J. of Korean Ind. & Eng. Chemistry,
Vol.5, No.6, December 1994, 1044-1055

X|22o| Etadstlol 2|5t ZrC/SICo| &Y

FAUSE FAAEFES - YA AT
(19943 849 2 A, 19944 9¢ A )

Preparation of ZrC/SiC by Carbothermal Reduction of Zircon
Hong-Chae Park, Yoon-Bok Lee, Cheol-Gyu Lee*, and Ki-Dong Oh

Dept. of Inorganic Mat'ls Eng., Pusan Nat’l Univ., Pusan 609-735, Korea
*Research Institute of Industrial Science & Technology, Pohang 796-600, Korea
( Received August 2, 1994, Accepted September 27, 1994)

2 92! Ar =t Ar/H 7FA4-5(100~500ml/min)stel 4 ZrSiO/CA 2 ZrSiO/Al/CAZRE ZrC/SiC 3%
A F4E 1600C =94 HollA Amsta, ofd 47T, AREE % BASHE AEF. ZSO/CANHE
1400C o|4elA ZrO(s)9 SiO(g)7h 247 =hast AAk--ste] ZiC % SiCE A4t ZiCAAE 913 Ru71»y
SelviAlE o} 18.5kcal/mol(1400-1600C )elolet. &4 ZrSiO/AI/CANAE 12007C o)el4 ZrO(g)7} ANl g) %
graeh w3t ZriCE AAEhgon, 1300C olgalAE Sig)7h AL g) % Bhael Bd-dshuhgalo SiCE Y48
Stk 1600°C, 521 W02 A YL FFUA 218mE 2 BU2A ZrCY ARAFE 46794, AYAZ7)E
640Ac]glom SiCe) AR 41354, 2AAA7)E 5404 HEo|qr.

Abstract: The preparation of ZrC/SiC mixed powders from ZrSiO,/C and ZrSiO,/Al/C systems was attempted in the
temperature range below 1600°C under Ar or Ar/H, gas flow{ 100-500m¢/min ). The formation mechanisin and kinetics
of ZrC/SiC were suggested and the resultant powders were characterized. In ZrSiO,/C system, ZrC and SiC were
formed by competitive reaction of ZrO,(s) and SiO{g) with carbon at temperature higher than 1400°C. The apparent
activation energy for the formation of ZrC was approximately 18.5kcal/mol(1400-1600°C ). In ZrSiO,/Al/C system, ZrC
was formed by reaction of Zr({ g) with Al(], g) and carbon at temperature higher than 1200°C, and SiC was formed by
reduction-carbonization of Si(g) with AK(1, g) and carbon at temperature higher than 1300°C. The products obtained
at 1600°C for 5h consisted of ZrC with lattice constant of 4679 A and crystallite size of 640 A, and SiC with lattice con-
stant of 4.135A and crystallite size of 500 A. And also, the mean particle size was about 21 .8;m.
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2 9y %] Aojdfor 3, =3 o]gdF HEX L Agglomerate  more or less  less severe
2 AzY R AZ 240 Bohdow e tendency

SiCY #UFAYAE AHSIO Helrte Chemical
Fhohe HYEY oAU 47]5 L compenent®)
QBA(8]7h Qom, ZC B% 94 A2z} S0, 2784
(Zr0,) E& o)F 43t 35 Sadu[9) Fe.0; 0.8
o 2Jate] g 4 gk Ca0 032

2 ATelE AT dadddd 93 ZC- Na,O 026
SICA 2eAe g4e Axstel ol ¥ K0 oo
$278 ANHT HEIIT 9 BUHE AR o sy
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Fig. 1. Scanning electron micrographs of (a) zircon, (b) carbon and (¢) metal Al powders used as starting materials.
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Fig. 2. Schematic diagram of reaction apparatus for

preparation of ZrC/SiC.

1. cylinder( Ar, H,) 2. flowmeter

3. PO 4. PO;

5. activated copper 6. heating element

7. pyrex tube 8. silica gel

9. zeolite 10. gas inlet
11. Pt-PtRh thermocouple 12. cooling water inlet
13. cooling water cutlet 14. SiC heating element
15. alumina brick 16. ceramic fiber insulator
17. mixed reaction powder 18. graphite boat
19. silicon rubber 20. gas outlet
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Fig. 3. DTA and TG curves for the mixed C/Zircon
powders in case of using C as a reducing
agent.
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Fig. 4. DTA and TG curves for the mixed C/Zircon
powders in case of using C/Al as a reducing
agent.
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Fig. 5. X-ray diffraction patterns of reaction prod-
ucts from ZrSiO, and C(1:6, molar ratio) at
1300°C for (a) 120min under Ar flow(250ml/
min). (a, b) dry mixing, (c) mixing in etha-
nol.

o= 493 o2 A#%E d9id(Fig 6). ZE

& AR dgten A
¢ 7}24% 100ml/mine & 12037 uh&
aALO, m-710, t-Zr0,, a-quartze] A Al o]
vebdou, Ar 7bAHa2 250ml/mine 2 Z7}4)
A& de (111), (200), (220), (222), (311)9) =
8 FAHNA ZrCY 3|AAle] &8s}, ZrCY
3472t F7he v} ZiO0AAA Y] AR EE
#2dtgoh. Ar Zb2f%¢ 400ml/mine 2 F714)
rCY A7} =+ A3 FUhskAeH fAALE
3008742 QARA] Zr0,9 AL 4dsgnt. &
1A 9 ae FHEA odoten, At A
Aol vhehtA] okstrl Wl Asbtae SiO(g)4
HE EA4E o2 Yz}

Fig. 7258 1400°Cellxe] ZrCo 44 2 AAA
< 1300°CAA S wh-gol vzl dAs) FUghe &
T 9led ZrC o9l ASiCe F2 3AAe] (111),
(200), (220), (311)H N A Edstsch. 1400°C o 4]

o

Sk
=
L

T3, A549 A 63, 1994

10 20 30 40 50 60 70 80

26, CuK,

Fig. 6. X-ray diffraction patterns of reaction prod-
ucts from ZrSiO, Al and C(3:8:6, molar
ratio) at 1300°C for (a) 120min under Ar
flow(100mi/min), (b) 120 min under Ar
flow( 250ml/min), (c¢) 120min under Ar flow
(400ml/min) and (e) 300min under Ar/H,
flow(400ml/min). (a-e) dry mixing.
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Fig. 7. X-ray diffraction patterns of reaction prod-
ucts from ZrSiO, and C(1: 6, molar ratio) at
1400°C for 300min under (a) Ar flow(400ml
/min) and (b-d) Ar/H. flow(500ml/min).
(a) dry mixing, (b) drying mixing, acid
treated ZrSiO,, {c) mixing in ethanol, (d)
mixing in ethanol, reduced pressure.
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Fig. 8. X-ray diffraction patterns of reaction prod-
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ratio) at 1400°C for 300min under (a) Ar
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Fig. 9. Changes in relative intensity of X-ray dif-
fraction lines for products obtained by hea-
ting the powder mixture of (a) ZrSi0,/C=6
{molar ratio) and (b) ZrSiO/Al/C=3/8/6
( molar ratio) at various temperatures for 5h
under Ar flow( 1400ml/min).
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Fig. 10. Effect of reaction temperature and holding
time on the formation of ZrC from the mix-
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time was 5h.

& A4AA T8 449 7187129 HET 2
B7] Ao vixe < 18.45kcal/mol( 1400~1600
©)elgie.

3.5. 2N 37| ¢ AXHS,

ZrSiO/CA 2 ZrSiO/A/CANA AARRA ZrC
% SiIC 2AAL A7) v|H & dhe2xe g3k =
Avsba, 2 As}E Fig 126 Jebliglc}, ZrC2AA}
A7)E 1200~1500C L= obzke] W3}
£ vehidirl 1500C o)F F43 Zrjslgdd. &
H SiC A& 271= 1400~1600°C LE 77kl A
220~500A WA 229 A5z tiEo] Ag
ARG o2 Zrlshgict. = ¥hs-&x 1500°C oA
Hd) 5AIZ74A S2ukeAl ZrC AAA =271 350
~440A WA, SiIC 247 37)&= 290~340
A el wistaldch. AAz 2706 v)A=
A9 AFL 1FA AAE @it

1600°C, 517+ ¥H-AAES ZrC A9 AR
a=4.679A A= lkeda 5[19]¢] 218 ARA
a=4.686 A Br} tha Agton, o) Zr/Cu|7} W
0.55¢ siFgich. ol2jqt AL RE3h= AsHE 9
¥R dulglo} AbrEEAte] thpo® EAste
o2 A7 4, v AN E $9 SiCY AR
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Fig. 13. Scanning electron micrographs of the product obtained by heating the powder mixture of (a-c) ZrSiO,
/C(1/6, molar ratio) at 1400, 1500 and 1600°C, respectively and of (d-f) ZrSiOy/Al/C(3/8/6, molar
ratio) at 1400, 1500 and 1600°C, respectively for 5h under Ar stream.

F43te, A58 A 635, 1994
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(e)
Fig. 14. EPMA of the product obtained by heating the powder mixture of ZrSiO,/Al/C(3/8/6, molar ratio) at

1400°C, for 5h under Ar stream. (b-e) show ZrLs, SiKe, CKz and OKe X-ray image of the identical
area with that of (a), respectively.
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A4 a=4135A AL BSICY SAAR HS4H a
=4.348 ARt} Fgtor] o] |A] SiCY izt o
Fej o] Abetshatse] FEo) 71dshs HeE BejA
o},

2
o

=

dhdo g B AgoAe} o] thazte] Alslgoe
Fhe whS Al A= Ar 7FAE$)7) FolA whe S
o} EAe ghEA|Zbe] FUIESE 2R
] sigte] AFH, 979 Fadd #E
3ol F7tel nlgste EAste Atago] 718t
ko] 2}, ZrSiO/CAl, 1600°C, 5417t vH&-A 4
of tig EDS #4743 A, 4, A232F, &4
Seke 747} 1.6wt%, 0.5wt%, 82.8wt%, 15.0wt%
ot

O o mo e B rlo ok ofd
oi"ﬂ‘ >.f$‘—'l‘l'Nru

e

3.6. ‘éWEUI-E- Y H|EHN £H

ZrSi0/CA % ZrSiO/Al/CAlell diste] 1300°C
2 1600°C, 5A17F vk AAE9 QIAFVEE &3
Azt Al ZAelA) 2] 1300°C WA E9 HFQ
7ol 45.3imo 2 whAnte] 79 6.0murt YK o
1, 1600°C uHsollAE A Al 227} whaint
o A$Er) 35m HE F S 7HE I =27
€ SAAY APhre & A Y4E § 9lov
webA Hh3-E o] A tiEe] ek A &
Aol ¥AF FAEE EAshe A3ES JdFe]
W=7 2dskE FEshe A 2o g 1400
C, 1500°C el A 5217 wk-&- A FEol g FF A=
71 wtagt 24 A7 12.3~12.9m, AVCL &
A Af 217m 22 229 42 A ¢
o}

A Qe vl EdAL ZrSi0/CAY A$ 1300
T ¥ 1400°C, 5A17F ukg-4] 7—].”7]' 14.1, 37.1mi/gro|
deod, ZSiO/A)/CAY 7%+ 1400C 2 1600
C, 5217} ukg-A] Zp2t 5.1, 85m/gr°]f,d\:} Az=17)
of wisted wjzd Z HFUHE BHFoEREH £
Adte SAAE thazte] Gz Azhgc

3.7. SEM-EPMA z&t

ZrSi0/CAl 2 ZrSiO/AY/CA, 1400~1600°C &
=dslel Y 52z WA EA g SEMAbAlE
Fig. 139 viebiisict. wb-g-A o A gle] 1400°C )
Sol4 wlge) ZrC R Ao BSIC 2AR, HYe]
43}@ TR 5 %3‘34 dael g3 "
=7h F7MESE ZiSiO/CA R ZrSiOy Al/C

o]o
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3. o8- 271F

AN F3ist et

X-ray micro analyzer2 E4 X-4A9 7z8 A
Ao ZA4std Zr, Si, C, 0 AEL FAd 24
& A3E Fig 149 veplide. X-49) 7=
SEEEE o$aM Jepded, EPMA 443
ZrLe, SiKeAle] A& =s HA<A CKa ©]9]¢ OK
a Ao A& oBHE o]u] golA AFF AXAHS
#% XRD #4724 & 5 dchAe $4d
ZrC % SiColl Ao Atart n45e lgs &
4 olch. =& SEM AAlo)A19) wlmd zogh §lx}
e AEER A Eot

>

g2 B

2 AFAE A2EozrE n§Ae B3l
W3ds s A ZAF ZrSi0/CA ¢ ZrSiO/
AVCAN A ) ghat2o) Aaestd U g —wks}
W) 7S FEsT G Au BHE AEs}
st

Z1Si0/CA e A2 #98 1300C7AA A
5w 2 A3} ZrOfs), Si(g)7F AR e}, 1400

C olAelA ZrOf(s)% SiO(g)7} 27 ghas A4
J%W@ ZrC 2 SiCE AAsAY. ZC AR 9
¥7] BAselURE o 18 5keal/mol( 1400~
mmc)1ﬁ4.ﬂﬂ ZiSiO/Al/CA A= 350~
1200°C 2599 WellA] Al 23t 229 &4e]
o]2ojdom, 1200C ol % ALl g)dl
& Rz zjole] B3} vhao) o3 wEubgoR
ZrC7h A4Egen 1300C o4l A SiO(g)sh Al
(1 g) 2 =aole) Sd-wrapursel oalo] SiCrl A
A= gich.

1600°C, 5AI7F vhgo2 ole AAE9 HFyA
21.8me 72t "“Qiﬂ ZrCe ARAATE 46794,
AR A7)= 6404 015on SiCe AAALE 4135
A, AAAA7)E 5004 HE ojgch.

Al9) YL g3 2x E 100~200C AE A
FAA o AR SA8E St

Jmt HE
o?.:

o

rlo

# A

¥ ATE (A)AgAEIERTa AT Ag
(92K-021)o0 eleho} Falslof gow, olo) A=
Puyeh.
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