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AT 1E Al/Fe, O, IR 1A KR & Bt 19
PTFE ff: i 5 0, 4 T 2 3 i 4 #  Al/Fe, 0,/
PTFE 4% REB A, 4 SEMEDS . XRD XFBERHIERT T %
A 58 T 05 £ B R M 0 25 V45 00T 40 90 3 1
A AT o 25 T B R, 9 R4 3R 1L £
TR

2 LIERS

2.1 KFSNUE

PTFE (25 pm, [ ifF = 2% & 7 A6 0 43 BR A
Al) s ALCT ~2 pum, B TS BRGIOR BHEE A BR A # )
Fe,O,(1 um, B TR K BHE A RAR) ; K2
B (oMl il i L TAHRAR) .

WAL (FLS30T AU, 28 M 7 22 36 Wi R AILAW il 15 A7
FRAE]) 3 ELZSHEAR . DZG-6050 B A M o B A #4847
FRATD) 3 8 =00 (TL1200 #L, M 65 56 B A BR 2
Al ) 5 LS T BRI IR ML (CMTS5105 &Y, S5
Tk &g (hED) A RAFA); &8 oh il 5 L
(JL-30000 %, 5% g 75 28 X B0 AL 28 A BR A W) 5 3
T i 5% (Hitachi S-4800) ; fiE %1% ( Bruker AXS) ;
X 528 #7751 ( Bruker D8 ADVANCE)

2.2 RAEFEHE

W T ity PTFRE Joik it Al/Fe, O, /PTFE 418} i
R B TE Al/Fe, O, JERE Fm A KRB 80N 40% .
60% .80%M1) PTFE, LIWF 55 AN [F] PTFE 5 & X} 52 & #1 k
T2 0 RN B B 5 o, AR R A SRR S i o 17
2" 3" F 1, FR, S 1 T PTFE 5 Fe,O, 1)
HlH % T Fe,O,/PTFE & &R GREES 54 47) ,
TR 3% HE ob 730 55 PTFE 5 Fe, O, 1Y 2 N 1% #L o
REER 5 B AT 22 Sk R 1 TR

H TR A 15T I A AR AR A B R S 10 mmx
10 mm (3 B FE T 0B T oE S S R 45 5850, @10 mm
x3 mm (3% [ FE T8 3R0RE T 9% e v i S5, be 45 TR BE
360 °C,

x1 A4S 5ET

Table 1 Sample number and formulation
No. relative volume percent/%
PTFE Al Fe,O,
1" 40 23.4 36.6
2" 60 15.6 24. 4
3" 80 7.8 12.2
4* 52 0 48
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j

addir:jg ethanol composite uni%xial unsintered sintering and
and stiring molding cooling
Fe,0, powder Saiipe AllFe,0,/PTFE

B 1 Al/Fe,O,/PTFE & &M B4 T. 2 el
Fig.1 Flowchart of Al/Fe,O,/PTFE composite material preparation

2.3 EBSEHNFERENR

JRZ5 J12EERE AL IR GB/T7314-2005( 42 )& #1 k}
25l R R 5 vk Y b B RO A2 ) L 0 I L
AT K 2 T, 7 AR A 149 2 R O AR AU
ANEEREE . ARIRHLESL L 6 mm - min™" 5 [ R AR
i 0 246 A7 , o R AE A I AR %K 0.0 7'
2.4 FEEHHIXRE

JH e o ol 8 LA 5 A 19 48 o JRRE L B
Pt k45 GIB772A-1997 601. 2 f3 i B 51k 7% w55
VR M OB, K R BT R 10 kg, B R VR E
120 cm, 07 FH vey S 50 05 0 4 e 2 15 R K o

J1A S whd g B AR R 25 CR S, N
B DR U i P H SE  A TRHR EE A 10 1K

3 HREWR

3.1 Al/Fe,O,/PTFE E & # BRI FRIE

SRR (17,27, 37) 4L S AL, L 2"
FE R A7 R AE . A AT 43 % 491 4 0 B2 (SEM) 1 RE
TEAL (EDS) WL 2" 38 B be 45 J5 1 30T 55 LA K ot &
R, 25 R mE 2 Fron., M 2a rE] LLFE 1, Al F
Fe,O, Wik ¥ 5] “ Hit " 7 PTFE B (K i, Bt 45 & 3¢
JEE ., R 2b WA RS TP ALE A FLC L ALLFe O
FAICER A HAB A BT, JL R AHX & &R 2 PR,
PEAT 2°RE S R BS (A, UL KRR IR B RN 35T

XHBE4s ) 2R AT XRD RAE, 45 AN 3 iR o
& 3 AT, AR L IR A B a4 — &R T
JPJa JER B A RN MRl Al/Fe, O, /PTFE,
3.2 EHBSEHZETHAZ kR

KT BE RIS ML = A aRE (17,27,37) g 47 o
A4, e EL S0 0 - AR i e n 5] 4 R .

MIE 4 "/ LLE B E PTRE & & 0350, ¢ 8H
5 B N e R LS I AR 4 U 3 A T R R e SRR AR R
FEARAR (W3R 3) X 2t Tt A8 B % i PTFE &4k
HCER IR T RS R o R, R IO T A AR R
mm DX Y JZ2 0] 5 7 (interlamellar slip) , 3X — i & J2 0] 33
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HOIRIR, D, mRAE, REFE, FHE, L

3.0kV 10.8mm x1

0.0k SE(M,LAS)

a. SEM

1000
8005
600-

400+

counts / cps

200440

0 1 2 3 4 5 6 7 8 9
energy / keV
b. EDS
B2 Al/Fe,O,/PTFE &4 K(2%) iy SEM B F1 EDS &%
Fig.2 SEM image and EDS pattern of Al/Fe,O,/PTFE com-
posites(2%)

®2 2'RkehocRA R

Table 2 The element content of sample 2*

relative mass percent/%

element error/%
measured value theoretical value
33.44 33.44 0.00

C 10.54 10.56 0.18
Al 14.02 14 0.14
Fe 29.56 29.40 0.54
(@] 12.44 12.60 1.27

6000

000 ¢ A PTFE

5000 o Al
£
S 4000} . = Fe,0,
3 n
:>. 3000F
£ A
[ =
é 2000 . " .

. n L .
1000
] L] IJ..I [ ]
0 pmptene et A e

10 20 30 40 50 60 70 80 90
261 (%)

3 pesk IS Al/Fe,O,/PTFE & 480K (2%) 19 XRD [
Fig.3 XRD patterns of sintered Al/Fe,O,/PTFE composites(2*)
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#
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= 28 -
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0 A . . . A
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4 Al/Fe,O,/PTFE &M K (17,2%,3%) 1 B 52 R F7-R7 78
i £&

Fig.4 The true stress-strain curves of Al/Fe,O,/PTFE com-
posites(1%,2% 3")

20 R, = R B R AR M AR ALY/
Fe,O,/PTFE & & k1, PTFE J& 81932 1 41 4%, 5%
A PTFE(1Y) B4 Al Fe,O, ORI 51 (0 1652
JE R b AR 28 5 72 A RS B4, S oM R AE &2 1T
ST AR IS AR PR R Ak, TR FUA 16 MPa, 202 A5 ()
A 0.06, [z PTFE EI’»JijJ[I(Z#,f) ,Al Fe,O, i
BiTE PTFE JE 1A 43 45 T J 249 4, 3 1A 15 3 i b
Z RSSO S (AN 2a) |, AR B L 2 R
(32 3), I, BRI 45 0 B Jr 5 20 52 N 728 3 W e
KBRSy 2 P B T AT

£ 3 Al/Fe,O,/PTFE S4B (17,2%,3%) i Jy 2 1L
Table 3 Mechanical properties of Al/Fe,O,/PTFE composites

ield elastic strain
strength Y hardening  maximum  density
No. strength  modulus . -3
/MPa modulus true strain /g - cm
/MPa /MPa
/MPa
1* 16 16 524 N/A 0.06 2.32
2f 68 25 526 35.33 1.32 2.36
3* 87 26 538 48.58 1.37 2.41

3.3 BEHAETHRMSFE

FEVEFR o T (J5 75 R 120 cm) 17 2730 BE 1Y
KM E RS | B S % S T B RR R, R0 W Y
SO, OB RRAE 5 & 6 iR, 3R RN it T
55, 7E SR N SOULEE BI R55 1 AL DR oA 471 A
SR, B 5 R 6 BT UL, 1 R B e ) K ik
10000 s, ifif 2"3KFEAL A 1200 ws, H 1 BB A
Fb 27 R Z 3 2 R B BC b D Y o 1R RE B AR R
FERAG {2 Al F Fe, O, & &, Ik, & K E B
G0 I EE ) EU

A
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5 V'R R il 0 R R (VR 120 cm)

2 SRR Ot

Fig. 5 Reaction process of sample 1" under drop-weightimpact (drop height 120 cm)

6 2" iR R il R AR (VR 120 cm)

Fig. 6 Reaction process of sample 2" under drop-weightimpact (drop height 120 cm)

T ABN T SARARE (17,27, 37) fEVE R v il R Y
MRESE. & 4 W, 56 M B K K CRE i (Gl it
1o R RN AT ) FRR M IR H oo (RICRE 7 b i B
i T A 50% 1 Kk ok MEE) BB PTRE (9 35 fin 1 3
I, BRI E) B 5 PTFE (3 39 i ook 2> o 3 J2 PR Sy i
& PTFE XA, Z 5 N i Al DL & Fe, O, AH N Hb
N S EURBE I 8] BT REAR s[RI PTRE 1Y i 4E Ji P Fn
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R4 Al/Fe,O,/PTFE &4 MR R vh il T MERES HL
Table 4
Al/Fe,O,/PTFE composites

Drop-weight impact property parameters of

No. Hso/cm burning time/us ignition delay" /s
1" 55 10000 50

2% 58 1200 100

3 85 150 200

Note: 1) Ignition delay is estimated by high speed photography.

Xk 2018 % #26% %78 (596-601)



600

wRRI, T, mRAE, REFE, FHAE, ILE

R 32 2x 22 v isCie 32 3 A0 b il , DG A 28 0 2 19 g
Kefilh & Al/Fe, O, /PTFE B SR, 5 BOKAE B9 FF 1L 7% =
H o F1 % KA I 328 87 48 T o

3.4 RETESH

Wiy S0 45 R BF 5T Al/Fe, O, /PTFE 4R 7E 7% b
e B A BRI WS B T A A ST 4 O
5 PTFE-Al 75 7% # w5 F 19 B0 5 3047 %0 L, A R g 52
Rt T BE (R A TS . ik, A B SE X
Vb KL 10 9% B 72 4 35 AT XRD 23 #7, LUIE 52 Al &5
Fe,O, Z I &k T8I o

17 bh K v 4 wh ok B2 JS 7 90 B9 XRD. 234 45 58
7 fiR. M 7 AL, R A AIF, CALO,
FeF, , [l IF 1% b4 bk 52 07 J A A 4k 2 (o [ 1 5% o 74 R
WA AN C(B ) . Kk, 2 Hr il fig & 4 1
TR

4A1+3C,F, =4AIF,+6C (1)
2Al+Fe, O, =Al, 0, +2Fe (2)
2Fe+C,F, =2FeF,+2C (3)
13 . o AF,
2 FeF
€ 12} " e,
<,.8 10_ DA'ZO3
T ef
= 6f
5 4
k= 2
0

201 ()

7 VURERLE R vh i RS P XRD
Fig.7 XRD patterns of reaction products of sample 1 after

drop-weight impact

G. ). Puts fil P. L. Crouse ** fEW 5% 4 )@ B bW
X PTFE $873 fif 52 M ), & B Fe, O, X%t PTFE i 43 fi
JLF- B4 5 m, B PTFE fil Fe,O, Z [0 N7 AL 2%
o B ARG 45 i) PTFE/Fe, O, H & MK (47),
TE 7% Bl op i B AR WS BT AT s 4 . Bk, A A
FON ARG 2T (<10" K/s, 95 4 ph i \DSC ¥
J& T ixX—{iws) ,PTFE 5 Fe,O, Z Al A& K& AL 2E R
N, FeF, ANJ& PTFE 5 Fe,O, S (7= 9, i & i 4
N A ) Fe 5 PTRE 20 =) (£ %02 C,F,) Z
[i] £ 27 g 7= HE Y o
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1E Al/Fe,O, LAl I i A A [A] /& 24> 5 PTFE
YERR A7) B8 T8 A M RHE WS S R A5 LT
14 77 2 1 Rl R e b o 2% 0 T RO AR 9 6 LR R
I RREAT T 0. IRTREE SRR

(1) B PTFE & #1939 m, Al/Fe,O, /PTFE 41k}
Y R 4f 5 B |y AR 6 A B & | 5 B L% R LA M oK
FLSZN A B T4 K, 40% (19 PTFE 4% Al Fe,O,
WUk 5 51 B, 7E 5% Pk F op AR 28 5 7= AR BRG B
%, WMk PTFE & & (% 3 0, 3 (K 55 38 5 A1 0k 2
[i) &5 5 TIN5, WA ORL 5 B A T N o

(2) PTFE % 4 ) 40% 1 60% % Al/Fe,O,/PTFE
A PR BE AR T8 R o o T R 2R i B K AR i
JA 80%PTFE (152 & M4 B i L 18 52 T A 0 %% 3
R KR o s . B PTFE 36 m, 2 &
AR 1 S5 32 T B AT, R K EE B 38 T 15

(3) 1 hHRHE R oh i J5 7290 AIF, (ALLO, (FeF, L)
FAR AT CUESE T 8RR B 1) & . FeF, K& PT-
FE 5 Fe,O, B[4, i & i 45 R R ™= A2 1) Fe 55
PTFE 204 ( 2 C,F,) Z I A fk 2 O 7 AR 1
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Compressive Mechanical Properties and Impact Response Characteristics of Al/Fe,O, /PTFE Materials

HUANG Jun-yi', FANG Xiang', GAO Zhen-ru', WU Jia-xiang', LI Yu-chun', JIANG Wei’
(1. Institute of Battlefield Engineering ,Army Engineering University , Nanjing 210007, China; 2. 31104 troop of PLA, Nanjing 210007, China)

Abstract: To study the mechanical properties of Al/Fe,O,/polytetrafluoroethylene ( Al/Fe,O,/PTFE) material under quasi-static
compression and the reaction characteristics under drop-weight impact conditions, Al/Fe,O,/PTFE multifunctional structural ener-
getic materials were prepared by adding different volume fractions of PTFE as binder on the basis of Al/Fe,O,. Scanning electron
microscope (SEM) , energy dispersive spectrometer(EDS), and X-ray diffractometer ( XRD) were used to characterize the com-
posites. The results show that, under quasi-static compression, the compressive strength, strain hardening modulus, vyield
strength, density and maximum real strain of the composites increase with the increase of PTFE content. When the volume fraction
of PTFE increases from 40% to 80%, the strength of the composites gradually increases from 16 MPa to 87 MPa. Under drop-
weight impact conditions, the Al/Fe,O,/PTFE composites with 40% and 60% PTFE can both explode and burn severely under the
impact of drop weight, while the reactions of composites with 80% PTFE are very weak, only faint slight is observed by high speed
photography. With the increase of PTFE, the sensitivities of the composites decrease gradually, and the characteristic drop height is
55, 58 cm and 85 cm respectively. In addition, the ignition time delay was 50, 100 us and 200 s respectively. The reaction
products of Al/Fe,O,/PTFE composites with 40% PTFE after drop-weight impact are AIF,, Al,O,, FeF, and C, confirming the oc-
currence of the thermite reaction. FeF, is not the product of the reaction of PTFE with Fe,O,, but is produce by the reaction be-
tween Fe produced by the thermite reaction and the decomposition products of PTFE.

Key words: thermite; folytetrafluoroethylene (PTFE) ; quasi-static compression; drop-weight impact; response charateristics
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