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Influences of grain size and porosity on the thermal
stress fractures of Boron Carbides
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Abstract — This paper deals with the influences on the thermal stress crackings and the
thermal diffusivities of the grain size and the porosity of Boron Carbide - Bs C pellets
as an absorber material of a fast breeder reactor (FBR). The grain size G and the
porosity P aré systematically changed in very wide manufacturing conditions. Thermal stress
crackings are given by means of the water quenching and the Joule’s heating methods for the
disk specimens. The thermal shock resistance, thethermal shock fracture toughness, the thermal
diffusivity and other properties are all expressed quantitatively by Knudsen type expression
such as S=8;G™exp (—nP), at high temperature up to 1050°C; where S;, m and n are
empirical constants of materials. Temperature dependences of these properties are also

expressed by similar experimental formulas.
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Table 1 Physical properties of BjC-pelet.
(G-TD) (5-77) (5-83) (5-90) (5-98) (10-90) (20-90) (30-90)
Grain size 5 5 5 5 10 20 30
G (um)
Theo. density
o8 o 77 83 90 98 90 90 90
Porosity 0
o 23 17 10 2 10 10 1
Density 2 2.23
sy | 194 2,10 2.27 2,46 2,26 2.25 .
Young's modu.
¥ (obay 197 252 313 412 296 288 285
polsson's ratio g 167 0,154 0.157 0.152 0.163 0.159 0.157

G-TD; Grain size (#m)—Theo. density (%)
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Fig. 1 Stress distribution subjected to

Hertzian compressive loading at the
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Fig. 2 Circumferential stress dis-
tributions in the disk.
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Fig. 3 Ratio of bending strength of
the disk and tensile strength
as a function of the homo-
geneity factor.
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Fig. 5 Changes of fractures strength of B 4
C-pellet subjected to thermal shock
at various quenching temperature
differences.
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different temperatures.
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disk as a function of grain size.
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Fig. 9 Thermal shock fracture toughness of
B4 C-disk as a function of grain
size.
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Fig.10 Thermal shock fracture toughness of
B 4C-disk as a function of porosity.
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Fig.11 Correspondences between tempera-
ture diffences in the thermal shock
by water quenching and calculated
values by the thermal shock resist-
ance testing.



40 TR FE TEITEER 8 33 &

BRI L BMEEMA nEEp B LU0 =2.4 ¢ /o
1) BHEC, £AV, ZHAKJERE (0 BLUC, 3R
BHEE) 72 h2h20°C, 800°C, 1050°COEE ik D
WT A/ ko psCoZitBLico CORDPOTeE 4 ko0
*C, DRI HPIBIRARET 5 LIRRD &L DTS %o

Tq =264 4/5°0-C, K;at20C) (32—1)

Tq=0.99 4/5°0°C, (K; at800°C) (32—2)

Tg=0.T7 4/k°pC, (K; at1050°C) (32—3)

LR S 800CHHETTa & 4/ 6 0-Cid L —F %
LT3 &idhir b, BHREET P OMEEBE
A% HET 556, FHKEEHNI0COBEER 4EEZXR
& REBAREEED S 5o

4. & W

AIFFLE SRS (FBR) RIGRH REIRE (B 4
C) by FAFRICBOTHEFRIVIC L OE L F
#LBLHREAECR VW ERERL, HEGR LU
SHEPDORBLE TEHEDBC Hbhicst LTr vy 7%E,
BTV vy BIOE v — B EH, LE OBRAEE
DIE, BSEERIC X 3MEOEBRET, , AEEEE
&, BESRRE 4% LU RERBHEYM: p A RIE LT
BB RIETREGE LUKHEP OFE L BEK
FHEOERNHFMARSL - DDOTH b, KFFELONE
BREIRDO LIS N 5,

1) BRKBIIY VYI/REBLUE y h—REEH,
HGBIUPHEAT B> TRIDT 5, BTV v
HRviEGBLUPKBEFBECBIE—ETH 5.

(2) ARAEHBESZ AR OMIRBICLS, &
{LAEFBEBREET IGBLUP KT3I
WoThEHT B, LpL, HiLL TR odhy
WE oy (GB XU PHEART B> THL T 5.5
{LORTED 0, DEEF CGB LU PRER T 5 LFHDT
BEE R T ARFEEBICBLE LT RO s BRiEk i
B BALKBEROEE LD IBEH LI RED
HEXEL Z 1

3) BEHR e 3GB LUPHEART 2t - THDL,
BEOLFICH L THED T AHEAIERT

(4) BAEESE AIIEVEECER £ LERICGE KU PN
DI BIHE > THERT B0 1050 CETOREDE
FHTHE > THKT 2R ERT.

(1985)

(5) BMVEEBHEREINE y I3 GHBEINT Bt - THAL,
POSEINT 5 LD T HEMAERT. FRED LR
I LT p iR BHEER Licds, € OEREK
FHEAEEREADBEE LD /NI,

6) BHERKLP2AGROEFRREZT LAEHERE
& DB XY IS NSRS 5 O THHMTIR VDS
4 BYREHE TR LIz 4760 Co(K; BIRECE, 0
BE, Cp; HBY) BABEDT ERAKTT, MED
MICHAIBEGEA RO E NI, LaL, Tq & 428
DEFASKIBRE & O T EBREIEAGRN R s 1 73h
270

(7) B4C ORIE W EBICRIFTHECOEE L LTE
B\ BEGRRE 4 L AVEEGUEEIE p DRIICAEEROEH
TRERT2EEMBD D, 4ECHWNSVHER, pid
GHKIEBHMREV. EHG[AEPII L, pEbicP
PINSOHER LV, FEROHEMD O, BERICH
TBAE pEBRES LD DB LI BHNEGESLERP
OEHEHEROHT CEEFTERL Y, L, &
WAL A2 U VB C 73w 2 ELTH,
BEEN LA CE— 7 B0, EEWREASIME
12 BIGE X 4 DRFHED 0 GISHER NS WIEE B L
, E—7mNhd DIERENBTEEIBHRVESH
B XD IBEIIE p OREED K P SRR & VWi
BREWEEZ B,

g2 5 X W

1) BB, ZB&E, RFFMEA~Y 7y, BT
TEFmM, 977 P. 407, 408.

(2) G. W. Hollenberg, Ceramic bull., Vol. 59,
(1980) P. 539.

(3) S.Sato, et al., Carbon, Vol. 13, (1975) P.
309.

(4) S.Sato, et al. , Carbon, Vol. 16, (1978) P.
103.

(5) T.D. Riney, J. Appl. Mech., Vol. 28, (1961)
P. 631.

6) J. Tweed, et al., Intern.d. of Eng. Sci.,
Vol. 11, (1973 P. 65.

(7) H. Awaji, S. Sato, Trans. ASME H Vol. 100,
(1978) P. 175.

(8) S.Sata, et al., 6th London Intern. Conf.

Car bon and Graphite, London, (1982) P.



R, M, M, G, mE, Mk RATIR (B.C) RIS RIESTRELGIROE 41

31

(9) H.J. Petch, J. Iron and Steel, Inst., Vol.
174 (1953) P. 25.

10 E.Ryskewitch, J. Am Cerm Soc., Vol. 36,

(1953) P. 25.
(1) W. Duckworth, J. Am. Cerm. Soc., Vol. 36,
(1953) P. 68.

12 F.P.Knudsen, J. Am. Cerm. Soc., Vol. 40,

(1957) P. 378.

(13 D.E.Mahagin, J. L. Bates, D. E. Baker ,
Boron Carbide Thermal Conductivity,
(1973) HEDL-SA—578.

4 T8, [EEEEEENAEAERR~~ Y
v b DA B JUAEREEYEICEEd 50T
721 PNC SJ 268 84-02 (1984)



