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Compatibility of Heat Resistant Alloys with Boron Carbide (2)

Shin“ichi BABA, Takaaki NAGAMATUYA, Susumu MURAOKA+, Isao ADYAMA and
Hisanori ITO

Division of JMTR Project, Oarai Research Establishment, JAERI

(Received December 1, 1982)

In the present design of the control rod for the experimental Very High
Temperature Gas~cooled Reactor, sintered pellets of boron carbide mixed
uith graphite are used as a neutron absorber, which are clad with the
sheath material of Hastelloy XR. The sintered pellet contains 30 wt% of
natural boron. Chemical reaction occurs between the neutron absorber and
the aheath material when they contact mutually at elevated temperature.

The term called compatibility is defined as the ability of those materials
tc be usmed together without undesirable reaction ,in this report.

The experimental results on the compatibility of both materials are pre-
sented and are discussed on three subjects as (1) the comparison between
Hastelloy X and Hastelloy XR, (2} the long term exposure,(3) the effect of
the reaction barrier.

No difference was observed between Hastelloy X and Hastelloy XR within the
conditions of the experiment at 850°C,950 °C and 1050 °C for each 100 h con-
cerning the first subject. On the second, the penetration depth of 74 um
and 196 um were observed on Hastelloy X reacted with sintered pellets
{boron carbide and graphite) at 750°C for 3000 h and 850 °C for 2000 h,
respectively. On the third subject, Hastelloy X surfaces were coated with
zirconia or alumina powder by plasma spraying process and by calorizing
process 1n order to prevent the above menticned reaction. These specimens
were tested under two conditicons : the cne was a simple heat test of 1000
‘C -~ 100 h and the other was five thermal cycles of 1000 °C - 20 h. The test
results showed that no reaction cccurred in the both alloys themselues and
some of the ccated lavers were stripped or cracked.

Keywords: VHTR, Compatibility, Heat Resistant Alloys, Boron Carbide,
Hastelloy X (XR), Incoloy 800, Reaction Barrier, Coating,

Plasma Spraying, Calorizing ,Temperature Dependence

+ Division of Environmental Safety Research, Tokai Research Establishment, JAERI
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THHI. FOHEEE LT, BERABFOBREBOESZHK TS L, 1304 800k~
TrzFa4-XDhas 40y rBEBOTHECC &0, KESHBECIOHLLIIE -7
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Table 1 Hot pressing conditions of boron carbide pellet

A type B4C ‘ B type B4C
‘Temperature  (°C) | 1950 ~ 2050 | 2100~ 2150
Pressed power (kg/cm®)| approx. 240 approx. 250
Vacuum { PGV) less than 1.3 | less than 1.3
Pressed period {min.} | approx. 30 approx. 45

Table 2 Dimension, density and chemical compositicns

of boron carbide pellet-

A type BsC B type B4C
Dimension {mm)} | dia.i0 x long10 dig. 10 x long 10
Density {g/cm®)| 2.03 (B0.5% TD) : 1.84 {77.6 % TD)
Total B8 (W) 77.95 31.51
Total G (Wh) 20. 88 68.0
B/C 4. 15 S
Impurities AZ, Ca, Fe, Si AL Ca, Fe, Si, Ni
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Table 3 Chemical compositions of allovs
) (wt %3
Matals C Mn]-Si! Til S I Lr o Mz W Fe Ni| Al
Hastellow X galles].03].02)] 00521 RE 05221 .54 18,22 Bal | £.02
Hastelloy XE|.0Z(.7 z e .a0zzt,.95].1 2. 12,51 13,22 |Bal | .05
Incoloy 200 |.02)].7 23] .24 ].005)20. 70 Co=. 21 Bal IEB.LE, 44
Table 4 Experimental conditions of compatibility
Comparison with Hastelloy X and Hastelloy xR
couple temp. time vacuum
X-A,X-B,XR-A,XR-B} 85C °C 100 h Less than 1mPa
X-A,X-B,XR~A,XR-B| B850°C | 100 h Less than 1mPa
Long term exposure
. couple temp. time atmesphire
X-A,X-8,800-A,800-B| 750 °C 3000 h stagnant helium
X-4,X-B,800~A,800-B{ 850 °C | 2000 h stagnant helium
Effectiveness on reaction barrier
couple -1 temp. time vacuum
cal/X-A,cal/800-A
A10/X-A,ATO/800-A
Ir0/%-4,Zr0/800-4| 1000°C 100k Less than 1mPa
cal/%X-B,cal/800-8
A10/%-B,A10/800-B .
Z2r0/%-B,Zr0/800-B | 1000 °C 1008h Less than imPa
cal/X-B,cal/800-B
A10/%X-B,A10/800-8 20h
7r0/X-8,7Zr0/800-8 1000 °C Scycles Less than 1lmPa

¥ ———— Hastelloy X, fi ————— Boron carbide (A type B40C)

800 ——— Incoloy 800, 8 ——— Boron carbide (B type BA4C)

XR — Hastelloy XR cal ——— Calorizing layer
Al0 ——— Alumina plasma spraying layer —
Zr) ——— Zirconia plasma spraying laver
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Table 5 Summary of penetration depth in alloys
reacted at 750 C for 3000h

(um)
Type of reactions volume grain boundary
Hastelloy X BB8.75 *1.58 191.51 * 1.96
Atype BsC
Incoloy 800 73.15 1,20 164.26 = 0.95
Hastelloy X —_ 73.87 t 1.32
B type BaC
Incoloy 800 _ 26.0 t 1.42
&
E
Table 6 Summary of penetration depth in alloys
reacted at 850°C for 2000h
(gm)
Type of reactions volume grain boundry
Hastelloy X 321.27 t 3.14 570.8 t2.34
Atype B4C
Incoloy 800 368.4 +3.79 543.056 +1.48
Hastell X —_— 156.4 *2.67
B type BeC | oo
Incoloy 800 _ 105.25 *5.60
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Fig. 1 Structure of control rod for Experimetal VHTR
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Fig. 3 Flow chart of coating process for specimen
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850°C Hosfelloy XR

950°%C Hasfelloy XR

Hastelloy X 1050°C Hosfelloy XR

Fig. 5 Microstructures of Hastelloy X and Hastelloy XR reacted
with A type B,C pellets at 850-1050C for 100 h
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Fig.7  Microstructures of Hastelloy X and Inccloy 80C0 reacted
with A and B type B,C pellets at 750T for 3000 h
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Fig.8  Microstructures of Hastelloy X and Incoloy 800 reacted
with Aand B type B,C pellets at 850 for 2000 h
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Fig. 9 Micro hardness chrange of alloys due to the reaction
with A and B type B,C at 750 °C for 3000h
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Fig. 10 Micro hardness chrange of alloys due to the reaction
with A and B type ByC at 850 °C for 2000h



JAERI—M 82—146

750°C k=Alog(t}+C
(1) x=79.76Lag{t)-85.82 [(H.X-Atype BaC}
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1 yeq 2year
250 | =T e
— _ (2)
= Rl
2 200t //
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{3) k=31.84logit)-36.84 (H.X-Btype B4C)

Penetration Depth k
3
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I
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Fig., 11 Caiculated grain boundary penetration depth history

at 750°C
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Fig. 12 Calculated grain boundary penetration depth history
at 850°C



