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Abstract: To improvethe mechanical behaviors and explosion performance of the AI/PTFE reactive materials, short-cut titanium
fibers were added to AU/PTFE annular reactive materials, and subsequently assembled with RDX explosive column to form a
composite charge. The effects of different titanium fiber contents on the mechanical behaviors of the annular reactive materials
were investigated using a universal material testing machine and a split Hopkinson pressure bar. The influence of short-cut
titanium fiber contents on the quasi-static pressure, shock wave parameters and thermal damage effects of the composite charge
was studied in depth by the free-field explosion test system and spherical explosion container test system combined with the
colorimetric temperature measurement technology. The temperature field of explosion flame was reconstructed by the
colorimetric temperature measurement method with a high-speed camera, which was based on the gray-body radiation theory. A
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tungsten lamp calibrated the measurement accuracy of the temperature mapping system, and the fitting relationship between the
temperatures and the gray values of the high-speed images was derived to obtain the conversion coefficient. The test results of
mechanical properties showed that with the increase of titanium fiber content, the elastic modulus, yield strength, compressive
strength valus of AI/PTFE annular reactive materials under the static compression conditions, as well as the yield strength and
compressive strength valus under the high-speed impact, all exhibited an initial increase and followed by a decrease, reaching the
maximum values at 3% content. The experimental results of explosion performance showed that short-cut titanium fibers could
significantly enhance the explosion performance of AI/PTFE-RDX composite charges. When the content of short-cut titanium
fibers was 3%, the peak values of the explosion shock wave overpressure, positive phase duration and positive impulse were
37.68 kPa, 695.34 us and 12.34 Pa-s, respectively.While with 5% content of short--cut titanium fibers, the afterburning effect
was the most significant, and the maximum values of the explosion quasi-static pressure, average fireball temperature and fireball
duration reached 70.50 kPa, 2782 K and 1668.90 us, respectively. Analysis of solid explosion products indicated that short-cut
titanium fibers could enhance the mechanical strength of the A/PTFE matrix, delay the fragmentation time of the AI/PTFE
annular reactive materials, promote the interfacial reactions, and participate in high-temperature chemical reactions, generating a
synergistic effect and positive feedback to improve the mechanical toughness and energy release efficiency of the reactive
materials.
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Fig.2 Microstructure of experimental materials: (a) Al powder; (b) PTFE powder; (c) RDX.
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Components and Proportions/%

Samples RDX/g
TF Al/PTFE
1# 10 0 100
2# 10 1 99
3# 10 3 97
4# 10 5 95
S# 10 7 93
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Fig.4 Experimental samples: (a) AI/PTFE annular reactive materials; (b) AI/PTFE-RDX composite charge
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Fig.6 Stress-strain curves of AI/PTFE annularfeactive materials with different short-cut titanium fiber content under static

compression
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Table 2 Mechanical parameters of AI/PTFE annular reactive materials with different short-cut titanium fiber content under

static compression

Samples Elastic modulus/MPa Yield Strength/MPa Compressive Strength/MPa
1# 4.74 1.88 2.10
2# 4.97 3.44 3.76
3# 6.12 438 5.01
At 2.59 2.88 3.42
5# 1.72 2.53 3.06

FEVVREFAERTINNA Bl TR RS AT R USSR, PRIRIEVEAS R 5T e 56 B2 B o5 A8 D) BR 2T



wmOoE 5 &
Explosion and Shock Waves

YE S RGN NS PR YS . AUV BRAT AR & RN 3%, HURSREEIA B, HAE N
501 MPa. X T 445 hﬁ(%%ﬂﬁ,ﬁ%ﬁﬁﬁﬁfﬁ%W$,%ﬁ%R&ﬁﬂﬁﬁ
S5f, WRRFIRIE . PUEIE R BSCEILARUR, A B TR R R T R FLER R, R AR U
JZ. AUPTFE ZEARHIEEIEA T ﬁii@@%,ﬁ%ﬁﬁ@%ﬂ%iﬂi%?%@%%ﬁﬂﬁﬁm,
PRl R 5 BT % . SRR S ERS (3%~T%) I, LFUEERARNTE % KRR,
T RRJRS BN A S DX, XSS IX I AT A OV RSO A R s BEAh, LB RBRET 4R ] E 2 IR
AUPTFE AR [RIESNE, 3 EU5 0 DX L FLR Bk e, i B AR ARk S AR S50 2 - 1) 95 8 £ 44
A BRI A BRI, PRI R 2 N
22 MESHFITH

MORIE PR R B) S 22 e 2 80 SHPB U N ST SO AT R ST b i 8 AR ik ok e
TRRERIZN AR . ) B RAE I BAE BEAT AR, 28— -8 e PR PRI IS Al e, i
AR RAR AR N T A B 3 (4) B s B

e(t) = - 20 (1t

£ =20 [ o (0 o)

a(r)=%a(r)

A er(t)s en(t) N ¢ B 20 S5 B AR FEGY AR L R EE, AN ms Ay As 739
N AT AR A A A AN, AN m%: € NREEROMN AR, AN s-1 o NI S TE
45N 77, BALN MPa; E NATROSEMERE, PO MPa; Co AFFHFEIBEGE, HA7N m/s.

16 +

— —
[ =
T T

Stress/MPa
=

= (] P N, -]
—T T

0.000 0.004 0.008 0.012 0.016
Strain

7L AR R VIR AT 4 &5 & AVPTFE MOIRIGTERBHE 160 71 WA H T W )7 Wi AR 1 24
Fig.7 Stress-strain curves of AI/PTFE annular reactive materials with different short-cut titanium fiber content at 160 s! strain
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Table 3 Mechanical parameters of AlI/PTFE annular reactive materials with different short-cut titanium fiber content at 160 s™!

strain rate

Samples Yield Strength/MPa Compressive Strength/MPa
1# 2.58 7.99
2 3.20 10.21
3# 5.20 15.43
4# 4.46 12.78
S# 3.89 11.92
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Fig.8 Shock wavepressurestime curves of AI/PTFE-RDX composite charges with different short-cut titanium fiber content
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Fig.9 Shock wave parameters of AI/PTFE-RDX corposite‘charges with different short-cut titanium fiber content
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Fig.10 Quasi-static pressure-time curves for AI/PTFE-RD¥X composite charges with different titanium fiber content
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Fig.11 Transient explosion temperature field of AI/PTFE-RDX composite charges without short-cut titanium fiber
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Fig.13 Average temperature-time curves for AI/PTFE-RDX composite charges with different short-cut titanium fiber content
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Fig. 14 Explosive fireball duration of AI/PTFE-RDX\composite charges with different short-cut titanium fiber content
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Fig.15 XRD pattern of explosion solid residues of AI/PTFE-RDX composite charges containing 5% short-cut titanium fiber
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Fig.16 XPS spectra explosion solid residues of AI/PTFE-RDX composite charges containing 5% short-cut titanium fiber: (a) Al
2p; (b) Ti2p
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Fig. 17 Diagram of the detonation reaction process of AI/PTFE-RDX composite charges containing 5% short-cut titanium fiber
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