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Analysis of surface interaction between filler and
binder of PBXs

Ay
Shim, Jung-Seob

ABSTRACT

Plastic bonded explosive(PBX) is mainly composed of the nitramine-ploymer compositions. PBX is
characterized by high velocity and pressure of detonation, low vulnerability and good thermal stability.
Many important applications of PBX require the good adhesion between nitramine crystals and the binder.
For PBXs as well as propellants, where good mechanical properties are of great importance, dewetting
therefore must be prevented by strong adhesion between filler-hinder. Adhesion depends on surface
characteristics of filler and binder. In order to design for better adhesion, an understanding of the surface
properties of explosive and binder is required.

The surface free energies are calculated from contact angle values by the method of Kaelble. Critical surface
tension of solids are calculated by Zisman plot. Critical surface tension is a useful parameter for characterizing
the wettability of solid surface. In this study, HMX and 3 kinds of copolymers are selected, since they are
widely used in many plastic bonded explosives. The technical objective of this investigation is to predict the
interaction between filler and binder from their surface free energies.

Keyword : Surface free energy, Explosives(PBXs), Mechanical properties
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[# 1] Physical Properties of Test Liquids at 20 C
rsv = Y + véy = a% +8% (14

- Density | Viscosity 7 v
W, Test liquid {g/co) {cP) {dyne/cm)
50, — ¢st Bs(Bilay) (15) Water 0997 | 097 | 728
Glycerol 1.251 1412 64.0
/—\—}(15) Kaeble/\]clt_" 7‘312_]‘ nl ;ﬂz]'oé data Fomlamlde 1134 3.76 583
2 AeEd o)A o zAlsd Qi,ljil} 7147 Diiodomethane 3.321 2.72 50.8
y = _ lycol . 21 .
wozre TAY a5 fo% BeoluAg g 5 | SO | L0 -
-Bromo-
e napthalene 1.483 452 446
Dimethyl sulfoxide | 1.096 1.99 435
Trycresyl
05 Hoiol|LiX| phosphate 1.143 2.91 40.9
- - N,N-dimethyl
Bgsere] AN AgsE AuAE 4162 formamide | 0949 | 0% | 313
CAREE o] YE4E AWzke BAEo) Edu 2-ethoxy ethanol 0.930 2.05 286
& 2= Qi) n-Hexadecane 0.773 3.09 276
n-Dodecane 0.749 151 25.4
1
v = vsy + riv — 2A 7’51/' ?{V) 2 Ethanol(abs.) 0.789 1.08 22.4
1 (16)
_ D .DNZ2
2(7sy - 1) 32, El(Powder)

B A7) A" 983819ke 493 Royal Ordnance
oA Azd FEFYAe] 13msl B-HMXE A=st
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%)Eoﬂ og%g UH‘JE}‘. Volume Equivalent Diameter {(um)

[Fig. 1] Particle size distribution of HMX
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& HPon HFA dAFolAM n-hexadecane,
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complete wetting®/4¢] 0° & UERCH, S
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o] polymerge] I3 FHAAY W] HA| o4&
FAFYAE E7el FEo] 00 & Ueith 4
o2 v Zho] WolASE HEAL HolPs E
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[# 2] Contact angles of binders and explosive

Test liqud | Vi Hﬂgﬁ‘p Estane | Viton | HMX

Water 728 | 6353 50.85 | 62.06 | 60.10
Glycerol 64.0 56.32 3467 | 4958 | -
Formamide | 583 | 60.11 2569 | 438 | 5361

Ethylene
glycol 483 4567 17.76 | 38.05 | 37.25

Dimethyl = _ _
sulfoxide 435 30.26 6.36

Trycresyl _ _
phosphate 409 34.86 2451

N,N-Dimethyl
formamide

313 - 343 | 26681 -

Diiodo
methane

50.8 - - - 15022
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A
42 0'71Ijtt’dcm

a9 3% 49 HEL F40 AR A wuR
Had SHE HELGOZHE cosd & v BAE
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[Fig. 3] Zisman plot of binders
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[Fig. 4 Zisman plot of HMX
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o2 vio F7hl gl Wak FVleke A%E JE

£t copolymerEd #ArAAgte] Wae FHAE
ol S/EFE 9N RS B £ U o
A} W7ol ool S| Wi HAY
T ke dva ddErh

2(15)4  KaelbleXdlX  aslintercept)?t  As
(slope)E T3P7] Si3lM BA 24 A7) A2 vy
(dispersion force)9} vivP(polar force) ZHE E3dj
A 7T, S8E AF ZoE2ZNE B 49 (154
£ A3l ARk ARSHHMX)H 28A(3%)Y
EHAUA ks AEigon, 18 5 ~ 69 vet
WA o] Z2HERE AFAY vs= HyTemp-444
£ 3817 mNm’, Estane 49.39 mNm™, Viton&
4196 mNm '@ Aglen dgsjeke] FHouAE

ILW
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[Z 3] Work of adhesion of binders and explosive

HyTemp

iqui iton | HMX
Test fiquid \f 4454 Estane | Viton
Water 728 | 10625 | 11877 |106.90]109.09
Glycerol  |640| 9949 |11663]1085| -
Formamide |583| 8735 |110.84|100.38| 92.89
Ethylene 1 00 2005 | 0430 | 8634 | 8675
glycol
Dimethyl 1 0ol 0107 | 8660 | - | -
sulfoxide
Tryeresyl | o9l 280 | - |59 -
phosphate
NN-Dimethyl | o7 o1 | 74cq | 7063 | -
formamide
Diodo | (ool - - 8330
methane

[Z 4] Surface free energy of binders and explosive

Material | Yo | as | Bs| v | ¥ | ¥ | vs"/vs

HyTemp

27341 465|406 |21.62|1649|38.17| 04320
-4454

Estane |41.72|476 | 517 |2266|26.73 | 49.39 | 05412

Viton |3454|488|426|2381|18.15|41.96 | 04326

HMX 3451|469 435|2200| 1892|4092 | 04624

4092 mNm™ o]tk

E 4% 349 HE7de 54 AgdA 29
S17] WEel] B3 vk e A Aol 3
g AFFAE o= 4 AR vud & ¢S 2
o] &L &l & & Uik

arAbet7lEd ] A4 A152001d 74) /213
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[Fig. 51 Surface free energy of HyTemp
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[E 5] Interfacial Tension and Work of Adhesion
between of explosive and binder.

Interfacial Work of
PBX Material Tension Adhesion
{dyne/cm) (erg/em)
HMX-Viton 0.044 82.84
HMX-HyTemp4454 0.145 78.93
HMX-Estane 0.678 89.63
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