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Fig.7 Steady-state creep rate versus applied stress curves and 100 h creep rupture strength of HRTMCs at different temperatures
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Research Progress on Laser Additive Manufacturing and Solidification Defect
Control of Ultra-High Temperature Oxide Ceramics

JIANG Hao', SU Haijun"?, SHEN Zhonglin', ZHAO Di', LIU Yuan',

YU Minghui', LIU Yimin', ZHANG Zhuo'
(1. School of Material Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China;
2. Shenzhen Research Institute of Northwestern Polytechnical University, Shenzhen 518057, China)

[ABSTRACT] Ultra-high temperature oxide ceramics have excellent strength and structural stability, as well as
outstanding oxidation and corrosion resistance at elevated temperatures, which are expected to become new ultra-
high temperature structural materials for long-term service under extremely high temperature oxidation environments.
Laser additive manufacturing (LAM) technology represented by selective laser melting (SLM) and laser engineered net
shaping (LENS) has the unique advantages of high efficiency, flexible manufacturing, and engineered net shaping. In
recent years, it has been gradually applied to the preparation of ultra-high temperature oxide ceramics and has become
a research hotspot in the field. In this paper, the technical principles and characteristics have been overviewed for SLM
and LENS. The research progress of solidification defect control during the LAM processes for ultra-high temperature
oxide ceramics has been investigated in detail from four aspects: process optimization, high temperature preheating,
ultrasonic assistance, and doping. Finally, the development trend and research focus have been prospected for ultra-high
temperature oxide ceramics by LAM.

Keywords: Ultra-high temperature oxide ceramic; Laser additive manufacturing (LAM); Solidification defect control;

Selective laser melting (SLM); Laser engineered net shaping (LENS)

(Uit t L)

(L% 47 W)

A Review of Fabrication, Processing and Application of Heat-Resistant
Titanium Matrix Composites

LU Weijie"’, ZHANG Di', HAN Yuanfei', LE Jianwen', HOU Zhongjun®’, WANG Pengliang
(1. State Key Laboratory of Metal Matrix Composites, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China;

2. Zhejiang Jiatai Metal Technology Co., Ltd., Jiaxing 314200, China;

3. CASIC Sixth Academy Inner Mongolia Aerospace Honggang Machinery Co., Ltd., Hohhot 010076, China;
4. Suzhou Euler Turbine Machinery Co., Ltd., Suzhou 215400, China)

[ABSTRACT] Titanium alloys are favored in the aerospace industry due to their high specific strength, high specific
stiffness, and high temperature resistance. Only through alloying method, titanium alloys cannot meet the demand of aerospace
equipment with service temperatures higher than 600 °C, such as ultra-high-speed aircraft and new aero-engines. To achieve
better high-temperature performance, one of the effective ways is to tailor in-situ synthesized hybrid reinforcements into high-
temperature titanium alloys. The resulting new composites, also known as heat-resistant titanium matrix composites (HRTMCs),
have received widespread attention because of their increased service temperatures of 50—200 °C compared to traditional
titanium alloys. Regarding the development of HRTMCs, the corresponding research progress and application status were
reviewed in terms of design and preparation of microstructural architectures, near-net-shape processing technology (including
additive manufacturing, precision casting, isothermal superplastic forming) and high-temperature mechanical properties.
Finally, the remained problems and future research directions of the HRTMCs were also pointed out.
Keywords: Titanium matrix composites; Heat-resistant; Near net shape forming; Mechanical property; Engineering
Application
(Vi A7)
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Research Progress on Laser Additive Manufacturing and Solidification Defect
Control of Ultra-High Temperature Oxide Ceramics

JIANG Hao', SU Haijun"?, SHEN Zhonglin', ZHAO Di', LIU Yuan',

YU Minghui', LIU Yimin', ZHANG Zhuo'
(1. School of Material Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China;
2. Shenzhen Research Institute of Northwestern Polytechnical University, Shenzhen 518057, China)

[ABSTRACT] Ultra-high temperature oxide ceramics have excellent strength and structural stability, as well as
outstanding oxidation and corrosion resistance at elevated temperatures, which are expected to become new ultra-
high temperature structural materials for long-term service under extremely high temperature oxidation environments.
Laser additive manufacturing (LAM) technology represented by selective laser melting (SLM) and laser engineered net
shaping (LENS) has the unique advantages of high efficiency, flexible manufacturing, and engineered net shaping. In
recent years, it has been gradually applied to the preparation of ultra-high temperature oxide ceramics and has become
a research hotspot in the field. In this paper, the technical principles and characteristics have been overviewed for SLM
and LENS. The research progress of solidification defect control during the LAM processes for ultra-high temperature
oxide ceramics has been investigated in detail from four aspects: process optimization, high temperature preheating,
ultrasonic assistance, and doping. Finally, the development trend and research focus have been prospected for ultra-high
temperature oxide ceramics by LAM.

Keywords: Ultra-high temperature oxide ceramic; Laser additive manufacturing (LAM); Solidification defect control;

Selective laser melting (SLM); Laser engineered net shaping (LENS)
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A Review of Fabrication, Processing and Application of Heat-Resistant
Titanium Matrix Composites

LU Weijie"’, ZHANG Di', HAN Yuanfei', LE Jianwen', HOU Zhongjun®’, WANG Pengliang
(1. State Key Laboratory of Metal Matrix Composites, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China;

2. Zhejiang Jiatai Metal Technology Co., Ltd., Jiaxing 314200, China;

3. CASIC Sixth Academy Inner Mongolia Aerospace Honggang Machinery Co., Ltd., Hohhot 010076, China;
4. Suzhou Euler Turbine Machinery Co., Ltd., Suzhou 215400, China)

[ABSTRACT] Titanium alloys are favored in the aerospace industry due to their high specific strength, high specific
stiffness, and high temperature resistance. Only through alloying method, titanium alloys cannot meet the demand of aerospace
equipment with service temperatures higher than 600 °C, such as ultra-high-speed aircraft and new aero-engines. To achieve
better high-temperature performance, one of the effective ways is to tailor in-situ synthesized hybrid reinforcements into high-
temperature titanium alloys. The resulting new composites, also known as heat-resistant titanium matrix composites (HRTMCs),
have received widespread attention because of their increased service temperatures of 50—200 °C compared to traditional
titanium alloys. Regarding the development of HRTMCs, the corresponding research progress and application status were
reviewed in terms of design and preparation of microstructural architectures, near-net-shape processing technology (including
additive manufacturing, precision casting, isothermal superplastic forming) and high-temperature mechanical properties.
Finally, the remained problems and future research directions of the HRTMCs were also pointed out.
Keywords: Titanium matrix composites; Heat-resistant; Near net shape forming; Mechanical property; Engineering
Application
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