Production of nickel-based welding filler rods by using a scrap gas turbine component

Ali Shafiei'”, Aida Karimi?, Saeid Khani®

1- Assistant professor, Metallurgy group, Niroo research institute, Tehran, Iran, Corresponding author,
Email:alshafiei@nri.ac.ir
2- M. Sc. student, Department of materials science and engineering, Sharif university of technology, Tehran, Iran
3- Assistant professor, Metallurgy group, Niroo research institute, Tehran, Iran

1- Introduction

Nickel-based welding filler rods are very
common in TIG welding. These fillers are mostly
used for the welding of nickel- or cobalt-base
superalloys. Due to the increasing price of nickel,
the price of nickel-based welding filler rods has
noticeably increased recently which can
noticeably affect the cost of final products. To
overcome this problem, one could come up with
the idea of wusing scrap components for
production of welding filler rods. Therefore, an
attempt has been made in this work for producing
nickel-based welding filler rods by using scrap
components. A scrap mixing chamber of a gas
turbine which was in service for more than
100000 hours was used in this work for producing
IN617 filler rods.

2. Materials and methods

A 100000-hour operated serap mixing chamber
of a Siemens V94.2 gas turbine is selected in this
work for the experiments. To inyvestigate if the
mixing chamber can be used for producing
welding filler rods, three aspects of the sample cut
from the mixing chambef were evaluated: 1) the
oxidation layer, 2) the chemical composition, and
3) the mechanical properties. From the oxidation
layer point of view, it was concluded that the
plate could be used-for producing welding filler
rods because the oxidation layer could be easily
removed. The chemical composition of the plate
was investigated and the results show that the
chemical composition is in accordance to the
chemical composition of IN617 filler rods
determined in standard AWS A5.14/ AS5.14M.
Tensile mechanical properties of the plate were

also evaluated to investigate if the plate could be
used for producing welding filler rods. The
mechanical test results show that the elongation
(EL) and reduction of area (RA) ‘of the sample
made from operated plate are lower in
comparison with the EL. and RA of the sample
made from a new IN617 plates However, it seems
that the amount of the EL and RA are still enough
for producing welding filler rods.

For producing welding filler rods, in the first step
(after removing the oxidation layer) the plate was
hot.rolled to the thickness of 1.5 mm. In the next
step, first the thin oxide layer of the rolled plate
wasremoved by sand blasting and then the rolled
plate was cut to rods with the width of 1.5 mm
and thickness of 1.5 mm. Filler rods with any
desired thickness and width could be produced by
the method introduced in this work. The
minimum thickness of the filler rods is
determined by the capacity of the rolling machine
and the maximum thickness of the filler rods is
determined by the capacity of the cutter.

To evaluate the properties of the produced
welding filler rods, they were used for producing
weldments. In this regard, three V-shape grooves
were cut on IN617 plates and they were filled
with the filler rods. One of the grooves was filled
with commercial IN617 filler rods, and the two
others were filled by produced filler rods. Similar
welding conditions were used for welding the
grooves. Images from the welded grooves are
shown in Figure 1.



Figure 1. Weldments and the schematic of the
tensile samples cut from the weldments

3. Results and discussion

To evaluate the mechanical properties of the
weldments, standard dog bone tensile samples
with gage length of 16 mm and gage diameter of
4 mm were cut along the length of the weldments.
The tensile tests ‘wereperformed at room
temperature and the results are shown in Table 1.
The recommended ' tensile properties by
specification AWS AS5.14/A5.14M are also
shown in Table 1. /As it can be seen, the
mechanical properties of the weldments made by
the produced filler is comparable by the
mechanical properties of the weldments made by
commercial IN617 filler. Moreover, it can be
seen that the mechanical properties of the
weldments made from produced filler is higher

than the recommendations in specification AWS
AS5.14/A5.14M. These results indicate that the
quality of the filler rods produced in this work is
comparable with the quality of commercial filler
rods. The microstructures of the weldments were
also examined. The results show that the
microstructures of both weldments are similar
composing from carbides (TiC, MoC, Cr23C¢) and
nitrides (TiN) according to the'EDX analysis.
Therefore, it may be concluded that the produced
filler rods has a quality which is ‘comparable to
commercial filler rods.

Table 1. Tensile mechanical properties of the
weldments
YS UTS | EL
(MPa) | (MPa) | (%) | RA
(%)
Produced filler | 599 787 34 | 27
Produced filler | 623 889 42 | 45
Commercial 573 863 37 | 44
filler
AWS - 620 - -
A5.14/A5.14M

4. Conclusions

By recycling the scrap mixing chamber of a
Siemens V94.2 gas turbine, IN617 welding filler
rods are produced in this work. Simple and
affordable rolling and cutting techniques are used
for producing the filler rods. The results indicate
that the properties of the produced filler rods is in
accordance to the standard specifications.
Moreover, the results show that the properties of
the weldments made by produced filler rods are
comparable to the properties of the weldments
produced by commercial filler rods. The method
which is used in this work for recycling the scrap
gas turbine mixing chamber can be used for
recycling other metallic scrap components as
well.
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Production of nickel-based welding filler rods by using a scrap gas turbine component

Ali Shafiei, Aida Karimi, Saeid Khani

Abstract In this work, the producing of IN617 welding rods using a power plant scrap component is
explained. The mechanical properties and microstructure of the obtained welds has been investigated.
Rolling and cutting methods have been used to produce the welding rods. The results show that the fracture
strength of the welds (880 MPa) is comparable to the fracture strength of welds made using commercial
welding rods (863 MPa). Also, microstructural studies show that the microstructure of the weld zone is
similar to the microstructure of the weld zone obtained using commercial welding rods and includes Ti(C,
N) particles, M¢C carbides (rich in molybdenum), and M23Cs carbides (rich in chromium). Given that IN617
welding rods are imported from abroad and are not produced domestically, the method introduced in this
research can be considered as a cost-effective method for producing these welding rods domestical.

Keywords: Welding; Gas tungsten arc welding; Welding rods; Superalloy; Inconel 617.
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