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Abstract

In this investigation the Fe-C-Ti hardfacing allegs fabricated by FCAW-Non AISI 1010 mild steel substrates, and then

heat treatment was carried out on the samples OHS, XRD,

OM and SEM examinations and Rockwaitlihess method

were used for determining chemical compositionghass and studying the microstructure of the haedéand heat treated
samples. The OES examination results indicatedahsorption of nitrogen in hardface sample wasuoed. The XRD,
OM and SEM examination results indicated that rthierostructure of both hardface and heat treatetpls includes the

ferrite with TICN particles, but with different isize and

distribute of the TiCN particles in midrasture. The

microstructure of the heat treated sample had @ne scale of TICN (500nm) with uniformly distribuaethe ferrite matrix.

The wear test

(ASTM G 65) results indicate thet highest wear resistance is gained in the heatel sample with

maximum surface hardness. In addition, abrasive weeromechanisms in steel substrate/ hardfacat theated samples
were recognized as: deep ploughing / ploughingtting/ shallow ploughing + cutting respectively.
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1. Introduction

Wear is a process of progressive and undesirable
loss or degradation of material from the surface of
mechanical components, and therefore it is
considered as one of the most significant surface
failures of engineering parts [1,2]. Hardfacingige

of the methods used for controlling the wear faitur

of these parts [3]. Among the processes employed
for hardfacing gas-shield flux core arc welding
(FCAW) has become popular for many applications,
because Numerous hardfacing materials are
available and it, resulting in simplicity of opeaoat

[4]. The Fe-Cr-C, Fe-C-X (X: carbide former
elements) and Fe-Ni-Co are three types of alloys
that are used in the hardfacing of steel [5-7].

The Fe-C-X is one of the most popular alloys groups
that used in the hardfacing of steel, becauserdifte
alloys with various hardness and wear resistanoe ca
be fabricated [6]. The Fe-C-X alloys are used
particularly in abrasive wear resistance conditions
such as in the mining industries [6,7]. The abnasio
wear resistance of The Fe-C-X alloys depends on
the X element and characteristics of the hard phase
in the microstructure [6-8]Titanium has the great
tendency form of the carbide and nitride, and when
the carbon and nitrogen exist in chemical
composition, the titanium prefers to be in the form
of TiCN [9]. TiCN has cubic crystal structure (FCC
B1 symmetry) with high bonding energy (13.7eV),
therefore the TiCN has high hardness (2800HV) and

*Corresponding author
Email address: m.mhd2965@yahoo.com

37

melting point (2980°C), that can be used for the
wear resistance applications[10,11].

Most investigations focus on the wear properties of
the TiC or TiCN along with other elements at
hardfacing alloys.Lee [12] suggested that Niobium
and titanium have been used as the most effective
carbonitride alloying elements, which can produce
much hard precipitation if  appropriate
thermodynamic condition occur. Wang et al.[13]
have produced the wear resistant clad layers on
medium carbon steel by GTAW, where WC and TiC
particles were directly added into the specifiedahe
powders. The results showed that the TiC with W
clad layer had superior wear performance under low
sliding spee condition. Wang et al.[14] reporteat th

in situ synthesized TiC particle reinforced
composite coatings can be achieved under suitable
welding parameters by GTAW on steel substrate.
The TiC particles that formed from graphite and
ferrotitanium uniformly distributed in the matrixa
increased the hardness and abrasive wear resistance
three to four times higher than that of 1045 steel
substrate. Yang et al.[15] reported that carbimlatr
particles in the Fe-Cr-C( with Nb and Ti )hardfagin
alloy ,are complex of Cr, Ti and Nb that distribdit

on the matrix with different size in as-weldedlan
heat treated conditions. The size of the carbaigitri
particles in heat treated condition was finer ttraat
as-welded condition and more decreased the wear
rate. Although many researchers studied the
production and wear properties of the TiC or TiCN
along with other elements at microstructure of the
hardfacing alloys, but the wear properties of TiCN
(at nano scale) alone has not yet investigated.



Journal of Environmental Friendly Materials, Vo).Nb. 2, 2018, 37-42.

Therefore, this study presents the effect of nano
TiCN particles on abrasion wear resistance of the
Fe-C-Ti hardfacing alloy.

2. Materials and Methods

AISI 1010 low carbon steel (C=0.1%) specimens
with the dimension of 400 x200 x 10 mm were used
as substrate.

Flux-cored wire with the combination materials that
gives in Table. 1. used as filler metal. The FCAW
with nitrogen gas used for fabricated of hardface
layers on steel substrate. Table. 2. given handfaci
parameters by FCAW-Nprocess.

Table. 1. The combination materials (wt. %) of the
cored wire.

T : Arc Stabilizers
Ferrotitanium Graphite (NaCO3+SiO))
80 10 10

Table. 2. The hardfacing parameters.

Process FCAW
Cored Wire 16
diameter(mm) ’
Number of passes S(accordance
P ISO6847-2000)
Inter-pass temperatures 200
(©)

Polarity DCEP
Welding Voltage(V) 29
Welding Current(A) 310
Wire Extension(mm) 19

Welding Speed(mm/min) 330

After hardfacing, samples cut from top of the
hardface specimens and heat treated at 00fid 1
hour in an electric furnace (Fig. 1.).

1000 paeses
Temperature( © ) i '
25 ; :
&0 120 130
Time (min}

Fig. 1. Schematic of Heat treatment cycle.

Chemical analysis of Samples was carried out by an
optical emission spectrum (OES) equipped with the
charge-coupled device (CCD) technology.
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In addition, the nitrogen absorption content in the
weld metal was measured by using of
nitrogen/oxygen determinate equipment. The X-ray
diffraction (XRD) samples were prepared by
mechanical and electro polishing [16].

The XRD examination was carried out by a
diffractometer (Philips 332) using copper K-alpha
k=1.54A° radiation and a nickel filter. The XRD
examination was performed using an angle of 10—
80° with the step size of 0.02° and a time stepOsf

per each step. The metallographic samples were
prepared by using SiC grinder paper, 1um diamond
paste polisher, 2% nital solution etchant.

The microstructure characterization of each sample
was studied by an optical microscof®lympus-

CK 40M) equipped with image analysis software
and a scanning electron microscope (VEGA-
TESCAN) using backscattered electrons (BSE),
energy-dispersive spectroscopy (EDS) analysis with
20 kV accelerated voltage.

The macro hardness test (HVS 1000) was performed
by using Rockwell hardness tester with 100 kg
force. The abrasive wear test was performed irya dr
sand-rubber wheel testing machine (Fig. 2.) in
accordance with the ASTM G65 standard. The
parameters of the abrasive wear test are given in
Table. 3.

Sand Flow

Sand Nozale

Mounted
Rubber Ring

Steel Dk

Sample

- Sample Halder

Wiights

Fig. 2. Schematic of the dry sand-rubber testing
machine, in accordance with the ASTM G665 standard.

Table. 3. Abrasive wear test conditions.

Parameter Value
Condition: 200 rpm
Velocity 130N

Load gy
Sand flow 300 min
Wear distance 4309 m
Wheel diameter 225 mm
Abrasive particles: Quartz
Type 210-300M
Size
Hardness 1000-1100 HV
Shape Rounded
Sample dimensions: 75%25x10 mm

The abrasive wear resistance was determined from
the mass loss results that were measured with 0.01
mg resolution. In addition, after the wear tesg th
worn surface was observed by SEM in order to
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determine micromechanism of wear for each The EDS analysis illustrates that the matrix (fejri

sample. was enriched with the Fe element and particles
(TICN) were enriched of Ti element.

3. Results and Discussion

Table. 4. provides chemical analysis (wt. %) oEkte a T T T T T
substrate and hardface layer. ol M_— lo
- SN
Table. 4. Chemical analysis (wt. %) of steel subsite E_{,'!L-f’"f
and hardface layer. % i
s B w,u,/ N
sample C Mn Si Ti N Fe T
et
AISI oy~
1010 0.11| 055| 0.32 - - Bal 5
Hf"dface 067 | 031| 015 658 014 Bal & S an 1-%
ayer ™
<
It is noted that hardface sample has nitrogen in 5 -

chemical analysis, and absorption nitrogen in
hardface sample was occurred, this is due to the
presence of the ferrotitanium that was used as -

L . . . as1 4
combination materials (Table. 1.) in cored wire.
Fig. 3. shows the XRD pattern of the hardfaqe == e e
sample. It can be seen that peaks of TiCN with T
ferrite (C -Fe) are present in the hardface layae
ferrite phase formation related as: [9,17,18]. b — ) R 1
ol -.._____‘____‘_“_-___ = Jo
e - — Fel
) e MhEC ‘;:E;‘:’
L Cr e -
4::'— — ;i: e i 2
= 4L [ _-——/é - -4
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s | = w
} s B . — —"m - &
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Fig. 3. XRD pattern of hardface sample. & - —_— mRE _ i
a. carbon concentration reduce at solid phase r ]
(austenite) by formation of TiCN in melt. = I 1™
b. low cooling rate created by using interpass o TR )
temperature in hardfacing process(Table. 2.). T

Fig. 4. shows the Gibbs free energy formation of
different nitrides and carbides.

It can be seen that titanium has the lowest free
energy to formation of nitride and carbide, from

other elements. Therefore at presence of nitrogen,
and carbon together, titanium content in melt do no

allow to combination of other elements and TiCN

formation at the melt. Fig. 5. shows the

microstructure of hardface sample.

It can be seen that microstructure of hardface &smp

consist of ferrite, and some cubical TiCN particles

with size 1 to 3um. Fig. 6. shows the EDS point

Fig. 4. Gibbs free energy formation of different (&
nitrides and (b) carbides [18].

analysis of the matrix (ferrite) and particles (NC 2 jm
of the microstructure in hardface sample. Fig. 5. The OM and SEM micrograph of hardface
sample.
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Fig. 7. shows the mapping elements of the hemispherical. The hardness of different samples is
microstructure of the hardface sample, it can lemse  shown in Fig. 9. It can be seen that the hardnéss o
that Fe element is concentrated in matrix and Ti is hardface sample is 49 HRC and heat treated sample
concentrated in TICN particles, C and N elements is 58 HRC and hardness of both sample are greater
are dispersed at both of the matrix and TiCN than that hardness of steel substrate (18 HRC).

particles uniformly.
L

T

LM e OB AL W ARsS M RGAL TR AN
EN AG TR0 DeE B H
Daw ey S quew

Hnr«nﬂlﬂmi

L)

kal-2

CKal-2

Fig. 7. The mapping elements of the hardface sample
microstructure.

i 1 Nano
Fig. 6. the EDS point analysis of the matrix (ferie) ' "°“Er‘,1’g‘;"‘-“ o
and particles (TiCN) of the hardface  sample | _ ‘
microstructure.

Fig. 8. shows the microstructure of heat terated
sample. It can be seen that the microstructutbeof
heat treated sample includes the fine TiCN pasicle
with cubical and hemispherical shapes at nano scale
(~500nm) that distributed more uniformly in the
ferrite matrix. In fact the heat treatment can eedu
the size of TiCN particles and uniformly distribdte
them at microstructure. According to Fe-Ti-C-N
phase diagram [19], at 970°C the eutectic The TiCN contribute to the higher hardness values
transformation occur and C , N atoms tendency to of hardfacing alloys [9,11] and hence, the
leave the crystal structure and diffusion tioe improvement of hardness in hardface and heat
matrix[9,15], therefore the size of TICN particlE® treated sample is affected by TICN in the
reduce and shape of them be changed to microstructure.

T 1um
Fig. 8. The OM and SEM micrograph of heat treated
sample.
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In addition, Fig. 9. shows that the hardness ot hea
treated sample is higher than that hardface sample.
This due from size and distribute of TiCN particles
in microstructure. By comparing of the Fig. 5. and
Fig. 8. is determined that the size of TICN paeticl

in heat treated sample microstructure is finer 0~50
nm) and more uniformly distribute at the ferrite
matrix than that the hardface sample microstructure
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Fig. 9. Hardness of the different samples.

Fig. 10. shows the weight loss of hardface, heat
treated and steel substrate (AISI 1010) samples
after 4309 m wear distance. This value shows that
AISI 1010 has a low abrasive wear resistance, these
indicate that TiCN hard phases in the ferrite matri
can be controlled the wear rate. In addition, it ba
seen that the highest wear resistance was achieved
heat treated sample.

This due to nano size TiCN particles with uniformly
distribution at microstructurebecause when the

particles are the nano sizes, the surface confact o

the particles during wear test increases[15], and
since the TiCN is hard phase(2800 HV) [11], the
abrasive wear resistant increases.

45
4
3
3
25
2

15

y +——

Weight Loss (gr)

1
0.5
0

AISI1010 Hardface Heat Treated

Fig. 10. Weight loss of different samples in 4309m
wear distance.

The worn surface morphology is related to the wear
micromechanism. Fig. 11. shows the worn surface
of AISI 1010 mild steel. Continuous deep scratches
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can be observed on the worn surface, therefore the
deep ploughing is the main abrasive wear
micromechanism.

Fig. 12. shows the worn surface of hardface sample.
Discontinuous scratches with craters can be seen on
the worn surface, hence, the ploughing and cutting
are the main abrasive wear micromechanism for this
sample.

500 pm

Fig. 11. SEM micrographs of the worn surface of AlS
1010 mild steel.

Scratch

Fig. 12. SEM micrograph of the worn surface of
hardface Sample.

It can be seen that the TiCN cuts from the matrix.
This is because microstructure is composed of
ferrite and TIiCN particles with different thermal
expansion coefficient and plastic strain rate[9].
Therefore, stress formation at the Ferrite/TiCN
interface occurs during the wear test which is tue
cutting and separation of the brittle phase as TiCN
from the microstructure at the surface.

Fig. 13. shows the worn surface of heat treated
sample.  Discontinuous shallow scratches with
craters may be observed on the worn surface.
Therefore the shallow ploughing with cutting is the
main abrasive wear micromechanism of this sample.
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Scratch

Crater

Fig. 13. SEM micrograph of the worn surface of heat
treated Sample.

It can be seen that the TiCN particles cuts frdme t
matrix. Similarly of hardface sample, TiCN partEle
separates from the microstructure due to stress
formation at the Ferrite/TiCN interface during wear
test.

4, Conclusions

From the results of a study abrasive wear resistanc
of the Fe-C-Ti hardfacing alloy contains of TiCN
particles at microstructure, the following
conclusions can be drawn:

1. TiCN particles can be formed by using of
nitrogen gas with cored wire contains of the
ferrotitanium in FCAW-N process.

2. The microstructure of both hardface and heat
treated sample, includes the ferrite with TiCN
particles, but with different in size and distritoumt

of the TiCN particles in microstructure.

3. By heat treatment, the size of TiCN reduce to
very fine scale (~500nm) with more uniformly
distribution at the ferrite matrix in the
microstructure hence the surface hardness
increased.

4. The wear test results indicate that the minimum
weight loss and the highest abrasive wear resistanc
are achieved by heat treated sample with contdins o
the nano size TiCN particles in microstructure.

5. The SEM observation of the worn surface
indicates that steel substrate/ hardface / heateile
samples have the abrasive wear micromechanisms
as: deep ploughing / ploughing+cutting / shallow
ploughing+cutting, respectively.

is
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