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A SIMPLE MODEL FOR EXIPLOSIVES' FORMULATION

Thomas Rivera
Los Alamos National Ladoratory
Los Alamos, NM 87545

ABSTRACT

A simple model based on surface chemistry is developed. This model is based on
relatively simple concepts of contact ~ngle, wetting and spreading. The results
of the modeling can be stated by two simplified "rules of thumb": 1) A liguid
will spread on the surface of a solid if the surface tension of the liquid is
less than the surface free snargy of the molid, and 2) The liquid having the
surface tension nearest that of the solid will preferentially wet the surface of
the solid. These two rules can than be used to define the parameters that
constiiute a process for formulating a plastic bonded explosive (PBX), which is
a crystalline high-explosive material coated with a small amount of plastic
polymeric material (the binder). The PBX then can be pressed to a high density,
and machined to a rpecific shape. The pressed and machined explosive material
can then be used in a physics experiment to study fundamental properties of
eitner the explosive or some other material.



INTRODUCTION
Explosives can be formulated into a material appropriate for pregaing intd

a high-density solid by coating the explosive crystuls with a suitable plastiz.
The resulting composite or plastic-bonded axplosive (PBX) can then be safely
machined into a variety of shapes suitable for detonation physics exper.ments.

DEVELOPMENT

The formulation of a PBX represents a problem Ln surface chemistry thac can
be addressed using a simplified model based on the concept of contact anglae.
Figure ) represents a drop of liquid resting on a uniform, perfectly flat sol:d1

surface.

9 = Contact Angle

YOUNGsEQN: yq - 7w ® 7 Cesd
DUPRESION: Wq s 75 ¢ Y = Fa

YOUNG OUPAL s CQM: Wa = ) ¢ 7, Con 0

FPigure 1 CONTACT ANGLE

In genera. the drop will not spread completely over the surface, but its
edge will make an sngle 0 with the wsolid as mhown 1n the f{gure. At 1tm
simpleat, the thaeory aof -he contact angle allows us ro resolvs the equilibrium

surface rteneions that result in a sraple Jdroplet. The Youvuny equation,

Yo * Yy * Y, Cos B, Eqn. 1,



where y, = solid surface tension, Y, = liquid surface tension, and vy, =
interfacial surface tension, is a statement of these results. The idea of
contact angle is a rather practical concept since it can be measured using a
variety of methods (see, for example, references 1, 2, and 3)..

The work of adhesion (W,) measures the degree of wetting of a solid by a
liquid. A high interfacial tension in a solid-liquid system indicates a low work
of adhesion and conversely a low-interfacial tension is associated with a high
work of adheeion.

The work of adhesion is defined by the egquation

Wy = ¥s + Yi — Yo Eqn. <.
Combining with Egqn. 1, we get the following equation:
W, = Ys + Y, Con O Eqn. 3.

The quantity ys = (Yg * Yi) i3 a measure o the driving force behind the
spreading process and i3 usgually called the spreading coefficient (S). The
spreading coefficient is defined by the equatioa:

S = vy = (Y * YI) Eqn. 4.

Thus, if S is pceitive, spreading can occur spontaneosusly; conversely, if S is
negative the liquid will not spread spontaneocusly cver the substrate.

We can see from Eqn. 4 that spreading is obtairned as long as vy, > y_
Under these conditions, the contact angle is zero, and Cos 8 = 1. Thus, from
Eqn. ] we see that the work of adhesion 1ncreases as Yy increaces 10r a4 given
solid wurface.

The results of the modeling can be stated by two simplified "rules of
thumb”: 1) A liquid will spread on the surface of a solid if the surface tension
of the liquid is less than the surface tension (free enerqgy) of the solid, and
2) Tha 1tigquid having the surface tension nearest that of the wsolid will
prefarentially wat the surface of the solid. These two rules can then be used

to define the parameters that constitute a process for formulating a PBX.

DISCUSSION

An example of a process for producing PBX® is one <nown as the Water-Slurry
Process. The Water-Slurry Process was developed at Los Alamos about 1948 for
producing HMX-bsmsed PBXs. HMX L9 a high explosive commonly used 'n the

explosives industry. Figure ) s a diagram represent iny the Water-Slurr Jrocess

in terms of surface tensiun.



V. SLURRY EXPLOSIVE IN WATER
2.ADDLACQU!HCONTANOKIUBSOtV[DI.I!l
3. REMOVE SOLVENT

Figure 2 WATER-SLURRY PROCESS

In the Water-Slurry Procass, thes explosive 13 firat mixed into a stirred
pot containing a large volume of water. S5i1nce the HMX has a surface tension less
than chat of the water, the water has no affinity for the surface of the HMX.
The slurry is otirved until a good dispersion of the HMX is made in the water.
A lacquer, containing the binder dissolved i1n a volatile solvent .a poured 1nto
the elurry and mixing im continuad. The soivent is removed by distillation
leaving behind the polymeric binder. The binder. having a surface tension less
than that of the MX has an affinity for ite surface, and subsequently coats on
the surface of tha high axplosive. The closer the binder surface tension is to
that of the HMX, the better the coating. The coated HMX is filtered and dried,
and a PBX is producaed.

The PBX then can be prassad to a high density, and machined to a specific
shape. The pressed and machined explosive material can then he used in a physics
axperimant to study some fundamental proparties of the explosive or to study the
propercias of shocked material.



CONCLUSION

We have seen that the process for producing a PBX can be analyzed in taerms
of simple surface chemistry concepts. Changes in the process to accommodate
different types of binders, explosives, etc., can be made basad on predictions
made using the model. The model can alsc be useful in the deaign of other
coating processes.
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