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Precipitation Processes in Rapidly Solidified Iron Matrix
Composite Coatings by Plasma Spraying

Yasuhiro Hoshiyama* and Hidekazu Mivake *

Fe-B composite powder was produced by spray-dry of elemental iron and boron powders. Fe-ZrB, com-
posite powder was made by the ball-milling of elemental iron and ZrB, powders. These powders were
plasma-sprayed in low-pressure argon atmosphere to produce iron matrix composite deposits with dis-
persed boride particles. As-sprayed deposits formed using Fe-B composite powder are composed of ferrite
(a) and austenite ( 7 ) phase supersaturated with boron due to the high cooling rate of molten particles
on a substrate. Heat treatment of deposits at 673 K leads to the formation of Fe;B. The deposit heat treated
at 1073 K is made up of a, Fe,B, and FeB. With increasing heat treatment temperature up to 1073 K, the
hardness of the deposits decreases. The as-sprayed deposits produced using the Fe-ZrB, composite powder
were composed of a, Fe.B and Fe,Zr. Heat treatment of the deposits at 1073 K results in the formation of

FeB. The hardness of the deposit drops after heat treatment at 1073 K.
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Tablel Spray dry conditions.

chamber
gas N,
inflow temperature 368 K
outflow temperature 333K
rotation speed of propeller 12000~13000 s~

Table2 Ball-milling conditions.

SUB304, 28X107°m°

milling vial

bali pestie Cr stesl, 12.7me dia, 7 ke

starting powders Fa{153% 10 kg)
+2rB,(17 %10 kg)

rotation spesd of vial 13"

mifling time 252%10%s

process control agent methanol, 30X 1078 m®

atmosphere Ar
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Table3 Plasma spraying conditfions.

plasma gases

primary gas, Ar 35x 107 m'/s

secondary gas, H, 44%10%m/s
voltage—current 60 V-500 A
chamber

gas Ar

pressure 26.7 kPa
spraying distance 0.25 m
substrate traverse

span 54%10%m

traverse rate 40%107 m/s
spraying time 120 ¢, 180 s
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Table4 Chemical compositions of the composite powder and as-sprayed deposit.
type A B
Fe-B ) Fe-ZrB, .
composite powder | 9SPOSEAD L o osite powder | 49POSt O
Fe 99.1 99.1 800 94.9
B 0.90 0.88 1.92 1.14
Zr — — 8.08 3.93
° O "afe © rFe A FesBo
Aa: : A. .Fa,B (F FeB "
- A AbA -
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Fig. 2 EPMA images of Fe-ZrB: composite powder
(type B).
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Fig. 3 X-ray diffraction patterns of deposit A.
AOQ: as-sprayed ;
A1l: deposit heat-treated at 673K ;
A2: deposit heat-treated at 873K ;
A3: deposit heat-freated at 1073 K.
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Fig. 4 Scanning electron micrographs of cross-
sections of deposit A,

A0: as-sprayed deposit ;

Al: deposit heat-treated at 673K ;

A2: deposit heat-treated at 873K ;

A3: deposit heat-treated at 1073 K.
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Fig. 6 Change in Vickers microhardness of deposit
after heat treatment.
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Fig.7 X-ray diffraction patterns of deposit B.
BO: as-sprayed ;
B1: deposit heat-treated at 673K ;
B2: deposit heat-treated at 873K;
B3: deposit heat-treated at 1073 K.
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Fig. 8 Scanning electron micrographs of cross-
sections of deposit B.

BO: as-sprayed deposit;

B1: deposit heat-treated at 673K ;

B2: deposit heat-treated at 873K ;

B3: deposit heat-treated at 1073 K.

Fig. 9 EPMA images of deposit
B2 (deposit B). (a) COMP; (b)
Zr; (¢) B; (d) line analysis.
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Fig. 10 Change in Vickers microhardness in each
splat cross-section with and without precipitates
after heat treatment (deposit B).
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