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Ceramic Coating of HTGR Materials

Hircharu ITAMI, Susumu MURAOKA, Sueo NOMURA*

Division of JMTR Projects, Oarai, JAERI

( Received April 21, 1975 )

Information obtained of the flame plated coating for
heat-resistant alloys of OGL-1 or HTGR is presented in both
design and method; the purpose of ceramic coatings is to
prevent adhesion between the mating surfaces.

(1)“Characteristics of the coating, '
(2) procedure and the problems involved,

(3) nondestructive test,

(4) properties of the coating.

+ Division of Nuclear Fuel Research, Tokai, JAERI
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Table 4 Adhesion Test between metal and Ceramic Coating materia
Material Coati Note Material | Coati Note
eatin : : oatin
8 # . w oz | # e %
Adhere& Without Detached
= L AEEEAY BEER R
B ”o : : gL 7 !
No Coating 7 ba O . A
. ’ ’” =z - Bond ” mg
= g7 [Cr,C| Pias
_ Wi thout = . -43F
7 W = 43F
=3 ) w A
P & L f X RN
X :
FCS Bénd Bond
43F Adhered
43F - _ { =273¢
v Ky | ' G0y | Spray sinter v 0
= Bohd PP
[=]
—_ Zro2
’ ' Wi thout ) Pdhel_ne.d
" | ok No Coating ¢ 22K
o fE] } - ) #
= : L
Plas Bond w
‘ . e
43F —
REL g7
H B g * ZrO2
Bond k- 43F
— 601 43F
wlthout ) [V
Kb FCS ¥ R
&=L AJEO3 Bond
F .
¢S Band
43F .
45 F Ni-Al%
AL, KM
U, C coating
Bond - .
Without | Detached Crack = %
RE| g Mo %
&L Lo S5 '
o | 5 u.c
1as | Bond ” P
' FX
F or
a3k - " - 500C, Th ¢ Sahered
T ” Preoxidation 90T, 30h
Bond 4 mot: 30!’1
'>'<X10_lmg/cmz
B Temperature
At RE 1000 £ sC
Test Condition Atamshcre )
EHE He 30cc  mm
Time
BREH] 100 hrg
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Table 5 Thermal Shock Test for A£,0, Coating
#* T CE S AL O, BHE AL O, B5I W
' (mm) ! #
# {(BONi —200r) B4 (mm) ® ®
## 0 £
A 01
? 03
02 #
10
mm 03 &l
p—
- 80 %
- 8 4%
86%
91% &
Table 6 Thermal Shock Test for A£,0Oyand ZrO, Coatings
B 5 # R MM " fom LB X
i L 230
BONi—20C« 600
AL O, & : _
BONi—20A2 LOOOEAEEL
(70%(Ni~AL£)+A40, ) LOOOEBRZL
% L 130
BONi—20Cr 650
4r O, /&
B80Ni—20AZ LOOOERERL
(65%(Ni—AL)HZrO, ) LOOOH&EEZL
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Fig. 1 Surface Preparation for Substrate
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Fig. 3 Bond Strength of Al,04 coating(6)
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Fig. 5 Effect of Si0, on the oxidation of Al,03
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© Chromium vs Chromium Decreasing Temperature

® Chromium vs Chromium Increasing Temperature

D Nickel vs Nickel Decreasing Temperature
B Nickel vs Nickel Increasing Temperature
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Fig. 6 Effect of temperature on the coefficient of friction for
various metals. (Load: 4.14 1b. Speed 0.3 in./sec)
Atmosphere: air
Normal load: 2 1b
Rotation speed: 13.4 to 15.3 rpm
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Fig. 7 Friction coefficient and wear scar versus temperature,
n Al

9
293 against Al,0,%
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. Fig.8 Coefficient of friction for Zr0, coating sliding on

Hastelloy-X(2)
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Fig.9 Coefficient of friction of uncoated metals rubbing against
themselves as function of sliding distance. Except for (10)
Haynes 25, most data lie at coefficient of 2.0 or above.
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Fig.1l0 Coefficient of friction of various flame-sprayed ceramic coatings

as function of sliding distance. The 75% Cr3C,-25% NiCr coating
was considered most practical of coating tested.
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ORNT-ESR 11
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LASL-EBR II(K-1)
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NEUTRON FLUENCE, n/cm?, (E,> 0.1 MeV)

Fig.1l1l Volume expansion of fine-grained Lucalox (GE Al,03)

.07

.06

.04

.03

THERMAL DIFFUSIVITY, cm?/sec

.01

Fig.1l2

.02 ¢

as a function of neutrom fluence. LASL data were
obtained at an irradiation temperature of 700°C to
750°C. ORNL irradiation temperatures cover a range
of 400° to 1070°C. Solid line is a least-squares
straight-line fit to all data.(13}
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Thermal diffusivity and thermal conductivity
of Y03 and Lucalox vs neutron fluence
(specific heat of Y,03 assumed to be constant
at 0.11 cal/g®C).




