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Fabrication of ZrB. by SHS Process and Reaction-bonded ZrB.-ZrC Composite
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& E. 710, BO: R ¥YAE Mg§ A14351e SHSWHo® ZrB, 2 &Astdch A= ole} AbstE 4o Hdubed} F4]
o Zr5} Be] ¥3ukge) o3k ZrBE AA57) A% A 2Pu)E A2 3o} 1 & sl AE4 2.0, st 8.5%
ollch. HAAHEL MgOE 1.0M H4hg-de 2 90°C, 1022 AbxE)x], Mg2] AE&L 92.7%0lx, }&EF] AL L) J¢F
472 23.6meolgich. ot - GFoll 27 ZrB.-ZrCA BZAE Axslr] 4% A =Av|= ZrB, FAET 1.08¢) tiste C
/Zre] B9 1.20]3v}. ko] 2 23F (x) & HrHA) AUste Erbslg®, $oUes x=04d 6.17g/cm’a] ¥, x=4 ¢
6.37g/cm*eltt. AL x=04w7} 1290Kg/mm?e. & 743 911, 5}3]QlAde x=0Uu}7} 3.4MPa - m%oigl g, eko 2

AW FUkske) x=44d9 4.2MPa - m"/?)ic}.

Abstract ZrB, was prepared from a mixture of ZrO,, B:0; and Mg by SHS method. The combustion products were
successfully obtained from a mixture of ZrO,: B,O,: Mg = 1: 2.0 : 8.5( molar ratio). MgO, by- product, was removed to
92.7% by leaching with 1M HCI solution at 90°C, for 10 hours. After leaching, the mean particle size of the resultant
ZrB. powders was 23.6im. ZrB,-ZrC composite was suitably obtained from a mixture of C/Zr= 1.2 molar ratio by arc-
melting method. The density of arc- melted specimen increased by adding excess zirconium content(x). The bulk den-
sity was 6.17g/cm® for x=0, and 6.37g/cm?® for x=4. Vickers hardness of arc- melted specimen was 1290kg/mm? for x
=0, and fracture toughness increased to 4.2MPa - m'/? for x=4 compared to 3.4MPa - m"? for x=0.
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SHS¥el &% ZrB. ¥4& 437 #std Zr0.
(Daiichi Kigenso Co., =% 99.0%, HF473 1im), B:O;:
HEak(Fluka Co., €% 98%) & U EAER 33, 44
2x BAde) S5t Filo) ©E PPN ES £0)3H
AA2sle] AAT = JdE 74 MgEd (Fluka Co, ©&
99.8%, ~50mesh) & AH&stgdch whgEo] T £
2)atod abzha)A)-4 2919 n-hexaned} Zr0O, ballg A%
sted 24217k Tk E¢F, Azskck. ® (tapping) off 9
4] 30 XE5mm@=7)Y] FEAE HE F, o]F FAxT}
Yol ¥ Varma 0] A3t FARAE RY3 =}
A AL 2GR ol8ste] FZTdyol] ¥ B3
A2 ES AT 249 GEAE Bl ¥ ¢
A AFAe) § F, ok2E7|A7)} 2atmo] HES FY3t
15C/min2 $23te] 2P el Hhg-o] dojt=% 600°C
~700°C L= HE stdstgnh. oju 3] whgr]e)
B2t 2 Pt-Pt 13%Rh SANE 433t SA3kch.

ALFAAEF EAlsts BAYALEQ MgOFE BAF
28t ulifrute AMgsted 45t A7HE (-270mesh)
sted 2343 FAETL AAE ot ALY A5
AA|5t7) $i5hed L7l T)E] AAE Fste] §EA
AE AAAD £ 0.1~1.0M FAHEAE A3t Aoy
9)7) #ollA 90°C, 1~102)17F 7} AbkAejsiadct. A4
Aol 5 g A7kl BE MgA ¥ JERAAE ZARH]
$)5bed gAdut 10gel ohste] 200ml §Ho 2 AbA{T
F 2 AL 3% FHFFE FY o, SAEE THINY
AAEFFEAT(AA)E AHRSE Mgl kg EA3A
o}, AR 35" GAELL FFHEY o EoE AXE
F Azskct.

i, whe A" ZrB,-ZrC-ZrA E3Ale AA 3
B 7ZrB, YAED, FAEY (Junsei Chemical Co.,, H
a7 20im) 2 % A=3F (Strem Chemical Co., T=
989%, -50mesh) ¥2& Agsto] otel Aok FUdT w
Wow &g, AZxAG ¥, 250kg/c’o 2 PIE- )
st olu) AyA e =7)E 20X 14mmPe] i}, -
27 ZZ Arc-Melting Furnace(Samhan Vaccum
Co., SAMF 303) & o|-&3ted 5X 10 *torrdlell 4 A&A
o) E8E £NHo R okma-wHAA 422 EF -
sbo] AA-g-& F=3hdct.
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Fig. 1. XRD patterns of the combustion products with different
Mg contents in ZrQ:: B;0:=1: 2(molar ratio) (a) 6.5 (b) 7.0 (¢
7.5(d) 85
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g 2ol Bule x2Fjol 1% it AdEa 2.0
2 wlau$ol 8580 Bage FAY & k. A=Y
AspE 0} nlzdlge] g AL WEEF stdlE
(bp=1107C) Bt oz} AbEE& (bp= 2032C) &
Fute st dAARA) ¥R % (T,,=2832TC) B}t 27
m ol uhe-7)H 3 EA YA dRE A¥ FEHW

Table 1. Chemical composition of impurities in combustion products.

Composition Si Al Mg

Ca Na Fe P K Ti

(wt%) 0.35 0.95 63.03

- 2.81 0.3 1.02 0.06 -
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Fig. 2. Variation of Mg extraction with (a) the concentration of
HCI solution and (b) leaching time
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Fig. 3. XRD patterns for ZrB, powder after leaching with vari-
ous concentration of HCI solution. (a) 0.1M (b) 0.3M (c) 0.5M
(d) 1.0M
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Fig. 4. Morphology and particle size distribution of the resultant
ZrB, powder
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Q AbxElstgch A FEEA ) 2 F ARk o
2 MgAEe AEeS T3] iske] 9, A4 A
B3 £t BE AR sl X-4 334
712 Abested AR (F 1) 3ok Si, Al, Mg, Na,
Fe, P, K A¥o] B¢E9 A o' sy, Mg &
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Fig. 5. XRD patterns of arc-melted specimens as a function of
C/Zr molar ratio (a) 0.6 (b) 0.8 (c) 1.0 (d} 1.2

Fig. 6. Optical microscopy photograph of polished surface of arc
-melted specimens.
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Fig. 7. Bulk density of arc-melted specimens as a function of
zirconium content.
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Fig. 8. XRD patterns of arc-melted specimens with excess zir-
conium amount. (a) 1.0 (b) 2.0 (c) 4.0
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Fig. 9. Back scattered images of arc- melted specimen as a function of zirconium content (a) 0.0 (b) 1.0 (¢) 2.0 (d) 4.0
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Fig. 10. Vickers hardness of arc-melted specimens as a func-
tion of zirconium content.

E" 4.5
£
©
o T
SN
z
- 4.0 /
o
@ /
[~4
=
=]
=]
£ 35/
o
=
b3
o
[T
3.0
1 2 3 4 5

Zirconium content (mol)

Fig. 11. Fracture toughness of arc- melted specimens as a func-
tion of zirconium content.
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o] %ict.

4.2 E

Z10; BOs X YA MgE AhHgsled SHSHe =
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Eolglth.

2) -140mesh-270meh 2% FAELE 1.0M g4t
402 907, 1047 4+AE], MgAE9 J&&L 927
%older, AT FAEL] HFFYH L 23.6/mel3ct.

3) ola-8-go 93 ZrB,-ZrCA EFAZ A=z
A% HHe BxAu|E ZrB, FAEE 1.04 ozt C/
Zre) Eu) 1.27} HgstAct.

4) zeFel 23 FS J/MA AU ket 408
Z A7 A9 BodeE 6.37g/cmieldit). Axghe 3
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74 Egton, gL Heke 2w TR 9
2 7 34MPa - m'/?¢l ukdo| Fo B 7 Prlgs F
7hA) tiA E71Eke] 408 dd 4.2MPa - m'”2e]g]c).

aAte] 2

2 AFE 199745 ARYE SFEAdTH Qo) o) o]
3.2 olo) ZAk= ek, -

ongd

—

. T. Hisamoto, Ceramics, 21 [8], p676-682 (1986)

. K. Sakai, Ceramics, 24 [6], p526-532 (1989)

. S. Tamura, M. Ikeda, H. Taira and S. Hanagiri,
Nipon Steel Tecnical Report, No.4l, p.43-51
(1989)

4. O.Odawara, Ceramics, 24 (6), p509-514 (1989)

5. Z. A. Muir, Ceram, Soc. Bull,, 67(2), p342-346

(1988)

6. A=A, o1y, o}y, 2 gA5 2 (¥ 71, 80,
p279-289 (1993)

7. W. B. Jonson etal., Ceram. Eng. Sci. Pro., 10(7-8),
p588-598 (1989)

8. W. B. Jonson etal,, J. Am. Ceram. Soc., 74(9),
p2093-2101 (1991)

9. A. Varma etal, J. SHS, 1 (2), p228-283 (1992)

10. K. Niihara, R. Morea and D. P. H. Hasselman, J.
Mater. Sci. Lett., 1, p.13-16 (1982)

11. H. Kobayashi, M. Katoh, Y. Kamiyama and T.
Mitamura, J. Ceram. Soc. Jpn., 100(2), p.154-158
(1993)

12. E. K. Storms, The Refractory Materials, Academic
press ; New York and London, p.18-27 (1967)

13. R.V. 8ara, J. Am. Ceram. Soc., 48 (234), p125-129

(1965)

w Do



