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2.1 MEH&

HMX, 3042 R 450 wm, H 6027 Tl 4
HIA B A TATB, SR AR 20 wm, v [ TR 4 384
FEBE AL T BRI 58 BT 5 8008, - BR0AR 50 wm, 85 A9 5
Al 4 SRR A R A T .

R Z B (DA) 40 98%, Fig I Hr T ilx A
B8 ) 5 = 8 W 0 W I (Tris ), 43 B 4k, b ¥ B 47
TIRFABRA 7 k8 (FeCly) 23 ral, EigRTHi T
AN A PR A I R 3L R T % (HTPB) , Tolk dh, 5 (H
0.75 mmol-g™", B { T W 5% Bt s oK & B, 3 B 46,
KR I F R A R A A .

W BT 25 HMX  TATB 25 B F /K RN 2 B i vk =
i AR B VR , BT 50 CCHUA Bt T4
B BV O 1.21 mgemLT Y =5 00 B e (Tris)
S5 0P, VR TR pHAR M 8.5, BUKEZG 83 R A BB T 2% o
VWP TSI 2 mgem LT VR BE A R IR 22 B CRHIR A
WCE T S PR LR Z 1 20 R A E A e K 25 0
B U8, LB KB OBV R 3, BT 50°C bR
HE 15 30 2l M K 25 B 8L 23 5 FR R 8 HMX@PDA Al
TATB@PDA; it & ¥ & 4 1.21 mg-mL™" 19 Tris 2 W1,
W pHAE R 8.5, BUER # & T Z2 vh S W b, H- 8
0.1 mg/mL VK EE RS AL 2 mg-mL " R E W LR =
CLRE R A WS T ah i ae EHFEL 5 ming 15
BN R U8, T CPEVE U 33, BT 50°C bR
T 15 BSR4 R, BRI AI@PDA.

2.2 e

K v Wy Be Ak TR R 5 T B W 0L 2 B ASOR HE
24 VA %5 B AT 4 5 >R CamScan Apollo300 L+
F4 L B (SEMO) X M4 ) 3% 1T JE 30 6 47 R AE , 0 3 Asf Xof
By AR AR b E AT WS 4 A B 4 B L R ak Ry 2 kv
fdi il Thermo ESCACAB250 X 41l 2 1 47 X-5F 28 %
L BE 3 (XPS) MK 5 43 H7 5 76 2 IR PR 58 F (25 °C)fff
FH DSA30S 42 fish 71 A6 A4 R 3E 47 422 i A1 003K B A R
S P T2 A b B T AL & L 2 5
5 wL 7K B EE 10 wl HTPB Wi A 42 firh £ ) 32
VOO L YT B AR S HE 2910 s IR EEAT A IR, Ol
b A2 BT B B A A il A iRl GIB772A-
1997 J5 15 602.7 JBE 482 Ja% FE 3% 0 ME 23 vk I 3 el Pk i s
OB i EE 4R R, WK A% R O 4B 900, SR )
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3.92 MPa, il i (30+5) mg; %7 15 601.2 fi# 5 i
MV e 1 0 4k e P RS AR Y e o R ik 2%
001 5 HEAY, 2 kg P&, 1 4 it (30£5) mg.

P BCPE HI S KE 245 43 0 A L @20 mmxe mm Y
2 IR IR (25 °C) 2R H T g A R B AL 1T
B PG S 56, o 24 A g A g 2 e R AT I
MEH K 0.5 mm-min',

3 HRSWiE

31 R EBREE HMX AR

HMX h 1 €@ dh i, HE 0K % B  1.9007 g-cm™,
HMX@PDA 5 B A (5, PR % 0 1.9002 g-cm ™,
HMX Fl HMX@PDA ) R JE S an & 1 pros . i
AL A HT S HMX I RSHIE AR A & A 28 1k, HMX
JERE Ak 2 THI A — S [V R A 40 5 B b 2R 2 BT L
BLE UKL R T AE 753 24 5] F- 8% . X HMX A HMX@PDA
oy AT XPSI L, 45 R W& 1, R 1AL,
BG COURM AR, O L EMNILEN &8,
ORI LB CILR &R B m NS

HMX@PDA

a. HMX b.
1 HMXFI HMX@PDA i ki () SEM I8 A (47 1 /M 8
SEM B R, KA ECh 100%)
Fig.1 SEM images of HMX and HMX@PDA

F1 HMXF HMX@PDA ik 1) 76 % 2H 1%,

Table1 Element content of HMX and HMX@PDA %
sample C N O

HMX 26.74 39.37 33.89
HMX@PDA 40.98 29.86 29.16

HMX Fl HMX@P DA 3 11 #9118 15 1 43 1) 7K 42 figk
ISR R R T s (HTPB) TR 422 fuh £ 47 R 4F , HL
g E 2 s . HE 2 0] 1L, HMX FI HMX@PDA #
15 K 8 il fa 53 i S 1250 FiN 0°, T HMX Al
HMX@PDA 3% [ 5 HTPB (1) 3 filh £ 4> 51 25}y 91° Fil
32°, HMXJRI B RMEEN 42 m)-m "  HMX [ B H
HRBHKEE, T PDAREGY & A F & 1R I M LT
PRSP R T AR Y, PDA LB HMX S W25 e 78
S Xt
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AR 22 T IR L (75 HMX@PD A R E 1% 7 BV IR K
T, AR K PERE , HLX HTPB B3R 1 P RE B R4 .
I A L 2 THT 5 VR0HH =2 1] R4 1 3R 10 1R B M T A
A7 45 A 34 TR (1) B Jo A0 A 257 [0 R, 24 [0 ) 6 28 )2 T A
I 22 TAT )R, AT AT 0 B o A 28 A B LARURRE

CA=125° l A0

Water

Water

a. water droplet on HMX b.

' CA=91°

water droplet on
HMX@PDA

' CA=32°

c. HTPB droplet on HMX d

HTPB droplet on
HMX@PDA

B2 JKAHTPBAE HMX A HMX@P DA Jk: 2 11 £ fil i (14 18 )
Fig.2 Optical images of water and HTPB droplets placed on
the surface of HMX and HMX@PDA

HMXFTHMX@PD A JR 1) JEE 52 18 5 e o Jak 3 1Y
MEAEE R ILFE 2, 27 0L, HMX@PDA [ FE 521385 Hy
50%, lt HMX F&AK 30% , HMX@P D A 4 i 7% s 35 i e
HMX 35 T 36 cm, HMX@PDA Y LA R B2 B @ A% T
HMX. FHOX—45 R0 RN v 8EA 1Y i PDAY2)
B HMX T, 6 HMX R R T~ 7EH ,PDATE
HMX 2 T 1) 5¢ 4 4 7 1 7T S A HM X B0RE 35 T 119 o Bk
B , A5 it AR 2 1T AR D RAIE T A AR B

2 HMXH HMX@PDA ¥R i FE 42 Filfes o g &

Table 2 The friction and impact sensitivities of HMX and

HMX@PDA

sample P/ % Hsy / cm
HMX 80 33.4
HMX@PDA 50 69.4

Note: P is the explosive probability for friction sensitivity. H,, is the charac-

teristic drop for impact sensitivity.

3.2 BZERGBETATBHAEAF et msidt
TATB 2 Ifi A8 4K, SCHk 238 29 50.2 m)-m™ ",

H— B3 R Rk A2 2 R 20 m, H: 3 T 2 5L A o

P L 7K AR 7 S B g P 5 R R0 AR HE S n 5 Y
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ABEPER 2 5 S U iR R S5 4 . i 2 L %
B AT T RE kA L M W) o A A TATB ml ik 31 i3
HAEmMERNOERY . RZURAUE TATB ARG, #
B AR EIE A, K 3R, K 48 TATB Al
TATB@PDA # 2K i R 1HI JE 55l SEM 8 . fH &l 4 AT LA
F L, R EE TATB 5, 61 1Y Uk 2 1 1B i T
— BRI /INGE R N T R ORRS . X2 T
Z A TATB 3R & A R A RN, B BT 4K gL iy
B2 U IAL, T 2R 2 U e ) JoT 1) R 3 1 A A R
M BT R, v i — 20 5 W Bk A7 RO, fi i ek
PEJG B TATB By K 5 R 1) 45 1) J5a 18] I 1 A 5 1) Ak 2
el AU Tk R A TATB S 4 2 il 5L RS B M i

3 TATBHI TATB@PDA ¥y K 1) I -
Fig.3 Photo of TATB and TATB@PDA

a. TATB b.

4 TATBFITATB@PDA ¥}k i £ 5 i) SEM I8
Fig.4 SEM images of TATB and TATB@PDA

TATB@PDA
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TATB@PDA ¥y 7K 1) 3R I fig A M 3 12t A6 8l o 1 45
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. CA=65° '

CA=47°

Formamide

a. water dropleton TATB  b. formamide droplet on

TATB

l CA=0 I CA=0

Formamide

Water

formamide droplet on
TATB@PDA

c. water droplet on d.
TATB@PDA
5 KR B W 43 5 7€ TATB Al TATB@PDA 3 1T 11 4 fth
£ W
Fig. 5 Optical images of water and formamide droplets
placed on the surface of TATB and TATB@PDA

=3 TATBHI TATB@PDA Mo 143 firh i1 J2 35 It G

Table 3 The surface free energies and contact angles of the
TATB and TATB@PDA

CA CA E, E, E

water formamide se polar disp

/() /(°) /mN-m~" /mN-m~" /mN-m™'
TATB 65 47 39.64 13.84 25.81
TATB@PDA 0 0 69.38 45.77 23.60

Note: E, is surface free energy. £, is polar component of surface free ener-

8y Egy, is dispersive component of the surface free energy

B MRS B TATB M K 5 123 WHARIR &, & [#
b5 B S PBX 25 AT, fff AT B 74 52 49 X TATB 2 Al
TATB@PDA JE 254 43 5l i 47 J7 2 PR g Ik, 45 5 an 14
6 k. M 6 R, stk TATB@PDA K24 A it 7 fi
N3k 20.24 MPa, TR U TATB 3 25 4% i 74 h i
N F1R17.61 MPa, PR 5 ST ) 2% M RE A B A o
P2 15% . U2 R 2 TSP 5 (1) TATB #y oK
55123 WA 18]/ /R 3 5, 3 0T 8 el LS SR R i 3K
OV JE TATB 3R TR B2 3 K, i W) 1 Rk oK 2% 1 1Y
PN B B R Pk TATB R RE 2 = , IR T PR BB TE R
g, (R I FIURY A A9 B B T A et TATB i B A
&SR ORR R R ST NS 2 =] 1D W e e e o 7
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20+
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S 1t
g st
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ol —— TATB@PDA-resin
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Bl 6 TATB LRI TATB@PDA i 24 £ 73 il 75 [ 74 52 5 T A9 1
T 1822 il £
Fig.6 Strain-stress curves for the TATB-resin and TATB@PDA

-resin grains under Brazilian splitting tests
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a. grains based on TATB b.

grains based on
TATB@PDA

7 TATBJEFI TATB@PDA 3k 24 Fi: W7 24 1 (¥ SEM JE i (7 I
A KAEE(5000%) SEM HE )

Fig.7 SEM images of the damaged surfaces for the TATB-resin
and TATB@PDA-resin grains
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8 TATB LI TATB@PDA JE 25 ki Y 1 5% i 1 A
Fig.8 Photo of the cutting scraps for TATB and TATB@PDA

grains
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a. Al b. Al@PDA
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Fig.9 SEM images of Al and Al@PDA
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10 AICT*) FTAI@PDA(3H) By R AT TR 22 3d 24 h
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Fig.10 Photos of Al(1*) and AI@PDA(3") particles dispersed
in HTPB
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Fig.11 SEM images for the internal grains of AI/HTPB and
Al@PDA/HTPB
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Bioinspired Improving Interfacial Performances of HMX, TATB and Aluminum Powders with Polydopamine
Coating

ZHU Qing, WU Shu-li, XIAO Chun, XIE Xiao, LI Shang-bin, LUO Guan
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: In order to study the effects of surface modification on the mechanical sensitivity, interfacial mechanical and process-
ing properties of energetic materials, inspired by the mussel adhesion protein, the modified explosives (HMX@PDA,
TATB@PDA) and aluminum powder (AI@PDA) were prepared by polymerization of dopamine on the surface of energetic mate-
rials with one-step method, in which PDA formed a compact and firm coating film. The surface morphology, grain fracture mor-
phology, element content and surface wettability of the modified energetic materials were characterized by scanning electron mi-
croscope, X-ray photoelectron spectroscopy and contact angle test. The mechanical sensitivity and tensile stress-strain curve of
the modified energetic materials were measured by national military standard (GJB-772A-1997), Brazil experiment and other
standard testing methods. Compared with HMX crystal, the friction sensitivity of HMX@PDA crystal decreased by 30%, and the
characteristic drop-off value increased by 100%. The Brazilian tensile strength of TATB@PDA-based PBX cylinders was 15% high-
er than that of the TATB-based PBX cylinders. After 24 h in HTPB liquid phase, sedimentation was effectively slowed down for
Al@PDA, as compared with naked aluminum powders. The characteristic complete and compact coating abilities on the crystal
and rich active groups endow polydopamine remarkable interfacial modification effect on sensitivity reduction, interface me-
chanical properties improvement, processing stability improvement and other aspects of energetic materials.
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