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Figure 6, Scanning Electron Micrograph of B^C Powder 
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Fiqure 1 "3. Microstructures of Gap-Graded and Hot Isostatically Pressed 
RdC-Cu Cermets. Sample Identification as Given in Table 4. 
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Figure 1-1: Nicros t rucfu t r rs of Hn(- T s o s t a t i c a H v Pressed R4C-CU C o r r o t s . 
(a) i n , (h) 4" , (r) r>n, (d) CO, (c) 70 =ind (f) fin Volume 
I ' r t . P.^r. 



P i q u r e 14 



F i g u r e 14 



65 

60 

50 
THERMAL 

CONDUCTIVITY 40 
j WATTS ( 
I M - K I 30 

20 

10 

10 20 30 40 50 60 

VOL. PCT B4C 

70 80 90 100 

The Influence of D4C Content on the Thermal conductivity 
of Hot Tsostatically Pressed B-C-Cu Cermets 

U3 



I 
200 

150 

TRANSVERSE 
RUPTURE 
STRENGTH 

( MPa I 

50 

1 1 1 1 1 1 1 l 

-
• N. • 

-

1 1 1 1 

f^-AVG. 
AVG. OF 6-^sJ 

-149 + 44 - * • • * 

1 i 1 

OF 4 . 

i 

20 40 60 

VOL PCT B4C 

80 100 

ifj. The Influence of B 4c Content on the Transverse Rapture 
Strength of Hot fsostaticallv Pressed B„C-Cu Cermets 

hk 



rjure 17. Equipment Used for Rheocastir.g 40 Volume Pet . 
w/o f'g Cermet 
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Fiquro 18. Microstructure of Rheocast 40 Volume Pet. B.C-60 Volume 
Pet. Al-3 w/o Mg Cermet 
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B.C-Cu 

70 v/o B 4C • Sample #1 70 v/o B 4C 
• Sample #2 

30 v/o B 4C • Sample #1C 30 v/o B 4C 
• Sample #2C 

60 v/o B 4C * Sample #1 60 v/o B 4C 
• Sample #2 

30 v/o B 4C + Sample #1 30 v/o B 4C 

m Sample #2 

1 mm JgL Aluminum 
0. 25 mm ] HH Copper 
0. 5 mm |j Copper 
0. 75 mm jl M̂ Copper 
1 mm i | ^m Copper 

Figure 19- Experimental Set-up for Establishing Radiation Absorption 
of B^C-Cu Cermets 
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COPPER STEP WEDGE 

lmm 0.75mm 0.5mm 0.25mm 

I I I I 

(TWO SAMPLES B4C CONTENT 1 

30v/o 60vio 30V.Q 70v o 

EQUIVALENT THICKNESS 
OF COPPER 

.66mm.71mm .43mm .68mm .31mm 

ACTUAL THICKNESS = T ALL SAMPLES - 0.97mm 

VOL. PCT COPPER - TE/T 68 73 44 70 



Results of 

Vol 
Pet 

Item B4C 

HP-1 01 78 

HP-2 01 78 
HP-3 01 78 
HP-4 01 78 

HP-7 03* 7R 

NORTON 70 

Y-12 04 80 

I1P-5 02 fiO 
HP-6 02 (SO 

* Copper reduced in I: 
+See Table 2 for che 

Pro] ii-in.iry rxperiri 

Vol 
P e t 
Cll Topp l^-l 

2 2 1173 

22 
22 
2 2 

1223 
132 3 
1428 

22 1213 

to 1323 

20 1 0 7 3 - 1 2 7 

40 
40 

1223 
1178 

prior to VHP run. 

ileal composition of 

-p-

r s i IT: v.-u-ir.ir !'nt Vv 

T i no 
(I!) 

P r e s s 
(Mr?) 

2 0. . 0 

20 , , n 

20 , 
• ° 

?.c-, _ n 

?A . ,n 

1 V , 9 

?.<~-t o 
?<~ _ o 

Pel T h e o r . 
n e n s H v_ 

I 4 

fin 
fi.l 
fi.1 



DcRpri pt ion of P.C and Cu Prv.-der< 

Copper 

I ton' I 

Item II 

Horon Carbide 

Ttem I 

Itom II 

Item ITT 

T t e n IV 

D e s c r i p t i o n 

l o t ±n:>::n7-i A l p h a V r a t r n n ftoc-)--. n in- , s . : 
(prob,-il>ly 200 nes l i ) 

( r-1 ,' ( r\ 

phot" i I'.I 1 C o p p e r {-

F i s h e r =Fl-"!7- (-"!?-) i - r sM 

Hinh P n r i t v (-1 nn r'i sM 

C U"!'Oni:l.ium " r ^ ' - r i i 
Pot =-,R-.-if-' 

Lot 
!ur- "iui-l.Mi- '•iM.i- (.Vio PI 

Median p a r t i c l e s i : ' e 
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.Specific Huat of B.C-Cu Cermets 

* 
Specifie Heat (cal/g-K) 

'I'w^craLurc, K 70 v/o B.C-30 v/o Cu 30 v/o B,C-70 v/o Cu 

298 0.137 0.104 

600 0.205 0.132 

900 0.229 0.137 

Krr-jrs + 5 p e t . 

cctl/ 'j-F = 413.4 watt/m-K 
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Table 4 
Effect of Oap-r.raclinq B^C Powders on the 
Theoretical Density of B,c-Cu Ccrmots+ 

Voluao Pet. 
Sample 

1 
3 
3 
5 

NO. Mixture r.D. 

SB 
SD 
SC 
SA 

Pet 
Coarse 

50 
60 
70 
0 

Pet 
Med i um 

20 
30 
]0 
70 

Pet 
Fine 

30 
10 
20 
30 

Thr 
Pet nf 
or . Dor.si tv 

^ Density 
r:/CC 

BO 

Sample 
1 
3 
3 
5 

NO. Mixture r.D. 

SB 
SD 
SC 
SA 

Pet 
Coarse 

50 
60 
70 
0 

Pet 
Med i um 

20 
30 
]0 
70 

Pet 
Fine 

30 
10 
20 
30 

Thr 

90.3 
99.5 
t 3. 6 
33.7 

3.34 
3.49 
3.12 

6 u As-Rec ?ivod '•>.! . 1 3.27 

4 SD 60 30 in 94.9 4.12 

70 7 U As-Recciveci 95.6 4.15 

100 3 OU As-Received 71 .4 1.80 

80 A ni Purity * As-Received 9; .1 3.4 

-149 
+105um 

-74 
+ 53:im -44um 

Hot Isostatically Pressed: ±073K, 103 MPn 
*Item II Table II, all others Item III (Table 2) 
'Based on B 4c = 2.52 g/ccr Cu = 8.6 g/cc. 



Sar.plc I.:J. Vol ret B^C Pet Theor. Density** Density (u/fc) 

1. 2 9 

4.21 

5.01 

5.56 

6.2? 

16 10 101.0 6.85 

+Hot Isostatic Pressing: 1073K, 103 MPa, 1h. 
M l B 4C was -149 ::m TECH GRADE Lot * 585-8-3 (100 F) 
Rase-; on B.C = 2.52 g/cc; Cu = 8.60 v/cc. 

SO 88.2 

70 97. 5 

60 101.2 

50 100.0 

40 1.10.8 

10 101.0 



T : i b l f f, 

>/.nr i a L ion in Deru; i Ly wi t h H^r ! ' ow!^r ! ' a r t i c l o r. i zr 

Rampl i1 Powder Si .zc I'Ct Thoor r • t i c a l U j n s i t . y 
Mo. !..m) D o n s i t y ¥ ['2/_SSl 

1 ] - 1 4 9 3 ss .2 

¥ 
:. 29 

(, -14 r» ^ . 7 •:.2i 

2 6 0 / 1 0 / 1 0 c 9 . r: ••,.-: 4 

17 -1 49 + 44 0 2 . 0 ";. .11 

i 70C/10M/20F 9T.fi ' 1 . 4 9 

12 - 1 4 9 0 7 . - , 4 . 2 ' ? 

7 - 1 4 9 0 '• . f: 4 . '. r: 

18 - 1 4 0 + 44 9 7 . 0 '- . 21 

4 G0("/30M/10F* 0-'. . 0 4 . 1 2 

k\lnt I s o s t a t i t : I ' r c s s ] n q : 
*C = - 1 4 9 + 10 5 ,.m 

M •= -74 + 53 urn 
F - -4d um 

?fCopper powder s i z e i s - 4 4 i:m i n o l ] c o s e s 

5U 
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i n a c t i v i t y of Poron < v ;rhif!e-Cr>pper o-rtrn'ts fir.! 

Pressed nt ]07?K, 101 r-'Pn frr Th: e Hours 

i . e . 

1: 
17 

'.>.! I'Ct D e n ^ i t y 
IMC Ll/CC 

',0 6 . S r) 

•;o 6 . 2 2 

->o 5 . r j6 

to 5 . 0 1 

70 4 . 2 ! 

7 0 * 4 . 2 1 

HO ? . 2 9 

r'ct 
Theore t ica l 

Density 

100* 

100+ 

100 

100 + 

97. 5 

97.0 

Transverse 
C'onduc t j v L t y 

(w.itts/m-K) .-] i ? 9_? 
r:S 

10 

1 5 

14 

1 5 

4 

5 
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Tabic P 

ir .svrrso f-upture D*it« for Brjr̂ jn <larbi'k.'-Coppr-r CerrK-?-< 

Hot t s o s t a t l c a l l y ITOSSKI ah. I 071f/i 01 MPo/3 II* 

arsf . ! i • V o l P e t . 
n,c 

D o r . s i t y P e t 
"! . l i . 

T r a n s v e r s e 
H u p t u r e 

S t r o n - j t h (MP.-i 

i f»Q 1.17 ")"J.4 10. 4 

2 TO 3 . 34 fi 9 . '. as.', 

3 ao 3.4 9 9 3 . f. 3 6 . 7 

5 ftO 3 . 1 2 S 3 . 7 i " . 'i 

6 so 1.2,* 8 7 . 7 17 ,7 

1 ! 8 0 1.29 8 8 . 2 .1 ' . 7 

17 « 0 3 . 4 3 9 2 . 0 1 7 . 9 

/. 7 0 4 . 1 2 8 6 . 0 4 7 . 6 

1 2 7 0 4 . 2 1 97."", "/*. 4 

7 7 ' 4 . IS 9 5 . 6 •17.0 

IK 7 0 4 . 2 1 9 7 . 0 r , 2 . 7 

1": 6 0 5 .01 100 + 9 1 . 8 

14 5 0 5 . 5 6 1 0 0 9 2 . 8 

1 5 4 0 6 . 2 2 100+ 1 4 6 . 3 

1 6 30 6 . 8 5 100+ .-152 

*Sanplen inachined from b i l l e t s as per ASTM E-528-70 
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