#oate sl o# T Vol.54  No.8
2026 4E 8 H H542—52 T Journal of Materials Engineering Aug. 2026 pp.42—52

SR HRakAfl, 2 8 01T =, 4 R R AR TR B e R R T e [T BPRE TR, 2026, 54(8) :42-52.
CHEN Zhangwei, LUO Xin, HU Qingyun, et al. Research progress in production of tritium breeding lithium ceramics for
nuclear fusion[J].Journal of Materials Engineering, 2026, 54(8) : 42-52.

ZREFMEREFISHRAR

Hik4k, ¥ A, FH =, HERE,ARSHAD Qumail,ALI Umair,Z& %
I T4 B 518060)

FEE 2 B A RN Li,S10,  Liy TIO, 554 SRy AR Hi s 48 700 1 AZ O b k), Beag m d O S GRS e e i IR e B o %
S0 3 T L AN H VR B 6 il 55 AE AT AERORRAR B 5T 2 R R B Anr (IR S5 A B — SR, 3D FT ERAE S —Fh T VA il
AR, A B A0 3 7 i 2 B B b R 2 T SR A T BB i e B8 JEFORIER Y 3D FTEN R REAS S Mg 55 2540 . &
FUHE SRS 5T J T AR i S TC Y — A T, 1 S AR T A5 RS B 7 2 P B MOTUBE IR . AR SCRGELRIR T 7 iR F % 1)
PR DB AR T2 ARG BB AR o B, S S T G R A 3D 4T B A 40l 25 2548 “ T - I ] 7 ol 3 v i e R
Pt N RS, IR T 38T 2415 B SRR R “QUTE BA ™ B B R R 1 i o o BT M TR AR P R B R ok
SRR TET ] o

FREBIR AL TR P P s AR s 3D ATER

doi: 10.11868/}.issn.1001-4381.2026.000071 ~ CSTR: 32421.14.j.issn.1001-4381.2026.000071

HESES: TQI31.171;0572.3572  XEKFRIRES: A XEHS: 1001-4381(2026)08-0042-11

Research progress in production of tritium breeding
lithium ceramics for nuclear fusion

CHEN Zhangwei ,LUO Xin,HU Qingyun, YE Zebiao, ARSHAD Qumail, ALl Umair, LI Jing

(Shenzhen University , Shenzhen 518060, Guangdong , China)

Abstract : Lithium ceramics (e.g.,Li,Si0O,, Li, TiO,) , as core tritium breeder materials, possess high lithium
density, excellent thermal stability, and irradiation resistance. Traditional manufacturing methods such as
extrusion-spheronization and melt-spraying face challenges including poor particle size uniformity, low
crush load, and structural simplicity. As an advanced manufacturing technology, 3D printing offers
innovative solutions for the precision forming of lithium-based tritium breeding ceramics in nuclear fusion
reactors. Vat photopolymerization-based 3D printing enables the integrated fabrication of complex tritium
breeding units (e. g., honeycomb structures, porous frameworks) , significantly improving structural
precision, mechanical properties, and tritium release efficiency. This article systematically reviews the
material properties, powder preparation processes, and limitations of conventional forming techniques for
lithium ceramics, with a focus on the technical advantages and application prospects of vat
photopolymerization 3D printing in achieving "structure-property synergy" manufacturing, as well as the
multi-precursor-based generative shaping and material-forming method. Finally, future research directions
are also proposed to address current technical challenges.
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Fig.3 Lithium ceramic pebbles prepared by traditional processes have problems

(a)low relative density'®; (b)low crushing load"™®; (¢)poor microstructure uniformity">”!; (d)poor sphericality'*; (e)rough surface™*"’
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Table 1 Research progress on the preparation, fabrication and basic properties of tritium-lithium ceramics
) ) Research
Country Method Raw powder P-owder Sphericity Density Crushing Disadvantage unit and
size/mm (T.D.)/% load/N
reference
China Sol-get Li,Si0y 0.8-2 1.1 70-75 10-18 Broad powder size;; low crush load SICCAS'?!
China, Extrusion- Li,SiO, 0.5-0.8 1.24 70-80 Small powder size SICCAS!®!
France spheronisation CAEP!
Indirect wet Li,S10, 0.5-1.0 1.04 =>85 =>40 Broad powder size
method
Melt spraying  Li,S10, 1 1.01 94 10 Low crush load ; prone to impurity  SWIP
Graphite bed  Li,SiO, 1 1.08 88.7 8-44 Poor mechanical performance USTB?"
inhomogeneity of microstructure
Indirect wet  Li, TiO4-Li,SiO, 0.93-1.04 1.03 82.5-90.2  23.5-104.8 USTB!
method
Rolling ball Li,TiO, 1.2 0.97 92.4 <108 USTB™
Sol-gel and Li,S10, A1 0.94 83.23 <32.5 High-temperature  heat cycling SCU™%
hydrothermal stability to be studied
Rolling Li, TiO, <87 17-46 Porosity after vacuum sintering; ~ SCU™!
low crush load
Extrusion- Li,TiO, 0.9-1.1 =>90 48-66 Weight loss after forming CEAM
spheronisation
Germany Melt spraying  Li,SiO, 0.25-0.63 97 9-10 Low crush load KIT!?!
Japan Emulsion Li,SiO, 15 1.07 66.1 59.3 Low relative density JAEA™®
Japan,India  Emulsion Li, TiO, 1.05 1.02 85 37.2 JAEA!®!
Extrusion= 1 516, -2 1-16  85-90 20 Low crush load IBARC™
spheronisation
India,Italy ~ Extrusion- Li, TiO, 1.15 0.95 75 25 Low relative density; IBARC™
spheronisation low crush load
Drip casting  Li,SiO, 1.32-1.44 72-88 <29 Poor sphericity ; pyz-l
low crush load
Requirement ~1 >0.95 >80 =20 [31]
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Fig.4 Process flow for manufacturing porous Li,SiO, units via slurry sintering method"*!!
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