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Abstract: High-performance structural material components are widely researched because of their curcial applications
in aerospace, transportation and automotive, electronic information, metallurgy, and other fields. Traditional methods
for enhancing the overall performance of structural material components mainly include improving intrinsic material
properties and optimizing structural composite design. However, research on enhancing the intrinsic mechanical
properties of single structural materials is reaching its limits. This study aims to explore a new paradigm for the
development of high-performance structural composites by proposing the concept of periodic ordered structural
materials and preparing the structural composites with improved overall properties through integrated sintering. The
TiB-Ti functional unit with high hardness of ceramics and strong toughness of metal was structured through periodical

sequencing, and high-performance TiB-Ti structural composites with different periodical sequencing modes were
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designed and prepared. On this basis, the mechanical properties of these structures were investigated, and their fracture

modes were analyzed to understand how different ordering modes affect the overall properties of the materials. The

results show that periodic ordered structure can improve the overall performance of materials by altering their

macroscopic fracture modes and stress distribution properties. This new paradigm of research provides valuable

insights and guidance for the structural design and performance breakthrough of other structural composites. Future

research may focus on the exploration of the complexity of the periodic ordered structure modes, identifying potential

application scenarios for these materials, and conducting additional performance testing studies.
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Fig. 1 Morphologies and phase compositions of raw materials
(a, b) Microstructures of (a) Ti powder and (b) TiB, powder; (c) XRD patterns of Ti and TiB, powders
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Fig. 2 Structure diagrams of periodic ordered structural composites with TiB-Ti units
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Fig. 3 XRD patterns of periodic ordered structure composites
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Fig. 4 Fractural microstructures of TiB-Ti composites prepared by
SPS

(a) TiB fracture surface; (b) Ti fracture surface; (c) Two-phase
interface fracture

FEW R DA — i TiB AR IS B
X, 9—FPR R R M2 Ti 2.
2.3 NFkEE

ASHIF 72 B AR 7 45 A A2 1R A [R5 11 P 5 J2
48 2 RS . /S FhE5HIR) TiB-Ti £ &4
e B P i 2 S N B!l 5 2 (AL A EL Y Ap S
PR S 1) 70 25 B8R 3 R0 4 5 F) R0

T RNFREE MM TiB-Ti 5 A FRHET HLE,

& 5 EPMA WX/ TiB-Ti & W FEH E &4k ababab 1
LIt A E
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periodic ordered composite tested by EPMA

(a) Sample selection photo; (b) Ti element distribution; (c) B element
distribution; (d) Backscattered electron (BSE) image

A TAEEMIE T 2(1450 ‘C. 30 MPa | £ 5 min)
Nl g T HAH TiB AUHLAR Ti APRL, SR IX B AR R

BEAT T AR . SRR TiB AEAH T
M?HE’J%ZIUJM Hnz 1 s .

RET IR AL I B M4 RE = ri 2 Hh AR B, = A
%“HEHLEQHE‘JRTT%} 6 mmx8 mmx36 mm, %Eﬁjﬂ
30 mm, MN#EGEHEA 0.5 mm/min, RFEH TiB 24
by TiEEAE, B0 A .

KT Re S HL I B AR e 4 a2, 4 i
FETEAR ARk i 1 7 T2 0 7 # A, J7 A il e el T
BKKN 4 mm. SEHN 6 mm, INEEEN
0.5 mm/min, RAEH TiB Z5H L. Ti Z8 R, Mhnm
AT .

WKl 7(a)Fr7s, ANE A aaabbb. aabbab.
aababb. abbaab. abaabb. ababab FTIHA[E T
O, FF H 205 R I A A A B S 1 R ) - R AR
i 222 I H 2 FRAC S T BB R AR A2 Ak . i ] 7(b)
flT7N, aaabbb. aabbab. aababb. abbaab. abaabb.
ababab FIHTEE 58 E 5 8 1109.22. 767.99. 908.62.
673.17. 1002.70 1 663.79 MPa. % &7 TiB-Ti
HEMEHPUEREHCTIHESZM TiB-Ti 546
1Bl aaabbb, JEHEAE bS5 R RS

*1 TIBREMT €EEMBMAESE
Tablel Mechanical propertiesof TiB ceramic
and Ti metal materials

Parameter TiB Ti
Density/(g-cm™) 4.56 4.50
E/GPa 370 110
Kic/(MPa-m'?) 6.1 29.3
Bending strength/MPa 489.95 238.32
Compressive strength/MPa 1035.43 1596.26
Hardness/GPa 20.0 1.7
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Fig. 6 EDS mappings of the TiB-Ti composite materials interface
(a)SEM image; (b) Ti element; (c) B element
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Fig. 7 Mechanical properties of six TiB-Ti periodic ordered composites
(a) Bending strength stress-strain curves; (b) Bending strength line chart; (c) Compressive strength stress-strain
curves; (d) Compressive strength line chart; Colorful figures are available on website
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Fig. 11 Microscopic fracture morphologies of TiB-Ti periodic ordered

composite bending samples (a, b) and compressed samples (c, d)
(a, ) TiB layer; (b, d) Ti layer
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