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Compatibility of Heat Resistant Materials for HTGR

(1) Adhesion Test

Susumu MURAQKA, Hiroharu ITAMI and Sueo NOMURA+

Division of JMTR Project, Oarai, JAERI

( Received February 21, 1975 )

The adhesions between heat resistant alloys and refractory
metals were studied at 800 and 1000°C in helium for up to 1000
hours. The alloys all exhibit adhesion above 800°C. In heating
graphite in contact with the heat resistant alloys above 800°C,
it is found that carburization depth is smaller in Hastelloy X
than any other alloy. Concerning the adhesion and reaction be-
tween the alloys, between the metals and between the alloys
and graphite , the ceramic coating serves to prevent the adhe-
sion. Several ceramic coatings were tested for evaluating thier
compatibility and endurance. The plasma-sprayed coating of
Al1,03 and ZrQ; and the flexible corde-sprayed coating of Zr0j

seem to be the most promising.

+ Division of Nuclear Fuel Research, Tokai, JAERI
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| .Table 4 Coating Materials

Coating | Manufacturer Nomenclature and wader % Fema ric
No. and Trade Name |Chemical Composition |3leve Size emarss
METCO o S
1 105SF 100% 41,0, — 254504
Tungsten Carbide
METCO Cotalt Clad -
2 72FNS 91%  We ~325+15%
o ot Co
3 ME?g%SF 1004 Cr2o3 ~140+100.
Stabilized Z10
i : oo
4 MEgg? - 93.5% 2105 ~2T0+10k
_ : 5.0% Cal
Three Component Blend
METCO 85% Cr<Cp o
> SONS 107 N =325+5n
5% Cr '
METC
6 630 99.0% Mo —200+30u
: METCO o . {Experimental
7 XP113% 100% MoSi, ~230+101 gl
* Particle size in mesh sizes excepl where noted.
Table 5 Selected Coating Materials
Method Manufacturer Nomenclature | Powder.* Remarks
- and Trade Name “and Chemical Composition S3ieve Slze
METCO 1058F 100% 415073 -2545u
Flasma |yunco 201 Stabilized Z10y -270+10%
Spray . :
75% Chromium Carbide ,
i, _ . _ 1
Coating| ELO0 S1VE 25% (BONL - 20Cr) 170+100
' ' : Bondin
METCO 43F 8ONi — 20Cr o tori sl
99.8%41203, 0,11%Naz0
P 0. 04%Fe 05, 0.0L%C
s . |80.9%2r0,, 5.0%Ca0
Stabilized 210, | ¢ g0, 6. 61403, 0. 55Fe 03

* Particle size in mesh sizes except where noted.




Table 6

Stability of Ceramic Coated Nickel

JAERI-M 6088

in High-Temperature Helium Gas

Alloys

Sﬁbstrate

Coating

weight Change¥

Remark

Hastelloy
X

None

Adhesion
(4]

T

FCS

Z21r0

FCS

No Bond

437 Bond

Plasma

No Bond

43F Bond

A1 O

FCS

No Bond

<F Bond

Plasma

No Bond

Crack and Spallihg

43F Bond

Plasma

No Bond

4ZF Bond

Spray

sinter

None

ZIO2

410

23

PCS

43F Bord

* w1077

Test Condition: 1000°C, 30 cc/min.

mg/cm2

FCS: Flexible Cord Spray

of He, 100 hrs.
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' for 1000hrs

Hastelloy X

] Incanel §25

J 1 i 1l 1 - 1

100 - 200 300 ‘ 400 - 500 500
Distarce fro.m the surface () '

Fig, 2 Vickers hardness of various carburized alloys



|
|

10023

(L =

V HN

4040

300

-

Carburjzation at 1000°C

i — T — e T —— o o e U S

control sample

1000hr

as -received sample

| l l . . f | H

300 . 300 400 500 600

Dislance from the surface tA

Fig., 3 Vickefsohardness of Hastelloy X carburized and
at 1000 C in helium atmosphers



3
Jd

I'Keal g mol

§
L

c

a

n

4G¢=RT

0

=10

—30

JAERI--M 6088

2W +C =W,
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Photec.3

JAERI—-M 6088

Interface of Bastelloy X-Graphite
after Reaction at 1000°C for

50 hours in helium

Etchant ¢ 10% Oxalic Acid
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Photo.9 Surface View of Various Coating
Materials

Photo.7 As-sprayed Surfasce View of
Zr05 Coating on Hastelloy X
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(a) Lg-sprayed

() Heated at 1000°C for 1500 hours

Photo.6 Interface between ZrOp Coating
and Hastelloy X, polarized




