde alternatif
bir yontem olarak goriilmektedir. [11-13].

MMC kaplamalar1 karbiirlerin sert o6zellikleri ile
metallerin tokluk 6zelliklerini ayni malzemede tutmak
icin gelistirilmis ve metal karbiir partikiillerinin matrise
kazandirdigi dayanim ve sertlik degerleri bakimindan
oldukga dikkat ¢ekmistir. Ozellikle sertliginin yiiksek
olmasi, aginma direncinin iyi olmasi, erime sicakliginin
yliksek olmasi ve kararli bir yap1 gostermesinden dolay1
WC miihendislik uygulamalarinda kaplama malzemesi
olarak yaygin birgekilde kullanilmaya baglamigtir [10-14].
Metal yiizeyine ergitme ile WC esasli metal matrisli
kompozit kaplamalar yiiksek sertlik ve asinma direngleri
nedeniyle havacilik, otomotiv, petrol, elektrik ve makine
imalat1 gibi genis bir sektor yelpazesinde yaygin kullanim
alan1 bulmustur. Yapilan aragtirmalarda farkli metal alt
tabakalarin yiizey Ozelliklerini gelistirmek i¢in TIG
kaplama islemi iizerine ¢ok sayida ¢alisma yapilmistir
[15-17]. TIG yiizey kaplama islemiyle, dolgu metali veya
onceden yerlestirilen tozlarla ¢eliklerin yiizeyine Cr3C2,
TiC, SiC, B4C ve WC gibi sert seramik taneleri eklenerek,
sertlik, aginma ve korozyon direngleri dnemli derecede

gelismis kaplama tabakalar1 tretildigi gorilmiistiir [16-
19]. St 52 ¢eligi otomotiv ekipmanlarinda, makine
pargalarinda, millerde ve imalatin bircok pargasinda
kullanilir. C degerinin diisiik olmasindan dolay1 kaynak
kabiliyetleri yiiksek olan BU celikler karbonitrasyona ve
nitrasyon gibi (ylizey sertlestirme) islemine uygun
celiklerdir.

Yapilan literatiir incelemelerinde celiklerin yiizeyine
WC-Co-Cr tozlarinin termal piskiirtme ydntemleri
plazma sprey ve lazer kaplama kullanilarak yapildigs,
ancak bu yontemlerin donanim olarak maliyetlerinin
yiiksek olmasi, pratik olmamalar1 gibi dezavantajlarindan
dolayr bunlara alternatif olabilecek neredeyse hig
yapilmamis olan St52 ¢eligi, WC-XCo-XCr tozlart ve
TIG kaplama yontemi segildi.

TIG kaynak yontemi kullanilarak St52 ¢eliklerinin
yilizeyine farkli oranlarda Co-Cr esasli WC takviyeli
tozlarin  kaplanmasi daha once hi¢ ¢alisilmadig
dolayisiyla bu ¢aligmada farkli 6zelliklere sahip olan gelik
ylizeyine WC-XCo0-XCr kaplanmasi ve karakteristik
ozellikleri agisindan karsilastirilmasi yapilmistir.

2 Deneysel yontem

Bu calismada kullanilan St52 celiklerinin kimyasal
igerikleri Tablo 1°de verilmistir. Kompozit kaplamalarda
ise WC-XCo-XCr tozlar1 Tablo 2’ de verilen toz
oranlarinda, ¢elik bilyelerle 3 saat siirede, 120 rpm’ de
mikserlenen toz karigimlari kullanildi. St52 ¢eliklerine
Sekil 1°de verilen 6lgiilerde bir kama oyugu halinde agilan
kanaln i¢ kismi, olabilecek kir ve atiktan arindirmak igin
alkol ile temizlendi. TIG Kaplama islemi 130 A akimda,
0.6 mm.s-1 hizinda ve tek pasoda yapildi.

Kaplama sonras1 numuneler kaplama tabakasina dik
dogrultuda kesildikten sonra standart zimparalama-
parlatma islemlerinden geg¢irildi ve 10gr FeCl3 +50ml
HCI+10mIHNO3 +100ml alkol ¢ozeltisi ile daglandi.
Kaplama bolgesinin mikroyap: incelemeleri igin SEM,
EDS ve X-Ray analizleri yapildi. Yiizeyden esas
malzemeye dogru mikrosertlik testleri Vickers sertlik
testi ile yapildi.
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Tablo 1. St 52 geliginin kimyasal kompozisyonu

Alasim C Si Mn P S Fe

St52 Max. 0.2 Max. 0.55| Max.1.5| 0.04 0.04 | Kal.

Tablo 2. Kaplama olarak kullanilan WC-Co-Cr tozlarmin kimyasal
bilesimleri ve deney tasarimu (agirlik olarak %).

Numune No Kaplama Althk
S1 %83WC %17Co - St 52
S2 %79WC %17Co %A4Cr St 52
S3 %88WC %12Co - St 52

3 Sonuglar ve tartisma

3. 1 Kaplama Morfolojileri

TIG kaplama yontemi ile WC+XCo+XCr tozlar
kullanilarak kaplanan S1, S2 ve S3 nolu numunelere ait
mikroyapt SEM gorintileri Sekil 1’ de sirasiyla
verilmistir.  Alagimlama derinligi ve karakteristik
ozelliklerinin kaplama tozlarmin oranlarma ve tiirlerine
baglt olarak degistigi goériilmiistiir. SEM goriintiilerinde
her ne kadar mikro bosluklar olsa da herhangi bir ¢catlama
s0z konusu olmamustir.

Farkli toz oranlari ve karisimin etkileri kaplama
ylizeyinden althlk malzemesine dogru degisimler
gosterdigi ve ¢ok farkli bolgeler olustugu goriilmektedir.
Bu resimlerden de agikga goriildiigii gibi Slnolu
numunede (WC+17Co) WC’lerin gegis bolgesine yakin
ve daha tercihli bolgeler olusturdugu goérilmiistir. Co
oraninin %4 azaltilmasiyla kaplanan S3 (WC+ 12Co) nolu
numunede WC pargaciklarinin birbirine yakin ve daha
biiyiik kiitleler halinde katilasma sergiledigi ancak, ara
bolgelerde serbest kalan Co ise altlik malzeme ile alagim
olusturdugu disiintildiigiinde biiyiik dendritik  bir
katilagsmanin olustugu goriilmektedir. Ancak WC ve Co
tozlarima ilave olarak %4 Cr tozlarinin eklenmesi ile
kaplanan S2 nolu numunede Cr ilave edilmeden kaplanan
numunede gorillen dendritik yapmnin nerdeyse hig
goriinmedigi, WC pargaciklarinin gegis bolgesinden
uzaklasarak yiizeyde biriktigi, bu birikmenin istenen bir
sonug oldugu ve goriilecegi iizere diisiik karbon ve sertlige
sahip St52 malzemesinin sertlik ve aginma dayanimina
etkisinin biiyiik olacagi kesindir.

3. 2 Mikro-sertlik

Bu caligmada kaplama katmaninin sertlikleri mikrosertlik
cihazinda ve 0.5 mm araliklarda alindi. Derinlik boyunca
kaplama katmanmin sertlik degerleri Sekil 2’de
verilmistir. Sertlik degerlerinden de agikca goriildiigi gibi
her {i¢ kaplamaninda hemen hemen benzer sertlik
degerlerine sahip oldugu, aralarindaki farkin %10 ve
altinda kaldig1 ¢ok fazla bir fark olmadigi, ancak kaplama

bdlgelerinin sertliklerinin esas malzemenin sertliginin 3
kati civarinda oldugu goriilmistiir. Biitiin kaplamalar igin,
mikroyapt da c¢ok biyiik farklar olmasma ragmen
mikrosertlik degerlerinde pek fazla bir farkliligin
olmamasi dikkat ¢ekmistir.

gecis bolgesi

NG
~ SOum |

AN S|

Sekil 1. S1, S2 ve S3 nolu numunelere ait mikroyapt SEM resimleri
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Sekil 2. Kaplama yiizeyinden altlik malzemesine dogru S1, S2 ve S3
numunelerinden alian mikrosertlik degerleri.
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3. 3 EDS ve XRD sonuglari

Farkli oranlarda Wc+XCo+XCr ile birlikte TIG
kaplama teknigi kullanilarak kaplanan numunelere ait
EDS analizleri Sekil 3, 4 ve 5’ da sirasiyla verilmistir.
EDS sonuglarindan %4 Cr ilave edilmeden kaplanan
numunelerde Fe’in kaplama malzemesi ile alagim
olusturdugu ve kaplama malzemesinde hatir1 sayilir
derecede var oldugu goriilmektedir. Ancak WC agisindan
bakildiginda WC tozlarinin biiyiik boyutlarda kaldig1 ve
partikiil boyutlarinda heterojen bir dagilimla kaplama
icerisinde kendini gosterdigi goriilmektedir. Cr ilavesi ile
kaplama bolgesinde Fe miktar1 azalmistir. Ayrica Co
ilavesindeki azalma Fe kaplama alagimi i¢indeki varligini
azaltmigtir. EDS sonuglari ile birlikte ve Sekil 6 da verilen
X-Ray sonuglar1 analiz edildiginde kaplama bdlgesinde
WC ve W2C ile CrC ve Cr3C2 Kkarbiirleri ile Kobalt,
Nikel, Karbonun diizensiz dagilim gosteren fazlarindan
olustugu aciktir.

ICursor=
ert=220 Window 0.005 - 40.955= 17,662 cnt

Sekil 3. S1 nolu numuneye ait kaplama bdlgesinin EDS analizi

Sekil 5. S3 nolu numuneye ait EDS analizi

4 Sonuglar

St52 ¢eliginin TIG kaplama yontemi ile WC-XCo-
XCr kompozitinin kaplanmasi isleminde kaplama bdlgesi,
birlesme bolgesi, gegis bolgesi ve 1sidan etkilenen

Cursor=
ert=166 Window 0.005 - 40.955= 11,638 cnt bolgelerde kaplama tabakasinin bilesimine bagh olarak
meydana gelen mikro-yap: ve mikro-sertlik ozellikleri
Sekil 4. S2 nolu numuneye ait kaplama bolgesinin EDS analizi degisimleri asagida belirtildigi gibi sonuglandirilmustir.

1. Bitlin numunelerin kaplama bolgesinde mikro
bosluklar goriildii ancak herhangi ¢atlak veya biiytik
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Intensity

Intensity

Intensity

ebatlt hasar gozlenmedi. Bu bosluklar farkli
konsantrasyon ve termal O6zelliklere sahip tozlarin
katilasmast esnasinda olusturduklar1 konsantrasyon
farkindan kaynaklanmaktadir.

1
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Sekil 6. Kaplamalarin X-Ray analizleri

WC ve Co tozlarina ilave olarak %4 Cr tozlarmin
eklenmesi ile kaplanan numunede Cr ilave edilmeden
kaplanan numunede goriilen dendritik yapinin
nerdeyse hi¢ goriinmedigi, WC pargaciklarinin gecis
bolgesinden  uzaklasarak  yiizeyde  biriktigi
gorilmiistiir.

Mikro-sertlik degerlerinde her ii¢ kaplamamin da
hemen hemen benzer sertlik degerlerine sahip oldugu
¢ok fazla bir fark olmadigi ancak kaplama
bolgelerinin  sertliklerinin  esas  malzemenin
sertliginin 3 kat1 civarinda oldugu goriilmiistiir.
Kaplama mikroyapilart WC bolgeleri ile dendritik
yapilardan ve ignemsi martenzitlerden olusmustur,
ayrica CrxC karbiirlerde mevcuttur.

5 Tesekkir

Bu calisma Bingdl Universitesi Bilimsel Arastirmaglar
Birimi Tarafindan BAP-SBF.2018.00.002 nolu proje

kapsamindan desteklenmistir.

Katkilaraindan dolay1

Bing6l Universitesi BAP birimine tesekkiir ederiz.

6 Referanslar

(1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

Jiandong Wang, LiqunLi,WangTao, Crack initiation
and propagation behavior of WC particles reinforced
Fe-based metal matrix composite produced by laser
melting deposition, Optics
&LaserTechnology82(2016)170-182,

Hang Zhao, Jianjun Li, Zhizhen Zheng, Aihua
Wang, Dawen Zeng, Yafeng Miao, The
microstructures and tribological properties of
composite coatings formed via PTA surface alloying
of copper on nodular cast iron, Surface & Coatings
Technology 286 (2016) 303-312,

Arman  Khalili, Massoud Goodarzi, Milad
Mojtahedi, Mohammad Javad Torkamany,
Solidification microstructure of in-situ laser-
synthesized Fe-TiC hard coating, Surface &
Coatings Technology 307 (2016) 747752
Chinmaya Kumar Sahoo, Manoj Masanta,
Microstructure and tribological behaviour of TiC-
Ni-CaF2compositecoating produced by TIG
cladding process, Journal of Materials Processing
Technology 243 (2017) 229-245,

F. Madadi, M. Shamanian, F. Ashrafizadeh, Effect
of pulse current on microstructure and wear
resistance of Stellite6/tungsten carbide claddings
produced by tungsten inert gas process, Surface &
Coatings Technology 205 (2011) 4320-4328

Sarka Houdkova, Zdenek Pala, Eva Smazalova,
Marek Vostiak, Zdenék Cesanek, Microstructure
and sliding wear properties of HVOF sprayed, laser
remelted and laser clad Stellite 6 coatings, Surface &
Coatings Technology 318 (2017) 129-141

Qi An, Lujun Huang, Shan Jiang, Xinting Li, Yanan
Gao, Yue Liu, Lin Geng, Microstructure evolution
and mechanical properties of TIG cladded TiB
reinforced composite coating on Ti-6Al-4V alloy,
Vacuum 145 (2017) 312-319,

Jun-sheng Meng, Guo Jin, Xiao-ping Shi, Structure
and tribological properties of argon arc cladding Ni-
based nanocrystalline coatings, Applied Surface
Science 431 (2018) 135-142

S. Buytoz Microstructural properties of SiC based
hardfacing on low alloy steel, Surface & Coatings
Technology 200 (2006) 3734-3742
SonerBuytoz*MustafaUlutan®, In situ synthesis of
SiC reinforced MMC surface on AISI 304 stainless
steel by TIG surface alloying, Surface & Coatings
Technology 200 (2006) 3698 — 3704.

J.H. Chen, P.N. Chen , C.M. Lin, C.M. Chang, Y.Y.
Chang, W. Wu, Characterization of multi-element
alloy claddings manufactured by the tungsten inert
gas process, Surface & Coatings Technology 203
(2009) 2983-2988,

P.H. Lailatula, M.A. Maleque, Surface Modification
of Duplex Stainless Steel with SiC Preplacement
Using TIG Torch Cladding, Procedia Engineering
184 (2017) 737 — 742,

S. Buytoz, M. Ulutan, In situ synthesis of SiC
reinforced MMC surface on AISI304 stainless steel
by TIG surface alloying, Surf. Coat. Technol. 200
(2006) 3698-3704,

International Journal of Innovative Engineering Applications 3, 1(2019), 22-26

25


https://www.sciencedirect.com/science/article/pii/S0257897205003919#!
https://www.sciencedirect.com/science/article/pii/S0257897205003919#!

. Kirik et al.

[14]

[15]

[16]

[17]

[18]

[19]

S. Mridha, Titanium nitride layer formation by TIG
surface melting in a reactive environment, J. Mater.
Proc. Technol. 168 (2005) 471-477.,

X.H. Wang, Z.D. Zou, S.L. Song, S.Y. Qu,
Microstructure and wear properties of in situ
TiC/FeCrBSi composite coating prepared by gas
tungsten arc welding, Wear 260 (2006) 705-710.
FuquanLi, ZhenzengGao,LiqunLi,YanbinChen ,
Microstructural study of MMC layers produced by
combining wire and coaxial WC powder feeding in
laser direct metal deposition ,  Optics
&L aserTechnology77(2016)134-143,

Mustafa Ulutan, Koray Kilic, ay, Osman Nuri C,
elik, Umit Er, Microstructure and wear behaviour of
plasma transferred arc(PTA)-deposited FeCrC
composite coatings on AISI 5115 steel, Journal of
Materials Processing Technology 236 (2016) 26-34,
S. Buytoz, M. Ulutan, M.M. Yildirim, Dry sliding
wear behavior of TIG welding clad WC composite
coatings, Appl. Surf. Sci. 252 (2005) 1313-1323
Zhikun Weng, Aihua Wang, Xuhao Wu, Yuying W
ang, Zhixiang Yang, Wear resistance of diode laser-
clad Ni/WC composite coatings at different
temperatures, Surface and Coatings Technology,
Volume 304, 2016, pp. 283-292

Authors’ addresses

Ihsan KIRIK 1, Assoc. Prof.

Bingol Universty

Department of Metallurgy and Material Engineering, University
of Bingol, Turkey

alihsankirik@gmail.com

Zulkuf Balalan 2, Assist. Prof.

Bingol Universty

Department of Mechanical Engineering, University of Bingol,
Turkey

Yunus Andan 3

Bingol Universty

Department of Mechanical Engineering, University of Bingol,
Turkey

Mehmet Yaz 4 Assoc. Prof.

Firat Universty

Vocational High School, Firat University, Elazig, Turkey
myaz2623@gmail.com

26

International Journal of Innovative Engineering Applications 3, 1(2019), 22-26



H. Hama Khalid et al.

ISSN 2587-1943

MOLECULAR ORBITAL CALCULATION FOR ANTHRADITHIOPHENE (ADT) COMPLEX BY
USING HARTREE-FOCK THEORY

Hunar Hama Khalid 1 , Hazhar Rasul 2

Original scientific paper
In this study, we investigate the Hartree-Fock (HF) of Anthradithiophene (ADT) complex in detail. Hence, before quantum mechanical calculations were
optimized using various basis sets. For appropriate calculation level. The highest occupied molecular orbital (HOMO) and the lowest occupied molecular
orbital (LUMO) were plotted. Also, based on the obtained results, the band gap energy was calculated. Finally, we have a demonstration of the average band

gap for ADT molecule.
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1 Girig

Organic  thin-film  transistors  depending on
oligothiophenes or pentacene have reached device
efficiency with mobility ranging from of 0.1-1 cm?/Vs
and on/off current ratios greater than 108 In fact,
monolithic incorporation of plastic transistors and organic
lighting systems offers prospective applications not only
in low-end information storage, such as intelligent cards
or identifying tags but also as switching equipment in
active matrix displays. ADT is a successful organic thin-
film transistor material: it can be viewed as an
intermediate among pentacene and oligothiophenes from
its molecular structure. Particularly interesting is the
significance of its sulfur orbit on electronic transport
characteristics [1].

Hartree-Fock's theory is crucial for most electronic
structure theory. It is the basis of the description of
molecular orbital (MO) that indicates that each electron's
motion can be described by a single particle (orbital)
characteristic that does not depend explicitly on the
instantaneous movements of the other electrons. Hartree-
Fock's theory often provides a good beginning point for
more elaborate theoretical methods easier evaluated for
Schrodinger's electronic equation [2].

The Hartree — Fock method is widely used in
quantum chemistry for calculated electronic structure
computations. Hartree—Fock 's theory is the variability of
this minimizing issue [3]. The HF estimate is not only the
foundation of nearly all conventional methods, such as
wave function depend on quantum chemical methods, but
is also of good theoretical significance [4]. The HF treats
exchange exactly but neglects correlation completely.
While the HF complete energy is an upper limit to the real
ground-state complete energy [5].

In this study, we have focused on the molecular
orbital of ADT molecule, by investigating the HF theory
by using some basis sets. The molecular orbital theory has
to turn into a strong technique for exploring molecules '
electronic structure, enlightening some chemistry regions.
The theory of MO originates from early studies in band
spectroscopy of diatomic molecules and has been broadly
used to explain most aspects of molecular structure and
various molecular characteristics such as electronic dipole
moments, optical absorption spectra, electron and nuclear
magnetic resonance [6].

2 Computational Detail

In literature, there have been some experimental
results about the ADT molecule. It was synthesized as a
thin film with a (10um) mm?- sized platelets of ADT
single crystals were grown from the vapor phase in a
stream of gas [1]. The material crystallizes in a layered
structure similar to rigid rod-like oligomers of thiophene.
Consequently, the electrical and optical properties are
expected to be highly anisotropic. For electrical
measurements, ohmic contacts were prepared by thermal
evaporation of gold through a shadow mask. An annealing
step in a flow of hydrogen at 150 °C was applied after
contact preparation to reduce trapping states within the
samples and to improve the quality of the ohmic contacts.
Current-voltage characteristic was measured in a helium
atmosphere in the temperature range from 30 to 350 K
using a highly sensitive electrometer [1].

In this work, the input files of the relevant complex
were prepared with GaussView 5.8. All other calculations
were performed with Gaussian 09 using Hartree-Fock
calculation. The HF calculations were carried out using 3-
21G, 6-31G, 6-31G (d, p), 6-311G, LanL2DZ, and SDD
basis sets. The geometry was fully optimized in its ground
states.

3 Result and Discussion

After running Gaussian program, the optimized
geometry obtained as shown in Figure 1.
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Figure 1. The symbolic optimized structure of ADT.
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Figure 2. Demonstration the HOMO and LUMO of ADT molecule

Table 1. Determination of the bandgap energy of ADT

HF method
Basis Sets HOMO LUMO Band-Gap (eV)
3-21G -6.84993 1.159478 8.009
6-31G -6.69727 1.18424 7.881
6-31G(d, p) -6.50325 1.329821 7.833
6-311G -6.82462 1.014985 7.839
LanL2DZ -6.82652 0.892806 7.719
SDD -6.817 0.914575 7.731

The energy distinction between the Highest Occupied
Molecular Orbital (HOMO) and the Lowest Unoccupied
Molecular Orbital (LUMO) indicates the molecule's type
and nature. The geometry and its energy correspondence
are shown in Figure 2. The obtained energy gaps are sown
in the Table which is calculated by subtracting HOMO
and LUMO energy levels.

4 Conclusion

In this study, several molecular orbital of ADT
molecule was investigated. The molecule was simulated
by using Gaussian 09 program and then quantum
mechanical based model calculations have been
implemented to obtain molecular orbital for HOMO and
LUMO energy level. In the end, average band gap energy
is obtained as 7.835 eV, by using six basis sets.
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GERILMELERE ETKISININ SONLU ELEMANLAR YONTEMIYLE INCELENMESI

Semih Karaduman 1, Mehmet Bagct 2

Original scientific paper

Bu ¢aligmada; imalat sanayinde kullanimi en fazla olan ekipmanlardan kesici takimlarin kullanim &mriinii arttiran kdse yuvarlatma isleminin takim ve is

pargasina olan etkileri sonlu elemanlar yontemi ile incelenmistir.

Anahtar Kelimeler: Kose hazirlama, asinma, ortogonal kesme teorisi, FEM

In this study; The effects of the edge proparation process, which increases the using life of cutting tools, which is the most widely used equipment in the
manufacturing industry, on the tool and the workpiece have been examined by finite element method.

Keywords: Corner preparation, wear, orthogonal cutting theory, FEM

1 Girig

Her gecen giin imalat sanayinde kullanilan teknoloji
gelisgmektedir ve bunun sonucunda en Onemli imalat
yontemlerinden birisi olan talagli imalat birlesenleri de
teknolojik olarak gelismektedir. Talaglhi imalat yapan
tezgahlarin disinda takimlarin gelisimi verimli, hizli ve
kaliteli imalat igin siirekli olarak gelistirilmektedir. Bu
gelisimin en Onemlisi, maliyetleri diisiirmesi agisindan
takim Omriiniin arttirilmasi olarak ortaya ¢ikmistir. Kesme
hizlarimin yiikseltilebilmesi i¢in ve 0mriin artmasi i¢in ¢ok
fazla calisma vardir, caligmalar genellikle kesici takim
malzemesi, takim kaplamasi ve kesici geometrileri
iizerine yogunlasarak siirdiiriilmektedir. Kesici takimlarin
imalatinda kullanilan makinelerin gelismesi ile istenilen
geometriler eskiye gore takim malzemesine daha rahat
islenebilmektedir. Tezgahlarin isleme kabiliyetinin artip
daha hassas geometriler ¢ikmasina ragmen istenilen
performanslarin takimlardan alinmamasindan dolay:
aragtirmalar yapilmistir ve kdse yuvarlama prosesi takim
imalati sonrasinda ek bir proses olarak ortaya ¢ikmustir.
Mekanik parcalarin yorulma kaynakli hasarlarina karst
uygulanan pah kirma isleminin bir benzeri olarak
agiklanabilecek kose yuvarlatma iglemi, imalat sonrasi
kesici ylizeylerin bir miktar koreltilmesi esasina
dayanmaktadir. Boylelikle asir1 keskin kdselerin kirilma
hizli bir sekilde kirilma probleminin 6niine gegilmistir.
Talas kaldirma teknolojisi ile ilgili kesme kuvveti, kesme
stvist ve islenebilirlik gibi konularda ¢alismalar yapilmig
ve Dbircok malzemeye uygulanmigtir. Caligmalar
sonucunda farkli kesici malzemeleri, takim kaplamalar1
ve kesme sivilar1 gelistirilmistir. Ozellikle artan iiretim
talebi karsisinda ve ekonomik kosullardan dolay1 isleme
hizlar1 ve takim geometrisi alaninda halen daha galigilmasi
gereken 6nemli konular bulunmaktadir.

2 Genel

Calismada analiz sonuglarinin kiyaslanmasi i¢in yedi
farkl1 analiz yapilmistir. Bu analiz ¢iktilarindan iki tanesi

yayinda kullamlmustir. ilk referans kesici takimin taslama
ile imalat1 sonrasindaki hali gibi ( keskin kdse ) olarak
analiz edilmistir. Diger sonug ise analiz ¢iktilarina gore en
iyi sonucu veren takimin analiz sonucu se¢ilmistir.

2.1 Talas Kaldirma ve Ortogonal Kesme Teorisi

Metal talas kaldirma iglemleri {i¢ boyutlu ve karmasik
geometrilere sahip olmasma ragmen, iki boyutlu
ortagonal kesme teorisi modelleme i¢in kullanilmakta ve
hesaplamalar1 basitlestirmektedir. Teoride malzeme ve
takim kesme ylizeyi dik a¢1 altinda talag kaldirma islemini
gerceklestirdigi varsayilir. Ortogonal kesme isleminde
uygulanmis geometrik ve kinematik sekil degistirmelerle
daha  karmasik  hesaplamalar ve  modellemeler
yapilmaktadir. Sekil 1’de ortogonal kesme teorisinin
kuvvet dagilimlart gosterilmistir.

2.2 Talas Olusumunda Deformasyon Balgeleri

Ortogonal kesmenin kesit goriinisii incelendiginde
kesme isleminde ii¢ adet sekil degistirme (deformasyon)
bolgesi vardir. Birincil kayma bolgesi, takim is pargasina
dalarken takimin malzeme igerisinde ilerlemesiyle bir
talag formu olugsmaya baglar. Malzemeye dalan takim, is
pargasindan talas kaldirmaya baglar ve kesilen malzemede
( talasta ) ikincil deformasyon bélgesi olusur. Ugiinciil
bolge ise takimin yan ylizeyindeki siirtiinme bolgesinden
kaynakl1 bir sebeple olusmaktadir.

2.3 Kose Hazirlama Prosesi

Ko&se hazirlama uygulamasi kesici uglar igin {iretim
kapasitesi agisindan ve is pargasinin kalitesini arttirmak
amaciyla kesici uclara uygulanan modern bir yontemdir.
Kesici takim iiretkenligini arttirmada kullanilan dort etken
vardir. Bunlar;

- Kesici takim malzemesi; ekonomik sartlar ve
Ozel sartlar i¢in ortak noktada bulusmalidir.
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F - Kayma (kesihms) dizlemi bovimea sthi eden banvet F1L
Fe : Eesme (15leme) binvett (Esas kesme knveti)
Fp : Pasif larvvet (Takom kanvveti veya radyal kanevef)
F : Sitimme knveti

FR.: Fr 1le Fp bileske knvet
Fn : Siatimme kinvet vektdrime dik ket
Frs : Kaymz kanvetine dik kanovet
§ : Eayma ag=
B : Sirtimme aps
o : Talas ap=m

a)Kesme kuvvetleri diyagrami

Hiz diyagram

Fayma Deformasyon ve Gerinme Diyagrami

¢)Kayma diyagrann

Sekil 1 Ortogonal kesme mekanigi (Altintag, 2000)

b)Hiz diyagram
P —
Is Pargas1
v
Ik Balge
[kincibslge |
Ukiineii _ f Talag
Balge ~ \ T
1 T—
\
Takim

Sekil 2 Ortogonal kesmede deformasyon bolgeleri (Taylan, 2006)

Kaplama teknolojisi: kesme uygulamalari igin

Ozel ve Omriu arttirici etkisi olmakla beraber
ekonomikte olmalidir.

Makro yapt: teknolojik olarak talas atilmasina,

talas kirmasina ve takimin tezgaha baglanmasin
saglamalidir.

Kesici u¢ hazirlama: 6zel uygulamalar icin
uygulanabilir olmal,

ayrica  kaplama
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uygulamalarina takimi hazirlamali ve kontrol
edilebilir olmalidir.

3 Cahsma

Caligma kapsaminda segilen takim geometrisi liretici
firmalarin takim geometrilerinden birebir ayni se¢ilmistir.
Kesici takimin geometrik yapisi sert ve darbeli kesmelere

uygun bir geometri olarak belirlenmistir (Sekil 3).
Geometri 6zetlenecek olursa;

- Talas agis1 40°
Kama agis1 45°

Serbest agis1 5° olarak se¢ilmistir.
Talas derinligini literatiire gore 0,6 olarak sert
metallere uygun olarak uygulanmistir. Ayrica literatiirde

bulunan amrik formiile gére minimum talag derinligi de
g0z Oniine alinmistir. Formiile gore;

hnin =t [1 - COS(% - g)] Denklem - 1

Burada r, analizde uygulanacak maksimum kose

hazirlama radiisii ve B serbest ylizey agisindir.
Buna gore;

R = 0,05 [1 — cosC: - g)] =0,0135 mm olmak
zorundadir.
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- Takim X ekseninde
serbest

Is Parcast Aft Yiizey Z

Yan Yiizey Fix
¥ Diizleminde Hareket 0

Support

Alt Yiizey Fix Support

Sekil 4 Analiz sinir sartlari

Analizde ki takim ilerleme hiz1 sabit tutulmus olup 250
mm/dak olarak takim {ireticilerinin katalog degerlerine
gore secilmistir.

Analiz smir sartlart ise takim 250 mm/dak hizla
ilerleyecek sekilde segilmistir. Parca tabani ve takimin

211,62 Max
188,1
164,59
141,08
117,56
94,051
70,538
47,026
73,513

0 Min

geldigi tarafin zit yiizeyi fix support olarak segilmistir.
Parca Z yoniinde hareket etmemesi igin ise Z yoni
hareketi O olarak secilmistir.

4 Giktilar

Yapilan deney sonuglarinda verimli sonuglar elde
edilmistir. Fakat u¢ radiisiiniin biiylimesi ile kesici takimin
parcaya dalmasi sirasinda agiga ¢ikan gerilmenin biiyiik
oldugu anlasilmistir ve ug¢ radiisii biiyilidiikce gerilmenin
arttig1 goriilmiistiir. Parcadan talas kaldirilma sirasinda ise
parga lizerindeki gerilmelerin azaldig1 ve gerilmenin daha
az oldugu sonucuna ulagilmistir. Ayrica klasik
modellemeye gore analiz sonuglar1 incelendiginde tigiincii
bolge gerilmeleri de parca iizerinde azaldig:
goriilmektedir ve bu gerilmelerin azalmasinin takim
omriine olumlu katki saglayacagi da diigiiniilmektedir.

Sekil 5 Ug radiisii 50 pm olan takimin analiz sonucu

Sekil 5 Ug radiisii keskin kose olan takimin analiz sonucu
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5 Sonuglar ve Tartisma

Analiz sonuglarina gore kose yuvarlatmanin parga
iizerinde olusturdugu gerilmelerin takima olan etkisi
referans kaynaklardan teyit edilmistir ve gelecek
calismalarda kdse yuvarlatmanin radiis Olgiisiine gore
takimin pargaya temas ettigi anla ilgili deneysel ¢aligmalar
yapilmasi konusunda ihtiyaci ortaya ¢ikarmustir.
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