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Current Research Satus of Additive Manufacturing of 316L Stainless
Steel Powder for Nuclear Power
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ABSTRACT: Additive manufacturing is an advanced manufacturing process that does not require molds and is similar with net
forming. Stainless steel is a kind of structural material which is widely used in the nuclear power industry. The realization of ad-
ditive manufacturing for fabricating stainless steel will further promote the development of additive manufacturing, and also
brings revolutionary changes to the nuclear industry. With 316L stainless steel as an example, the current research status of addi-
tive manufacturing of stainless steel powder for nuclear power was systematically described, including the current status of

power preparation process, the present situation of additive manufacturing forming process, and the current research status of the
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microstructure and performance of the formed parts. At present, the preparation process of 316L stainless steel powder for addi-
tive manufacturing is mainly the atomization method, and the physical and chemical properties of the powder are affected by the
parameters of the milling process. Among the three additive manufacturing technologies of selective laser melting technology,
electron beam selective melting technology and plasma additive manufacturing technology, selective laser melting is more
widely used. There is anisotropy in the structure and properties of additively manufactured 316L stainless steel, but the anisot-
ropy can be eliminated by the post-processing technology of additive manufacturing. At present, the most commonly used
post-processing technology for additive manufacturing is heat treatment. The mechanical properties and irradiation properties of
the additively manufactured 316L stainless steel treated by hot isostatic pressing are even better than those of the forged 316L.
At present, the additive manufacturing of stainless steel for nuclear industry is still in the initial stage, and the follow-up research
should focus on the forming mechanism of additive manufacturing and the neutron irradiation performance of formed materials.
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Tab.1 Characteristics of different atomization processes

Processing technology

Advantages

Disadvantages

Plasma rotating electrode method

The powder has high sphericity, purity, and
good flowability. This process can be used to
produce high-purity powders of high melting
point metals and active metals

Due to low motor speed, the yield of fine
powder is low

Plasma atomization

The powder has high sphericity and narrow
particle size distribution

There are many planetary powder present in
the powder

Electrode induction melting gas
atomization method

There are fewer non-metallic inclusions and
low oxygen content in powder

The porosity of powder is high

Vacuum induction melting gas
atomization method

The powder has high sphericity. The single
melting capacity of the process is large

The powder particle size distribution is wide,
and the instrument is prone to contamination
during the preparation process

Tightly coupled atomization

The particle size distribution of the powder is
narrow. This process can be used to prepare
ultrafine powder with size below 2 pm

High atomization pressure may cause nozzle
blockage

Laminar atomization

The particle size distribution of the powder is
narrow

This atomization technology is difficult to
control and it is unstable
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Tab.2 Comparison of different additive manufacturing technologies

Additive manufacturing process  Heat resource Advantages Disadvantages

This process has high cost and low
efficiency. There is a problem of
powder contamination

This process has high forming accu-

Selective laser melting Laser racy and good forming quality

This process has high energy utiliza-

Electron beam selective melting  Electron beam tion rate and fast forming speed

There is powder spheroidization

Plasma additive manufacturing
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Fig.2 Metallographic and SEM images of cold-rolled 316L stainless steel and SLM-316L stainless steel: a) cold-rolled 316L (low
power); b) SLM-316L (low power); ¢) cold-rolled 316L (high power); d) SLM-316L (high power)!*®
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Fig.3 Backscattered electron images of 316L stainless steel: a) SR-SLM-316L (x-y plane); b) SR-SLM-316L (y-z plane);
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