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Reference: WAC/204/01.

VRODUCTION

an copper to give at

beta-reso "" -rcylate ad-/upric salicylate g;ve it ing ;e ted.

To inc a e burning rates 0 Brit *@a- em-.o, carbon black added.
The invo db ic assessment to decide the most suitable type ofcarbon black and-e-- the possibility of improving ballistics by acti-
vation of carbon blacks.

The two carbon blacks tested initially were:

(i) Ukarb 340, a British produced furnace black with average
particle size of about 50 millimicrons.

(ii) Dixigloss, an American channel black with average particle
size of about 5 - 10 millimicrons.

Experiments were also carried out to optimise the proportions of the two
ballistic modifiers and one selected formulation, F488/1827, has been the
subject of full scale development trials.

Attempts have been made to raise burning rates by the addition of
resorcinol and to extend the pressure range of platonisation by examining the
effects of calorimetric level and of the nitrogen level of the nitrocellulose.

In view of the possibility of safer extrusion and production of thinner
web thicknesses in complex shapes such as multi-tube, a few promising compo-
sitions have been processed by the solvent-type procedure and their ballistics
determined.

During the early stages of the work, efflorescence on the surface of a
propellant containing lead beta-resorcylate and normal cupric salicylate was
observed. This was first thought to be salicylic acid and in order to improve
propellant storage properties a change was made from normal cupric salicylate
to the basic salt, which appeared to give a slight increase in burning rates.
The efflorescence has not been obtained with this type of composition since
the change but it should be noted that later chemical analyses showed the
deposit was beta-resorcylic acid.

Iost of the propellants contain 2-nitrodiphenylamine as stabiliser since
this is known to give higher burning rates in general than carbamite, besides a
reduced tendency to formation of traces of nitrogen on prolonged hot storage.

/2 . .....
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2. FAST BURNING RATES

2.1 Effect of Carbon Black on Burning Rates

2.1.1 Ukarb 340

Comparison of strand burning rates from first experiments with the UK

composition F488/1225 with data in US Patent 3,158,499, indicated that the

presence of Ukarb 340 carbon black, which should have increased burning rates,
was having little effect. This was confirmed in a later series of small scale
experiments in which 0.1, 0.2 and 0.3 parts of Ukarb 340 was added to a

propellant similar to F488/1225 but with basic cupric salicylate replacing the

normal salt:

Strand Burning Rates (mm/s) at
Composition Ukarb 340, MN/m 2

No. parts

14 17 21 24 27.5

F488/1889 Nil 31.3 32.7 33.2 32.8 33.8

F488/1890 0.1 31.8 33.4 33-4 33.0 33.5

F488/1891 0.2 32.6 33.7 33.7 33.3 53.7

F488/1892 0.3 33.3 34.7 34.2 53.3 33.3

Thus the addition of 0.3 parts of Ukarb 340 increased the burning rate by,
at most, 6 per cent at the lower pressures and only 2 per cent at 24 MN/m2 with
consequent improvement of the plateau. (Table 1, Group i.)

2.1.2 Dixigloss

In a series of small scale experiments, each mix containing the same
batches of nitrocellulose, lead beta-resorcylate, and normal cupric salicylate,
0.4 parts of Ukarb 340 in the F488/1225 formulation was successively replaced
by 0.15, 0.4, 0.6 and 0.8 parts of the more active carbon black, Dixigloss.
Strand burning rates for these lots (F488/1761, F488/1762, F488/1783, F488/1798)
are summarised in Table 1, Group 2 and illustrated in Fig. 1. Calorimetric
values of the final propellants are about 4150 kJ/kg (1060 cal/g)*. The curves

/show 000**

Table I includes calculated calorimetric values for propellant matrices (i.e.
not including lead beta-resorcylate, cupric salicylate, carbon black) rounded up
to 100 parts. Since the three ballistic modifiers have negative values - large
ones in the cases of basic cupric salicylate and carbon black - the real value
for the final propellant may be on average as much as 500 - 600 kJ/kg lower than
these calculated values. Fired values for complete propellant are additionally
listed in the Table where available and quoted in the text whenever possible.

- 2 -
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show steady increases in burning rates for each increment of carbon black up to

0.6 parts over the whole pressure range measured. Plateau burning rates are
increased from 30 mm/s up to about 40 mm/s. There is a tendency for the

plateaux to extend into a higher pressure range as the amount of carbon black

increases. With the addition of 0.8 parts Dixigloss, the further increases in

burning rates are confined to the higher pressures and there is a tendency to
reduce the "mesa" character of the curves.

These effects are confirmed in a later single experiment (not illustrated)
using a different batch of cupric salicylate in which the addition of 0.7 parts

Dixigloss gave burning rates intermediate between those obtained for 0.6 and

0.8 parts Dixigloss (F488/1826 - Table 1, Group 2). The general effects noted

with increasing amounts of up to 0.3 per cent Dixigloss have been confirmed in

a hotter matrix incorporating basic cupric salicylate instead of the normal

salt (F488/1886, F488/1887, F488/1888 - Table 1, Group 2). Larger amounts of
Dixigloss, up to 1.3 parts, have been added to cooler compounds without loss of

platonisation (e.g. F488/1905 - Table 1, Group 2). Similar large amounts have

been added to hotter compositions, again without loss of platonisation (Section

2.4).

2.1.3 Activated Carbon Blacks

Samples of Dixigloss carbon black were activated by heating shallow layers
in a furnace in air at 6500C for thirty minutes. Some granular 'activated wood

charcoal' purchased from British Drug Houses Ltd., was re-activated in the same

manner and, since such charcoal would be expected to contain potassium compounds

which might be detrimental to platonisation, the experiments were extended to

include sugar charcoal activated in the same way.

Dixigloss was activated on two separatedoccasions and was tested at 0.15
and 0.3 parts respectively, in comparison with 0.6 and 0.8 parts of the
untreated black.

Strand Burning Rates (mm/s) at

Composition Dixigloss, parts jU/M
2

No.
Normal Activated 17 21 24 27.5 31

F488/1783 0.6 39.3 39.1 38.9 37.6 37.9

F488/1784 0.15 39.2 41.0 41.9 41.9 42.8

F488/1798 0.8 39.1 39.8 39.9 40.4 40.5

F488/1799 0.3 36.0 36.3 36.1 36.4 37.9

/The .....
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The different behaviour may be due to uncontrolled stages during activation
but it is indicated that the first treatment of the carbon black was effective
and that an appreciable increase in strand burning rates of the propellant was
achieved. However similar rates can be achieved by using larger amounts of
untreated carbon black and there was insufficient effort to justify further
investigation of activation at the time.

Addition of 0.2 and 0.4 parts of treated activated sugar charcoal gave
slower strand burning rates than those obtained with 0.6 parts Dixigloss.
(F488/1851, F488/1852, F488/1827 - Table 1, Groups 3 and 5.) The behaviour
approximated to Ukarb 340 and it was indicated that further increases in the
charcoal level would not give significantly faster burning rates.

Replacement of 0.6 parts of Dixigloss by 0.3 and 0.6 parts of activated
sugar charcoal gave considerably slower strand burning rates with no indication
that additional amounts of the sugar charcoal would increase the burning rates
(F488/1873, F488/1874, F488/1827 - Table 1, Groups 3 and 5). The results
suggest that only a slight catalysis was being obtained.

Following a suggestion that fine carbon blacks may be aggregated,
comparative tests were made in F488/1827 of "uncompressed" and "compressed"
grades of Dixigloss N1, with a negative result. Tests in ATN cast double-base
propellant of an ultrasonically-milled Dixigloss slurry also gave no difference
from normal ballistics.

2.2 Modifier Levels and Ratios

2.2.1 In Absence of Carbon Black

The effects of changes in ballistic modifier ratios and levels were studied
in a group of four mixes using the same basic paste (F488/1896, 1897, 1898,
1899) followed later by a separate single mix (F488/1907). In these experiments
the basic cupric salicylate varied from 1 to 3 parts per 96 parts matrix and the
lead beta-resorcylate from I to 2 parts. Strand burning rates are summarised in
Table I, Group 4 and illustrated in Fig. 2.

The two compositions containing only one part of basic cupric salicylate
have appreciable burning rate exponents and are not truly platonised. The
remaining formulations with 2 parts or more of basic cuppir salt are well
platonised with mesa characteristics. The plateau burning rate is raised from
24 mm/s to 30 mm/s as the lead beta-resorcylate is increased from 1 part to
2 parts. In compositions F488/1896 and F488/1897, each with peak burning rates
of about 30 mm/s, the presence of 3 parts of the basic cupric salt displaces the
peak rate and mesa trough to pressures about 4 MN/m2 lower. It is apparent that
even without carbon black, burning rates in excess of 30 mm/s may be obtained by
using larger amounts of lead beta-resorcylate.

/Two

-4-
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Two potentially useful compositions at about 5050 kJ/kg have emerged from
this work and the results of this series indicate the possibilities for quality
control using adjustments on the proportions of ballistic modifiers:

Composition Lead beta- Basic cupric Peak Pressure, Trough Pressure,
No. resorcylate salicylate mmts MN/IM 2  rats M/M2

F488/1896 2 3 29.8 13.7 26.4 20.7

F488/1897 2 2 30.0 17.2 28.7 24.1

Composition F488/1896 has found application in the composited Snifter IV

motor.

2.2.2 Carbon Black Present

On the basis of work described in Section 2.1.2 a Dixigloss level of 0.6
parts was selected as giving the most effective platonisation at high rates.
Strand burning rates for a series of experiments in which the amounts of basic
cupric salicylate was varied from I to 3 parts and the lead beta-resorcylate
from 2 to 3 parts are summarised below:

Lead Beta- Basic Cupric Strand Rates of Burning:(mm/s) at
Composition Resorcylate, Salicylate, MN/m

No. parts parts 17 21 24 27.5 31 34.5

F488/1827 3 2 40.6 41.4 41.4 40.9 41.1 42.4

F488/1854 3 3 39.2 41.0 41.0 40.4 40.4 40.6

F488/1855 2 3 37.2 38.7 38.9 38.9 38.9 39.6
F488/1856 3 1 40.8 41.7 41.4 40.7 40.6 41.7

It will be noted that with 3 parts of lead beta-resorcylate the strand
burning rates over the mesa are not much affected as the amount of basic
cupric salicylate is reduced from 3 parts to I part. This perhaps is rather
surprising in the light of results discussed in Section 2.2.1 where, with no
carbon black but only 2 parts of lead beta-resorcylate, the burning rates were
quite sensitive to similar variations in the basic cupric salicylate content.

/The
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The increases in burning rates with larger amounts of lead beta-resorcylate
noted in the formulations without carbon black occur also to some extent in the

presence of carbon black but without any shift to a higher pressure range.
(F488/1854, F488/1855 as shown above.)

In a pair of strictly comparable formulations it was found that the

burning rates for a formulation containing 4 parts of lead beta-resorcylate were
marginally faster at the lower pressures than rates for the formulation contain-
ing 3 parts (F488/1902, F488/1903 - Table 1, Group 8).

2.2.3 Basic Cupric Salicylate

Early work on the system of ballistic modifiers under discussion in this

report involving all lots of propellant F488/1225 and some of the early lots of

F488/1827 contained normal cupric salicylate. The slight efflorescence of

resorcylic acid led to doubts about ballistic and chemical stability of this

type of propellant and all later work has been based on basic cupric salicylate.

Storage trials of propellant F488/1827 containing the basic salt have been

completed satisfactorily and will be discussed, together with other development
work on this propellant, in a separate report. Strand burning rates for the

first six lots of F488/1827 containing the basic salt and for six lots of the
same propellant containing the normal salt are compared below:

MN/m

17.2 20.7 24.1 27.6 31.0 34.5

Normal cupric Mean rate (mm/s) 36.6 37.1 36.6 36.3 37.6 38.9

salicylate s.d. 1.40 1.32 1.24 0.94 0.66 0.51

Basic cupric Mean rate (mm/s) 39.9 40.6 40.9 40.4 40.1 41.1

salicylate s.d. 0.56 0.36 0.38 0.48 0.56 0.46

Although these results suggest that basic compound will give faster
burning rates and slightly better platonisation than the normal salt it must be

borne in mind that each set of figures relates to only a single batch. Three

further consignments of basic cupric salicylate have since been tested and have
given rates close to the mean rates for the basic salt quoted above, and
alternative sources of the material are currently being explored, as well.

/2.3 ...
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2.3 Variations in Basic Matrix

2.3.1 Nitrocellulose Level

Differences in strand burning rates of F488/1798 with 54 parts of
nitrocellulose and F488/1828 with 49 parts of nitrocellulose are very small

(see below). This small effect is also confirmed by a comparison between an
early batch of F488/1827 containing normal cupric salicylate and F488/1783.

NC Strand Rates of Burning (mn/s) at
Composition (12.2% N), -MN/m

2

No. parts 17 21 24 27.5 31 34.5

F488/1798 54 39.1 39.8 39.9 40.4 40.5 41.4

F488/1828 49 39.3 40.2 40.4 39.9 39.6 40.9

F488/1783 54 39.3 39.1 38.9 37.6 37.9 39.9

F488/1827 49 38.3 38.9 38.4 37.9 38.6 -

2.3.2 Low Nitrogen Nitrocellulose

In the relatively fast-burning propellant KU containing cupric oxide and
lead stannate, replacement of the 12.2% N wood nitrocellulose by 11.7% N wood
nitrocellulose was found to give faster burning rates. The lower nitrogen
nitrocellulose was therefore tested in the present work at two levels. In a

matrix containing 54 parts of nitrocellulose and with normal cupric salicylate,
11.7i N nitrocellulose gave an incipient plateau at about 17 MN/M

2

(F488/1834 - Table 1, Group 6). No firings were carried out at pressures above
21 MN/M 2 but, from a study of the curves, it is unlikely that there is any

plateau above that pressure as found with the comparable propellant containing
12.2;1 N nitrocellulose (F488/1783 - Table 1, Group 7).

In a matrix with 49 parts of 11.7% N nitrocellulose, with basic cupric
salicylate, and with the formulation adjusted to compensate for the lower

calorimetric value of the nitrocellulose, a good plateau was obtained
(F488/1857 - Table 1, Group 6) at slightly faster rates and at higher pressures
than with the similar formulation containing 12.2% N wood nitrocellulose:

/Table .....

-7-
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Strand Rates of Burning (mm/s) at

Propellant NC, % N MN/rm2

No.
14 17 21 24.5 27 31 34.5 38

F488/1857 11.7 37.7 39.8 41.5 42.0 42.2 42.7 41.9 42.5

F488/1827 12.2 38.9 40.6 41-4 41.4 40.9 41.1 42.4 -

The use of low nitrogen nitrocellulose to obtain plateaux at the highest
possible pressures, as distinct from fastest possible burning rates,is discussed
in Section 3.2.

2.4 Resorcinol

Resorcinol has given faster burning rates in a number of formulations.

Its effect on burning rates of propellants containing basic cupric salicylate

and lead beta-resorcylate has been tested in variants of the F488/1827
formulation and the results for these experiments are summarised in Table 1,

Group 8.

Straight replacement of 2 parts of nitrodiphenylamine by 2 parts of

resorcinol in the F488/1827 formulation gave burning rates no faster than rates

for comparable batches of F488/1827 itself (see F488/1871). However, when the

amount of Dixigloss was increased from 0.6 to 0.8 parts, the peak burning rate

rose by 2.5 mm/s with, if anything, some improvement in platonisation (F488/
1872). This contrasts favourably with the tendency (noted in Section 2.1.2) for
similar formulations not containing resorcinol to be less well platonised when
the Dixigloss level is increased to 0.8 parts. In subsequent experiments

involving resorcinol and including only a little nitrodiphenylamine (to avoid

excessive cooling) and with 4 parts of lead beta-resorcylate the addition of

1.0 part of Dixigloss gave burning rates of 46.5 mm/s between 21 MN/M2 and
34 IvIN/m,but a further increase to 1.2 parts Dixigloss gave a less well
platonised curve with no further increase in burning rates:

Strand Burning Rates (mm/s) at

Composition Resorcinol, Dixigloss, MN/M 2

No. parts parts
17 21 24.5 27 31 34.5 38

F488/1903 1.5 0.8 44-4 45.5 45.5 45.0 44.2 44.7 46.1

F488/1912 " 1.0 45.1 46.5 46.5 46.2 46.5 46.5 48.1

F488/1913 1.2 43.6 45.3 46.3 46.5 46.5 46.5 47.6

/This .....
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This series includes F488/1977, the fastest burning double-base propellant
yet made at ERDE. This propellant has a calorimetric value of 4800 kJ/kg and
burns at about 50 mm/s with a pressure exponent only marginally above zero
between 24 and 31 1N/m2 . Intended as a feasibility study for a case-bondable
cast propellant, the formulation has a very low nitrocellulose content,
42 per cent, and would be too soft for the normal extrusion process.

2.5 Alternative Ballistic Modifiers

None of the other ballistic modifiers tested have given faster strand
burning rates than obtained from the basic cupric salicylate-lead beta-
resorcylate-Dixigloss system.

Work on cupric oxide in combination with lead beta-resorcylate and Dixigloss
has been reported already.1 At calorimetric values of 4500 kJ/kg or more the
burning rates are slightly slower and less well platonised than for corresponding
propellants containing basic cupric salicylate with lead beta-resorcylate and
Dixigloss. Basic copper beta-resorcylate also gave slightly lower burning rates
but with a good mesa and, with Dixigloss increased from 0.6 to 1.0 parts, the
rates matched those for F488/1827 containing basic cupric salicylate. Similarly
tested, copper phthalate gave slower rates and a less well platonised curve even
with the larger amount of Dixigloss.

Combinations of basic cupric salicylate with lead 3tannate, lead salicy-
late, lead phthalate and lead stearate, together with Dixigloss, at calorimetric
values of about 4500 kJ/kg, have given plateaux or very low pressure exponents
in the range 21 to 28 MN/m at burning rates between 33 mm/s and 39 mm/s but in
none of the propellants have burning rates reached those obtained with lead
beta-resorcylate. In a hotter matrix lead stannate with basic cupric salicylate
gave similar fast rates in this pressure range but with no platonisation.

In a cooler matrix with low nitrogen nitrocellulose, lead otannate, basic
cupric salicylate and Dixigloss gave good platonisation in the relatively high
pressure range 31 MN/n 2 to 42 MN/M2 but again the burning rates are slower and
the pressure range of platonisation is no more extensive than for F488/1906, the
corresponding propellant containing lead beta-resorcylate (Section 3.2 of this
Report).

2.6 Solvent Processing

For recoilless gun and other applications requiring extremely short burning
times three formulatiins, including F488/1827, have been made by the solvent
process with ether/alcohol and extruded in a number of shapes including hexagonal
multi-tubular 37 hole charges. Strand burning rates for each of the three
formulations prepared by the solvent process are summarised in Table 1, Group 9.
Both F488/1827 itself and the harder version, F488/1838, give slightly slower
burning rates than the corresponding lots prepared by the solventless process and,
'in each case, the curve is less well platonised. The cooler formation, F488/
1853, with its high nitrocellulose content ihas no equivalent solventless version
but again is poorly platonised.

/Since .....
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Since extra rolling develops the lower end of the F488/1827 plateau, these
results are consistent with the need for doing work on the propellant (by
shearing) to develop the full plateau. Besides making smaller extruded webs
feasible and the propellant much tougher, solvent processing is also regarded
as a potentially safer process, since fires during rolling appear to be more
serious and more frequent with these hot, fast burning compositions than with
the general run of solventless propellants. In some applications involving
composited sheet, e.g. Snifter IV motors, propellants such as F4 88/1827 tend to
be too brittle particularly at low temperatures. Work is continuing on semi-
solventless processing of these propellants to obtain the tougher physical
properties always associated with solvent working, whilst retaining the fully
platonised ballistics developed by rolling. Experience to date is that rolling
of solvent dough does not fully develop the plateau or mesa burning rate
characteristics (Table 1, Group 9). An additional solvent treatment of material
produced to the final shape by the normal solventless process is another
possibility currently being investigated.

3. EXTENSION OF PLATONISATION TO HIGHER PRESSURES

3.1 Lower Calorimetric Values

The experimental work discussed in earlier sections of this report, in
general, was aimed at obtaining the fastest possible burning rates consistent
with sqtisfactory platonisation. None of the formulations tested is platonised
above 34 MN/M2 . However, in addition some effort has been directed towards
obtaining plateaux or mesas extending into a higher pressure range for possible
application in mortars or cross-section-limited rockets or launchers. Following
the KU cordite development it was thought that lower calorimetric values would
be helpful, and this has been found to be correct.

Strand burning rates for these batches are summarised in Table 1, Group 10
and some of the curves are illustrated in Fig. 3. It will be seen that a drop
in calorimetric value of 850 - 1250 kJ/kg using dibutyl phthalate as a coolant
results in little change in the pressure of the peak burning rate but that the
mesa troughs, in general, are pushed to pressures above 40 MN/m 2 . Burning
rates, with mesa peaks at about 32 mm/s, are much lower than rates for similar
but hotter formulations.

Replacement of dibutyl phthalate by the alternative plasticiser/coolant
triacetin has, for its calorimetric value, given a more extended mesa than
might be expected (F488/1926 - Table 1, Group 2; Fig. 3). This variant
together with changes in modifier levels, use of resorcinol, further reductions
in calorimetric value, etc. may be tested further. Work to test ultra-violet
radiation absorbers such as 2,4-dihydroxybenzophenone as alternatives to
Dixigloss carbon black has so far given negative results.

/3.2 .....
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3.2 Low Nitrogen Nitrocellulose

Replacement of 12.2% N wood nitrocellulose by 11.7% N wood nitrocellulose
in the hotter, faster, formulations is discussed in Section 2.3.2 above. The
same lower nitrogen nitrocellulose has been assessed at two levels in cooler
formulations F488/1906 and F488/1948 (Table 1, Group 6). The strand burning
curves for these two lots are compared with curves for a similar formulation
based on normal 12.2% N nitrocellulose in Fig. 4. This comparison suggests
that low nitrogen nitrocellulose gives peak burning rates about 2.5 mm/s higher
at about 31 MN/M2 and mesa troughs at 48 D/IN 2 - about 7 MN/m2 higher than
normal 12.2% N nitrocellulose.

4. QUALITY OF INGREDIENTS

4.1 General

The ingredients used in the work described have, in general, complied with
the following specifications:

Wood nitrocellulose (12.2% N) CS 5377A

Wood nitrocellulose (11.7% N) CS 1777

Dibutyl phthalate CS 1969

Triacetin BS 1997

Nitrodiphenylamine DEF 4509

Carb amite DEF 4508

Resorcinol TS 570

The wood nitrocellulose (12.2% N) used for most of the work was made from
Blend V paper. The use of nitrocellulose made from Blend VI paper has resulted
in changes in burning rates of some platonised propellants in production at ROF
Bishopton, but experience with propellant F488/1827 both at Bishopton and at
ERDE and with other relevant formulations at ERDE indicates that this change is
not a significant factor with the propellants containing lead beta-resorcylate
and cuprie salicylate with which this report deals.

4.2 Ballistic Modifiers

No formal specification for lead beta-resorcylate existed when the two
batches used in the work covered by this report were manufactured but, in each
case, the lead content of the material is below the minimum required of the
current specification TS 556.

/Four
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Four batches of basic cupric salicylate were ordered to National Lead
Company Specification P957/55. The first of the batches, used for the bulk of
the work, was marginally below7 the specification limit in respect of salicylic
acid determination. More recently a method of manufacture has been developed
at ERDE; the strand burning rates of propellant F488/1827 containing several
batches of basic cupric salicylate made at ERDE are very close to the rates
obtained with the commercial product.

5- CONCLUSIONS

5.1 Lead beta-resorcylate and cupric salicylate in combination can give
platonised burning rates of up to 33 mm/s in the range 114 - 21 MN/m2 without
the addition of carbon black.

5.2 The addition of carbon blacks moved the plateaux to faster rates and
higher pressures. In particular, with Dixigloss carbon black, good plateaux
were obtained up to 43 mm/s in the range 21 - 31 MN/M2 at a propellant
calorimetric value of about 4600 kJ/kg.

5-3 The replacement of some nitrodiphenylamine by resorcinol contributed
towards faster burning rates and a full plateau burning rate of 146.5 mm/s was
achieved.

At lower calorimetric values, of the order of 3400 kJ/kg, with lead beta-
resorcylate, cupric salicylate and Dixigloss, platonisation was extended to at
least 45 MN/m2 with burning rates of 28 - 30 mm/s. A slight increase in rate
and extension of the plateau limits to 51 MN/M2 resulted from the use of 11.7%
N wood nitrocellulose.

5.4 Small-scale tests of activated charcoals and activated Dixigloss did
not give rates faster than could be obtained with larger amounts of untreated
Dixigloss.
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