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A Study on the Surface Modification of the
Nimonic Super Alloy by Plasma Transferred Arc

Welding Method

WonSeok Hwang

Department of Materials Engineering, Graduate School,

Korea Maritime University

Abstract

PTA overlay is a relatively new process. And it has been spotlighted
for its ability to make high functioning overlay layer using high
temperature melting powder of alloy and carbide, which
previous welding process can not do.

However, to broaden the application of this process, something
more is required. That is study of the effect of process variable
upon overlay layer, and quantitative analysis of overlay layer's
characteristics when this process is used.

Regarding this study, Although it has been reported that Ni—base and
Co—base alloy's abrasive behavior upon PTA overlay layer, the effect of

high temperature exposure has not been brought to light yet.



So, this study aimed for settling overlay process upon internal—combustion
engine's suction, exhaust valve surface based on PTA process.
Consequently, we constructed PTA overlay layer on Nimonic material
surface using Ni—base super alloy powder, and studied characteristics
in micro—structure, abrasion—resistance, abrasion characteristics after
high temperature exposure and cavitation resistance upon that overlay
layer. Also we examined the cause of hot cracking after PTAW and

searched a method to prevent it.
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Fig. 2.3 Creep properties of Nimonic 80A extruded bar in constant
strain, subsequently forged. Heat treatment 8 hours/ 1080C
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Fig. 3.2 Schematic diagram of PTA process

Fig. 3.3 PTA equipment and control panel of PTA
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Fig. 3.4 A photo of Exhaust valve made by PTA process

Table 1 PTA process condition

Speed 0.555 r.p.m
current(A) 115A

pilot gas 2.50/min
powder gas 10¢/min
shield gas 22.50/min
powder feed rate 45g/min
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Table 2 Chemical composition of Inconel 625, Inconel 718, Stellite 6

Conziz)sm"” Cr|Ni |[Co |Mo|W |[Nb |Ti |Al |Fe |C |oter
inconel 625 | 21.5| 61.0 - |- 90| -| 36 02 02 25 0.05

inconel 718 19.0| 5251 - | 30/ -| 51 09 05 185 0.8 O
selie 6 |30.0 1.0 61.8 -| 45 -/ -| -| 1.0 1.0 -
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Fig. 3.5 Friction and Wear test equipment(R&B PD—102)

1323

Fig. 3.6 The shape of wear test specimen
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Test specimen
distance :
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=

~

Sea water

Fig. 3.7 Schematic diagram of cavitation—erosion test
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wear loss(g)

1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

ANANANAN

Nimonic 80A

Stellite 6 Inconel 625

J Room Temp.

Inconel 718

Fig. 4.1 Result of room temperature wear weight loss
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Nimonic80A Stellite6 Inconel625 Inconel718

M High Temp.

Fig. 4.2 Result of high temperature(400C) wear weight loss

_33_



wear loss(g)
e e S ol e = o e b
o—'-l\)OD-h(ﬂO)\l(D(DO—'-NOO-P

Nimonin Stellite 6 Inconel Inconel
80A 625 718

O Room Temp. — W High Temp.

Fig 4.3 The comparison of wear weight loss between room and high

temperature
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Fig. 4.4

Stellite 6 (High Temperature)
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Relation between d friction coefficient on

overlay layer
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Inconel 625 (High Temperature )

Friction coefficient (u)

Fig. 4.5 Relation between friction distance and friction coefficient on

overlay layer
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I O

Friction coefficient (u)

- -

overlay layer

Inconel 718 (High Temperature)
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Room temperature High temperature

Inconel 625

Stellite 6

Fig. 4.7 Photograph of worn surface in specimens by

friction(<200)
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Stellite 6 (1)

Stellite 6 (2)

Fig 4.8 Microstructure of liquation crack (<200)
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Inconel 625 (1)

. | B¢

1
|

Stellite 6 (1) Stellite 6 (2)

Fig 4.9 Microstructure of liquation crack (<500)
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Welding heat input Welding distortion Cooling

Fig. 4.10 Mechanism of liquation crack®®
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Diffusion heat treatment + PTA (Stellite 6)

Fig. 4.11 Microstructure of diffusion heat treatment specimen
(x200)
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Diffusion heat treatment + PTA (Inconel 625)

Diffusion

Diffusion heat treatment + PTA (Stellite 6)

Fig. 4.12 Microstructure of diffusion heat treatment specimen

(x500)

_45_



122 eMeolZe] 2H =4

g

Fe) 272 v

B 2 o]
19 Stellite 69 25 A2

*

@)
.

el
T

2 ek

Z

31-2(400C) v}
Itk Fig 4.139] YeRd A

5]

ol
=

i

}g—

of
s

K

S|
&3

ool

101} Inconel 6259 79 11& A

Ju
K

H]

o A% e A

} Inconel 718

5|
pud

At} =
o] xZo] ¢

o] AL Inconel®] A& = Algo u}

o2 Als ¥} Fig 4.14~Fig 4.16& A&

T

<
=

1

A

BIA

I[N

At

2=
T

B

=K

EDX&A ZA 3ot}

Eis

of o

kil

2o

)

2 AR,

_46_



Room temperature Hight temperature(400C)

(Weld metal) (weld metal)

Inconel625 Inconel625

Inconel718 Inconel718

| Stellite 6 | stellite 6 |

Fig. 4.13 Microstructure of room and high temperature weld metal
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Inconel 625

‘ B Room Temp.(Wt.%) O High Temp.(Wt.%)‘

e

Elem Ni Cr Fe Ti Al Si S Nb Mo | Total

Room = 1,0 88121.74| 2.74 | 0.25 | 0.17 | 0.39 | 0.17 | 3.20 | 0.46 | 100
temp.(Wt%)

High 1) 61122.77] 1.84 | 0.98 | 0.35 | 0.15 | 0.21 | 1.72 | 0.37 | 100
temp.(Wt%)

Fig. 4.14 EDX analysis result of Inconel 625
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Inconel 718

B Room Temp.(Wt.%) OHigh Temp.(Wt.%) |

Elem Ni Cr Fe Ti Al Si S Nb Mo | Total
Room
57.48120.78113.32| 0.69 | 1.03 | 0.23 | 0.45 | 5.50 | 0.52 | 100
temp.(Wt%)
High
‘£ 57.95120.10/13.07| 2.06 | 2.34 | 0.28 | 0.60 | 3.13 | 0.47 | 100

temp.(Wt%)

Fig. 4.15 EDX analysis result of Inconel 718
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Stellite 6
| ®Room Temp.(Wt.%) @ High Temp.(Wt.%) ‘

Elem Co Ni Cr Fe C Si w Ti | Total
Room
55.46115.19|18.69| 2.53 | 1.92 | 0.46 | 5.32 | 0.43 | 100
temp.(Wt%)
High

59.01|14.52|20.17| 1.20 | 1.54 | 0.20 | 3.08 | 0.28 | 100

temp.(Wt%)

Fig. 4.16 EDX analysis result of Stellite 6
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Hardness (HV)
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%4 0 ¢
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0.0 0.2 0.4 0.6 0.8 1.0

Distance(mm)

Fig. 4.17 Hardness change at the overlaid section
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Fig. 4.18 Hardness change after high temperature exposure at 400C,
24hr

_53_



g]

o

L H o]

79 7 grhapd

RERE

&

v}

i

Fig. 4.19% 7iH]Ho]A =4 A

+=21 Inconel

625, Inconel 7183} Nimonic S0AHT} & I ZHE Hol=

o

¢
o

ol

}93 312 Inconel

o

2 asBR Qu ol

Hi T3 9

_54_



Wear Loss (? mX 10 &)

Stellite 6 Inconel 718 Inconel 625 Nimonic 80A

Fig. 4.19 Result of the Cavitation—erosion test
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