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Fig. 1 Plane shock compression and recovery
devices.

1.detonator, 2. explosive lens, 3.main
charge, 4.PMMA attenuator, 5. copper
plate, 6.air gap, 7.steel container, 8.
specimen, 9.SUS container 10, steel ring,
11. lead block
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Specimens and shock compression systems for Series- experiment.

Table 1
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(3 copper, 2mm.

€8) SP; plastic explosive containing RDX (80 w%) ¢ Pg; calculated shock pressure, M T ; residual temperature

*: higher than melting point of Si, **; higher than boiling point of Si.
Mean particle diameter of graphite and carbonblack is 30 and 0.025¢, respectively.

() C, B; carbonblack. ¢® TMD ; theoretical maximum dencity of mixtures (%).

(" NM ; nitromethane.
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Table 2 Specimens and shock compression conditions for Series~II experiment.

Te (°K)

3000

3000
2200
3000
8800
3000
2600

2600

Ta (°K)

3400
3400
3400

3400

4100
3400
2900
3400
2900
2300

Hugdniot parameters

Pr(GPs)

RIS

31

explosive (52

SP/301g

SP/297g
SP/295g
SP/304g
SP/297g
SP/2%g
SP/298¢g
SP/2%0g
SP/297g
SP/2%5g

SP/302g
() TMD ; theoretical maximum density ratio (%).

TMD®

69.5

69.5

69.5

87.0

69.5

56.0 -

69.5

76.5

69.5

76.1

76.1

weight

20

2.0

2.2

2,5 .
2.0

1.6
2.0

2.2

2.0

2.2

2.2

V.M (%)®

4,0

1.3
2.1

1

14.1

12.9

24,8

26.9

12.1

12.1

specimen conditions

composition

Si/C.BW
Si/C.B

Si/C.B

_Si/graphite
1 Si/PC? (furfuralchol )

Si/PC (epoxipolymer)

Si/PC (sugar)

Si/PC (pine tr.)

Si/PC (paulownia)
Si/PC (furfur)
Si/PC (furfur)

Shot NO.

I-1

Kogyo Kayaku,

O-3

-4

I-5
I-6

Vol. 49,

No.

o-7
-8

4, 1988

n-9
1-10

I-11

(3) V. M ; percent of volatile materials.

@ PC; pyrolytic carbon.

© @ C.B; carbonblack.

(8 gl] experiments were done by flyer impact method, where copper flyers with 2mm thikness were used.
Pua, Tu and Tr are calculated shock pressure,. shock temperature and residual temperature, respectively.
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Fig. 2 Xray diffraction pattern for explosive
shock synthesized g-SiC (Cu, K,)
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Fig. 3 Hall’s plot for explosive shock syn-
thesized 8-SiC. Xray source ; Cu,
K..
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Fig. 4 Electron micrograph of 5-SiC particles.
A ; synthesized in Shot NO. [ —6 experiment.
B ; synthesized in Shot NO. T —1 experiment.
C : synthesized by usual method. (1400C, 3 hr

heating)
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Table 3 Summary of experimental results for Series-1I experiment.

yield of g8-SiC ("> crystallite size ¥ residual strain
shot NO.
Xray anal. chemical tr. (1,11 (2,2,2) SiC Si o

I-1 |13.6 (W%) 9.0 (w%) 265 (A) 216 (A) - 0.084xK
I- 2 |40 1.4 2538 1839 0.14xK 0.04
O- 3 | 2.5 19.1 406 349 0.215 0.121
i- 4 2.9 2.8 474 380 - 0. 106
I- 5 |18.4 4.2 587 714 0. 246 0.217
I- 6 | 3.3 16.8 780 1129 0.162 0.089
I- 7 | 49.4 13.0 1051 1867 0.132 0.110
I- 8 1.2 1.5 351 230 - 0.564
I- 9 2.1 1.1 278 326 - 0.423
I-10 8.9 1.0 586 715 - 0. 056
I-11 |12.6 7.0 586 465 — 0.197

" (1 Yields of SiC formation were determined by both Xray diffraction and chemical treatment meth-
od. @ Crystallite size and residual strain were determined by Xray line broadening method, where
crystal powders of silicon were used as a standard material. © shock synthesized SiC.

(O unreacted residual silicon. K=pr/(4x180)

Table 4 Thermo-physical properties of Si, Carbon and Si/C mixture,

silicon carbon (graphite) |Si/C mixture (stoic.)¢??
density ‘ 2.33g/cc 2.20g/cc 2.289g/cc
mole weight 28.08¢ 12.01g -

linear thermal expansion
thermal diffusitivity
specific heat ¥
Griineisen ratio (I')

0.15cm?/sec'®
0.778)/g « °K
0.351?

3.92x10-% /°K 19

5.5X10"¢/°K 19 4,39 x10°°% /°K
0.1cm3/sec!® -

0.714]/g- °K 1.283-1.613x10%/T
0.373% 0. 356

(1) estimated from sound velocity. %) All data for mixture were calculated.
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Fig. 6 Residual strain of unreacted Si v. s
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Fig. 7 Calculated Hugoniot and isotherm curves for

stoichiometric mixture of silicon and carbon.
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Fig. 8 X-ray line broadening of residual unreacted

silicon v. 8 yield of SiC formation.

All data were obtained in Series — 1 experi-
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mixture. m. p, b. p ; melting, boiling point of
silicon at 1latm.

Line broadening value shows relative ratio.
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Synthesis of Silicon-carbide (SiC) by use of explosive shock compression method.

by Shuzo FUJIWARA®*, Takao SATO** and Masao KUSAKABE***

Synthesis of Silicon-carbide (SiC) from the mixtures of silicon powders with the car-
bonaceous materials of various kinds was studied by use of explosive-plane shock compres-
sion devices. The fine powders of 5-SiC were obtained after explosive treatment under the
following conditions. ; (1)the residual temperature of shocked specimens is higher than the

melting point of silicon.

(2) the particle size of used carbon is less than the critical value.

The specimen containing the stoichio metric mixture of silicon and carbonblack gave
the maximum formation yield of ca. 60%. Experimental results suggest that SiC-formation
is the surface reaction of carbon particles with melting silicon, where the reaction rate

depends on their mass diffusion rate.

(*National Chemical Laboratory for Industry, Higashi 1—1, Tsukuba, Ibaraki.
**Iwase Plant, Pacific Rundum Co. Ltd., Iwaseakada 1, Toyama.
***Midorianzen Co. Ltd., Inari 5~27—1, Soka, Saitama.)
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