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Fig.1 Schematic diagram of the SHPB experimental setup
Chinese Journal of Energetic Materials, Vol.33, No.10, 2025 (1165-1175) & He A A www.energetic-materials.org.cn



1 R e A Ti/B/PTFE & M 4 Bl 2l 25 0 2 1 BB B B g 5

1167

@14 mmx200 mm, AGFFRSF R @14 mmx1200 mm
DL 3 S FF R S @14 mmx1200 mm. R T 3 3iF
£ SHPB 5256 v, 7E 48 i /E FH T, A5 T i S AT N
A7 A B, 6 SHPB SE B BoR o A I, B4R A
ST v A B R PR R ARSI N
U, A SR RN 4 G FE AR R B R A . S i
o, BRSO IR Bl B o AT o AT R A
FE P77 A PR B, PR B MR R T A S AT RO AT 2
) B R L R AR RO RS ) o R N AR il s A B
P ST BRE AT WS ERENIE
3 8 7 o AT A A o R AR A () Y AR R 4
1.

ballistic gun

/

111

( ]

—_—— -

Helium cylinder

2 b BRI RS
Fig.2

2 HR5TR

2.1 HEEHEBL R
2.1.1 WU EH

9T VR AR B 0T &, X Ti/B/PTFE i $ 44
FE T R SO0 485 4 1 I8 28 43 A1 i AT RAE , 15 21 Y 25 21
WE 3 PR, S5, W FP Ti/B/PTFE 1 M b ALK

a. Ti/B/10%PTFE
B3 R[E PTFE & 1% Ti/B/PTFE I M A4 B oW 45 4 K o0 2 43 A

Fig.3 Microstructure and element distribution of Ti/B/PTFE reactive material with different content of PTFE
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Impact energy release experiment schematic representation
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Fig.5 The true stress-true strain curves of Ti/B/PTFE reactive
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FT 1 ANFEYAEZR Ti/B/PTFE 16 P: 44 4} (%) I 24 13 AF 5 Bt e ok BE
Table1 Fracture strain and fracture strength of Ti/B/PTFE reac-

tive materials under different strain rates

formula str?in rates  fracture compressive
/s strain strength / MPa
1478 0.0198 26.9
Ti/B/10%PTFE 1654 0.02013 29.2
1801 0.01718 33.1
1450 0.02411 42.8
Ti/B/15%PTFE 1711 0.02526 46.3
1833 0.02618 49.2
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Table 2 Impact energy release test of Ti/B/PTFE reactive ma-
terials
. pressure velocity ignition
number material atmosphere / MPa /mes"  or not
1 8.0 307 not ignition
Ti/B/10%PTFE air
11.0 340 not ignition
3 4.5 617 not ignition
4 6.5 652 ignition
air
5 8.0 715 ignition
6 11.0 837 ignition
Ti/B/15%PTFE
7 4.0 598 not ignition
8 6.0 622 ignition
helium
9 8.0 723 ignition
10 11.0 815 ignition
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13.33 ms

Fig.6 The fragmentation process of Ti/B/10%PTFE specimen in air atmosphere (340 m+s™")

B 7 255550 F Ti/B/15%PTFER AL whds Befig it F2 (837 m-s™)
Fig.7
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Impact reaction process of Ti/B/15%PTFE specimen in air atmosphere (837 m+s™")
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Fig.8 Impact reaction process of Ti/B/15% PTFE specimen in helium atmosphere (815 m-s™")
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0.0 , . ; h4.02 k)-g7, HAKRAE B Q3R 3 TR .l 1A B AR
S s He U0 F TifB/PTFE ¥ HEAS B BE 52 4 FRICAY fE
a. air atmosphere 1 8.68 ko AWFFLIT I T & AT B 58 A e I
005 — HE A B A5t Ti/B/15%PTFE 1 T b1 R 4 K8 48
——723ms’ 26.47 k)-g”'. THESBIE S AT Ti/B/PTFEG 1
0.020f —815m-s’ NS \ PRI
e BHBHRRE 52 4 B0 g 14 66.18 k).
o 0.015F
s F 3 o RN 7SR Rk
o 0.010 Table 3 Chemical reaction equations and reaction enthalpies
. . . reaction enthal-
0.005H Atmosphere  chemical reaction equations . .
pies / kJ-g
0000 - ' helium V/n(=C,F, =) +Ti—TiF,+2C 550
0.00 0.05 0.10 "
time /s atmosphere i 4 55 — i, 4.02
b. helium atmosphere
75 WA A (1) L (2) AT LU 545 2 Ti/B/15%PTFE I
e g P bkt 5 B SR L S o g Al 1
. 0.8} hiﬂﬂﬂ Ztﬂgigngiﬁﬁ.pnzn?u??ea = BB 10% ) ﬁ‘é%{hﬁ‘ﬁﬁim’z” L AL T AR T M
[a
=l S bE T Ti/B/PTRE I #E b1 o o 18 Bl 5 17 R 856
2 B TEX AT Yol N 652 me-s™ $2 71 3
| 837 mes™, Ti/B/PTRE I M AT R R R 42.5%
% 02 EN87.2%. fEHe LA T, il EZ M 622 m-s™!
S2FEN 815 mes, Ti/B/PTFE 7% Fe bR} 1 37 4% M
0.0

600 650 700 750 860 850
velocity / m-s”

c. overpressure peak-velocity curve
B 9 Ti/B/15%PTFE % 14 41 k8 s i &

Fig.9 Overpressure curve of Ti/B/15%PTFE reactive materials

R4 Ti/B/15%PTRE I MEA L oh i 26 1 T BB A%
Table 4

3.4% M3 10.6% . B UL AT WL, 36 PE MR A B R
FEBEA (5 H S BB B 8%~12% . & 10 4 A A 7%
PE B ORE R 2% % BE b o R AR RS L. S5 s
AI/PTFE | AIPTFE/W P 45 3% ¥ b K 48 L,
Ti/B/PTFE 1 ¥ 4 BE 1 52 R 280 5% R R Al 5 % B 8 o

Impact reaction energy and reaction efficiency of Ti/B/15%PTFE reactive material

. velocity pressure impact reaction energy  E, chemical energy  reaction efficiency
material atmosphere B
/m-s / MPa / k) / k) /k / %
652 0.44 20.46 0.43 66.18 30.9
air 715 0.68 31.62 0.51 66.18 47.8
837 0.90 41.85 0.70 66.18 63.2
Ti/B/PTFE
622 0.0072 0.33 0.39 8.68 3.4
helium 723 0.0121 0.56 0.52 8.68 5.9
815 0.0212 0.99 0.66 8.68 10.6
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Dynamic Mechanical Properties and Energy Release Characteristics of High Combustion Heat Ti/B /PTFE
Reactive Materials

PENG Zhe', LIU Rui', CHEN Peng-wan’
(1. School of Mechatronics Engineering, Beijing Institute of Technology, Beijing 100081, China; 2. School of Materials Science and Engineering, Beijing
Institute of Technology , Beijing 100081, China)

Abstract: Based on the high calorific value of the Ti/B binary system, this study designed and fabricated the Ti/B/PTFE reactive
materials with high energy release efficiency. The materials exhibited practical application prospects in the industrial field. To in-
vestigate the energy release characteristics of the Ti/B/PTFE reactive materials, the study conducted combustion tests, dynamic
mechanical property experiments and ballistic gun experiments. By employing the oxygen bomb calorimeter and the Split Hop-
kinson Pressure Bar (SHPB) apparatus, the combustion and dynamic mechanical properties of the Ti/B/PTFE reactive materials
were obtained. The influences of PTFE content and ambient atmosphere on the energy release characteristics of Ti/B/PTFE reac-
tive materials were analyzed through the confined vessel impact energy release experiments. The study further calculated the en-
ergy release efficiency of the Ti/B/PTFE reactive materials under different operating conditions based on the closed tank pressure
curves. Results indicate the energy density of Ti/B/10%PTFE reactive materials(26.15 kJ-g™) and Ti/B/15%PTFE reactive materials
(26.47 kJ-g™') is high than traditional reactive material AI/PTFE(13.89 k]J-g™'). Ti/B/PTFE reactive materials exhibit strain rate ef-
fect. With the increase of strain rate, the yield strength of the 10% PTFE specimen increases from 28.3 MPa to 34.2 MPa and that
of the 15% PTFE specimen increases from 47.1 MPa to 51.1 MPa. The impact energy release process of Ti/B/PTFE reactive materi-
als in confined vessel can be divided into four stages: material destruction, hot spot formation, combustion energy release and
pressure relief. The reaction efficiency of Ti/B/PTFE reactive materials depends on the impact velocity. As the impact velocity in-
creases, the reaction efficiency improves significantly. Compared with the inert atmosphere, the energy release of Ti/B/PTFE re-
active materials is more intense in air. This is attributed to the oxidation reaction between reactive elements and oxygen in the air.
Key words: reactive material; dynamic mechanical property; combustion performance;energy release characteristic; energy re-
lease efficiency
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