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Study on the Microstructure and Properties of NiCrSiB
Coating by Atmospheric Plasma Spraying
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Abstract: The microstructure and tensile bond strength of NiCrSiB coating on GH907 alloy samples before
and after heat treatment were analyzed and compared by optical microscope and tensile testing
machine. The salt-coated hot corrosion, galvanic corrosion and salt fog corrosion of the coatings after heat
treatment were analyzed and studied. The results show that the bonding form of NiCrSiB coating is changed
from physical bonding of particle accumulation to metallurgical bonding after heat treatment, The
microstructure characteristics such as holes in the coating are significantly improved. The tensile bond
strength of the coating decreases with the increase of the thickness both before and after heat
treatment. After heat treatment, the bonding strength of the coating with a thickness in the range of
80 pm to 140 pm is relatively stable. The salt-coated hot corrosion of coating is proportional to the
corrosion time. Galvanic corrosion shows that the potential of the coating is lower than that of the base
material. The yellow flow marks produced by the saltfog corrosion test of the coating are mainly the
accumulation products of FeCl; and FeCl, on the microporous structure of the coating surface, which are
formed by the Cl™ ion in the salt spray and the active Fe element in the coating during the long-term contact.
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Fig. 1

The XRD pattern and SEM morphology of NiCrSiB powder: (a) XRD pattern; (b) SEM morphology
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Table 1 The chemical composition of coating 1%
oKk Ni Cr Si B Fe Al Ti Zr
NiCrSiB A 6. 00~8. 00 4.00~5.00 2.75~3.50 2.50~3.50 <0. 05 <0. 05 <0. 05
R2 ZEFEANCSBEEIZSHE
Table 2 Main process parameters of plasma spraying NiCrSiB
FEZH HH/A HUE/V  IR/EW EAUnlpm A/ olpm BERBR/(g e minT D) BOREEE/mm SERBE/(mm - s

WEM 500 70 35 50 5 35 140 1
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Fig. 2 Microstructures of NiCrSiB coating

Bl 2 Ca) Sy SR B R A5 B 1 Wi i 120 4 1 i
IR NiCrSiB ik 2 b A (i s 2 8500k 2 IR 2 4l
U LB AR X B /N B AR /N T 20 pm H 408,
e 53 5 ELAm /0N S 2 DL B S A 45 0K R AT R SR AR W 77
TEIRIZE TR W3 2 Gk Fn 2 8, BT A7 TR U 2
A R e DR Sy RO b 3 | S 1 A ek T T )
15 g, R V5 e /N T 10% . | 2(h) iR, 4
Ak 3 I VA D A Tk ) R T ) OB HE B U Y
e U B 0 R/ 0N L U 2 AR B AR AR IO R R E

FLBR 1060 R Z A L EBUR R 2 P A fE LR &
AT G RAEBIR L A BUA5 v T R JZ R IR AL
] AELFF AR ARFL 25 A o A AL T A o e A — U 7 A TR
JEZy 20~30 pm WP HLUZ .
2.2 REEBEEXLEERENRISH

N T B A R 5 R R R X TR R 4 A
BRI R O R 1 AN [ 55 8 ) TS 3 2 R A B 2SO 2
SRR BELASS . 3 A [ 5L I U 2 R AL B S
PSS &5 B P 3y R Ak BT IS A [ J5E )



55 3 3 T RS S B TR (9 NiCrSiB 4 J2 41 20 485 b % v REBF 5% + 109 -
gEa ., Pl 3 F A I IS A [ J B 0 o 45 6 5 J3E X LB

£3 TREEBRSSRLESRAEEARE
Table 3 Bond strength of original and heat-treated

coatings with different thickness

W2 B [pm 40 60 80 100 120 140

YR AL IR A/ MPa  66. 84 66.63 61.58 60.96 60.99 47.04
WEF A /MPa 41,5 38.7  37.8 36.2 34.6 29.7
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Fig. 3 Bond strength of different coating thicknesses

before and after heat treatment
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Table 4 Salt-coated hot corrosion test results of coating samples

1K 45 1 [ /b

JE g (g e m™?)

TY-12-1 TY-12-2 TY-12-3 TY-12-4 S (E
20 4.190 7 4.629 0 3.678 4 3.722 0 4.055 0
40 4.267 5 4.782 0 3.908 3 3.875 5 4.208 3
60 4.152 2 4.629 0 4.138 3 4.067 3 4.246 7
80 4.421 3 4.858 5 4.253 2 4.029 0 4. 390 5
100 4.613 6 5.202 8 4.559 7 4.527 8 4.726 0
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Fig. 4 Salt-coated hot corrosion kinetics curves of

coating sample at 700 C
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Fig. 5 Surface state of coated sample subjected to
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salt hot corrosion at 700 ‘C

8.0x 10

7.0x 107

6.0x 10

5.0%x 10

T 40x10
~

AR

A J}{/J

20x104F \s )

3.0x 10

T
=

10x 104

1 1 1 1 1 1 1
0 10000 20000 30000 40000 50000 60000 70000
tls

6 RERAHBHRRZE

Fig. 6 Corrosion current density of coating sample
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Fig. 7 Appearance and morphology of coating

galvanic corrosion specimens
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Fig. 8 The appearance of the sample shows a yellow trace

morphology after 1 000 h of salt spray coating
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Fig. 9 Microstructure and EDS analysis of yellow flow mark on coating after salt fog test: (a) Highlight in yellow area;

(b) Dark part in yellow area;(c) Regular highlight in yellow area;(d) Normal area
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Fig. 10 Microporous structure on coating surface at different magnification
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