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Combustion synthesis of refractory and highly strengthened
intermetallic compound of 3-Component Ni-Ti-Al System

WE (BN

Osamu Yamada

Present research purpose is to develop the material with excellent thermal
characteristics using the combustions synthesis method and to construct new
process which combined the synthesis of SHS reaction with the such
manufacturing technology as metal injection molding. Intermetallic compunds of
Ni-ALNi-Ti-Al and Ti-Al-B system were combustion synthesized and sintered by
using spark plazma sintering (SPS) apparatus. Three point bending strength of
the sintered compact at the composition ratio of Ni:Al=75:25 indicated high value
of 1500MPa. The lamellar structure was observed with the sintered compact at
the composition ratio of Ni:Al=70:30. In the system of Ni-Ti-Al, ternary compound
of Ni0.35Ti0. 35A10.30 could be combustion synthesized in addition with binary
compound of NiAl and NiTi.
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Tsuyoshi IRISAWA!, Hiroshi MATSUMOTO?,
Katsuhiko KISHITAKES3, Takeo TANAKA+4, Osamu YAMADAS5

AR sLE, AE B

1 Department of Mechanical Engineering for Transportation, Faculty of Engineering,
Osaka Sangyo University, Nakagaito, Daito, 5748530 Japan

2 Department of Mechanical Engineering For Transportation, Faculty of Engineering,
Osaka Sangyo University, Nakagaito, Daito, 5748530 Japan

3 Department of Materials Science, Faculty Of Engineering, Kyushu Institute of
Technology, Tobata, Kitakyushu, 8048550 Japan

4 Department of Mechanical Engineering, Faculty of Engineering, Osaka Sangyo
University, Nakagaito, Daito, 5748530 Japan

5 College of General Education, Osaka Sangyo University, Daito, 5748530 Japan

keywords: Plasma Spraying, Cast Iron, Alumina Coating, Undercoat Material, Themal
Cycling Life.

Abstract. Thermal cycling life of plasma-sprayed alumina coating on cast irons has been
performed in comparison with the alumina coating on steel. The samples were prepared
by plasma-spraying alumina on flaky graphite cast iron and spheroidal graphite cast
iron without an undercoat and with an undercoat of nickel based self-fluxing alloy or
nickel-chromium alloy. Thermal cycling test revealed that the coating on flaky graphite
cast iron shows a good thermal shock resistance and undercoating improves the property

appreciably by preventing oxide formation on the substrate.

Introduction

Thermal spraying of ceramic coatings onto mild steels and stainless steels are widely
applied to provide heat resistance, wear resistance and corrosion resistance in steel
making works or chemica} industries. However, ceramic coatings onto cast irons are not
so much brought into practice. For ceramic coatings on metallic materials used at high
temperatures, thermal shock resistance is most important because debonding of the
coating during service leads to a severe trouble. In the present work thermal cycling test
has been performed for the specimens of plasma-sprayed alumina coating onto cast irons

with and without undercoat layer to investigate the thermal shock resistance.
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Experimental procedure

The substrates used are flaky graphite cast iron and spheroidal graphite cast iron of
ferritic and pearlitic structures. Mild steel substrate is also used in addition to the cast
irons for comparison. The size of specimens is 20X20 mm and 5 mm in thickness. The
top-coat material is alumina and undercoat materials are nickel-chromium alloy and
nickel based self-fluxing alloy. The chemical composition and powder size of the thermal
sprayed material are shown in Table 1. Thermal spraying was carried out using an 80
kW plasma arc spraying apparatus. The thickness of the coatings is 50~70 u m for the
undercoat and about 200 x m for the alumina top-coat. Thermal cycling test was
performed by quenching the specimens from the heating temperature of 1073 K into cold

water up to 100 cycles as shown in Fig.1.

Table 1 Chemical compositions and powder size of starting materials.

Chemical composition of the spray powder/mass% Power size/ u m
Al,O3 | 99.8% Al,O3 44-10
NiSFA | Ni-15.7% Cr-4.0% Si-2.6% Fe-3.5% B-1.0%C 88-10
Ni-Cr | Ni-50%Cr 44-10
1500 |-
1
|
Healing | Holding | Water quenching
|
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X 1000
e
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Fig.1 Schematic illustration showing thermal cycle in themal shock test.
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Results and discussion

Fig.2 shows the SEM microstructures of the specimens with and without an undercoat
layer of ferritic flaky graphite cast iron and ferritic spheroidal graphite cast iron. It is
seen that the undercoat layer is rather dense and the alumina top-coat is slightly porous.
Fig.3 shows the result of the thermal cycling experiments. The alumina coatings without
an undercoat layer on flaky graphite cast irons of both ferrite and pearlite structures are
about 5 times of the coating on the spheroidal graphite cast irons and the mild steel.
This is attributable to that the flaky graphite coat iron absorbs the thermal expansion
difference between the coating and the substrate because graphite flakes may behave
like cracks and furthermore Young's modulus of the flaky graphite cast iron is
considerably small in comparison with those of the spheroidal graphite cast irons and
the mild steel?.

(NISFA)

Substrate
(FC-F)

Fig.2 SEM microstructures of the specimens with and without an undercoat layer

of ferritic flaky graphite cast iron and ferritic spheroidal graphite cast iron.
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Fig.3 Results of thermal cycling tests.

FC : Flaky graphite cast iron
FCD : Spheroidal graphite cast iron
F : Ferrite
P : Pearlite

Thermal cycling life of the specimens with an undercoat layer is significantly
improved. The specimen of alumina coating onto flaky graphite cast iron with the
undercoat of nickel based self-fluxing alloy did not debond after the thermal cycling test
of 100 cycles. Fig.4 shows the structure at the interface of the coating and substrate in
the specimens of the flaky graphite cast iron after thermal cycling experiments of 40
cycles. It is clear that the surface of the substrate of the specimen having no undercoat is
substantially oxidized after the thermal cycling, but the surface of the specimen with the
undercoat is not oxidized even after 40 cycles. Expansion of the substrate by the
thermally grown oxide may accelerate the debonding of the coating. This is one of main

reasons why undercoats improved the thermal cycling life2?.
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Fig.4 SEM microstructures of interface of coating and substrate for ferritic
flaky graphite cast iron and ferritic spheroidal graphite cast iron

after thermal cycling of 40 cycles.

Conclusions

The main results obtained are summarized as follows,

1] Alumina coating onto flaky graphite cast iron by plasma spraying shows good
resistance to thermal cycling in comparison with the coating onto a spheroidal
graphite cast iron and a mild steel.

2] Undercoat of nickel-chromium alloy or nickel based self-fluxing alloy improves
remarkably the thermal cycling life by preventing the thermally grown oxide on

the surface of the substrates.
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