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(a) Schematic diagram of the sensitivity reduction mechanism, (b) Filling and cushioning effect®”’, (¢) Energy absorption
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A AL HE B AP, L Hy PREEFE 27.1 em (5 HMX A
M) R, S SE b S AR T P B AR b, AR TR
TR ARG 2 SR R AW (IR L, PPy) 1
DA A 7 AN S RE B2 48 0 3 5 B, JHL 22 490 2 R RE B AR K
R bR g — 2P 5 TR SSUR L (i CL-20@PPy 1 H,
M 13 cm 2T E 44 cm 0 F£ 1% T U A SR 1 BT
FEHR R TR IR IRACR . ATLAE o T A4S

Desensitization effect of several polymer binder coating systems

experimental materials

el H, /cm sensitivity sensitivity reduction effect (raw material sensitivity)
core she
CL-20"% 3% MF 42.8 Hy,+(16.3 cm,162.6%)
RDX! PMMA 67.33 H,,+(22.32 cm,201.7%)
RDX MUF 85.34 H,+(22.32 cm,282.4%)
CL-20"%" VitonA 28.6 H,,+(15 cm,90.7%)
H,,+(27.8 cm,246.4%)
HMX# UF 96.3 E,: 18.9) °0
E,,+(5.41,250%)
CL-20"% HNIW/UF E,: 15.2) H,+(3.9),289.7%)
CL-20 PPy 44 FS(P): 84% Hy*(13 cm. 238.5%)
FS(P)-(100%,16%)
HMX'® PPy 65 FS(P): 52% Hy,*+(35 cm,85.7%)
' FS(P)-(80%,35%)
Hy,+(13 cm,184.6%)
CL-2014 DAAF 37 P: 42% %0
P-(100%,58%)
AP THP 1S: 0%~=8% FS(P)-(100%,92-96%)
. . H,,+(95.6 cm,12.8%)
DAP-4 BR 107.8 FS: 76%
FS(P)-(96% ,20%)
. . 15+33.3%
HMX F2604 IS: 6J; FS: 180 N
FS+12.5%
CL-20"" Estane5703 IS: 6.5); FS: 168 N IS and FS significantly improve
. . 15+(7 J,292.9%)
HMX PPy IS: 27.5); FS: 216 N

FS+(96 N,125%)
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3R 38 2x Ay P I g A T S AL A AR T TR 2 L
WL AR B AR SR R RS A b S R 4 O R B
WERYE, Wi L RETZHHYRe R B AR
JHBRS A0 45, LA R 8 A e o7 A8 40 8 4 ORHAY B TT
DA 30 5 BE A R FE B 1 RE K 7 5 AR R 22 (R
7 S5 BT 2
3.2 WA

TE & BE A ORE AL AR R (9 T TR BIF 5, ik D) e A Rt
DL Z )2 R S5 5 Z DI Re Rk | R 5 B AR 25 19 &2 4 1k
PETHIRAL T AW R . A B R OKRE
(CNTs) & s M A A A 3B (GO) SRR I B, AL
FL& i LR A L 5 0 S A 5 LA R P B )
AR A ) 2 T A2 T AE A AR R [ R A ) PR
BB L HE B OFE HL 5 OH & E M N R SR 2 HE
FRE A en ool gy B g Ko AT AR ) A I 2 N vh £
BN g8, LA i) sp? Ak e 2540 5 35 1 H Rg
P Ay b i AL T 245 L B0 M I R e A5 M B T 3k
fitho B, GO S HZ K e A £ ¥ (NH,—GO) Al i
T K AH B I B A A JE T2 SEEX) CL-20 F HMX [ 3
ST TEAEFE AR MR G A R e S 2 R T ML AR
B 700007 Ak AT BB (FG) 55 PDA P[] 4 £ 1)
HMX@PDA@FG M5t 24544 , 456 1 FG 1Y )2 (B E #
PABE ROV 5 PDA 1 5 BiF 22 vh RE 3, DT 7 F AL AR 38
S S R RE LR LY . — AR AR P 2 RE B 4N
KA (MWCNTs) FE A I 3 K A8 T = 4 I 2% 1 7 g
T3, AT AR B Wy B T O B 2SN A TR B I 1 i 4
R T 2 Py bl S eh R RR R
XA R AT A LA b e AR v A R AR AR
FH 7 35CRE BSOFL AR 4 BE Tk I BELUT 48 508 Bl 04 3]
K ek E AR AT SRR (NH,-GO) 4 B HMX R, 1 7
R H KT 40 ), BE RO I B4R Tk 144 N7
A1 55 /B R/ A 1 T I S5 AL 40 CL-20, 75 RE 1t
PR <3% BYRTHE T , Al R 45 15 i ok JR A MR 5033
FE I FE 36% F138% . & 4 A1 A= W) T TR K e A

R2 JURRIL R S BERE R A R Y R IR

REIO i 7= A BT ME A A R e e Y i
Wb — 25 PR R B AR AE S S 30 A0 T Y BE 1 T A HLAD
R JR T [ S B N FH I g AR AL T2 R —
ARAR I e 2 B b4 R Y 52 BT e 88 7 Rl (9 B R B A%
3.3 EEEME

MR A BB 5 & Re AL A W =2 )i A
MEAEH SR ERUR B E L, R, 5 aEM
R //BE R R SR T e
AN R R B RIS A Re S
AH AR T AR

AR Ry — 2 H BN , 5 2 Fh & BE A R AT
B 1 4 PR 2 M L (R AE 52 B I o A A AR E TR
FE I ERG 32 A5 5 O AL, 5 B0 I f AR
FETH F B WLBOBOR B 2 s . R TR A R R
BT B (MW 8551 AE by 5t A sk, G 2o W A0 il
5 0 I S0 B A 1 R R BB e X A
HEAT AC A B, ] A Ak 34 i L 2 B 5 O T
AR AT S, DA e T AR S M G i R 3R T Y A
BREAR o 5T G K RE i (n-Si) Sl Bk T BB A4 R (0
YK A7 B0 n-GPNs)1E N 383 A, 1T A n-Si 2 il ik
F2H (—SIOH) sl M B E Al H 5 A1 158 il 2 sk
OF N 45 7 S R S 3 1 A L % Bt B 1 5 R A B B
fE >, Bao SR M ST R B WS N B B 4y oK
1.0 % n-GPNs A fifi CL-20 f IIfi 5t B 382 48 ff {E ML 60 N
Pt % 360 N LA fi o5 JEk B A5 301 d 35 08 . e Ah
K 2-7 23 = & SR Rk ot (SCA2) 45 heE o A9 166 7 1
Shy 2 BH IR MR R, T 5 A E R A T ) e R
R G e 0 AN N (TR 7 AL e BN . R DR
R SR E ke R S NI NGO
AL 2R 1K FH (CNC) AT 255 B9 A7 TR 6 1 1 = 48 I 2%
S5 RN AL T R 2 5 R R SR A AL B
B, IR R AT A BEL IR A A% 338 I K HILAR BB 5% A6 R g L AT
W BE 48R (4R TF 2 360 N LA, I W 35 i 3 4 o SR
JE, RN T IS R G AR R BRI %

Table 2 Desensitization effect of several typical wax coating systems

experimental materials

sensitivity reduction effect

core shell Hso / cm sensitivity (raw material sensitivity)
CL-201 Hydrophobic wax 20.3 FS(P): 40% FS(P)+60%

CL-20" Wax/TNT/NC 1S:7.5) 1S+150%

CL-20" Paraffin(water suspension) FS: 252 N FS+162.5%

CL-201° Paraffin(phase separation) 60 FS: 360 N FS+275%

CL-20" CNC/Wax FS: >360 N;I/S: 10.4) 15+(6.2),67.7%)
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B R D) BE A 5 S5 A BT S0 B T B — S
BN Z D REPNF A TS . A A ZR AT T I v 3 5
PRI E M S T2 T s S kR i — 2P R R B
B BE I R 1 5 A I R RE TR Ak 22 A S TR R LR
WESE B g ek 4 0 3 S AL T 200 TR g FH 42 it
WSS
3.4 AEEMH

DL RE AR R 78 )2 1T DA R /D 5 RE E 2 1Y
A4 A 4 B 4 5 RE 2% vh AE D AT 2 BELBR Ak
IS BT AR U 1 A% )2 Y A 3, T S8 A B I A AR TR
TIC AR TE BOME 227700 ) iz N T A A A 4
PERAZ 52 5 6 S Re AR, B0 Bl RR 7 B AL B TATB K
N REM R 1, 1- T & 2, - R L
(FOX-7) .2, 6-— & %:-3, 5-7 i Bt -1 1k &
(LLM-105) BL K TKX-50 2177190 {5l , 44 % TATB £,
T HMX CL-20 B = 1% Y s 7 i 12 1 (PETN) € I
A R v T o R R Vv ORI e U B A U AR
FEARE 0102 FOX-7 4 HMX IR BE [A) 45 42 T ke e
PE S AL 22 A PED T LLM-105 XF CL-20 B9 fu 78 £ 30
HE SR I ) A SRR, 8 o R PR IR A 52% 77

FEAL R R TE % BEORN &5 ) A0 Al Ak 4F 4k R
(NC) B & A 4K H il ik ( GAP) S H AT A 4 in 4 /K H
T A R TR 2R A ) (GNP) 51 A LA 5 55 1 285 45 i i
R JZ P20 i, HMX@GNP 42 3¢ 25 #4 [ 5
BT A BOAE S Hy, S8 3 B RS 2 8 R (TR
(Estane5703) 5 NTO 1% ) CL-20/NTO/Estane5703

F3 LA READRHEL B IR R B IEECR

S A WOKIE o g5 TR S K H i 161 cm i | &
66.3 cm'*"' s NC £ 7 3, 4- fi§ JE wk nf 56 &0 fk vk
(DNTF) nf K B2 82 % I 100% B % 28% 7. WF 586
KW, ERAREY/NCE A AL ZE ] P A AR RDX Y
BUARRR B AL AR AU T M B e £, R 5 T
OTEE I G . W KB TR WS g
Pickering FLI 751" 45 T2 n] S2 A0 7 2 1 15 21 3
UUBL, I SRRl R R LB R 2 7 S R
FXEEEEES P RY % HEAEE
B [jf] 1710.12.39.80.104-105 |

S DL Be AR Ry AL BT )2 AE 4R T2 A MR Dy T AR
R 20 R AT I I 22 Pk A A
5 IEbE ST RE A RE EOUL A AN B B A A R B
R B AT A K B A R TR e S
AR 45 ] (] A0 g A S a2 3 X R B
AN [ e JR K 24 5 B A K 24 1 i O 3 TG R 43 7 R e F
5%, W1 LLM-105. 3, 3'- " & -4, 4" % 1k {8 &k
(DAAF) &5 3 5 b4 Bt 5 7 0 A 8 v 7 (B HIL B o oK 358
Wt B 7 vk 0 Pickering T B AR SC I A R
R 2 (0 HL 4271 24 em) AH R B v AR AR FL IR
e Pk i ) T e B o 2 Ak A 7 A TR A R
7 R AT A B A AL IR A E R LR B
T2 FF R bR ASAE M e 5 3 e M OC &R 09 B B, DL &
I B 3 H AR B S AR 55 T DL S B LIRS R AR
EE M EmREm BN T - RE ATk

*j—*: [7,10,22,51 ,62v77.92,102*10510

Table 3 Sensory degradation effect of several typical energetic material coating systems

experimental materials

H., / cm sensitivity

sensitivity reduction effect (raw material sensitivity)

core shell

HMX!"2) 15%TATB/Estane >112 FS: 0 FS-100%

HMX!'*T 509% TEX IS: 52%; FS: 32%  1S-48%; FS(P)-68%

AP Nano-TATB 43.5 FS(P): 0 H,, significantly improved; FS(P)-100%

HMX™2 15 wi% TATB 53.2 FS(P): 0 H,,-264.4% ; Friction sensitivity reduced from 100% to 0%
CL-20""?"  TATB/F2603 28.8 FS(P): 20% Hyo+111.8% ; FS(P)-80%

CL-20"% 55% TNT 69.2 H,,+25.9 cm

HMX'" FOX-7 76 H,,+(20-30 cm)

CL-20"""" 5%Estane5703/NTO  66.3 FS(P): 43% H,+(16.1 cm,311.8%); FS(P)-57%

HMX[? 259%NTO I1S: 20 ); FS: 180 N 1S+(6),233.3%); FS+(112 N,60.7%)

HMX'] GNP 53.4 P:42% H,, significantly increased ; Probabili of friction explosion markedly reduced
HMX? 7.5% TNT 1S: 14.2) 1S+(6.4),121.9%)

RDX' 7.5% TNT 1S:19.6 ) I15+(7.4),164.9%)

HMX! FOX-7 IS: 10 J; FS: 216 N IS+150%, FS+80%
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3.5 EhFEM#

R R T T RE A R A M R A ORI
— LT AR B TR SRS T P R
e KE 24 it VA 3 TP R A 4 B U2 DA % e WL 38
MR e . AZRF A SR, LS &kn T
BRSSO R . R R SR RR N S
1,48 - R 2% (Metal-Phenolic Networks, MPNs)
SR A B ARG I N o R s R 2 A
(TR TA) 5 &8/ & 7 (W Pb>  Cu?) 7 KE 245 K 1
PR BE AT B0 W 45 . TA-Pb/Cu i oh oK 2 &
LB 5 5 T 5 HMX 1 i 562 1 205, I I S8 35
WAL KM, 2, 4- T B H R (DHBA) 5
NTO 5 8% J5 A7 5 7 40, BT 28 4 4k &b 38 59 HMX, 1 45
HMX@DHBA-Pb fll HMX@NTO-Pb & & #1 %}, ffi Hi 1
o R IR MEHE R N 100% 23 3B 2 60% Al 72%°, 1%

R4 LB EBERR B REERCR

Table 4 Sensitivity reduction effect of salt-coated systems

F AR A& T RDX, TA-Pb/Cu 52 J2 4[] “ 2% B " 4 Y
% A8 RD X e B 48 o JB B AR KEABE R DA 84 % [ 22 48 %,
JEE 15 JR B R KEAE R N 7 2% B 2 40% , [R) Y 4 4143 1T
HEAL RDX i S84 , R ml B F 1 el e itk kg
AL 4 = A AR A TR R X AT LR
R RO AR KRR R T AR 2 R S
A RER AU VC ECPE . X T R DG (2 M
il AR AN 2 HMX & 280 ) | 8 55 991506 2 47 4k &b 3 L
B8 B 2 T AR B 000 L R T BE AN A
B 47 B 0, e R 8 (A AL £ V3R ) 38 e HL A
FRIRBETIRE , FT [6) 25 38 0t & BE A RL P BR Be b RE . Y
T RAF 5 AT T I 0 B 48 50 M s ) A T AR AL AR A
BT B TR S P i, Rk & R T5 80U T i i
RS EE D UE B K NE N R 7 (SR A S B N D e
R I E R FEREUR S e E R B

experimental materials

sensitivity sensitivity reduction effect (raw material sensitivity )
core shell
HMX 1% DHBA-Pb I1S: 60%;FS: 72% 1S-(100%,40% ) ; FS-(100%,28%)
HMX ! NTO-Pb I1S: 72% 3 FS: 76% 15-(100%,28%) ; FS-(100%,24%)
RDX7! TA-Pb/Cu IS: 48%; FS: 40% 15-(84%,36%) 5 FS-(72%,32%)

3.6 fAEMB

Z R G R R & 5 A R T o AR AL A A Y
R B (B K G v R IV B AR R AR A 24 AR 3
AT RE AR U AL AR T B T 5 B
F, DA G 2 P AR R B 2000 A s DK B 2 11
FE R B £ L (PDA) FY 3 K BFF 1, 7E 55 6l 7 2%
PR E A 4R AE [ B AE RDX  CHMX B CL-20 25 5 ik %
T JE B S50 LG B AR B (7 f 7 20200 i
AL BEA 252 v HLAR b o | L3 T F A I M
A g fF— 25 D e AL 4 41 T AU i e
w-m L HE R A HAE T, AT 7E PDA 2 [ 41238 A Ak 1 B0
(GO) , ¥ & 11 CL-20@PDA@GO % £ & I % 45
Fgtz s PDA L B A i AE 2% HMX (1 75 5 75 - H
RIS, KR 3G R R 7. PDA LB T
I KE 25 (I CL-20/MTNP) I it b 1 8 4 57 (NBA)
e = SRS 45 5 R N ) 2 Pk AR 00 TR A A R A R
FED L AN K PDA B A I & 5 25 HP AL HMX, 38
il . 5 O3 2 U E R IR B R A 2R ke (AR
TE R 3 i A SR AR R AT A R ek 2 LR R AL S
5 min N 58 O HMX BB 40 780 0 A3 4 4
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& ,PDA {1 % B HMX . CL-20 F1 RDX %5 ¥E 24 H,,
M 12.5~31.1 cm 9] 45 16 1, e @ 4 &2 45.5 ecm.
JEE J52 JR B 110 4 K HE R L 100% — i % 2= 36% , S PR
T LS F R P R f Ak 0 el sz
AU BE B B v as 25K I e, o s K £ G A R
6 455 v 4 CL-20, 1) GO0 53 1) I A R 485 4 1 o
BN, B 1k A B 2 22 AR Bl 4 R 2 W R o RO (E A
3.6 JFH & 14.6 ), BE I H M 60 N T+ 5 288 N¥/,
BT oy A B K B4, R A S R A 3 HMOX, AN (G
T MR A Rl IR L R IR T T 2 A MR S I i K P
SR S5 7 A AP, Hio L 16.5 em TF2 33.7 ecm”7Y,
BEAb, KSR 22y 2 Ak A 0 i 2 7 iR (TA) FILZR Z 1 (TP)
K EL A 2Bl PDA RS B A4 1 BN 5% 12 B8 L A 52
F 6 gEienenenel g {7 BE AT Bl il R (o
CL-20@TA) 5 Bt 2 R J 170l w4 S < B 9 4y
FUak Ak LY (A0 Tio,) 5 4 25 1Y Bt , f i
CL-20@TP-TiO, & H HL-THL Atk &% 52 4549 , ffi H,, 4R
AR TA S Fed Bl A7 2 i 1Y ¥ )2 B vl 3 i
ARG 0 1 R B AT B AR HMXURREE | H, B AR
F33.4 cm LT, KL EAA SR REE Y
N Lk
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FOR i (PAND) JE ) A 7 )22 1) [ Bt 2 5 % e I 25 R
FL Y T RE AT A0 AR I 4 5 4 o SR o010

D7 A2 bR AR B B S 0 1 ) A T2 RUEr
RG AR, ZIERREAT R AR &, R O R
AR i s o R RN R A O SR AT
HMX@PDA 45 i 4 & &k 7%, GAP/F2604 1 7
HMX 8 ik 5 &, 1) ok 0 8 D B o) 48 BR TP 20 78 JUR
A AT o B 30 ) BRI H 176 NI 5 R Uk
HET S F I B (Lysozyme) 7E K A H 48 = (2-F%
L) [ (TCEP) i It 5 5 2B AH 728 0 e M, AT S B %)
HMX Y PR | AT 2 6 3, R V5 T 18 A A8 A T4 7 L 4R
00 A5 A il 118 R B8 T P 8, oA 2 T S0k B AR T
AR A A KR TR R 5 A VR 2 M4 S R
0@ e (PED) F1 4R 2% = (PG) 7E HMX/F2602 |- 28
PRI A, TR 7 o5 SR o A T 8 25 4, Aol b 3%
T S50 4, 1 5 i B FE HCRE ) B MU 2 25 4 i o R AR
fiE 2 B, PR G T 2 218 NLIH I T F2602 ARG
9L 2% W A PG-PEI I J23 6 2 T il P 1 s 42>, 3R 5 0t

®5 ORI R R ROR

EU T AS [R) 4 47 26 A 7 SR W 3 6 22 B Ak 1 ik I R TIE
BT 5 £ MORLEE & BE A R} a4k 0 R LRV )
TANE
3.7 E&#H

15 MR B R R b 2 A M R IR R AT
HZ A0 R SE A, R B IR 525
AHERE . R R DL m R RE AL A5 O 25K B 4L, LAk
AR N 700 Ay 38 5 A O, 3 A 2 9% T T A A S ORG A0 45 4
T S AR SR i ) AR T

FAZ M (F2603) 5 #08 E  & K (TPU ) %54 A 3
PR A $ (U 00 2 11 ) 2 S 5 G2 vt e i L 5 A
) 5 1 52 T U — B v T ) I e Sk S B T
VI VS o AR G A I IR N R R R
T 2o A I A0 B 4 oK R R S B SR A 9 B B A A
T AT O 45 S R A R R il CL-20 Y I A
JEE R 7 Dk 60 N KR #2 TH 2 360 N DL I, B 0% T
W2 MM 1 BRDIBEM R R G i — 2 h
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Table 5 Sensitivity-reducing effect of biomimetic material coating systems

experimental materials

sensitivity reduction effect

core shell Hso/ cm sensitivity (raw material sensitivity)

Hmx 1200 PANI 815 £S: 51% H,, significantly increased;Probability of fric-
(APTES pretreatment) tion explosion markedly reduced

CL-20""0) PDA 27.6 Hy,+(17.2 ¢cm,60.5%)

CL-20"% PDA/CuO 33.7 Hy,+(17.2 ¢m,95.9%)

CL-20""% PDA/IGO 47.3 H,,+#(12.5 cm,278.4%)

HMX ) PDA 64 FS: 40% H,, significantly reduced

HMX ! TA-Fe <33.4 H,, significantly reduced

HMX %) CS (Copper stearate) 33.7 Hy,+(16.5 cm,104.2%)

CL-20 " MTNP/PDA/NBA 22.5+2.5 FS: 4.5+0.5 ) FS significantly improved

RDX "2 CNFs/PDA 45.5 Hy,+(31.1 cm,46.3%)

HMX 28] PDA FS(P): 36%;IS(P): 56% FS+52%;15-28%.

HMX'©8] F2604/CNFs IS: 8.5 J;FS: 240 N FS+50%;1S+88.9%

CL-20"" TA-TIiO> 70 Hy,+(15 cm,366.7%)

CL-201"" TP-TiO> 65 Hy,+(15 cm,430%)

CL-201"" DA-TiO» 60 Hy,+(15 cm,400%)

CL-20"" 10%TATB/PDA IS: 16 J;FS(P): 80% 15+(2.7 ),500% ) FS(P)-(100% ,20%)

CL.20 01 TP/MW IS 8.97 J:FS: 336 N Sensitivity has been significantly enhanced, ap-

proaching the level of LLM-105

HMX' 7! GAP/F2604 IS: 30 J5FS: 176 N IS and FS has been significantly

CL-20" MW/MNCNTS IS: 14.6 J;FS: 288 N 15+(3.6),305.6% ) ; FS+(60N,380%)

HMmX [122] F2602/PG-PEI IS: 32.5);FS: 218 N IS and FS has been significantly enhanced

CL-20""" PANI 21 FS(P): 70% FS (P)+(100%,30%)

HMX 7] Cs IS: 10 J;FS: 216 N 1S+150%; FS+71.4%
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(NH,—GO) 7 HMX ] fff JB 458 5% B 19 Il 5 2817 35 3
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B, B L RRTE 2 5% MRS R mEMS, 5
FOH R 22 BRUY S S i g e, mT g AR 3 2
BE T PR 2T 4 Z i (CMCAB)/E b N JE RS 4571, Ho
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TKX-50/HMX@CMCAB@CAB ) X2 £, 7 45 ¥y , fff JEE
PR IR R 2 40% LT B2k TIRG 2
1 R 5 R R

R G AR AR 7 L R 2 B (PDA)E &
S 2 Tz N T A SR AR R . 3 R A
R A 5K BRI H R, 7E A0 K CL-20 3R I 19 2
PDA/TPU XU H 43 B3 4544 , 58 43 | JH PDA 19 W 4 Ht 57
VIt 5 TPU 1) 4 52 wi e o | ol 4 o JB B (1 5 48 Uk
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7 T RIS 336 N BRI 5 8.97 ) i i B
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i (g-CaNu) 1 Bib ) 45 78 44 32 005 5k 52 45 i ¥ 5 B
FERUHLE , B HMX (4 48 5 BB 42 T &8 21 ), R 8k
FEBIME L 216 N7/ o BUAh 36 F TATB 9 25 4 A8 2R
450 5 HAR L VitonA Tl it 555 T 1 M # Y CL-20 B
AER M H M 15 cm 2 F $2TH 2 83.6 cm, H A
JER B TATB & i 1 2 R R R . 5 A R
S50 (0 75 7 B AL T 98 K B (HBNNSs) | 5 2 4 -1 iR
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Table 6 Sensitivity reduction effect of composite coating systems

LIEHE R Y (EVA) P [F AL 8 HMX B, AT A 24 BH B 44
whdi I P R A H, 3R % 65.3 em L,
U A, ) K B TR R A HMX Ok & 3 0 R 45 4k 24
(Polymer Bonded Explosive, PBX) (Ul HMX/F2602) ,
38 2o 5 SR A TE 2% T AL SRR R i (PAND) 52 2, 1]
A RO b AR R 3 T B L R AR el
R BE T o 2R S RE AL R A (i
Cu(ANQ),(NO,),) 1E CL-20/TA 1 /K #4 m , AT 76
B IR 58% 14 [ IS PR 15 E B K2 e XFH T AR[H
(0 5 B R 1A R 33X B8 22 4k AT R s RIURS 4N 25 4
Wi, F8 40 UE M T 4 b OREEE & BE A R R AL Hh i 1
Py, JF i B TR S A R A S B A v
A R TR RGR R,

25 L PTR , F 0 M ORMA R AR S RS
BB MR 2SS RE A R RS O R ARV RN A b
BHARZ  np 2 iRt o g 4y 7 A R 4w
PRZR RS S R R R Il o SR A K L
5 28 o L UCHLAR B8 R TH T B 2 . Kok
TF 5% v 5 T %80 i i 13 b4 ek LA B i 2 RE AR

B A A B A R < DA AR SR AR 3, L ) AR X v
B REA AR AR R ), L S P T P oy A R S
PLRE I SRR . T o R AR A R 2 D RE R
AT E R T IR T2

W b e T IR R < MR A I A5 R ) A R I
PR, O o L IR AR P OB ) B S R R, BIA
0K LT i 25 bR AL = A 0 2% ARG SR B ) L O
AR P A R T

e R R & R TATB 25 & B 4 R0

experimental materials

sensitivity reduction effect

core shell Ho / cm sensitivity (Raw material sensitivity)

CL-20M" TATB/VitonA(low content) 50.2 H,, has significantly improved over CL-20/TATB
CL-20"% TATB/VitonA (high content) 83.6 H,+(15 cm,457.3%)

HMX '8! rGO/g-CsNs IS: 21, FS: 216 N IS+(3.6 J,483.3%)

CL-20 " PDA/GO 47.3 FS(P): 40% H,,+(12.5 cm,278.4%) , FS(P)-(100% ,60%)
CL-20 " PDA 40.2 FS(P): 68% H,,+(12.5 cm,221.6%) , FS(P)-(100%,32%)
HMX127] Ammonia-modified GO IS: > 40| IS has been significantly increased

CL-20 Paraffin/F2311 FS: 60%; IS: 68% FS(P)-40% ,IS(P)-32%.

BTF %] Paraffin Wax/Acrylate/Fluorocarbon P: 4% 1S(P)-89.7%

CL-20"2) HyTemp/TPU/Microcrystalline Wax IS: 7.8,FS: 288 N 1S+85.7% , FS+380%

HMX! 2] F2602/PANI IS: 22.5),FS: 48 N IS and FS has been increased

RDX!7¢! PDA/TIO, 1S: 28.2 15+188.0%

HMX 98] PDA/FG IS: 28 ),FS: 160 N 15+(7),300%) , FS+(108 N,48%)
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Progress in Desensitization of Energetic Materials via Encapsulation

ZHANG Yi, YU Zhi-hong, XU Han-qing, CHEN Hao, ZHOU Liang, ZHANG Xing-gao, ZHUANG Zhi-hua
(Chemical Defense Institute s Academy of Military Sciences, Beijing 102205, China)

Abstract: The mechanical sensitivity of energetic materials severely restricts their safe application. How to achieve low sensitivity
while ensuring high energy density remains the core challenge in current energetic materials research. This paper focuses on the
surface coating desensitization technology for energetic materials and reviews recent research progress of mainstream coating
technologies and material systems. It emphasizes the analysis of the principles by which the coating layer inhibits the formation
and propagation of “hot spots” during mechanical stimulation through three major mechanisms: “filling and buffering”, “energy
absorption and isolation”, and “lubrication”. The characteristics and applicability of key technologies such as water suspension,
emulsion suspension, in-situ polymerization, spray and microfluidics are summarized. A comprehensive review is conducted on
the desensitization effects and mechanism differences of seven types of coating systems, including polymer adhesives, carbon
materials, waxes, energetic materials, salts, biomimetic materials, and composite materials. By evaluating the overall perfor-
mance and development potential of different coating systems, it is suggested that future research should focus on the in-depth
revelation of desensitization mechanisms, intelligent design of coating structures, precise process control, and the creation of
new multifunctional integrated materials. These efforts are directed toward driving technological innovation, facilitating the de-
velopment new material systems, and ultimately enhancing the synergy between energy density and safety of energetic materials.
Key words: energetic materials;coating desensitization; mechanical sensitivity ; hot spot; core-shell structure
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