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R BRWAE R AL TNT SERE A 25 e 5 280
Table 1 Casting data of Prepolymer added in TNT Based Melt

Cast Explosives™"!

composition  sample 1 sample 2 sample 3 sample 4
TNT 100 55 75 95
::Eg‘;;;er 2 12.2 2.4
curing agent 11 6.1 1.2
compatibilizer 1l 6.1 1.2

crystallinity on Large crystals amorphous or amorphous or  amorphous or
solidification  formed microcrystalline microcrystalline microcrystalline

color of cast off white light yellow light yellow light yellow
shrinkage

(melt to solid),10 5.5 7.0 9

percent

case bor?dmg negligible firm firm firm

to container

exudation;

8 days,71°C 0.42 none none none
melting 79 -80 >100 >100 >100
range/°C

physical brittle non-brittle non-brittle non-brittle

characteristics
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Fig.2 Configuration of phenoxy resin**’
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Table 2 Fracture energy of different polymer material in

cutting test!*’

G./)-m?
polymer cutting tear
silicone resin 70 215 =15
SBR 190 £15 630 £30
SBS 570 £20 12,650 £650
SBS crosslinked with DCP 375 +12 4590 +£280
EPDM/PP 970 +65 10,400 £940
LDPE 1000 £200 -
HDPE 4000 =500 -
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Table 3 Casting data and effect of polyestercellulose added in

TNT based melt cast explosives'*’

composition sample 1 sample 2 sample 3 sample 4
HMX or RDX filler 72.35 72.35 75

TNT 24.55 25.55 92.80 25
C\Egmﬂl‘?”'ar 0.15 0.30 0.57

epoxy plasticizer 0.75 0.75 2.85

hydroabietyl alcohol 2.00 1.00 3.78

hydrophobie silica 0.20 0.15

impact sensitivity test unaffected unaffected unaffected unaffected

pourability of melt very good very good satisfactory satisfactory

overall-effective

thermoplastic-plasticization 10 6.9 7.2 none

e LM OISR RIE 3R DI 2 ci i

Table 4 Mechanical properties of natural and glass fiber'*"’

fiber /g - cm=? tensile strength  Yang’s modulus elongation
plg -

/MPa /GPa at break/%
Flax 1.4 800 —1500 60 —-80 1.2-1.6
Hemp 1.48 550 =900 70 1.6
Jute 1.46 400 -800 10 =30 1.8
Ramie 1.5 500 44 2
Coir 1.25 220 6 15 =25
Sisal 1.33 600 —700 38 2-3
Cotton 1.51 400 12 3-10
Kenaf (bast) 1.2 295 2.7 -6.9
Bagasse 1.2 20 —290 19.7 =27.1 1.1
E-glass 2.5 2000 —3500 70 2.5
S-glass 2.5 4570 86 2.8
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Fig. 3  Preparation route of energetic polyurethane thermo-

plastic elastomer melting in TNT
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Fig. 4 Configuration of Energetic polyurethane thermoplastic

elastomer!**!
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Fig.5 Configuration of ETPE synthesized by GAP prepolymer

[54]

®5 JNA ETPE BB IEZS & A0 w8

Table 5 Gases amount of pure compounds and mixtures in

melt cast explosives'*’

gases amount

sample /ml - g-"
TNT 0
ETPE-2000 0.6

RDX 0.1

HMX (class III) 0.1
TNT/ETPE-2000 (50/50) 0.8
RDX/ETPE-2000 0.3

HMX (class Ill) /TNT/ETPE-2000 (50/25/25) 0.3
Comp. B/ETPE-2000 (50/50) 0.7
Octol /ETPE 0.6

o R K WWW. energetic-materials. org. cn



TNT S50 25 . I S i 2 AR

623

6 A ETPE [0 75 F 25 4% 21 43 g fu ol 0 28 4 g

Table 6 Impact and friction sensitivity of mixes'*’

impact sensitivity ~ friction sensitivit
sample P Y ¥

/N = m /N
TNT 10 80
ETPE-2000 15 >360
Composition B 5 240
Octol 7.5 120
TNT/ETPE-2000 (50/50) 20 >360
Octol /ETPE-2000 (80/20) 20 >360
Octol /ETPE-2000 (80/15) 25 360
Octol /ETPE-CE-16 (80/15) 20 360
Comp. B/ETPE-2000 (80/20) 20 240
Comp. B/ETPE-2000 (80/15) 20 240
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— R ORI A TR AW, X 28 SR E A Ak

G AT WARGE T % 2 R W ) % 7
oo ATt a6 IR LB (PVA) 55 il 3 25 B S |
Xof T R P T 28 ok 47 W S L, T A B Y R R R A5 A Y
5 T 4 1) i i 28 (PVMIN ) 15 & I 46 XoF
f L8 EE (PVPNB) (18 6) , Jfid i DSC #il TG 43
THE M, Z55 K, PVMNB I PVPNB 1) 3 %
FRFE AR EE (T,) 4312 131 °C 160 °C; HEENR
UF AR S 250 CR KA 3l W& S TNT i A4
PERS T H PVMNB 5 RDX (1) FH 25 & 2% F PVPNB,
WERRAMET N THEEL D, — D HRH
B HE BAROR

HaC W“cm

O\C/O 0.0

C/
2 e
H3CWCH3+ o DMSO_ ON NO,
OH OH -=-CHO 100°C FVMNB '
® 2
.C
PVA CHO —[—CHQ—(l:H'];['CHZ—(l)H \(l:H_],7
OH 0] .0
SCH T @
PVPNB NO,

6 PVMNB FlI PVPNB 194 il 1% £k
Fig.6 Synthesis route of PVMNB and PVPNB
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HAEW AWM, HNS 5 TNT ﬂﬂ‘ﬁ}ﬁ(TNT)z « HNS
AW V%4 W) R L AE 1 R R R A e B R
K S A% 25 b AR 4, FF RE A0 ) TNT 2%, 159 2 45 1)
S B0 0 R AR BT I 3 L IR 0 K T R 0
A BB EE . HE TR B TNT of 43 A AR K
ATA T mol fy HNS J5 AT i 25 TNT (045 5 4 i i
WS 21 %5, ASE AT 45 B 4045 & , T FL 25 0 1 4 6 2 B
AT 3.6 5, BRI AT S (KR T)

F 7 HNSHCPEE TNT 9 Jy 20
Table 7 Mechanical testing of TNT and modified TNT casts"*’

mode of test?

cast"’ -
tension/MPa

TNT 0.3
Modified TNT 1.5

compression/MPa
2.9
10.5

Note: 1) axes of cylinders machined parallel to axis of cast; 2) tested at 20 °C,

with strain rate of 0.01 min ~! for tension and 0.04 min ~' for compression.

Trevino &' WFFE HNS X TNT B85 1 5 Wi i) &
B, ARG 7 1 R 5 O, 7 BEAE HNS 208 TNT
J5 FORE B0 TR B T AR 7S IR TR B s N R 43, IO 2
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il Rt A X AR E

AR B HNS B TNT & JE ok v 590 4 F
U A HINS 1R 38 ) 1 5350) , 55 DF 98 HAE TNT

© O
©00g ©
@) @) blending
nanoparticles TNT EE—
@
o @
O O
O

8 YRR T &R A

Fig.8 Route of nanoparticles toughening melt-cast TNT
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[74-79]

Fig.9 TEM and SEM of sulfurized-rubber nanoparticles
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xR BRI T Lo R0 AR N 20 43 (3 58 R A 4y T
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Carper 4 BESE T o-TNT A 9 43 7 Al S 5,
b AT E B 4% 5 56 Hh A5 [ 05 R 80.5 CCR 1 TNT 5
RDX MRS & 97.5% TNT, Yl TNT B4k 24
DEATRAR G , B IR 2 8 R %, TNT 5 RDX 4 FH i
H O J5F [m] 2 #i I i 2, LR T o

W g 0 FE HF/STO-3G ™ /K SF E ik 7 TNT
+RDX {4 JLAa] ¥ %, 45 BSSE 4% 1E HF AH 5 4F F g
o B RE A I FH 56 AR B 1R R SR A3 &A1 43 - IR A B4R
FHRE. JERBY TNT 5 RDXfEHG, F& R INT 1
FJE 2 A T PN R, 5 Y R A O A Y ) 2 A 5 R BR
e, S AR AR IR E TR, B 8 H Qn
AN, HE/STO-3G ™ /K- IH 51 TNT 5 RDX [i] ) B
RS S HF/6-31G " //HF/STO-3G " /K -3 A —5Y,
RPXFA R T ~ IV 4y TNT $£82 45 RDX,

Sorescu 4N 1T M L e S A 25 4y T
Mg At , & B TNT 5 TATB H A A0 LY 20k 4544, 1h
TNT 5 TATB A [a] ())&, TATB JZ 0] 4y + H A 58 1Y

SR M TNT 43+ Z 18] HAA B85 iy 146 g 18 ]
(E10) o Hit, /] LAy TNT 35 [8]4E 0 4 A ok
FE T TNT B ER BE , 3X AT g2 5 B0 TNT S 55 1 24
Ja ki R Z —

I SRR IR AL R T B AR TNT 5
RDX 43 ¥ [i] AH B /E F 09 Bag ok 5%, FL P & X 10 Ff
TNT + RDX B LA A4 A H S i 1A B AE JL A 24K
FOEME LA i g or A 22 5. BFGEIN A i TNT
SrFHm RDX 4y 7, K R B9 H R BEHLIE (NBO) i
Mulliken A7 J& 43 #fr #8575 1 K & 0] AH B AR 09 AR B2 A2
FE A AETE IR T 43 1A AH A T RE B X [R] 7E
-3.930 ~ —=14.652 kJ - mol ™',

FRATTUR A ZH T AE M A N 55 U 24 48 1) 38 55 00 1)
Gy Fucit, LA A 21 53 5 05 5 KE 25 10 43 - IRl A B AE
FHAE BEIS I 5% TAE , A BRI 11 506 5 85 K 24 33 $59) 14
S VEBEHEAT BUI , O oR S 50 55 AR S5 A 1Y O ik
G 3G B 4G TR L

F 8 TNT +RDX [ 5B Bt 43T ) FH T4 FHTBE | rl 17 4 B Al

Table 8 Total Energy, Intermolecular interaction energy, Charge transfer, and Dipole of TNT + RDX"’

level RDX | I} I v
HF/STO-3G ™~ E¢pyfy /k) - mol - —2312433.28 —4592905. 58 —4592910.04 —4592907. 64 4592903.48
AEr /K - mol ™! ~21.41 -25.87 -23.47 -19.31
AEpc /K - mol ™! -6.85 -9.83 -10.70 -4.55
NEL/K) - mol ™' -17.27 -32.22 -30.51 -17.49
AEc/K) - mol ™! -24.12 —42.05 -41.21 -22.04
Qe /e 0.021 0.014 0.013 0.020
dipole moment/deb 5.89 8.29 5.95 6.12 6.47
HF/6-31G™ // Ecyfy /k) - mol - —2343002.50 -4653580.49 —4653586.05 —4653582.34 —4653572.09
HF/STO-3G” AEyg, /K - mol ™! -31.27 -36.83 -33.12 -22.87
AEpc /K - mol ™! ~26.45 —28.46 -23.89 ~18.11
AE:/K - mol ™! -43.72 —-60.68 -54.40 -35.60
Qcr /e 0.017 0.010 0.010 0.017
dipole moment/deb 8.57 12.38 8.79 8.97 9.75

a. TATB
B 10 TATB fil TNT f ik o 45 g s i fel "
Fig.10 Crystal cell structure of TATB and TNT™"
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Toughening and Elasticizing Route of TNT Based Melt Cast Explosives

MA Qing'’, SHU Yuan-jie', LUO Guan', CHEN Ling', ZHENG Bao-hui', LI Hua-rong'*
(1. Institute of Chemical Materials, CAEP, Mianyang 621900, China; 2. School of Chemical Engineering, NJUST, Nanjing 210094, China)

Abstract: A systematic overview of TNT based melt cast explosives in toughening and elasticizing experiments is given. New
toughening and elasticizing route, and computational research on interaction of components in melt cast explosives are
introduced. Brittleness and cracks in melt cast explosives restrain the application in high performance weapon systems. The
research on toughening -and elasticizing melt cast explosives can be divided into three explanation: (i) the conception of
“Toughening and Elasticizing” is not reported, research on the melt-cast explosives modifier mainly aims at oil saturation and
insensitivity reduction, the problem of brittleness and cracks are not solved yet. (ii) toughening techniques of other composites
could be used for reference to melt cast explosives, especially toughening and elasticizing techniques of nano particles and polymer
materials; (iii) designing and preparing the modifier comparable to melt cast explosives, researching the mechanical properties after
blending and casting, start to establish the model and mechanism of toughening and elasticizing melt-cast explosives.
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