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Fig.1 Pre-alloy powder prepared by gas atomization
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Table 1 Chemical composition of two batches TA7 ELI powder (mass fraction)

%

H N O
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Table 2 Simulation predicted value and measured value of high pressure pump shell
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Strengthening and Toughening Mechanism of Heterogeneous Structured
CoCrFeNi Based High Entropy Alloy Prepared by Powder Metallurgy

LIANG Jiamiao"*, ZHANG Zhen"?, XIE Yuehuang"’, ZHOU Yang"’, WANG Jun"’, ZHANG Deliang’
(1. Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Key Laboratory of Advanced High-Temperature Materials and Precision Forming, Shanghai 200240, China;
3. Northeastern University, Shenyang 110819, China)

[ABSTRACT] In this study, a microstructure control strategy by combining powder high-energy ball milling, spark
plasma sintering and hot extrusion was proposed. The influence of preparation process parameters on the evolution of
grain size, second phase particles and twins was investigated. A CoCrFeNiMnTi,, high entropy alloy with multi-scale
heterogeneous microstructure containing coarse grains, fine grains and nanoparticles, and a CoCrFeNiMnTi,, high entropy
alloy consisting of ultrafine grains, nanoparticles and nano-twins were prepared. The tensile mechanical properties showed
that the yield strength and elongation to fracture of the high entropy alloys were up to 1298 MPa and 13%, and 1507
MPa and 7%, respectively, achieving a good trade-off between strength and plasticity. Lastly, based on the revision of the
Holpage coefficient, a strengthening model for nanoparticle reinforced ultrafine grain CoCrFeNi-based high entropy alloy
was established. A new coupling mechanism between nanoparticles and heterogeneous structure, as well as a synergetic
mechanism of ultrafine grains, nanoparticles and nano-twins were discussed. It was also found that nano-twins could
increase the flow stress of high entropy alloy, resulting in multi-level deformation behavior by inducing nucleation of new
deformation twins.

Keywords: High entropy alloy; Heterogeneous structure; Powder metallurgy; Microstructure control;

Strengthening and toughening
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Properties and Geometrical Dimensions of TA7 ELI High Pressure Pump Shell
by Hot Isostatic Pressing Forming Through Powder Metallurgy Route

LU Zhengguanl, JIANG Wenshan®, ZHANG J ingz, CUI Xiaoxiao', SHANG Xuewen"’, XU Lei'

(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China;
2. Beijing Aerospace Propulsion Institute, Beijing 100076, China;
3. University of Science and Technology of China, Shenyang 110016, China)

[ABSTRACT] TA7 ELI (extra low interstitial) high pressure pump shell was prepared by powder metallurgy near-
net shaping technology under the hot isostatic pressing parameters of 930 °C/120 MPa/3 h. The effects of different
batches of powder on the properties of TA7 ELI alloy were compared (surface morphology of the powder was cellular
in shape, and their Dy, values are 67 um and 74 um), and the powder shrinkage law of high pressure pump was studied
using finite element method. The cutting of the formed high pressure pump shell was performed for dimensional analysis
and microstructure observation. The results show that the mechanical properties of TA7 ELI alloy prepared by powder
metallurgy is comparable to the properties of wrought alloy. The particle size deviation of two batches of powder shows
no significant influence on tensile properties, the microstructure of high pressure pump shell is homogeneous, the hardness
value of the characteristic section fluctuates little, and the maximum deviation between the measured results and the
predicted results of the key dimensions of the flow channel inside the shell is 5.37%.

Keywords: Powder metallurgy near-net shaping with hot isostatic pressing; TA7 ELI (extra low interstitial); Tensile properties;

Cutting analysis; Finite element method; Powder particle size
(T %)
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