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Preparation and Ceramization of Liquid ZrC Precursor

LIU Dan QIU Wenfeng CAI Tao SUN Yanan ZHAO Tong

(Institute of Chemistry,Chinese Academy of Sciences,Beijing 100190)

Abstract A novel liquid precursor for ZrC was prepared by blending of polyzirconoxanesal ( PNZ) and proparg-
yl modified novolac resin( PN). The precursor could be converted into ZrC upon heat treatment at 1 600°C. The cross-
linking behavior of PNZ—PN precursor was characterized by FT-IR and DSC. The thermal stability of the cured PNZ—-
PN was evaluated by TGA. The microstructure and components of the ceramic samples were analyzed by XRD,SEM
and elements analysis. The results showed that the ceramic sample consisted of ZrO, below 1 200°C and low crystalline
ZrC appeared initially at 1 400°C due to carbothermal reduction. At 1 600°C, the ZrO,could be converted into pure
ZrC completely. The ZrO, crystalline phase and carbon content in 1 600°C ceramic samples could be controlled by the
amount of PN to get near pure phase ZrC with free carbon of 1.66% . The Zr, and C elements are well distributed in
the ceramic sample consisted of high crystalline degrees of ZrC particles with a size distribution of 100 to 200 nm.
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Tab.1 Chemical compositions of 1 600°C ceramic

samples from EA analysis wt %
G Zr c 0 20
PNZ-PN-1 73.26 22.72 4.02 7xCy 3504 5
PNZ-PN-2  78.79 17.38 3.83 7rC, 100 25
PNZ-PN-3  83.40 12.65 3.95 ZrCy 1500.7
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Fig.7 SEM images of PNZ-PN ceramic sample at 1 600°C

3 it

(1) R ATFIK AR S5 e T 2R B A be PNZ, LI
PNZ S5 UE BTN SE BRI PN A il il 8 1 — ol 2
(¥ ZxC AR P B HTIKAR PNZ-PN,,

(2) PN HYIASEA[R] 2 52 i FA i i e o B B A
A I 210, AL 1 600°C J = M R

(3) HTBRARZE 1 600°C FASH BE M e A1 hy iy B2 45
i ZeC B, H HBR S TR 1.66% .

(4)1 600°C Bk J5 15 2] 1) P e AL AT i v Pl e s
Tor AR Ride FEESpAAE 100 ~200 nm,

Sk

[1] Han W B,Hu P,Zhang X H,et al. High-temperature ox-
idation at 1 900°C of ZrB, —x SiC ultrahigh-temperature ceramic
composites| J |. Journal of the American Ceramic Society, 2008,
91.3328-3334

[2] Savino R,De Stefano Fumo M, Silvestroni L, et al. Arc-
jet testing on HfB, and HfC-based ultra-high temperature ceramic
materials[ J]. Journal of the European Ceramic Society,2008,28 ;
1899-1907

[3] Karlsdottir S N, Halloran J W. Rapid oxidation charac-
terization of ultra-high temperature ceramics[ J]. Journal of the A-
merican Ceramic Society,2007,90:3233-3238

[4] Savino R,De Stefano Fumo M, Paterna D, et al. Arc-jet
testing of ultra-high-temperature-ceramics|[ J ]. Aerospace Science
and Technology,2010,14:178-187

8 —

[5] Eakins E,Jayaseelan D D,Lee W E. Toward oxidation-
resistant ZrB,-SiC ultra high temperature ceramics[ J]. Metallur-
gical and Materials Transactions A,2010,42.878-887

[6] Li Q G,Zhou H J,Dong S M, et al. Fabrication of a ZrC
—SiC matrix for ceramic matrix composites and its properties[ J].
Ceramics International ,2012,38 :4379-4384

[7] Cai T,Qiu W F, Liu D, et al. Synthesis, characteriza-
tion,and microstructure of hafnium boride-based composite ceram-
ics via preceramic method[ J]. Journal of the American Ceramic
Society,2013,96 :1999-2004

[8] Lespade P,Richet N, Goursat P. Oxidation resistance of
HfB, - SiC composites for protection of carbon-based materials
[J]. Acta Astronaut,2007,60:858-864

[9] Cai T,Qiu W F,Liu D, et al. Synthesis of soluble poly-
yne polymers containing zirconium and silicon and corresponding
conversion to nanosized ZrC/SiC composite ceramics[ J]. Dalton
Transactions 2013 ,42 .4285-4290

[10] Yu Z J,Yang L,Zhan J Y,et al. Preparation, cross-
linking and ceramization of AHPCS/Cp,ZrCl, hybrid precursors
for SiC/ZrC/C composites [ J ]. Journal of the European Ceramic
Society,2012,32:1291-1298

[11] Gendre M, Maitre A, Trolliard G. A study of the densi-
fication mechanisms during spark plasma sintering of zirconium
(oxy-) carbide powders[ J]. Acta Materialia,2010,58 ;:2598-2609

[12] Chu A M, Qin M L, Rafi-ud-din, et al. Carbothermal

synthesis of ZrC powders using a combustion synthesis precursor

FHMELTZ  hitp://www. yhelgy. com 2014 4 26 1 3]



[J]. Journal of Refractory Metals and Hard Materials,2013,36:
204-210

[13] Nam Y S,Cui X M, Jeong L, et al. Fabrication and
characterization of zirconium carbide (ZrC) nanofibers with ther-
mal storage property[ J]. Thin Solid Films,2009,517:6531-6538

[14] JiZ H,Ye L.,Tao X Y et al. Synthesis of ordered me-
soporous ZrC/C nanocomposite via magnesiothermic reduction at
low temperature[ J ]. Materials Letters,2012,71:88-90

[15] Mahday A A, Sherif EI-Eskandarany M, Ahmed H A,
et al. Mechanically induced solid state carburization for fabrication
of nanocrystalline ZrC refractory material powders[ J]. Journal of
Alloys and Compounds Journal of Alloys and Compounds, 2000,
299.244-253

[16] Tsuchida T,Kawaguchi M, Kodaira K. Synthesis of ZrC
and ZrN in air from mechanically activated Zr—C powder mixtures
[J]. Solid State Tonics Solid State Tonics,1997,101:149-154

[17] Dolle M, Gosset D, Bogicevic C, et al. Synthesis of
nanosized zirconium carbide by a sol-gel route[ J]. Journal of the

European Ceramic Society 2007 ,27 :2061-2067

[18] Sacks M D,Wang C A,Yang Z H,et al. Carbothermal
reduction synthesis of nanocrystalline zirconium carbide and hafni-
um carbide powders using solution-derived precursors| J]. Journal
of Material Science,2004,39.6057-6066

[19] Colombo P, Modesti M. Silicon oxycarbide ceramic
foams from a preceramic polymer[ J]. Journal of the American Ce-
ramic Society,1999,82.573-578

[20] Cai T,Qiu W F,Liu D, et al. Synthesis of ZrC-SiC
Powders by a Preceramic Solution Route[ J]. Journal of the Amer-
ican Ceramic Society,2013,96:3023-3026

[21] Xie C M,Chen M W, Wei X, et al. Synthesis and mi-
crostructure of zirconium diboride formed from polymeric precursor
pyrolysis[ J]. Journal of the American Ceramic Society,2012,95:
866-869

[22] Xie Y L,Sanders T H, Speyer R F. Solution-based syn-
thesis of submicrometer ZrB, and ZrB, —TaB, [ J]. Journal of the
American Ceramic Society Journal of the American Ceramic Socie-

ty 2008 ,91:1469-1474
(#4E X%)

TP TO (VR T 1 T (R (T 0 T (0 T (T 99 J 1 N Y9 T % XS % NS % NS Y% JOO % X % N XK % N X 0 X 0 O 2 O TR O Y2 R Y2 K 12 IR IR O Y2 I 12 IO 12 I (2 IO 2 IO 17 IO (PG (K 1 R 1 K (K O G O I O O B O O R

(_E5 71 50)

S 3k

[ 1] Homrighausen C L, Keller T M. High-temperature elas-
tomers from silarylene-siloxane-diacetylene linear polymer[ J]. J.
Polym. Sci. Part A: Polym. Chem. ,2002,40.88-94

[2] Kolel-Veetil M K, Keller T M. The effects of concen-
tration dilution of cross-linkable diacetylenes on the plasticity of
poly ( m-carborane-disiloxanedi-acetylene ) s [ J ]. J. Mater.
Chem. , 2003,13.1652-1656

[3] Kolel-Veetil M K, Backbam H W, Keller T M. De-
pendence of thermal properties on the copolymer sequence in di-
acetylene-containing polycarboranylene-siloxanes[ J]. Chem. Ma-
ter. , 2004,16.:3162-3167

[4] Ttoh M, Mitsuzuka M, Iwata K, et al. A novel synthesis
and extremely high thermal stability of poly [ ( phenylsilylene ) -
ethynylene — 1, 3-phenyleneethynyl-ene ] [ J ]. Macromolecules,
1994 ,27.7917-7919

[5] Itoh M, Inoue K, Iwata K, et al. A heat-resistant sili-
con-based polymr[ J]. Adv. Mater. , 1997,9.1187-1190

[6] Ttoh M, Inoue K, Hirayama N, et al. Fiber reinforced

plastics using a new heat-resistant silicon based polymer[J]. J.

FHIMEIT.Z,  http://www. yhelgy. com 2014 4F 25 1 3

Mater. Sci. ,2002,37:3795-3801

[7] Wang F, Zhang J, Huang J, et al. Synthesis and char-
acterization of Poly ( dimethylsilyleneethynylenephe-
nyleneethynylene ) terminated with phenylacetylene [ J ]. Polym.
Bull. ,2006,56:19-26

[8] Gao F,Zhang L., Huang F,et al. Synthesis and charac-
terization of poly ( tetramethyldisilioxane-ethynyenephenyleneethy-
nylene) resins[J]. J. Polym. Res. ,2011,18:163-169

[9] Wang R,Fang L, Xu C H. Synthesis, characterization,
and thermal properties of new silarylene-siloxane-acetylene poly-
mers[ J]. Eur. Polym. J. ,2010,46.:465-471

[10] Wang R, Liu W, Xu C H, et al. Synthesis, character-
ization and properties of novel phenylene-silazane-acetylene poly-
mers[ J]. Polymer,2010,51:5970-5976

[11] Bucca D,Keller T M. Thermally and oxidatively stable
thermosets derived from preceramic momomers [ J]. J. Polym.

Sci. Part A;Polym. Chem. ,1997,35:1033-1038

(%t

212)



	201401

