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Abstract: TaHf,_,C (0 < x < 1) solid solution ceramics, a series of solid solutions of tantalum carbide (TaC) and
hafnium carbide (HfC) over the whole range of composition, have been considered as promising candidates for many
important applications which can tolerate temperature above 3000 K due to their high melting points (> 4000 K), high
hardness (~ 30 GPa), low coefficient of thermal expansion, excellent oxidation resistance, and excellent ablation
resistance. Over the past decades, some extreme conditions required for acrospace industry have greatly promoted
the development of Ta,Hf, ,C materials, and dozens of literatures were published in this area. In this paper, the
research progress of Ta Hf,_C solid solution ceramics was introduced in terms of powder synthesis techniques,
densification methods and mechanism, mechanical properties at room temperature, thermophysical properties,
oxidation and ablation resistance. Advantages and disadvantages of three common techniques (solid solution
between metal carbides, carbonization reaction of metals, and carbothermal reduction of metal oxides) for
synthesizing Ta, Hf; ,C powder as well as the difficulties in densification of Ta,Hf; ,C solid solution ceramics were
analyzed. Influence of sintering process on microstructure and mechanical properties at room temperature of

Ta Hf,_,C solid solution ceramics was discussed briefly. The hardness, elastic modulus, K¢, melting point, thermal
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conductivity, coefficient of thermal expansion, oxidation and ablation behavior of Ta Hf,_.C solid solution ceramics

with different Ta/Hf ratios were summarized. It revealed that Ta,Hf; ,C solid solution ceramics will obtain a good

performance on both mechanical properties and oxidation resistance when Ta/Hf was approximately 1. Furthermore,

the remaining challenges and future outlook of Ta,Hf;_.C solid solution ceramics were also addressed.

K ey words. TaC; HfC; ultra-high temperature resistance; solid solution ceramics; extreme thermal environment; review
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Tablel Advantagesand disadvantages of different techniquesfor preparation of Ta,Hf,_,C powder

Item Solid solution between metal carbides

Carbonization reaction of metals

Carbothermal reduction of metal oxides

Advantages
high purity and could
densification simultaneously

Being easy to operate; products have High temperature is not necessary; Easy to operate; raw materials are cheap;
achieve the whole process lasts only several have potential to synthesize single-phase
seconds, not time consuming

products with fine grain size at relatively
low temperature

Disadvantages Need high temperature and long time; The reaction process is unable to The phase and microstructure of products
products are not single-phase solid control; products are usually not are closely related to the distribution and

solution with elements uneven distri- pure
bution

binding state of oxides and carbon
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Fig. 1

(a) XRD patterns of Tay gHf, ,C solid solution ceramic before and after SPS at different

temperatures and (b) more detailed diffraction patterns between 30° and 45°0%
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Fig. 2 Morphology of Ta,gHfy,C solid solution ceramics
synthesised by different SHS methodst**

(a,b) Mix Ta, Hf and carbon black simultaneously; (c,d) Mix Hf and
carbon black first
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(a) SEM image; (b) TEM image; (c) HRTEM image; (d) EDS mapping
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Fig. 4 SEM images of TagygHf;,C solid solution ceramic sintered
at different temperatures?®>!
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*x2 TaHf,C EREENERNF R
Table2 Mechanical propertiesof Ta,Hf,_,C solid solution ceramics at room temperature

Raw powder Sri;gg(i)lzlg dle{Els?tt;\;f/o Hardness/GPa moclizlﬁlli;i/z}Pa Kic/(MPa-m'?) Ref.
Tay 9Hfy ;C-12vol% MoSi, TaC, HfC, MoSi, SPS 100.0 (15.0£0.2) — (3.2+0.3) [26]
TayoHfy C-12vo0l% TaSi, TaC, HfC, TaSi, SPS 100.0 (15.9£0.3) — (3.31£0.2) [26]
Tag g7Hf)15C TaC, HfC HIP >98.0 24.1 575.4 — [3]
Tay gHfy,C Tag sHf, ,C HP 99.6 (30.3£1.6)  (462.5£3.1) (2.2+0.4) [30]
Tay gHfy,C Ta, Hf, ,C HP 94.4 27.2 491.7 3.0 [21]
Ta, gHf,) ,C TaC, HfC SPS 97.8 (16.7£0.9)  (443.2+23.7) (4.6£1.1) [40]
Ta, gHf, ,C TaC, HfC SPS (97.7+£0.1)  (19.3%1.3)  (459.0+£5.8) (2.9+0.9) [32]
Tay gHfy ,C-10vol% MoSi, TaC, HfC, MoSi, SPS 99.8 (18.5£0.5)  (482.0+2.0) (4.2+0.2) [29]
Ta, sHfy ,C-12vo0l% MoSi, TaC, HfC, MoSi, SPS 100.0 (15.2£0.5) — (3.940.2) [26]
Tag sHfy ,C-12vo0l1% TaSi, TaC, HfC, TaSi, SPS 100.0 (17.7£0.4) — (3.240.1) [26]
Tag 75Hf)»5C TaC, HfC HIP >98.0 28.6 567.7 — [3]
Ta, ;Hf; 3C-12vo0l% MoSi, TaC, HfC, MoSi, SPS 97.8 (15.9+0.6) — (3.9+0.1) [26]
Ta, ;Hf; 3C-12vol% TaSi, TaC, HfC, TaSi, SPS 98.9 (18.2+0.7) — (2.840.1) [26]
Tag 67Hf) 33C Tag 67Hf)33C HP 95.3 29.7 483.0 2.5 [21]
Tay sHfy sC Tay sHfy sC HP 99.2 (36.7£1.2)  (559.3%6.5) (2.9£0.4) [30]
Tay sHfy sC Tay sHfy sC HP 97.9 37.9 591.0 2.5 [21]
Tay sHfy sC TaC, HfC SPS 98.2 (17.1£1.1)  (523.847.0) (6.0+0.7) [40]
Ta, sHf sC TaC, HfC SPS (95.7+£0.3) (22.1+1.8)  (549.0+11.2) (2.9+0.7) [32]
Ta, sHf sC TaC, HfC HIP >97.0 23.5 469.9 — [3]
Tay ;Hfy ,C HfO,, Ta,0s, graphite SPS 98.7 (20.0£0.9) — (5.2+0.2) [48]
Tag,5Hfy 75C Tag,sHf 75C HP 96.5 (29.9£2.2)  (436.4%13.8) (2.2+0.2) [30]
Tag,5Hf75C TaC, HfC HIP >98.0 29.1 593.5 — [3]
Tay,Hfy sC Tay,Hfy sC HP 95.9 (35.1£1.1)  (554.7+8.8) (2.3£0.5) [21]
Ta, ,Hf sC TaC, HfC SPS (87.0+£0.2) (16.7£3.0)  (438.0£17.8) (3.4+0.6) [32]
Ta, ,Hf sC TaC, HfC SPS 98.8 (19.1£0.3)  (577.3%£6.0) (5.5+0.6) [40]
Tag ,Hfy sC HfO,, Ta,0s, graphite SPS 100.0 (19.7£0.7) — 5.1 [48]
Tay.17Hfo 83C TaC, HfC HIP >98.0 26.6 534.2 — [3]
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Fig. 6 Morphologies of HfgTa,0;;-Ta,05 eutectic structure!®
(a) STEM images and associated EDS element mapping; (b) HRTEM image and corresponding SAED pattern of area 2;
(c) HRTEM image and corresponding SAED pattern of area 1; (d) HRTEM image of area 3; (¢) SAED pattern of area 3
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Fig. 7 Morphologies of Tag,sHf, 75C ceramic after oxidation!®
(a,b) SEM image of oxide scale; (c¢) STEM image of transition layer; (d) STEM and SAED results for transition layer;
(e) STEM and SAED results for unaffected layer; (f) STEM result for border area of transition layer and unaffected layer
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