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Figure 6,

Scanning Electron Micrograph of B,C Powder
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Figqure 123.

Microstructures of Gap-fraded and Hot Isostatically Pressed
B4C~Cu Cermets. Sample Identification as Given in Table 4.
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Figure 13



figure 13
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Pigure 14: Microstructures of Hot Isostatically Pressed R4C-Cu Cerrets.
{a} 30, (h) 40, (c) SN0, (d) 60, () 70 and (f) 20 Volume
Pet. ByC.
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Figure 17,

Equipment Used for Rheocasting 40 Volume Pct.

84C—60 volume Pct. Al-3 w/o Mg Cermet
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Figure 18.

Microstructure of Rheocast 40 volume Pct.
Pct. Al-3 w/0 My Cermet

B4C-60 veolume



Figure 19.
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Tab e 1

Results of Prelirinary Paporiren! s Usine Vacuuar Hot Pressine

vol Vol

. Pct Pct Time Press Pet Theor,

Item Bgc Cu_ Terp_(K) {m_ fdra) Density |
HP-1 01l 78 22 1173 1 26,9 a4
HP-2 01 78 22 1223 1 26.9 60
He-3 01 78 22 1323 1 26,0 -4
HP-4 01 78 22 1428 1 26,0 fa
HP-7 03% 78 22 1213 1 26,0 [
NORTON 70 30 1323 0,25 21.0 on
y-12 04 80 2n 1073-127 2 13.8 o
He-5 a2 60 40 1223 1 I6L0 [
HP-6 02 60 40 1178 1 fLe T4

*
Copper recduced in n2 prior to VHP run.

+ s A,
See Table 2 for chemical composition of Cu powders.



Copper

Ttem T

Ttem TT
Boron Carbide
Ttem I
Item TI

Ttem TTT

Ttem TV

*
Median varcicle

Tahle 2

Deseription of B,C and Cu Pewders

3

Descrivticon J

Tot 022073 Alpha Ventron Stock =NNARY BN
(nrobably 200 mesh)

e teal Coprer (=320 rpab) hal

Fishor =R~177 (=323 presh) in
Hicdh Purity (=100 = ah) A

Carboru
Tart =5

dum Technieat O

—g-2

e (100 1Y o5

Carbe cduar
Lot = .4h-3

e (onnoy 58
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Table 3

. +
Specific Heat of B4C-Cu Cermets

Specific Heat (cal/g-K)

Temperature, B 70 v/o B4C~30 v/o Cu 30 v/o B4C—70 v/0 Cu
295 0.137 0.104
600 0.205 0.132
900 0.229 0.117

+,.
Brrors + 5 pot.

*cal/q—r = 418.4 watt/m-K



Table 4
Effect of Gap~Grading B4C Powders on the

Theoretical Density of BQC—Cu cermets’

Volume Pct. Pct rct et pPect nf # hensity
BgC_ . Sample No. Mixtuce F.D. Coarse Medium Fine Theor. Density’ _a/fec
1 5B 50 20 30 90.2 ?,%7
80 2 8D 60 30 Jo 29.5 3.34
3 sC 70 in 24 93.6 3.49
S SAh a 70 30 23.7 3.12
b 1 As-Received %7.7 3,27
4 SD 60 30 0 94.9 4.12
70 7 |54 As-Received 95.6 4.15
100 3 ot As-Reccived 71.4 1.80
80 A i purity As-Received 9:.1 3.4
-149 =74
+105um +53um -44um

*Hot Isostatically Fressed: .073K, 103 MPa .
*

Item II Tabie II, all others Item III (Table 2)
faased on B4C = 2.52 g/cc; Cu = 8.6 g/cc.
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Table 5

Effect of BQC Content on the Pct. Theorctical Density of i, ~Cu Cornots

sample 1.0 Vol Pct B,C Pct Theor. Density** bensity (y/cc)
11 20 88.2 3.29
12 76 87.5 4,22
1 60 101.2 5.01
4 50 106.90 5.%6
15 40 130.8 .22
16 30 101.0 6.85

*liot 1spstatic Pressing: 10723K, 103 MPa, 3h.
*
All B,C was -149 um TECH GRADE Lot # 585-8-3 (100 F)

4
*
“Rasei on B,C = 2,52 g/cc; Cu = 8.60 u/cc.



Table &

*
Density with Iyc Vowder Particle Size

o

Variation

el b Sample powder Sizc et ‘Theorctical bensity
Mo, (.m} Nensity
1 -149 48,2 1.29
6 -149 27.7 1.27
a0 2 £0/30/10 £9.% 74
17 -149 + 44 92.10 30473
3 70C/10M/20F 93.6 7.49
12 -149 eT.h 1.23
7 -149 a5, 6 .75
90 18 -149 + 44 57,0 2021
4 60C/30M/10F* Ga.n 4.12
ot Isostatic Pressing:
*C = ~149 + 105 .um
M= =74 + 53 um
= -44 um

#Coppor powder size is -44 um in all cases
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Table 7

Thoermal Conductivity of Boron Carbide-Copper Cermets Hol faostatically

Prossod

107, 103 MbPa for

Pot
Vol et Denaity Theoretical
14C u/ec bensity
if 30 6.825 100+
15 40 6.22 160+
14 50 5.56 100
il 60 5.01 160+
1z on 4,24 97.%
18 T0* 4.2] 97.0
1! en 2.29 58.2
17 £0* T.43 9z2.0
*std -149 + 44 .m Rac, al) others used - 149

Thr o lours

‘Transverse
Conductivity
(watts/m=-F

9

36

um BAC.

55



Tatle 2

HLEVer St bupture Oata far Baran Carbide-Coppor Cormets

Hot Isustatically Pressed gt 19738/710% Mpa/s H'

fransverse
Sangle Yol Pob bensity ret Hupture
TaBe RS afec Tz taressth (MPay
i ®G 1.7 40,4 .4
2 30 3.34 Rg . 8.5
3 et 3.49 23.6 367 3900 ey
5 ED 212 a7 1%.0
& £0 1.27 B7.7 BTLT }
1 an 1.29 82.2 a7 ‘
17 ED] 3.43 92.0 17.9
& 70 d.12 R6.0 4706
iz 7 4.27 97,5 w4 e
7 7 4,15 95.6 47.0
1R 70 4.21 97.0 52.7
1 &6C 5.01 100+ 91.8
14 50 5.56 140 92.8
i5 40 6,22 100+ 146.3
16 30 6.85 100+ ~152

*Samples machined from billets as per ASTM B-528-70




