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Tribology Characteristics of Co—based Self-flux Alloy Coatings

Jae Hong Lee

Department of Mechanical Design Engineering
Graduate School

Pukyong National-University

Abstract

Since the surface of materials is directly exposed to the surrounding environment,
wear and comrosion damage often occurs. In order to solve these problems, thermal
spray technique is spotlighted in many industries. Especially, thermally sprayed Co-based
self-flux alloy coating which has excellent wear and corrosion resistance is widely used
in industries that require superior.surface characteristics. As'self-flux alloy is inherently
designed for heat-treatment after.forming the coating layer, defects of coating layer such
as porosity, unmelted particle and splat boundary can significantly be reduced by
heat-treatment.

This paper describes process optimization for thermally sprayed Co-based
self-flux alloy coating by Taguchi method and effect of heat treatment on
tribology characteristics of Co-based self-flux alloy coating. Coating specimens
were fabricated on steel substrates according to Lo(3*) orthogonal array using
flame spray process. Microvickers hardness test and ball-on-disk type sliding

wear test were performed. In order to derive the optimum process condition, the



results were analyzed by analysis of variance(ANOVA) considering a multi
response signal to noise ratio(MRSN). Heat-treatments were carried out at 800,
900, 1000 and 1100C for 30min in a vacuum chamber. For analysis of effect
of heat treatment on tribology characteristics, wear test and hardness test were
performed for heat-treated coating specimens. Microstructures of heat treated
coating layer and wear track were examined using SEM and EDS. From the
results of ANOVA, the optimal combination of the flame spray parameters on
Co-based self-flux alloy coating could be predicted. The calculated hardness and
wear rate of the coatings by ANOVA were found to be close to that of
confirmation experimental result. In following study, effect of heat-treatment
temperature on tribology characteristics of Co-based “self-flux “alloy coating was
analyzed. The' principal wear behavior of the as-sprayed coatings was splat
detachment. | However, dominant wear 'behavior of heat-treated coatings

transferred to abrasive wear with increasing heat-treatment temperature.
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Table 1 Control factors and their levels

Factors Symbol Ist level 2nd level 3rd level
Oxygen gas flow
e 8 A 35 44 53
(ft'/h)
Acetylene gas flow
5 B 44 55 66
(ft'/h)
Powder feed rate (Ib/h) C 24 30 36
Spray distance
D 160 200 240
(mm)
Table 2 Experimental lay' out
Factors
Experimental No.
A B C D
1 1 1 1 1
2 1 g 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 1 3
9 3 3 2 1
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Fig.1 SEMuimage of Co-based powder

Table 3 Characteristics of powder used for flame spray

Composition(wt%)

Size( 11 m)

Co N1 Cr Mo Si B Fe C

Bal. 27 18 6 3.5 3 25 0.2

53 ~ 125
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Table 4 Spray parameters

Oxtgen gas flow 53 (ft’/h)
Acetylene gas flow 55 (f’/h)
Powder feed rate 36 (Ib/h)
Spray distance 240 (mm)
Thickness of coating layer 700 £ 50 (um)

Table 5 Heat ‘treatment conditions

Temperatures 800, 900, 1000, 1100C
Holding time 30 min
Heating time 30 min

Atmosphere vacuum

_11_
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Load

Coating Layer

\ 100 /n

Ve

Fig.2 Schematic illustration of hardness test

Substrate

Table 6 Specifications of MVK-H1

Test loading 10 / 25 /50 /100 /200 /300 /500 /1000 gf
Loading step Automatic (loading./ keeping/ release )
Keeping time 5 ~ 60 sec

Sample size H : 90 x-b: 100 mm

Optical path Measuring / CCTV (changable)

Objective 10 x (Obv.), 40x(measuring)

Display 0.01 pm

Output SPC / RS232C

Measuring way Observation

_13_
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Fig.3 Schematic illustration of wear test equipment

_15_




Table 7 Specifications of MPW-110

- Pin on disc test (one pin or three pin) (ISO 7148, ASTM
G 99)
Test modes - Ball on disc (one Ball or three ball) (ISO 7148)
- Thrust washer test system (ASTM D 3702)
- Ball on flat test (ASTM G 133)

- Max. load capacity : 2,000 N (Option 10,000 N)
- Min. load capacity : 2 N
- Friction sensor : 50 N or 200 N
- Wear loss measuring sensor : +1ym
. . - Rotation speed : 1~1,500 rpm (Option. 3,000 rpm)
Specification .
- End mode : time j.cycle
- Power : AC220V, single phase
- Size : W 700 X D 450 X H 700 mm

- Weight : about [180 kgf

- ‘Rotation speed (rpm)

- Friction-force (N)

- Sliding speed (m/sec)

- Wear loss (um)
Record parameters . .

- Sliding distance (m)

- Test time (sec)

- Test cycle (cycle)

- Friction coefficient (1)

_16_
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Table 8 Experimental lay out and results of S/N ratio of hardness

Experimental Factors S/N Ratio
No. A B C D of Hardness
1 1 1 1 1 5.7128
2 1 2 2 2 5.7810
3 1 3 3 3 5.8317
4 2 1 2 3 5.7923
5 2 2 3 1 5.6481
6 2 3 1 ) 5.7499
7 3 1 3 2 5.8017
8 3 1 3 5.8480
9 3 3 2 1 5.7396
Table 9 Results of ‘the .analysis_of variance on hardness
Symbol D.OF S 5, 7, Contributions
(%0)
A 2 6.88E-3 3.44E-3 25.24%* 22.3
D 2 2.34E-2 1.17E-2 86.13#* 76.0
Error 4 5.45E-4 1.36E-4
Total 8 3.09E-2
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Fig.4 Interaction plots for S/N ratio of hardness

Table 10 Results of confirmation experiment

Confirmation experiment

Calculated values Difference
results
Ymean Yort,cal Ymean—Yort,cal
5.86 5.85+0.04 0.01
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Table 11 Experimental lay out and results of S/N ratio of wear rate

Experimental Factors S/N Ratio
No. B C D of Wear Rate
1 1 1 1 9.1373
2 2 2 2 9.0663
3 3 3 3 9.2840
4 1 2 3 9.0752
5 2 P 1 9.2432
6 3 1 g 9.0812
7 1 3 2 9.2217
8 2 1 3 9.2505
9 3 2 1 9.1309
Table 12 Results of the analysis of variance on -wear rate
Symbol  D.O.F s % F,  Commbutions
(%0)
A 2 6.94E-3 3.47E-3 2.63 12.0
C 2 3.83E-2 1.91E-2 14.50* 66.4
D 2 9.76E-3 4.88E-3 3.70 16.9
Error 2 2.64E-4 1.32E-3
Total 8 5.76E-2
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Fig.5 Interaction plots for S/N ratio of wear rate
Table 13 Results of confirmation experiment
Confirmation experiment .
Calculated values Difference
results
Ymean Yort,cal Ymean—Yort,cal
9.30 9.25+0.09 0.05
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Table 14 MRSN rato w; o dness = 0-95 W wearrate — 0-9

Experimental Loss function Normalization Weighting
No. Hardness @~ Wear rate  Hardness @~ Wear rate =~ Hardness =~ Wear rate
1 1.94E-06 7.29E-10 1.1231 1.0496 0.5615 0.5248
2 1.66E-06 8.58E-10 0.9598 1.2361 0.4799 0.6180
3 1.47E-06 5.20E-10 0.8541 0.7485 0.4270 0.3742
4 1.61E-06 8.41E-10 0.9351 1.2109 0.4676 0.6054
5 2.25E-06 5.71E-10 1.3035 0.8224 0.6517 0.4112
6 1.78E-06 8.29E-10 1.0309 1.1942 0.5155 0.5971
7 1.58E-06 6.00E-10 0.9152 0.8643 0.4576 0.4321
8 1.42E-06 5.62E-10 0.8226 0.8087 0.4113 0.4044
9 1.82E-06 7.40E-10 1.0557 1.0652 0.5278 0.5326
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Table 15 Results of the analysis of variance on MRSN

Contributions
Symbol D.O.F S v Fy
(%)
A 2 0.7909 0.3955 23.64** 29.4
C 2 0.7864 0.3932 23 51** 29.2
D 2 1.0832 0.5416 32.38%:* 40.2
Error 2 0.0334 0.0167
Total 8 2.6940
0.60
7-7A v
0.45 4 —eo—B
» L C =
0304 W& R
0.15 1
‘Z n ® °
s 0.00
)
-0.15 4 v
0304 W \
[
-0.45 ' ' L
1 2 3

Fig.6 Interaction plots for MRSN
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Table 16 Effect of weighting factor (W, purdness> Wa Wearrate)

Experimental " 0, Optimum level of factors Percentage
No. B c R
! ! 0 3 2 223
2 0.8 0.2 3 3 293
3 0.6 0.4 3 3 31.1
4 0.5 0.5 3 3 294
5 0.4 0.6 2 3 26.3
6 0.2 0.8 %) 3 18.7
7 0 1 P 3 12.0
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FlirUd

Fig.8 Microstructure of coating layer heat-treated at 800C
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ZE kL

Fig.9 Microstructure of coating layer heat-treated at 900°C

LB kL

Fig.10 Microstructure of coating layer heat-treated at 1000 C
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ZE kL

Fig.11 Microstructure of coating 'layer heat-treated at 1100C
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Cr

Fig.12 EDS-mapping image of coating layer
heat-treated at 1100C
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Fig.14 Variation of wear rate according to temperature
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Fig.15 Microstructure of wear track heat-treated at 800°C

.

Zaky 3 188 mm FKNU

Fig.16 Microstructure of wear track heat-treated at 1100°C
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Fig.17 Microstructure of cross section of wear track heat-treated
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Fig.18 Microstructure of cross section of wear track heat-treated
at 1100C (x200)
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Fig.20 Microstructure of cross section of wear track heat-treated
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