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Abstract

: Introduction: One of the main problems in oil and gas pipelines is

abrasion corrosion on the edges of the flow channel in the plug and
ball valves. Under normal conditions, the gas is moving at a pressure
of about 145 bar and an approximate speed of 70 feet per second;
The suspended particles in the gas collide with the edges of the flow
channel and cause severe erosion on them. Abrasion resistance of
steels depends mainly on their surface properties and can be
increased by increasing the surface hardness by friction stir
processing (FSP)

Methods: In this study, A216-WCB steel, which is used in the
manufacturing of casting parts for valves, flanges and fittings, was
processed using a friction stir process for one and three passes. The
microstructure, hardness and wear properties of the processed area
were investigated.

Findings: . The results showed that two distinct zones, the stir zone
(SZ) and the thermo-mechanical affected zone (TMAZ), are formed
in the processed zone. Due to the friction stir process, the ferrite
grain size in the stirring region decreased from 25 microns to about
3 microns. The hardness of the stir zone increased from 165 Vickers
to about 780 HV. Also, the abrasion resistance of the stirring area
increased up to 2.5 times.
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Effect of multi-pass friction stir processing on microstructure and mechanical properties of cast A216 alloy

Extended Abstract

Introduction

It is well known that harder materials offer
lower wear rates and lower friction
coefficients. There are several ways to
increase the hardness and strength of steels.
Heat treatment may be an effective way to
increase the hardness of the substrates. Also,
various thermomechanical and plastic
deformation methods are used to increase
the appearance and surface properties of
plain carbon steels. Recently, much attention
has been paid to surface modification
techniques such as the friction stir process
(FSP). This is a new solid surface treatment
method that can be used to harden the
surface through
modification based on the principle of
friction stir welding. There are limited
papers on FSP steels and these papers focus
mainly on changes in microstructural and
mechanical properties.

The main purpose of the present study is to
apply the FSP process on a plain carbon steel
to modify the microstructure and evaluate
changes in wear and friction behavior.

microstructural

Materials and Methods

A216-WCB cast steel in the shape of 100 x
100 x 4 mm was used. The structure of the
base metal at different magnifications. The
structure is completely ferrite-perlite and
coaxial, the amount of ferrite phase is
approximately 63% and perlite is 37% and
the average grain size is 25 microns.

The tungsten carbide tool (WC) with a tool
shoulder 20 mm in diameter and a conical
pin with a large diameter of 7 mm and a
small diameter of 5 mm. The friction stir
process was performed in water at 5 °C with
a rotation speed of 2800 rpm, a forward
velocity of 80 mm/min and a tool
penetration of 2 mm. In order to further
investigate the effect of the friction stir
process on the properties, this process was
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performed in two modes of one pass and
three passes.

After completing the initial sample
preparation process, the polished samples
were etched in nital solution (2%) for 5
seconds. Microstructure was investigated by
field emission scanning electron microscopy
(FESEM) model TESCAN MIRA3.

The hardness was determined using a
Vickers micro-hardness machine under a
load of 300 g.

To investigate the abrasion behavior of the
samples, abrasion test was performed with a
pin on disk device at ambient temperature
without the presence of lubricant. For the
opposite surface, an abrasive disk with a
hardness of more than 2060 Vickers was
used. Abrasion test was performed under
constant force of 80 kg, linear disc velocity of
1280 m/min and applied stress of 14,500
kPa and weight loss of each sample was
measured after distances of 600, 1200, 1800,
2400 and 3000 meters.

Results and Discussion

The microstructure created during friction
stir process can be examined in two parts:
the stir zone (SZ) and the thermo-
mechanical affected zone (TMAZ). Friction
stir  process result in  significant
microstructure modifications, especially
within the stir zone. After the process, the
average grain size decreased from 25 pm in
the base metal to about 3 um in the stir zone.
Ferrite and perlite were crushed under
severe plastic deformation and dynamic
recrystallization during process.

In general, the TMAZ consists of a coaxial
and fine-grained microstructure as a result
of dynamic recrystallization due to severe
plastic deformation. Fine-grained ferrite,
granular  ferrite, directional  grains,
Widmanstétten ferrite and ferrite +
cementite granules are observed in this
area.

The structures of the stir zone, the thermo-
mechanical affected zone of three pass
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sample, are not very different from those of
a single-pass sample, and the grain size and
type, distribution, and percentage of phases
formed are similar to those of a single-pass
sample. The phase changes from ferrite-
perlite to bainite-martensite are evident in
TMAZ, regardless of the number of process
passes; the grain size has reached a
minimum 5 micron.

The one pass sample has an average
hardness in the SZ and TMAZ of 785 and 471
Vickers, respectively. The amount of
hardness in the BM is 165 Vickers. It can be
seen that due to the friction stir processing,
due to the significant fineness of the grains,
change of martensitic-bainite phase and
increase in dislocation density, the hardness
in the SZ has increased 4.5 times compared
to the BM. As the effect of temperature
deformation and refining of the grains
decreases with increasing distance from the
center of the stir zone, this reduces the
hardness values. The hardness in the TMAZ
decreases compared to SZ, but still shows an
increase of 2.5 times the BM. This is because
a structural change due to temperature,
without drastic deformation, occurs in that
area. Beyond the TMAZ, the hardness
decreases significantly with decreasing heat
generated during the FSP and approaches
the hardness of the base material as
expected

In the three-pass FSP sample, the average
hardness in the SZ and the TMAZ is 754 and
430HV, respectively. With increasing
number of passes due to increased internal
heat and energy, in addition to the
possibility of tempering martensite, there is
a possibility of recrystallization and grain
growth, and this leads to a reduction in
hardness. The hradness of one-pass sample
is higher than that of three-pass sample in all
regions between 30 and 40 Vickers.

the weight loss values of the base metal
sample and FSPed samples, after 3000 m
wear distance, were measured as 67.6 and
27.5 mg, respectively. The weight loss of the
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base metal is about 250% higher than that of
the FSPed samples.

Conclusion

1- The average grain size in the samples
operated in one and three passes is reduced
from 25 microns to less than 5 microns.

2- The FSPed samples showed an increase in
microhardness in the SZ and the TMAZ
compared to the BM with a coefficient of 4.5
and 2.5..

3- The average hardness in the SZ decreases
with increasing the number of passes.

4- The total weight reduction of the SZ of the
sample of one pass and the base metal after
a distance of 3000 meters is 27.5 and 67.6
mg, respectively, which indicates an
improvement of wear resistance of about
250% in the FSPed sample.
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