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2. PForwarded herewith as Inclogure #1 is E.R.D.E, (Explosives
/Hesearch & Development Bstablishment) Technical Memorandum No. 8/4/51
$entitled "Caloulation of the Explosive Power of Mixtures of Chlorine <
_ Trifluoride and Ammomia (Both Liquid)", dated July 1951. -

;:

A
5 5. Abdract of the Report is as followsi« : {\

The explosive power of mixtures of lLiquid NHj and C1F§ within

the range of ratios of 1.4 to 2.5 moles of NH3 per mole C1F§ are _/g\
ealoulated, Caloulations are based on the correlation of the \=
Berthelot Product for the mixtures to its value for Ploriec Aeid
under nomsal condition in the explosive calorimeter. The optimum N"
mixture of 2.8 parts by weight of C1Fg with 1 part of NHS gave a .
ealoulated value of 188 which is theorstically about equivalent to —
Methyl Witrate (185) and somewhat better than RDX (168). These

caloulstions assune imtimate mixture and complete reaction whieh &
would be very diffioult to achieve in practice. 3
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Refercnce: IR §80/12.

1. INTRODUCTION,

The cxplosive cffectivencss of a given substance rclative to that of
the accceptcd standard, picric acid, as mcasurcd for example by the Trautzl
Block or the Ballistic lMortar mcthods, is found to be fairly well corrclatcd
with the relative valuc of the "Berthelot Product", The latter is
proportional to rQ, wherc Q@ is the heat (per gm) which would be liberatcd
by the chemical change which actually takes place in the cxplosion, if it
could take place in the samc way at ambicnt temperature (300°K,), while n
is the number of gram molcculcs of gascous products obtained in the explosion
from onc gram of the substance, The Explosive Power (Pr) is thercfore
defincd as onc hundred times the ratio of thc valuec of this Berthelot Product
for the given substance under stated conditions to its value for Picric Acid
under normnl conditions in the cxplosive calorimecter,

2. SYSTEM CONSIDERED.

Assuming approximcte thormodynamic ecquilibrium the principal rcaction
within the ronge of mixturc ratios studicd (1.4 to 2.3 moles. of NH3 per
molc of GIF;) is as follows:-

x (32 _5)
CE’3+XNH3 = 3HF + HC1 + '2'N2+(é'2_ 2)H2

As x approaches the boundary value E; the tcmperaturce of the adiabatic
constant volumc flamc riscs stecply (sce ig.2) and the dissociation
roducts, atomic chlorinc and atomic fluorinc become apprecicble in amount
3-4%), the amounts of the molecular forms, Clp and Fp, being somewhat less
whilc the dissociation of hydrogen and nitrogen remains cffcctively small at
the high pressurcs involved,

The main reaction altecrs in two stages as x is still further diminished;
the hydrogen virtually disoppears and atomic chlorinc and (ultimatcly)
fluorine appecar as main products,

The necessary thermodynamic data for calculating the flame temperature
anC. explosive power at these lower values of x can only be estimated rather
imperfectly, but fortunately the optimum mixture ratio, as regards cxplosive
power, appcars to lic within the higher range of x as indicated by the
graph (Fig.l). It was thercfore not nccessary to investigatc the lower
rangc of x in detail,

The hcat of formation of gascous C1Fz, about which there has been some
variation of opinion, was takcn to be 28 E.cal, per mole (H.V. v. Wartenberg,
Z.anorg,Chem, ,194.9, 258, 356) and thc latent hecat of vaporisation as 5.k.cal.
rer mole, The rcemaining thermodynamic data was obtained from Pike's tables
and from the compilation of the Amcrican Burcau of Standards.

The volume of the system was taken to be the sum of the volumes of the
liquid componcnts Gle and.NH; at 300°K, (assumcd to bec under suitable
pressurcs),

/3. .RESULTS.
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3. RESULTS,

The essential results of the calculations are as follows :-

Temperature °K, —“AL x . B
| 3870 2,24 : 186,55
L4065 2,07 1877 E
1355 1,85 187.76 [
' LL55 1.78 187.65 |
i L6L5 , 1,65 187.3
'| 18,0 L.51 186, 2
L.935 La42 18,.6
= 1

The decimal places in the value of Pr arc of little significance
except in showing the smooth trend of the calculated values, with a
definite moximum of about 188 at x = 1,95,

This maximum figurc, 188, for a mixturc of 2,8 parts by weight of
ClF3 with 1 part of NHE, can bec comparecd with:

Explosive Pr;
Picric Acid 100
T.N. T, 108
R.D.X, 168
Methyl Nitrate 185
itromethanc 154

Thus the optimum mixture is thecorctically about equivalent to methyl
nitrate in explosive powcr and somewhat better than R.D.Z,

It secms apparent from thcse calculations that liquid fluorinc would
give 2 higher cxplosive povier with liquid ammonia, because the cnergy per
unit mass is greater, and therc would bc no heat of formation term to be
taken into account,

The calculations assume thot it would be possiblc to get an intimnte

misxturc, and complcte rcaction, In practice this would be very difficult
to ochicve, and cxplosion rathcr than detonation, might occur,

L, ACINOVLEDGIENT S,

The calculations on which this note is based werc carricd out by
Dr, B.l, Cavanagh and lMiss M,A, Hooper.

-2 - 11, No. 310/51.
NS —— S.No,231.BM.
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