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Abstract

In this work, the suitability of aluminium A390 for bearing application is analyzed by means of sol-gel surface coating of Chromium
nitrate Cr(NO,), of different hardness values. A380 is better known for its application as aluminium bearing material but it is little more
costlier than A390. Therefore the ways in which A390 can be improved in properties like A380 is worked out in this work and sol-gel
treatment technology associated with dip coating is utilized as the surface treatment technique. Wear loss and Specific Wear Rate
analysis are done for these materials for comparing A390 with A380. In terms of specific wear rate, it is found that A390 hardened to

55 HRC has equivalent properties to A380 and cost effective.
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Introduction

Aluminium alloys should possess better wear resistance and anti
friction properties especially those used for bearing applications. Where
is the removal of the material from the surface of a solid body as a result
of mechanical action of the counter body. A380 and A390 are important
aluminium related bearing alloys which finds many conventional usage
for the same. Chromium nitrate Cr(NO3)3 is selected as the coating
material for A390 alloy because of its anti-wear properties. In sol-gel
technology, the coating material is first synthesized and then coated
on the material using dip-coating for different hardness values such
as 55HRC, 65 HRC etc using variations in heat treatment furnace
temperature, aging time duration etc. Wear test is done using pin-on-
disc apparatus and the specific wear rate results are compared for both
the alloys (Table 1).

Methodology

Aluminium alloys A390 and A380 are compared for tribological
behavior after surface modifications using different hardness sol-gel
treatment.

Wear testing

The pin-on-disc apparatus wear tests are done in three trials in
order to incorporate the various changes in heat treatment furnace
temperature, aging time duration etc. These tests were carried out at
a constant load of 3 kg and a sliding velocity of 3 m/s with different
sliding distances of 250 m, 500 m and 1000 m keeping other parameters
constant and the results are presented in the tables below. Secondly
wear tests were carried out for a constant sliding distance of 1000 m

Wear test nature Symbol
Sliding Distance of 250m with a Sliding Speed of 3m/S and applied WearTest1
load of 3kg.
Sliding Distance of 500m with a Sliding Speed of 3m/S and Applied WearTest2
Load of 3kg.
SIl|d|ng Distance of 1000m with a Sliding Speed of 3m/S and Ap- WearTest3
plied Load of 3kg.
Sll|d|ng Distance of 1000m with a Sliding Speed of 2m/S and Ap- WearTest4
plied Load of 2.5kg.
Sll|d|ng Distance of 1000m with a Sliding Speed of 2m/S and Ap- WearTest5
plied Load of 5kg.
Sllldlng Distance of 1000m with a Sliding Speed of 2m/S and Ap- WearTest6
plied Load of 10kg.

Table 1: Symbolic Name for the Different Specimens Used.

with a sliding velocity of 2 m/s and under various load conditions of
2.5kg, 5 kg and 10 kg.

Conclusions

The dry sliding wear behavior was studied on aluminium alloys
for bearing application in this work. In overall, A390 Hardened to 55
HRc (C1 specimens) performs better than untreated specimen and also
A380 alloy but its performance is less compared to A390 Hardened to
60 HRc (C2 specimens) (Table 2). A390 hardened to 55 HRc is found to
be equivalent to A380 and cost effective. The SEM examination suggests
that the mechanism of material removal is due to plastic deformation.
In detail, The reducing agent called Poly Vinyl Alcohol (PVA) (Table
3-5) proved to be a better reducing agent.

o Temperature of size reduction 210°C before aging showed to be
the proper temperature.

o Aging time duration of 8 hours seemed to be better over other
values.

o Temperature of heat treatment of the order of 800°C was the
perfect one.

o Time duration of 5 hours inside the furnace for heat treatment

proved to be ideal.
S.No Specimen name Specimen symbol
1 |Untreated A390 specimen U
Cr(NO,), sol-gel treated A390 having surface hard-
2 373 C1
ness of 55 HV
Cr(NO,), sol-gel treated A390 having surface hard-
3 373 Cc2
ness of 60 HV
4 | Untreated A380 specimen C3

Table 2: Symbolic Name for the Different Specimens Used.
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WearTest1 WearTest2 WearTest3 WearTest4 WearTest5 WearTest6

Specimen Volumetric |Specific Volumetric Specific Volumetric |Specific Volumetric Specific Volumetric |Specific Volumetric |Specific

wear loss |wearrate wearloss wearrate |wearloss wearrate wearloss wearrate wearloss wearrate wearloss wear rate

(cmd) (mm3Nm) |(cmd) (mm?*Nm) |(cm?) (mm3Nm) |(cmd) (mm3/Nm) |(cmd) (mm?Nm) |(cmd) (mm3/Nm)
u 0.00093 0.000083 0.00169 | 0.000088 0.0037 0.000093 0.00097 | 0.000051 0.00096 0.000055 0.00095 | 0.000064
C1(1.5hrs)| 0.00063 0.000043 0.00097 | 0.000066 0.0015 0.000072 0.00164 | 0.000033 0.0026 0.000043 0.00096 | 0.000053
C1 (2 hrs) 0.00057 0.000034 = 0.00079 | 0.000057 0.00099 0.000064 0.00068 0.00003 0.00074 0.000042 0.00077 | 0.000055
C1(2.5hrs)| 0.00045 0.000032 | 0.00068 0.000039 0.00088 0.000053 | 0.00055 | 0.000025 0.00069 0.000028 0.00064 0.000036
C2 (3 hrs) 0.00047 0.000028 0.00098 | 0.000074 0.00097 0.000082 0.00076 | 0.000033 | 0.00093 0.000036 0.00098 | 0.000047
C2 (8 hrs) 0.00055 0.000026 0.00065 | 0.000062 0.00087 0.000073 0.00054 | 0.000026 0.00086 0.000034 0.00086 | 0.000046
C2 (9 hrs) 0.00038 0.000024 = 0.00057 0.00004 0.00065 0.000055 | 0.00048 | 0.000018 0.00047 0.000026 0.00056 | 0.000045
C3 (11 hrs) | 0.00025 0.00002 0.00075 0.000055 0.00085 6.12E-05 0.00057 0.000028 0.00059 0.000032 | 0.00069 0.000057
C3 (15 hrs) | 0.000035 | 0.000018 | 0.00046 0.00004 0.00068 | 0.000058 0.0005 0.000023 0.00048 | 0.000036 | 0.00049 0.000046
C3 (20 hrs) | 0.00039 | 0.000016 0.00045 0.000037 0.00056 | 0.000046 0.00038 0.000018 0.00037 | 0.000034 0.00036 0.00004

Table 3: Reducing agent called Poly Vinyl Alcohol (PVA), Temperature of size reduction 210°C, Aging time duration of 8 hours, Temperature of heat treatment of the order
of 800°C, Time duration of 5 hours inside the furnace, Particle size of coating material of 180nm, Aging time duration of 10 hours, Temperature inside the furnace of 350°C
for dip coating, Time duration inside the furnace of the order of 7 hours.

WearTest1 WearTest2 WearTest3 WearTest4 WearTest5 WearTest6
Specimen Volumetric |Specific Volumetric Specific Volumetric |Specific Specific Volumetric Specific Volumetric |Specific Volumetric
wear loss |wearrate wearloss wearrate |wearloss wearrate |wearrate wearloss wearrate wearloss wearrate wearloss
(cmd) (mm3¥Nm) |(cmd) (mm?*Nm) |(cmd) (mm3*Nm) [(mm3Nm) |[(cm3) (mm?*Nm) |(cmd) (mm3¥Nm) |(cmd)
U 0.00094 0.000085 0.00179 0.000091 0.0038 0.000095 0.00098 0.000054 0.00097 0.000058 0.00096 0.000066
C1(1.5hrs)| 0.00064 0.000045 0.00098 0.000066 0.0017 0.000073 0.00165 0.000034 0.0027 0.000045 0.00097 0.000053
C1 (2 hrs) 0.00058 0.000034 0.00089 0.000058 0.00129 0.000066 0.00069 0.00003 0.00075 0.000042 0.00078 0.000055
C1(2.5hrs)| 0.00046 0.000035 0.00069 0.000039 0.00089 0.000054 0.00056 0.000025 0.00079 0.000028 0.00074 0.000036
C2 (3 hrs) 0.00048 0.000028 0.00099 0.000075 0.00098 0.000084 0.00076 0.000035 0.00094 0.000037 0.00099 0.000047
C2 (8 hrs) 0.00056 0.000027 0.00066 0.000062 0.00088 0.000075 0.00055 0.000028 0.00087 0.000034 0.00087 0.000047
C2 (9 hrs) 0.00039 0.000025 0.00058 0.00004 0.00066 0.000057 0.00049 0.000018 0.00048 0.000027 0.00057 0.000047
C3 (11 hrs) | 0.00025 0.00003 0.00076 0.000055 0.00086 0.000065 0.00059 0.000029 0.00062 0.000034 0.00069 0.000057
C3 (15 hrs) | 0.000036 0.00002 0.00047 0.00005 0.00069 0.000058 0.00047 0.000025 0.00051 0.000037 0.00052 0.000048
C3 (20 hrs) | 0.00041 0.00002 0.00046 0.00004 0.00058 0.00005 0.00038 0.000019 0.00038 0.000036 0.00039 0.00004

Table 4: Reducing agent called Poly Vinyl Alcohol (PVA), Temperature of size reduction 210°C, Aging time duration of 8 hours, Temperature of heat treatment of the order
of 800°C, Time duration of 5 hours inside the furnace, Particle size of coating material of 180nm, Aging time duration of 10 hours, Temperature inside the furnace of 350°C
for dip coating, Time duration inside the furnace of the order of 7 hours.

WearTest1 WearTest2 WearTest3 WearTest4 WearTest5 WearTest6
Specimen Volumetric |Specific Volumetric | Specific Volumetric |Specific Specific Volumetric |Specific Volumetric |Specific Volumetric
wear loss wearrate |wearloss wearrate |wearloss wearrate |wearrate wearloss wearrate |wearloss wearrate |wear loss
(cm?) (mm3/Nm) |(cm?) (mm?*Nm) |(cm?) (mm3Nm) |(mm3/Nm) |(cm?) (mm?¥Nm) |(cm?) (mm3/Nm) |(cm?)
u 0.00096 | 0.000087 0.0018 0.000091 0.0038 0.000097 | 0.00098 | 0.000054 | 0.00098 0.00006 0.00097 | 0.000066
C1(1.5hrs) 0.00065 | 0.000047 & 0.00098 | 0.000066 0.0018 0.000073 0.0017 0.000034 0.0028 0.000045 | 0.00097 | 0.000057
C1 (2 hrs) 0.00058 | 0.000034 0.0009 0.000059 0.0013 0.000066 0.0007 0.00003 0.0008 0.000046 0.0009 0.000055
C1(2.5hrs) 0.00047 | 0.000035 ' 0.00069 | 0.000039 0.0009 0.000058 0.0006 0.000028 0.0008 0.000028 | 0.00074 | 0.000036
C2 (3 hrs) 0.0005 0.000029 | 0.00099 @ 0.000078 | 0.00099 & 0.000087 | 0.00077 | 0.000037 & 0.00094 @ 0.000037 @ 0.00099 | 0.000047
C2 (8 hrs) 0.00056 | 0.000027 | 0.00067 | 0.000064 & 0.00089 | 0.000075 | 0.00056 | 0.000028 @ 0.00088 | 0.000036 @ 0.00088 | 0.000047
C2 (9 hrs) 0.00039 | 0.000027 0.0006 0.00004 0.00066 | 0.000058 | 0.00049 | 0.000019 & 0.00049 | 0.000027 & 0.00058 | 0.000049
C3 (11 hrs) | 0.00027 0.00005 0.00078 | 0.000055 | 0.00087 0.00007 0.0006 0.00003 0.00064 | 0.000034 | 0.00069 0.00007
C3 (15 hrs) | 0.000037 | 0.00002 0.00047 0.00006 0.00069 | 0.000058 | 0.00048 | 0.000025 | 0.00053 0.00004 0.00052 | 0.000048
C3 (20 hrs) | 0.00043 0.00002 0.00047 0.00005 0.00059 0.00006 0.00039 0.00002 0.0004 0.000036 | 0.00039 0.00005

Table 5: Reducing agent called Poly Vinyl Alcohol (PVA), Temperature of size reduction 210°C, Aging time duration of 8 hours, Temperature of heat treatment of the order
of 800°C, Time duration of 5 hours inside the furnace, Particle size of coating material of 180nm, Aging time duration of 10 hours, Temperature inside the furnace of 350°C
for dip coating, Time duration inside the furnace of the order of 7 hours.

o Particle size of coating material of 180 nm promised to be best.

« Aging time duration of 10 hours was the correct value over other

possible durations.

1.

« Temperature inside the furnace of 350°C for dip coating seemed 2.
to be giving better results.

Time duration inside the furnace of the order of 7 hours proved to 3.
be best out of all other values.
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