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ABSTRACT

Plastie bonded explosives (PBX) are known as the most modern
types of gxplosiues which posses excellent safety and mechanical
characteristics in addition to their high energy wvalues and long
term-thermal sFability. PBX“s are used in propulsion technology
as linear cutting charges for separation between different stages
of propulsion and for self-destruction during improper function
of the prOpglsion unit. In this work , the explosive properties
of P?Xg including detonation velocity, detonatation heat,
yorkab:l:ty, brisance and sensitivity to different types of
impulses were stucied. Some of these properties were measured and
3::c;;g;ed, moreover a comparison between the obtained results
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1.INTRQCUCTION

Castable plastic bonded explosives (FPEXs) were developed in  the
seventies [1]. Thecse formulations were basi ally  RDX or HMX
distributed in polyeszter or polyether prepolyumer : they were of
relatively  low Yiscosity and were proceszzsble by conventional
Mmixing..- The main draw back of polyester and polyether PEMs iz the

3]

1]

brittle and friable nature of the fully polymerized products [27.
The introduction of polyurethanes as binders for these explosive
components resulted in more rubbery, lez=s shock senszitive
exploszives., These advantages will be apparent from the under taken
sStudy which provides explosive compesitionz based on RDY as solid
energetic ingredient, HTPE bazed binder, a diisccyanate curing
agent, & chemically compatible surfactant and aluminium powder .
In this investigation, the detonation heat, Workability,
brisance, sensitivity to different types of impulssz and
detonation velocity were measured. The detonation velocity js

calculated wusing the modified Kamlet equation at different
denzities[3].

2. EXPERIMENTAL

The bindsr and composite sheests (150x150x3) were prepared
sceording  to the method described before [4], using a glass
lsboratory resctor 2quipped with coun

ter rotating mixer. The
materials used for making up the composite explozive compositions
and their zpecifications are- listed in Takle 1. The detonatiaon
heat is determined using 3 calovimetric bomb. The sensitivity to
impact iz determined using Kaszt method., The sensitivity to
friction iz determined by Kosnen & Ide friction apparatus, while
sEnzitivity to  heat iz svaluated by ignition temperature =nd
Ignition delay, Workability iz measured by Trauzel lead block
test and the brisance is determined by Kazt method.

3.RESULTS AND DISCUSSIONS

3.1.Detonation Yelocity:

Different detornation velocity walues for PBXs may be obtained as
& result of varying the explosive type or proportion, the binder
and / or additives. In general, we can say that the detonation
rate of the composite iz & function of both the amount and the
propertiez of each ingredient., This may be understood an the
basis of the fact that the detonation velocity of an explosive iz
a function of the chemical energy released, and the initial
density of explosive [5].
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3.1.1.Variation of the detonation velocity with density:

To study the effect of variation of the density on the detonation

velocity, the detonation velocity values for hexogen and for a

sample of PBX based on RDX were calculated at densities of 1,

1.1, 1.2, 1.3, 1.8, 1.6 and 1.7 g/cm , and alsc at the

theoretical maximum density using the modified Kamlet

equation.The results are plotted in Fig.l, from which we conclude

that:

a- the 1increase of the density considerably increases the
detonation velocity,

b- the detonation wvelocity of PBXs has reasonable values which
are very near to those of the initial explosive (RDX).

2.1.2, Variation of the detonation velocity with additives:

To study the effect of additives on the detonation velocity, the
latter was measured and calculated for a sample having the
composition (RDX/ PPU 20/20) as well as other samples
containing Aluminium, Ammonium perchlorate, or Lead nitrate at
the expense of RDX.

The datas listed in Table 2. are the measured and calculated
detonation wvelocity wvalues. From which it is clear that all
measured wvalues are in the same range and closs enoughi to the
calculated values.

The effect of variation of percentage of the additive upon the
detonation wvelocity 1is shown by calculating the detonation
velocity wvalues corresponding to percentage of the additive 1,2
sersece yp to 8% Al, AP or Pb(NQ,%_. The results are plotted in
Fig.2., from which one can see that ths presence of Al, AP,
Pb(NOs ), in a PBX sample at the expense of RDX decreases the
detonation velocity of the composite.

2.2.0=tonation Heat:

The detonation heat (amount of heat liberated during the
explosive conversion of unit mass of the explosive material in
the absence of oxygen) was measured using 3 calorimetric bomb.
Table 3. shows the effect of the composition of PBX on the
detonation heat for variocus samples. From the listed data we can
deduce the Following:

a- the heats of detonation based on RDX and plasticized
polyurethane are slightly less than that of pure RDX. but
still of reasonable value (higher than that of TNT).

b- the detonation heat decreases by increasing the binder (PPL

-—
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praportion) and this is obviocusly due to the decrease in the
energetic material.

c— the presence of  aluminium in FEX samples increases
considerably the wvalue of the detonation heat for these
composites,

d- by adijusting the compositi y We can obtain different
values of detonation hear Table Sab.showz a wids "ange for
detonation heat from 780 ta 1295 Kocal /Kg.
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I
m

N\
£

3.2, Workability of PBEX=z:

The workability of PEX:s was measured uzing Trauzel method. The
increase in volume o5f the cavity of lead block is measured and
compared to that of TNT. From the datsa listed in Table 4. one
can say that, the workability of PBXs is in general hlgher than
that of TNT but slightly less than that of RDX,

-4.Brisance of FPEX=:

The brisance, which is the ability of explosive to crush, during
the explosiaon, the objects lying in its vicinity, was measured
using HKast szpparatus. The brisance is s=timated from walues
recorded for copper cylinders compression. Fram the reszults shown
irn Table 4., it is clear that the brisance of PBX is slightly
less than that for the original pure explosive CRDXY on which it
iz based, but ztill has reasconable values which is much higher
than that for TNT (231% more than that of THT).

|I|
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2.5.5ensitivity of PBXe:

The sen nNsitivity of PBXs to different impulses was dete ermined and
studiesd thrmughly.

ensitivity to impact

S:3.1.

om

The sensitivity to impact wasz determined using Kaszt method, From

the results shown in Fig.3. we can conclude that:

&= sensitivity of FBXz to impact decreasez rcg cnsiderably by
increazing the binder Proportion at ths expensze of RDX.

b- plasztic bonding of explosive materials is an excelant
technique for desensitization of high explosives =zipce they
posses both merits of having better desen nzitization ang
reducing less energy, -

H.S.a.Sensitiuity to friction:

sensitivity to friction was determined using the apparatus of
woenen & Ide. The experimental results are shown in Fig.4., from
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which we can see that, as in the case of the sensitivity to
impact, the sensitivity of PBXs to friction decreases by

increasing the binder proportion. It i= also clear that the
sensitivity of PEXs is much less than those of RDX and TNT, thus
it is proved experimentally that PBXs are more powerful but less
sensitive than TNT. '
2.5.3. Sensitivity to heat:

The dependence of induction period of ignition on temperature was
determined and thus the values of ignition temperature after a 5
seconds for PBX samples may be determined. These values of
ignition temperatures are considered as & measure 'for the
comparison of relative sensitivity to heat,

From the data recorded in Table 3., we can see that PBEXs are
thermally stable, and their sensitivity to heat js= slightly
different from the sensitivity of the parent explosives from
which they were prepared. The slight decrease in the ignition
temerature value iz due to the presence of plasticized
palvurethane.,

We can also say that the presence of aluminium enhances stability
to heat, and increasesz the temperature of ignition after S
meconds delay., This may be attributed to the high melting points
-of Al ‘and Al, 03, which are 660°C and 2030 C respectively,

2.6.1gnition Temperature:

The ignition temperature for PEXz were measured using classical
method and thermogravimetric analysis., Table &. shows the values
cbtained from the two methods. The presence of polymeric binder
decreases slightly the ignition temperature. : '
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TABLE.1.
LIST OF MATERIALS
Material Trade Sources
Name and Specifications
Hydroxyl terminated HTFB -Philips Petroleum Ca.
polybutadiene LS.
~Hydroxyl value= 0.95
mg eg9. OHS g.
-Uiscosity= 110 poise
at 20 C
. Trihydroxy THH -3ldrich Chem. Co.,
hexane ENGLAND . &
- €=1.11 g/em ~
Diphenyl methane—-4,4- MDI —Merck GERMANY .
di- isocyanate -lsocyanate walue=
7.9 mg eq.hNCOS g,
?,4— Toluene di- TDI -&ldrich Chem. Co.,
lsocyanate EMGLAMNE .
= =11.38 mg =q.MNCOS 7.
Ferric acetuyl Fel(mAac) -&3ldrich Chem. Co.,
acetonats S - m.p.=182-185 C
Di-iso-octyl pthalate DIOF ~BDH, S=098 g/cm®
Hexogen RDX ~RUMANIA, $=1.816 g/om®
2,4, Trinitro toluene THT -ShPE, FRANCE
= =1.85 g/ cm
-fi.p.=82 C
Ammanium perchlorate “F -2HPE, FRAMNCE
- § =1.952 g/cm”
Lead nitrate Pb(HD3)L -Morgan EGYPT
Aluminium Al VEE, DDF..
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; . Table ¢ 2) - B
Measured and Calculated Detonation Velocity Values for PBXs Containing
Additives ) }
: : . D, m/sec
Sample Con;p:’si’:lon. : '
: Measured Calculated

K, RDX / PPU | 6950 7000
80 , 20

K, RDX / PPU / Al 6720 6750
79,20, 1 '

Ky'. RDX / PPU / Al 6175 : 6200
75,20, 5 '

Ky RDX / PPU/ Al - | 6080 6100
72,20,8 !

Ky RDX / PPU / AP 6490 6500
79,20, 1 '

K¢ RDX / PPU [/ AP 5630 3650
75 ,20,5

K, RDX / PPU / AP . 5430 : 3500
72,20,8

Ky RDX / PPU / Pb (Nol)z 5773 5300
79,20, 1 e

Ko RDX / PPU / PbiNGy), 2980 3000
75,20, 5

Ko RDX / PPU /PbINOy), | . 2290 2300
72 [ 20 1] 8 .

Where: D = detonation velocity of explosive, m/sec.
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Table 3 o

Measured and Calculated
Deionauon Heats for PBXs

: Q, ¥ calfkg
Sample Explasive Measured Calculated
T
Ly RDX 1255 1260
LZ TNT 993 1005
RDX/PPU 1140
L3 83,17 RLs
RDX/PPU 40
kg 75,25 821 ¥
RDX/PPU/TNT 195
L.‘ 83,16, 1130 1191
RDX/PPU/TNT s
Lig B3,10,3 1217 123
Where:
Q = detonanon heat, k cal/kg.
Table 3 b
Measured Detonation Heat for PBXs
Sample | Explosive Q Explosive Q
kcal/kg | Sample xcallkg
RDX/PPU/TNT
Ll RDX 1255 L‘ 1180
B3,16,1
RDX/PPUITNT
L'I TNT 995 l.9 1195
33,15,2
RDX/PPU RDX/PPU/TNT
LJ 1125 L 1217
83,17 10| 83,14,3
RDX/PPU RDX/PPU/AI
Ly 1080 L“ 1025
82,18 75,20,5
RDX/PPU RDX/PPU/AI
L’ 1020 Lll‘ 1nrs
81,19 75,17,8
RDX/PPU RDX/PPU/AI/TNT
L 328 Ly 1203
75,23 73,15,8,2
RDX/PPU RDX/PPU/AI/TNT
LT 780 LN 1295
70,30 i 75,0u,8,)
Where:

Q = measured heat of detonauon, & cal./kg -«

r

CAIRO
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Table 4, it “
Warkability and Brisance of Plastic Bonded Explasive
Composition, wt. % RW RB
RDX (Pure) 133 145
RDX (Flegmatized) 140 130
RDX, PPU:
75,25 130 i25
30, 20 160 i3
33,15 147 13
RDX , PPU, TNT :
8 , 18,2 183 135
RDX , PFHC .
90,10 i%9 182
Yhere
RW s relative workability, % TNT.
RB = relanive brisance, % TNT.
{
1
i
S T S
Tabie 45
Explasion Temperatures After 5 Seconds Delay
No. Explosive T,. *c
1 TINT 438
2 RDX 260
3 RDX |/ PPU
73,25 243
80,20 250
83,13 33
[ RDX [ PPU [ Al
75,20,3 277
77,2 ,)3 270
79,2 ,1 261
5 RDX [/ PPU [/ TNT
77 ,20,3 239
78,2 ,2 237
79,20, 233
Where: 3
'
T, » Explosion temperature after 3 seconds, °C
\

CAIRO
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Table (&) .
Ignition temperatures of some explosives
and explosive compositions
Explosive
ho. Composition, wi.% TM TTA
I RDX 220.0 215.0
2 TNT 300.0 296.0
3 RDX/PPU: 193.0 194.0
. 73,27
4 RDX/PPU: 203.0 205.0
85,15
5 RDX/PPU/AL 202.0 204.0
80,15,5
6 RDX/PPU/AP: 200.0 201.0
30,15,5
7 RDX/PPU/TNT: 201.0 203.0
75,23,2
3 RDX/PFHC: 210.0 213.0
90,10
TM = i-%:nition temperature measured by using convetional method,
TTA = agnhition temperature measured using TGA,°C.
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 Fig t1). ‘EFFECT OF DENSITY ON DETONATION VELOGITY

FOR DIFFERENT EXPLOSIVES
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