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Table 1  Effects of graphite and carbon nanotubes on desensitization of energetic materials

samples desensitization effects mechanism of decreasing the sensitivity ref.

CL-20/C H,, increased from 22.3 to 31.4 cm interlayer slip and buffering of graphite consume external stimuli 23

IS and FS of AP can be reduced by up

AP/C
to 21.2% and 12.5%

size of graphite affects the thermal conductivity 24

interface surface is relaxed and the inter- o
HMX/C o reduce hot spot generation in HMX 25-26
face friction is reduced

IS, FS and SS of HMX were decreased thermal conductivity of HMX is improved and elastic deformation
HMX/CNTs 27
by 73%, 29% and 74% can occur

. o the difficulty in controlling the orientation of CNTs resulted in the in-
RDX/CNTs the effect of reducing sensation is low - . o o 28
ability to exploit their axial thermal conductivity

friction sensitivity and static inductance the filling of energetic materials within CNTs took full advantage of

thermite/CNTs . o 29
of the composite are reduced the thermal conductivity of CNTs
sensitivity of Cu(N,), is effectively re- after Cu(N,), was encapsulated to CNTs, the interaction between
Cu(N,),/CNTs duced, and the energy output power is  Cu®" and N’ was weakened, forming an arc arrangement, and the 30-33
increased impact sensitivity was decreased
CL-20/CNTs+rGO  H, increased from 17.3 to 68.7 cm CNT can form a heat conduction channel between rGO and CL-20 34
tensile strength reaches 10.4 MPa and mechanical properties are improved by increasing the bonding ca-
GAP/CNT-OH _ ) ) 35
the elongation at break is 380% pacity

Note: H, -characteristic drop height, cm. U, -critical ignition voltage, kV. E, -critical ignition energy, J. IS-impact sensitivity. FS-friction sensitivity. SS-shock sensi-

tivity.

1.1 AE a—el%y —

T 2 2B 0.3 nm (077 2B 41 ﬁ%’
L) FUAT AR BTG, 4 T4 1 B L L —
A1 5 03 S T 0 5 A 2 5 )2 2 3 L e
R TG A A 55 T T 3, g B . =
A 1 PO 0 S5 06, 7 2B e S
S5 A5 AL BREL 02154 6 o / ~

WA s Al DLk b 5 BE R R B UL 18] K A

IR BEE , EO R A R SR b T oA AR R B ARSI R R
/l‘*}‘ljjﬂﬁf*ﬁﬁiwfw Fig.1 Structure of graphite

TON NN

Manning 552 75 P2V 0 oK — 8 L0 A £ 88 R TR A R UG L VR N e 4 B 2% 1A B R LN
5 4 R TRV SEORE BE AT R 5 AT A 25 4 2 A HfE 2 5R) SEORY 5 il e 7S U 2 A1 2% b6 (CL-20) Y B 7% 55 B 22.3 cm

CHINESE JOURNAL OF ENERGETIC MATERIALS N XK 2024 % F 324K H 4 (422-434)



424

B, I 20y

FHE 31.4 cm BRI &7 4 3% A A REE L. A
B )2 B R R /N AR A S i L S AR AR, O T
S5 IR g 1 o RO T N LY S A B A A 2 R R
T, ) 26 A5 AR, D820 3R I A R G . SRk
T AR AN [ RE A28 1) A 58 ) g S5 TR i (AP) E AT 24
PE(AP 547 B & Tl 200: 1), TE 5248 K 17 58 F %
WA HE Al AP Y SRR A B R IR 18.2% A
21.2% , BE 52 I 23 S B AIG 12.5% F112.5% , B SRR SR
HE L PG F AR R A 4 R i e R L B PR RSV R Y T A
A2 %1 B 5 48 4 (HMX) R K 4 (RDX) 5 & R ) 26 45
Y205 1 B IR T, 465 SR 00 s o B8 BB 8 4 B 488 7 A 11 A
SR AE A SR IF HLU A VR R K 25 0K TR L K
25 55 8 LA Jo [ (9 JBE 468 . s BH O OR % Y2 R
RS 4> F 3 J1 B IE T A S8 K 2 AL K
RE AL, 25 5 B A B8 1T 8h #4688 (0~0.19 kJ-cm™)
MR T — M 25 16 AN B S5 T ) R 4 $oBe (i
HMX,0~0.046 kJ-cm™) , & B HLARI 3 ™ A 1935 2 3))
BT AR 25 5 i 5% Ak Sk ¥ 2 A8 , DT U 2 KE 245 TF
AT RE . RERE R ARG T HMX/ A B S
114 VBT 24 R A% 2ok A DA R B R 9 RE IO =X, R B I R
TET 2 st 1 A T FEE 4 5 R ) DRI 4R T R HMX ™ AR 4
MR BB WAL AR I T A R k2
B R TR AL, 45 SR 8 7 A 8 T i 0 B5OEE o 2% B R eT
B 300 TR R0 ) A o JRR R B A 1 B T R
KR, T 10 e SR TR S I Al R B e TR 43 ik T A I 9 O
AR ke 2542 U IE ST A BB R 5 B X R SRR Y
M), 2 2R ) 26 4 K 2 (PBX) 3% Thl A 7 I 2 40 450 1% A
0]l A R B S 27.66%, 0 HA Al PBX Y &
FAHIL ) DA ER RS TR (i) ER e B AGE TR e A B A

g5 LR BAr A W e R S A A R L R
SRR AR AR SR L 7E B RE A RO A A B T L i AR
LW AR AR R S A A R P TR AR VR T R 1 R
S5 I AT LK R U /N K 24 R (1] f JBE 482 g, 00 o) R FY
NGB A A AR Z B, — T, A
B 1) Bt R A SRV B B S, A B 1 A R L R R
VB 52 W /8 | A1 85 5 8 BE M RHBURL 22 8] 1 45 &
SO H T ARG 5 i A, AL B A X RT LA g
A ARG LSRN, A B R SRR A S R A
fife B A AL VR, OF L5 A AT B8 4 0 2 6B A4 BB 2%
—#B e o
1.2 BAXKE

B 4 K A (CNTs) 2 H A1 88 1 4 B B 909 K 9%
s B AR R, B O S S i M R I AR

Chinese _Journal of Energetic Materials, Vol.32, No.4, 2024 (422-434)

PRI DL 48 4 VB G E0E 00 07 8 TS RE AL
B M RE . BN, PR EGBLAE & B CNTs 1] LA
A AR RDX FIK 22 (PETN) %O B9 B2 5 2R FOE
AR RE . CNTSs (945 M 0 L AE 55 e A R et R fig
R A U R AT T 0 L R e DL R AR O
SRR 2 M 2 A k. 2 ad B T AB U B 0 25 A
CNTs B Ml 38 43 40 5T DA A 2R A ¥ 21 i &
B RRL R LR UE A T CNTs Xt Z k25 3 B A
R B 11 o sl SR PR o S il e R v
T ZRERR KA IR (MWCNT/F2314) Z 51, 45
R W, E 80 °C.0.1 MPa &1, f MWCNTSs fY iz
BB 2% 1 #) 20% i, MWCNT/F2314 259
%) VT 2498 A5 AT Y /L 84.7 % , BB B B 45 2] K bR 42 T
IF H AL 28 1 25 5 T AR K s e 4. Ren
O 4 A SRR TN HMX 5 CNTs 45 4 il 45
T CNT/HMX &AM EH, 2038 T HMX Y A1 2R (0] 8,
R E M2 G AE CNTs R 38 1 % & G M BHE IR
B3 A (9 A2 ) AT T, A5 R R, HMXFE CNTs
Hh IR 35 50 o A A O AR R 5 2 R BRI T & 4l HMX
(27 315, I & & MORHE S B0 T & 2B 1 st e
75 BE A% /D B Y 7 A HMX 90 K SB0RE 22 W] B /)N ) 25
it B/ g R e T A T A Y B B HMX
o 48 o R R | PEE 45U RE R o o B RO A A R AR T
73%,29% M1 74%.

N T BRI AU AR v s IR S5 X CNTs [
AR R SZ ), NS A TR T — RS0 5E . S0
ZRIPHR I T T X CNTs 76 RDX H [ 86350 3 114 %
Wi, 45 S 7R, CNTs/RDX & A # R IG5 Kl 5
RDX & I 1) AR 0 28, RD XN #4311 S % K T
JE T 0 ) B , # F KRR RIS B B R R R
f T 0.25 Wem™ K I, #0CSR 5 48 o R R B
WA IEM KR TR R INA B4 = T RDX %
YT EER B o B . LAk, BLAR CONTs A9 il 1] $4 5
R B £ i TR R CNTs A BT ROtk 25 ok LA 5 )
WH T CNTs 4488 J1, Ir LA CNTs/RDX &2 & # %}
AT R I A B AR T . CONTs Bl 4 B4 45 #4 4 1 ok
VERR I T 52 A MRHA SR A S T B LA 5 0 St A
Hh s R S A Ry A 1) ST e AR AL TR RE . Sieg-
ertZ % MnO 158 & CNTs 5 il £ T MnO,@CNTs/
BRG], 1 & BEAR 1 52 B M BHI R 45 (>360 N) Al
LR (3600 m)) o e 2R ¥ 45103 o) 6 4 5 R A H
s RDX L4 2 CNTs i ifil #5715 5] 7 RDX 94 K 2 s ¢
9 CNTs A 7 BR8], 4R 15 B A R T fg i 190 45 1 7 he
At

www.energetic-materials.org.cn



T 20 K A L X B A4 R e R T 5 ok

425

MR, T e 25 SEDO R B R W AR S A H Ak E BT BUR
B WA B BALH (Cu(N,),) B FEZE CNTs i, ik
B 25 5 7R Cu(N,), 1 i v JER 3 15 31045 2B AL, JF AL
FIH CNTs 19 48 18 2800 42 5 1 Cu(N,), 19 %t gl g .
T 6 25230 g et G £ T2 AR RE 18] CNT s B4 81 3k
37 Cu(N,),@CNTs & & & e Wi i, 2 3% 1 Cu(N,),
fE CNTs 1 25 5 B 0 In] @, Yang &% T
Cu(N,), B 58 & CNTs Ji5 i B AL AL, &1 2 fir R,
Cu(N,), I3 %= CNTs J7 , Hl Cu™ 5 N,/ A B/
FHUEES T B HES , (i Cu(N,), 4 o SBR[ .
M T CNTs HA7 50 i 2 pI b, L ge % 5 HoAth
R IR AL LS A W . 2018 4F, Wang™ 23 5] 45 if J5 45,
fk £ B (rGO) L CNTs il rtGO+CNTs ¥ 2 0 5 1
CL-20 1 , % CL-20 f H,, % 51 #2 % % 65.8,50.3 cm
M 68.7 cm. SLH LG R, T CNTs 22 ) P 4258,
fE 1% 17 B AH A8 1 rGO 1 CL-20, N & A K 25 42 L% 41
) B AL S (AR 3 P 2 2R BT R ), AR T KR 24 Y diE

3.00e-1
1.75e-1
5.00e-2
-7.50e-2
-2.00e-1

a. structure b. optimized structure
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Fig.2 Structure and electrostatic potential of Cu(N,),/CNTs
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Table 2 Effects of graphene and its derivatives on desensitization of energetic materials

samples desensitization effects mechanism of decreasing the sensitivity ref.

. the ultra-fine particle size increases the friction sur-
RDX/Gr FS decreased by 7% and H,, increased by 11.3 cm Lo 47
face area and the compatibility is poor

. the GNPs connection forms a heat flow path that
PBXs/GNPs FS decreased by 83% and H, increased by 17 cm o 48
enhances the thermal conductivity

DAP/Gr FS decreased by 20% and H, increased above 120 cm excellent lubrication performance 49

LP/GNPs FS decreased by 20% and H, increased by 5.6 cm excellent anti-static property 50
the sensitivity of the composite(1S:4.5 J;FS: 252 N;ES: 0.72 ) X . .

CL-20/GF multiple protective effects of 3D frame materials 51

is much lower than CL-20 (IS: 2.0 J; FS: 108 N; ES: 0.13))

. improving the interface between GO and CL-20
CL-20/GO H,, rises to over 150 cm ) ) 52-53
can enhance the effect of reducing sensation

) o the layered structure of GO has slippage and high
E,, increased by 0.8 ] (in situ self-assembly method) and 2.2 ) o .
AlH,/GO . . thermal conductivity, which reduces the cumula- 54
(solvent-antisolvent method) , respectively )
tive effect of hot spots

the T of TAG-Ni increased by 40.9 °C, and the E, by . ) )
P . o ) the interaction of GO with the gas product delays
TAG-M/GO 97.6 kJ-mol . The critical impact of TAG-Cu can be increased 55-56

] the release of N, and improves its thermal stability
by 73 J and FS can be increased to more than 360 N

. improving the interface between GO and HMX
HMX/GO FS decreased by 68% and H, increased by 22.2 cm . . 57-59
can enhance the effect of reducing sensitivity

B/KNO,@rGO U,, and E; increased by 5.6 cm, 20 kV, and 3.0 ) high thermal conductivity of rGO 60

50’
the sensitivity of the composite (IS: 2.4 J; FS: 128 N) is much o o )
CL-20/rGO dilution-lubrication mechanism 61-62
lower than CL-20 (IS: 0.7 J; FS: 48 N)

HMX/NGO, . the energetic groups of NGO can supplement the
IS decreased by 16% and 75%, respectively . 63
CL-20/NGO energy loss caused by desensitizer
Note: H,-characteristic drop height, cm. U, -critical ignition voltage, kV. E  -critical ignition energy, J. IS-impact sensitivity. FS-friction sensitivity. ES-spark sensi-
tivity, J.
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Fig.5 Stabilization mechanism of GO'**
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Table 3 Effects of fullerene and its derivatives on desensitization of energetic materials

samples desensitization effects mechanism of decreasing the sensitivity ref.

HMX/C,, FS and IS decreased by 70% and 60% the different crystal form of C affect its friction mode 72
C,, and C, increase the Ea of AlH, by 8.3 and it reacts with the gaseous products of the thermal decom-

AlH, /fullerene o . . . o 73
7 kJ-mol™", respectively position of AIH, to enhance its thermal stability

HMX/NFPD-1 FS and IS decreased by 48% and 50% — 74

CL-20/NFPD IS decreased by 20% — 63

Note: IS-impact sensitivity. FS-friction sensitivity.

B9 il B AR (NFPD) I 4y 7
Fig.9 Structures of nitrocellulose (NFPD)"7*
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Application of Carbon Nanomaterials in Desensitizing Technique of Energetic Materials

ZHAO Yang, JIN bo, PENG Ru-fang
(State Key Laboratory of Environment and Friendly Energy Materials, Southwest University of Science and Technology, Mianyang 621000)

Abstract: In order to utilize the performance advantages of carbon nanomaterials, this article summarizes the application of car-
bon nanomaterials in the desensitizing technology of energetic materials. The effects of typical carbon nanomaterials, such as
graphite, carbon nanotubes, graphene and its derivatives, fullerene and its derivatives, on the reduction of impact, shock
wave, and friction sensitivity of energetic materials, and explored the desensitization mechanism of different carbon nanomateri-
als was discussed. Finally, the development prospect of carbon nanomaterials in this field of desensitizing technique of energetic
materials is forecasted. It is considered that optimizing the preparation process of carbon nanomaterials and energetic materials,
deeply understanding the properties of carbon nanomaterials and conducting functional modification, regulating the interface in-
teraction between carbon nanomaterials and energetic materials and further exploring the desensitization mechanism of carbon
nanomaterial will be the focus of future research.
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