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Abstract

The effects of microstructure on fretting wear were investigated in Inconel 690 tube.
The microstructural observation indicated that the solution annealing temperature and
time affected the grain size of the Inconel 690 tubes. The carbide morphology, along
grain boundaries, was mainly affected by thermal treatment time and temperature. The
wear test results showed that specimens with coarse carbides along grain boundaries
had more wear resistance. Cracks were found in specimens with carbides along the
grain boundary, while few cracks were found in carbides free specimens. It seemed that
the carbides on grain boundary assisted crack formation and propagation in carbide
containing specimens.
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Tablel. Chemical composition of Inconel 690 tube

(Wt%)

C S Mn P S Cr Ni Mo

0.002 0.27 0.28 0.008 0.001 29.4 59.2 0.01
Co Ti Cu Al Nb B N Fe

0.011 0.28 0.01 0.027 0.01 0.004 0.012 10.5

Table 2. Chemical composition of tube support plate (AlSI 405)

(Wt%)

0.08 1.00 0.04 0.03 1.00 13.0 0.60 val.

Table 3. Summary of heat treatment conditions

Designation A SA T TT

Temperature Time Temperature Time
AS
SAH 1150°C lhr

SAH701 1150°C lhr 700°C lhr
SAH715 1150°C 1hr 700°C 15hr

SAH801 1150°C lhr 800°C lhr

3SAH701 1150°C 3hr 700°C lhr

SAL701 1070°C 1hr 700°C lhr
SAL715 1070°C 1hr 700°C 15hr

SA : Solution Annealing
TT : Thermal Treatment
AS: Asreceived




Table 4. Results of grain size measurements

AS SAL SAH 3SAH
Grain No 8.07 7.49 5.53 5.2
Grain size (mm) 25 30 60 80
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Fig. 1. Wear testing machine
(TSP : tube support plate, lever : used to adjust displacement)
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Fig. 2 Carbide morphology of (a) SAH(solution annedled at 1150°C for 1hr) (b)
SAH701(solution annealed at 1150°C for 1hr, thermally treated 700° 1hr) (c) AS(as-
received) (d) SAH801(solution annealed at 1150°C for 1hr, thermally treated at 800°C,
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Fig. 3 Hardness values of (&) matrix (b) grain boundary
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Fig. 4 Weight loss against hardness of specimens

T
3SAH701

T
SAH801




0.0003

0.0002

o

0.0001
—

- }
0.0000

T T T T
SAH SAH701 HSA715 SAH801

Weight Loss (g)

Specimen

Fig. 5 Dependence of weight loss on carbide morphology

Fig. 6 SEM images of worn surface depending on carbide morphology
(@) SAH (solution annealed at 1050°C for 1hr) (b) SAH 715 (solution annealed
at1050°C for 1hr, thermally treated at 700°C for 15hr)
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