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Table 1 Ratio of raw materials in the feed used for
synthesis of SSPs
Sample No. n(HfCly): n(TaCls) m(HfCl;+TaCls): M(AHPCS)
LAH7T3 7:3 1:4
LAHSTS 1:1 1:4
LAH2TS 1:4 1:4

n—Mole; m—Mass.

5, # 0.091 g [ HECl, A1 0.409 g 1] TaCls 3
RKEN 100mL = 5, KA Schlenk H A =
RS, FREANBSRY, A 20 mL 1

CHCL; it #:42) . %4 2.00 g i) AHPCS ¥ f#1/E 30 mL
(1) CHCLy HECH a i, SR 5 A 5 28 5 AN TE &
TR, R IR 2 T E R4 B0 20~30 ¥, [
=R rR A1 il AHPCS ) CHClL; W, 124
7 30 min PN INEE SR, 4k St P B 2 R 4 A R
PAFEEEOIF R, BHHEETE 60 C, If
PRI 1he B8 E 28R % CHCL;, BIA 3k
oy T (RIS B S AR RE i LAH2T8. Y 1 #E4T L
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2) WA SSP RS Ik [l 4k K A
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(e) Distribution of Ta in the nanoparticles
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Fig. 9 TEM images and EDS spectrum of nanoparticles in LAH2T8-1600 ‘C nanocomposites
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Table 2 Porosity, apparent density, Indentation hardness(H ),

Vickers hardness(Hy) and elastic modulus s(E) of
LAH2T8-bulk

Open Bulk density/ B
. 4 Hir /GPa  Hy/(kgf-mm™) E/GPa
porosity (grem™)
4.87% 2.55 7.72£1.36  715.21+128.28  76.71+7.89
20l —— HTZN-0.5-bulk

15+
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=
T

1 1 1
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Fig. 10 Load-displacement curve of LAH2TS8-bulk
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[

(c) Distribution of C in LAH2T8-bulk

200 pm

—

(f) Distribution of Ta in LAH2T8-bulk

Bl 11 FES LAH2TS-bulk ff) SEM HE AR EDS J i
Fig. 11 SEM images and EDS spectra of LAH2T8-bulk
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Extended Abstract

Introduction HfC and TaC are typical ultra-high temperature ceramics (UHTCs), which are important candidate materials for
thermal protection components in high-speed aircraft. However, their oxidation resistance at medium and low temperatures is
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relatively poor. Due to the similar crystal structures of HfC and TaC, and the close atomic radii of Hf and Ta (ry; = 1.585 A, rq, =
1.457 A, Ar < 0.15), theoretically, they can form an infinitely miscible substitutional solid solution (Hf,Ta,_,)C (0 < X < 1). Among
them, Hfy,TaysC has a melting point as high as 4300 K, which is recognized as the highest melting point carbide. Compared with
single-component HfC and TaC, (HfTa, ,)C exhibits higher initial oxidation temperature and lower oxidation rate, indicating
significantly improved oxidation resistance. In this work, a series of processable liquid single-source precursors (SSPs) were
successfully prepared by introducing HfCl, and TaCls into allylhydridopolycarbosilane (AHPCS). Through the polymer-derived
ceramic (PDC) method, SiC/(Hf;Ta; ,)C/C nanocomposites with core—shell structured SiC@C and (HfiTa, ,)C@C nanoparticles
were obtained, and the evolution of phase composition and microstructure during the ceramic transformation process was investigated.
Combining PDC and spark plasma sintering (SPS) technology, nearly dense SiC/(HfyTa, ,)C/C bulk materials were prepared, and the
mechanical properties of the resulting bulk ceramic were investigated.

Methods Chemically stoichiometric amounts of HfCl, and TaCls were weighed and reacted with AHPCS in CHCl; solvent at 60 C
to prepare a series of SSPs. The molecular structure of the synthesized SSPs was characterized using Fourier-transform infrared
spectroscopy (FT-IR, Nicolet iS10, Thermo Fisher Scientific). Thermal behavior analysis of the SSPs was conducted using a
thermogravimetric analyzer (TGA, STA 449 F5 Jupiter, NETZSCH). The SSPs were heat-treated at temperatures ranging from
900 ‘C to 1 600 C to obtain SiC/(Hf,Ta;)C/C nanocomposite powders. The phase composition of the ceramic powders was
analyzed using X-ray diffraction (XRD, SmartLab-SE, Rigaku Corporation) with Cu Ka1 radiation (A=1.540 6 A). The microstructure
and phase composition of the samples were analyzed using transmission electron microscopy (TEM, Talos F200S, Thermo Fisher
Scientific) and selected area electron diffraction (SAED). The powders were sintered using a spark plasma sintering (SPS,
CXSPS-40A, Chenxin Corporation) at 50 MPa and 2200 C to prepare SiC/(Hfy,Tayg)C/C bulk materials, named as LAH2T8-bulk.
The surface morphology of LAH2TS8-bulk was observed using scanning electron microscopy (SEM, CLARA, TESCAN). The
hardness and elastic modulus of the bulk materials were measured using a nano-indenter (iNano, Nanomechanics, Inc.) with a
Berkovich tip under a maximum load of 20 mN. The volume density and porosity of LAH2TS-bulk were measured using the water
immersion method.

Results and discussion During the synthesis of liquid SSPs, the main reactions are dehydrochlorination between metal chlorides
and AHPCS. The crosslinking of liquid SSPs is achieved through further consumption of Si-H via dehydrochlorination reactions. The
ceramic yield of the obtained SSPs at 900 C exceeds 90%. By combining the PDC method with SPS, nearly dense
SiC/(Hfy,Tayg)C/C ceramic bulk with an open porosity of 4.87% were successfully prepared. In the crystalline phases, the mass
fractions of B-SiC and (Hf,,Ta,g)C are 60.7% and 39.3%, respectively, with average grain sizes of both phases being less than 90 nm.
The measured nanoindentation hardness is (7.72+1.36) GPa, and the elastic modulus is (76.71+7.89) GPa.

Conclusions By altering the feed ratio of HfCl,/TaCls during the synthesis process of the SSPs and designing their molecular
structure, the composition of the transition metal carbide solid solution products in the final SiC/(HfTa, 4\)C/C nanocomposites can be
effectively controlled. After heat treatment at 1600 C, core—shell structured (Hfy,Tagg)C@C and SiC@C nanoparticles were in-situ
formed in the ceramic matrix. The combination of the PDC approach with SPS technology results in the bulk SiC/(Hf,Tagg)C/C
ceramic nanocomposites with good mechanical properties.

Keywords single-source-precursor; polymer derived ceramic; spark plasma sintering; silicon carbide-based nanocomposite



