2026 4F 45 46 % = M K % ) 2026, Vol. 46
Bl H1-1400 JOURNAL OF AERONAUTICAL MATERIALS No.l pp.l- 14

SR sk, WNIEE, 200, A5 T i P e S S RS il i BRI FEE i (] A2 BRFF AR, 2026, 46(1): 1-14.
ZHANG Yun, SU Haijun, LI Xiang, et al. Research progress of additive manufacturing technologies for high-
temperature resistant ceramic matrix composites [J]. Journal of Aeronautical Materials, 2026, 46(1): 1-14.

M= REEESE S EHEM ISR A Rt R

% =, BEE, F M, ¥ M FME F—iE, miE

(VGG Tk K2 B R 4= [EI HE N S IR =, PU4E 710072)

FEE: T o i P s B 2 G AR (HT-CMCs ) B JHE R AT o i« o R B L IR T R AP fb A 1, ZEMZS K | fig
T A5 s T 0 N FH TS R, AR el i 2 AE T 4 2 208 AR 5 i PERE HT-CMCs B A7 76 Jmy B, 17184 b4 ] i
(AM)F AR LI JZHEFTE RS R, 52 24 H HT-CMCs TS TFRE T8 BRAR . 1% H AR A A B s 4 4 i
LB AR RIATRE ST, BRI T MR D Re R B S F R R, IR T IR A T SR BB 45 S BPE BB 5 ] AORS v R
S, [FIR R0 RHRFE, BRUEIR T G A . ASCRE T HT-CMCs 3 Ml HoR, /48 7 H$
AT EE T N IR, B AR T HT-CMCs #ERBEM il 7k R i1t BUBEAR . T2 557518 1Y B NS opi i 8
HRE, A, A OB A G HT-CMCs ASREH: pHEL 5 L Z2WE b, s A0 RHTEN RIS, AR & LE
VIS 2 Uife— R SRR LS5 B Re bR R E b, @ Bl -SCat -2 80k ” RS 1 AL RS E
IR BUAS ; BEERAb SRR L, P& FTUIAR e A, QT P ek Il LU SR = AR R FH R, B e HE sl R
W TR

SESR]: il e R P B B A AR B A MR RE T2tk

doi: 10.11868/j.issn.1005-5053.2025.000122 CSTR: 32420.14.j.issn.1005-5053.2025.000122

FE4ES: V254.2 XRAFRIRAD: A XEHES: 1005-5053(2026)01-0001-14

Research progress of additive manufacturing technologies for
high-temperature resistant ceramic matrix composites

ZHANG Yun, SU Haijun*, LI Xiang, DONG Dong, LI Xinghui, GUO Yinuo, SHEN Zhonglin

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China )

Abstract: High-temperature resistant ceramic matrix composites (HT-CMCs) have demonstrated immense application potential in
aerospace, energy, and other extreme service environments, thanks to their outstanding attributes such as exceptional high-
temperature resistance, high strength, low density, and excellent chemical stability. Traditional manufacturing processes are
constrained in fabricating HT-CMCs with complex shapes and high performance. In contrast, additive manufacturing (AM)
technology has paved a new way for the production of HT-CMCs with intricate structures, leveraging its unique capability of layer-
by-layer construction. This technology substantially improves the functional properties and structural efficiency of materials by
enabling the direct fabrication of complex internal features, like cooling channels. It also supports performance-oriented precise
control and customized production according to specific service requirements, while significantly reducing material waste and
effectively cutting down manufacturing costs. This paper focuses on the additive manufacturing technology of HT-CMCs. It
introduces the technical principles and current application status of this technology, and places particular emphasis on expounding
the latest research advancements both domestically and internationally in material system design, forming technologies, and process
optimization for additively manufactured HT-CMCs. Furthermore, this paper sets out the future trends of additive manufacturing for
HT-CMCs. In terms of material-process synergy, the focus is on overcoming the bottleneck of interface bonding in multi-material

printing and developing composite processes to achieve multi-functional integration and gradient structures. Regarding the
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construction of intelligent systems, the aim is to establish a “digital control-real-time monitoring-parameter optimization” system and

reduce trial-and-error costs through Al-based parameter adjustment. In the realm of modularization and circular manufacturing, the

emphasis is on developing interchangeable standardized modules and innovating ceramic waste recycling technologies to enhance

material utilization rates. All these endeavors are aimed at promoting its engineering application in cutting-edge fields.

Key words: high-temperature resistant ceramic matrix composites (HT-CMCs); additive manufacturing (AM); material property;

process optimization
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Table 1 Comparison of properties and applications of various HT-CMCs
. . Temperature .. L .
Materials Representative systems limit/C Characteristics Application scenarios
Alumina-based  Al,Os, Al,05¢/Al,05 600-1400 Abundant raw materials; low cost; High-temperature furnace linings;
ceramics maintains high hardness and glass-forming molds; aerospace
chemical stability at 600-1200 °C structural components
Zirconia-based  ZrO,, ZrO,/Al,04 800-1200 Phase transformation toughening High-temperature cutting tools;
ceramics composites enhances fracture toughness; Al,O; thermal sensors; refractories;
addition inhibits microcrack biomedical implants
propagation and improves high-
temperature strength
Carbide ceramics SiC, ZrB,, B,C 1600-2600  High thermal conductivity; low Hypersonic vehicle leading edges;
thermal expansion; ablation nuclear cladding
resistance
Nitride ceramics SizNy, AIN 1400-1800  High fracture 1t/g)ughness Gas turbine blades; high-
(6-8 MPa « m ); excellent temperature bearings
thermal shock resistance
Boride ceramics ZrB,-SiC composites ~ 2000-2200  Oxidation/ablation resistance; Rocket engine nozzles; re-entry
>90% high-temperature strength capsule thermal protection
retention
High-entropy (Hf, Ta, Zr, W)C 3600 Exceptional oxidation resistance; Ultra-high-temperature propulsion

ceramics

high phase stability

systems
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