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Abstract — The objective of this paper is to provide fundamental information on the subject of high explosives not
only to the explosive scientist but also to the chemical engineer. Technologies for the development of high explosives are
divided into 5 areas: (1) synthesis of new energetics, (2) preparation of functional explosives, (3) formulation study of
plastic bonded explosives, (4) application of high explosives to munitions, (5) demilitarization process. This paper out-
lines the basic technologies need to understand the high explosives.
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Fig. 2. Structure of common molecular explosives.
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opEe] -8 aFEspeke: g Ul oo dusteks E3sie] Al
z3} o] =welME duselt nEsloks HE| el 9
3ok BAIeP = oluX] 24 Askar, E3tdlek(composite)
& ‘aFslepolzt yrlgith @A) 78 aFsjeke] TR o R e
AT = EAlsleRe TNT(tri-nitro-toluene), RDX(research development
explosive, cyclotrimethylenetrinitramine), HMX(high melting explosive,
cyclotetramethylenetetranitramine) 5-°]™, 0|5 &4 2] %22 Fig. 2
9} . AR AA A wjxE BE E(munition)elli= ©] Al F5
o] 4ol A8 % AR aFsielo] Soiglrhal Kotk Flsitt
TNT= 22 ZZ7fo|u} gol] &ejo]al, RDX9} HMX:= w2
2 Az} o) Al 7 3ot F TNTL A5 U o)
wolA $12lo] 71 okt sletolth(Table 1 2%). 1 tlAl 7174o] ]
Helr g iz h 5] =8 Akw 2-gehs vzt 7
Z1AA N F2 AR 5=70] vl (80.8 °C) §-5F40] 7s
SR S 2 QAR whde] 18jst 529 wiitel] 43, 717
2 P Addo] HojAl= BRlE e zkar ik gk, a17d
59] Blollxi= RDXH HMXE ARSI} RDXH HMXa=
2 HojuARE vIZRgE slefo]7] wiiel] FAsHE A7IA RS o
3k e 2= F79K(main charge explosive)©] Ut R Z72F(booster
charge explosive)® & A& = glt}. o]& 3t o]/ RDXL HMX
ol I3 ZepAE AR S5 ARgSte] Btsleks Alxghe
TR EAEE AIAM ARRITH2-3E HE).

o] 9lof| %= T+ HNIW(hexanitrohexaazaisowurtzitane)2} -2 1L
U s EAsleko] FdEo] A Ao A ARGE AL
812 ™, NTO(-nitro-1,2,4-triazole-5-one), ADNBF(7-amino-4,6-
dinitrobenzofuroxan), FOX-7(1,1-diamino-2,2-dinitroethylene) &
Agjetel tet g4 A7} ek e Ik,

A ARl ek AR 21 o] T 03 5 .
(1) oA W5 (energy density)’F HMXET} 5% o1 352 7L, (2)
G, T, A7) 2y HMXETE ERE 2, () 94, Sl
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Table 1. Characteristics of common molecular explosives|1]

TNT RDX HMX
Crystal density (g/cm?) 1.6 1.8 1.9
Detonation velocity (m/s) 6,640 8,950 9,150
Detonation pressure (kbar) 210 350 390
Temperature of detonation (°K) 2740 2,600~4,000 2,400~3,800
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Fig. 3. Prediction of explosive performance|3].
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Fig. 4. Prediction of impact sensitivity by QSPR method[4].
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7154 goF AXE 913 7152 W 2= 4 (milling), 84
ANA% (recrystallization from solution), -3} Z"A7g (emulsion crystalliza-
tion), =5 A4 7 (spray crystallization), =% 12 % (evaporation
crystallization), 23} 3~ (ultra-sonification process), 3 L%
U (fluid energy mill) 5°] F-8-8F F7go|t}. 0|2} tjEo] H 2ol Zh
Fe e A EE Y A7 s7gE 0188t -3 (spherical shape)
9] slekAlz, 2 FAE oS Wi 3719 wlAYgR AlxE
A, 539 sk A, AU-Aghs s8] AAS w1 Akt
ok i 55 & 7 Stk

)2 3keke]l A4 5442 cubic, tetragonal, orthorhombic ©]
oA T TN Alxst A% iR Fdolnt. 3L A
= AR, A, EEo] 3R] §lo] Adso] wle- Wil
EQPgste] ve Al Futo] oy Hrt. olF AR A
Aol 7] 9 ks Mg As 3P0 ® de = Qlrh
Fig. 5l A A% s} 3745 0183k 73 (spherical shape)2] s}oF
(NTO) Al A= ARSI, §IAke] @44 2 o S24%F
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(b) Spherical shape of NTO

Fig. 5. SEM image of explosive crystals[6].

Table 2. Impact sensitivity of explosives[6]
General shape of NTO  Spherical shape of NTO
Impact sensitivity (J) 16.9 46.5
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(b} Particle size distribution

() SEM image

Fig. 6. RDX particles produced by RESS process (mean size : 115+
35 nm)[9].

7} IT}. Fig. 7(by= image analyzers ARE-8lo] #2sl FA3 &
Ao A% Uit ARRlofrt. A% djel] :3He - Ui 3= 4=
= BEE e, W I Aol AR 8l =, 371,
A o' AYA Uk olzfst A WiF = E R A
(internal defecty> O[5S ARZ ARSI A w1 FsleF 24
(explosive formulation)°] V]S %=/ S| 23| e 7ls/dS
AA = IS FHF 7] F 0] hot spotl. 2 #-E-3}o]
adiabatic compressions 581, Wb kgl b S =
o]7] flslAl= olE A B4 iy 542 Zdo] F53 0]
o}, o) slobA| 28] AKQ] SNPE(SMEY = A2e- A1 A7 3}
407 F7F RDX(reduced sensitivity RDX, RS-RDX)2] #|Z
of Ad¥atdtia W3t SNPEALS] RS-RDXE] 7378
IRDX®|T}H10]. Image analyzerS ©]-&3}0] RS-RDXS] A7)
5 ¥ A3, Fig. 7(c)ell LRt ukel o] ulitdgte] A
3] ZArHATS & Atk olAY iAol dAAs] Had
wALstoRe] gaR= Hatslokel 2 gsto] AlEIGS wl HEsHAl
YEPA At eFellA 71eliA = F4 olH A (shock energy)ell
st EUHEE SsHe AlP71HQ large scale gap test(LSGT)
A3} Fig. 8ol UpElt 213} o] £ RDXE 9% ARES &
gsel ARk RDXE ARSRE H3slef R} 4l F3 SA=
b= 210 % B SITH10]G: LSGT A= $heo] 55
A SAS vERE 2Y). olels A3 B o] A Al
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(a) Surface of RDX

(b) Internal defect of RDX

-
(c) Internal defect of RS-RDX

Fig. 7. Microscopic observations of different qualities of RDX crystals with refractive index matching[10].
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Fig. 8. LSGT results for different RDX qualities used in PBXN-109
[10].
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Table 3. Characteristics of conventional explosive and plastic bonded explosive
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F71AA1e] FA kol BAgeko & ARSIt 11]. Fig. 9%
A} AR (Estane)® AR 3FFHMX)S I 5-3HAA A%
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(a) Molding powder

Fig. 9. Pressed PBX.
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Table 4. Typical example of cast-PBX formulation

Ingredient Function
RDX (HMX) Molecular Explosives
HTPB Prepolymer
PAPI Curative
DOA Plasticizer
FeAA Catalyst
Aluminum Metal fuel
AP Oxidizer

<t o1 F7IAAIY) A%, 7, -8 T3 Bkl E
AA(IM, Insensitive Munitions)s THd5k= Q40|
o} o= sof W vhEatere] A, o 3l -8 dgellA] el
AlERE 1A, E4 &4 Hasletal AR AgelA Ao B
E AN, 3, 4, ©xF 9 3hA 97)E e bde &
Ratuz} sz 1 H2o] vk AAR nlsfitelA 8sh=
Oriskany, Forrestal, Enterprise -5 538 3kA] 33kAlar, 1991 4
3 GA] 1] S+79] Camp Dohadll A 2] BHekR Fx5Fe] FHkalal
T Foto] el dist B ool SuEUTHFig. 10).
el S Al FRHE 21 3oflA] 7173 “UN Test Series 7
(substance)’©] TTA|Z 0 & FAF F7gdolct. slef 9l gheke] A%t -
& 3 A el 29 5 Qe BE Aese] e
APr2 BARE 689 AR5 A, SAEE A, U

(b) Pressed pellet (¢) NC machining

Fig. 10. Pictures of unexpected detonating accident with warheads and ammunitions.
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(a) SUSAN test
Fig. 11. SUSAN test[13].

setup

B2 AR, 557K AIY, 971 AR, eRbekE A Ao s
TAEe] Qo o] BE AlHEE-S 3RS EIDS(extremely
insensitive detonating substance) =7t gtetole} skt [12]. AA| &
ZhsfoRS Q191211 71%0] opd oo fnksh 2p=Q Aofli= itk
S| k= v F3e 5AS At Fig. 110l= E3skeF Bk
AR F2] SRRl HIBF AR (SUSAN Test)2] A 71291 4
I Blek /e BEsloks A8 ©tell FHate] 76 mm -
7 SR ATsEA ] WAAA FEA] skl WA RS
doh= Aldolnt. AlFERY] ARG o] W SASEH
o] SANERE EAYEE ddsitt. Al st
A3 Adk= A Sk (Comp-B Bi= TNT)REE 4
£, EIDSE X% 7| S @)} o] sl EieEs
aL QeH13].

2-4. 2I[HA HMEM AR

ket sheke] T A A 8-S shefe)] oF] U3 H= '
(warhead) &7}l v}E-S 731 A AL} if-Eo] g 5714
Al esk= 54 9 a3t A st e AARI0 & &
I F gils Hule] Aol 13E ¢ Qs )
F7IAAL] EAl whe} Q7%= v adEEE Y gihe
o3 o] BHE 4= 31t 2]. (1) ¥% 7145 (metal acceleration),
(2) B7] % ZE3}air blast), (3) Y7
(4) 55718 (under water - bubble energy, shock energy), (5)
U %L (internal blast), (6) 31 A8/ (cratering) 5-°]c}.

A A @ Zhell wE seke] {3 B4 )
o} 2t} 55 7HRE sloke F38] FHE ATl & HstEE
AsHeE AR slefolvt. 5453 A5E slefo] 7% EH o]
F50] F3 9 © 2 W S)o] (fragmentation) 11550 % 71455

TaEs A7 A, A3 2ok 2to]u (shaped charge liner)
£ wEA AHEAANA 558 AE(Gety’t A Holjgke 2
O|& #EE F UEF AT v WS s 8 slek
= YAV Yol 22 9l 7k, e AEeit uifelA 11
Eglofo] Fbsto] Ftel A= thA ArEtE HlwA Q9 Azt
QF M overpressure)©] A =5 A7 slero|u)

(general purpose, GP),
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(b) Example of test result
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Fig. 12. Selection of useful explosives according to the detonating effect.
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Fig. 13. Modeling and simulation of fragmentation[14].

T=10.3 pg *

T=147 g  eomm—

T=328 g ‘e ——

T=79.8 ug e —
T=0.44 mg e S

Fig. 14. Penetrating phenomena by shaped charge jets[14].
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2-5. 28 =E ofldl 7=

T4 57 3| (demilitarization)§+ Fg0] A AL} % H7]E
geks gabHo)a Pds W o % Aejehs 7lws ofneitt Al
w7k €] HRkek: oFg] Aztolut 7]EA e WA 0% VeI o,
HEeq o TAR AR Aee] /o] deshh= Q1A
o] A AAACZ k= s Qlck. & o reke] Friel Aelee
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71532, F2A F)e] FHw B gl 3 e A F 7
e AEH 0T ESAIA she A e/l ofgwell vk
H
T8 B A 3 A (1) &S, ) 35, ) Al
&9 AR 34, @) W1FE R EFE < QAT Fig. 1600
ERdl T} 2 7 (multiple launching rocket system, ©]3}F MLRS)2]
& 5ol 8 =4 A T3S APTTH15,16]. WA MLRS
of AR dFulEd fredf FRE Eo] glo] AjEhge] 7hs
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Y, B R AgE 2] el F e447112] M77 A
o] FAEo] It} o] Are] A--olli= Feldh= 2 golahd, &
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(a) Surface to air missile
Fig. 15. Precision guided missile warhead filled with PBX.

(b) Ship to ship missile
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% Pod Recycling f‘:&;;; Tubes

Propellant Removal

Six Rockets Per Pod
HP Water Washout Milling Slicing
- Commercial Reuse - Recrystalize for - Laser and High
= Case Re-useable Military Reuse Pressure Techniques

+ 5X Clean Case
‘ 644 Grenades
Per Rocket ,
Warhead Section R3 or Disposal
- Save Skin
= Remove Foam Pack
Other Components

M77 DPICM Disassembi Destroy DPICM
Fins, Skin, Foam, Ty y

. SKE - Reuse or Harvest - Detonale Incinerate
Center Core Bursier, Copper Core and/or Cyrofracture
Fuze Umbilical M77 Steel Case

Assembly

Fig. 16. MLRS demilitarization technology[16].
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