Defence Science Journal, Va. 53, No. 4, October 2003, pp. 367-370

© 2003, DESDOC

SHORT COMMUNICATION

Observation of Changein Colour of Combugtible Cartridge
Cases on Ageng-A Qualitative Todl

J.R. Peshave and Haridwar Singh
High Energy Materials Research Laboratory, Pune-411 021

ABSTRACT

Thedtability of combustiblecartridgecases(CCCs)whichareextensvely usadinthehi
tank gun ammunition isonedf themgor requirementsfor their ssfehandlingand sorage. Ti

caibre
results

o ganility testsby heating of CCC samplesa devated temperaturesand obsarvetionsfor change
in colour o theCCC samples have been discussed. It hasbeen obsarved thet there aredrasticchanges
in the colour o the CCC samples. Theorigina paeydlow colour of the uncoated internd surface
was changed to dark green. Smilarly, origina yelowish-brown colour of externd surface coated with
shellac varnish was changed to dark greenish-brown.
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1. INTRODUCTION

Extensiveusedf combustiblecartridgecases(CCCs)
in the high calibre tank gun ammunition all-over the
world iswell known. The CCCs replace conventional
brasscartridge cases as these reducelogistic problems
of removal of spent cartridge cases from a tank, as
only metallic base stub gets g ected after the firing.
Moreover, it is suitable for autoloading as well as
firing above 450 MPa chamber pressure.

InIndia, the CCCsare made'2 from nitrocellulose
(NC), nitroguanidine (NGu) and cellulosic fibres
by feltingtechnique, keepingin view their compatibility
with the propellant used in the semi-combustible
cartridge case (SCCC) ammunition. Diphenylamine
(DPA) isused as stabiliser, to enhance thechemical
life of the CCC. Dibutyl phthalate (DBP) isadded
as plasticiser for easy processing and copper
naphthenate is used as an antifungal agent.

The composition of the CCC is comparable
with single-base propellant as it contains 60 per
cent nitrocellulose, the main energetic ingredient
and does not contain any nitric ester plasticiser.
Since NC is known to decompose during storage,
the CCCs are likely to degrade on storage, which
may lead to their reduced ballistic performance.

2. IMPORTANCE OF STABILITY TESTS

All conventional propellants containing NC
with or without nitroglycerine (NG) are metastable
explosives in general and are liable to decompose
with the consequent formation of free acids.
The decomposition is accelerated, particularly
by the oxides of nitrogen, and the acids are
formed during decomposition. This rate of
decomposition depends on the temperature and
the humidity during storage and also the extent
of storage period.
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The CCCs need to be stored before their
assembly in the ammunition. Also, theammunition
assembled with the CCCs may have to be stored
in the magazinefor longer durationsprior to their
intended end use. Since the CCC contains NC to
alargeextent, it isexpected that prolonged storage
of the CCCs may result in their deterioration and
these undergo colour change due to decomposition
of the NC. The stability tests applicable to NC can
be used for the CCCs to evaluate their ageing
characteristics®®.

3. EXPERIMENTAL PROCEDURE

The CCCs from a single batch were selected
randomly and cut into strips of 100 mm x 25 mm.
These strips were kept in the specially designed
oven at elevated temperatures. Sampleswere withdrawn
at fixed intervals (of days) after heating at 70 °C,
80 °C, and 100 °C, and visual observations were
madefor any change in colour. Sampleswere subjected

to methyl violet (MV) test at 134.5 °C and Abel
heat test at 82.2 °C. Residual stabiliser content of
each sample was determined by subjecting the
ether extracts of the sampleto HPLC (Perkin Elmer
Series 410 L C Pump, L C-90 Detector and Column
—-C-18, HPLC grade DPA was used as standard).

4. RESULTS & DISCUSSION

4.1 Visual Observations-Colour Change

Theresults of the visual observations for change
in colour of the CCC samples due to ageing at
70°C, 80°C, and 100 °C have been given in Table 1.

Onaging at 70 °C, the initial paleyellow colour
of internal uncoated surface of the CCC was changed
to greenish-yellow after 14 days and green after
35 daysof ageing. After 49 days, the green colour
changed to dark green. At 80 °C, the pale yellow
colour changed to greenish-yellow after six days

Table 1. Visual observations of colour change on ageing of CCC samples, MV test, Abel beat test, and residual

stabiliser confent

Storage Time Visual observation for MV testtimea Abd hest test time & Residual DPA
temperature interval colour change (interna 1345°C 82.2°C content
(°C) ( Days) uncoated surface) (min) {min) (%)
0] Pdeydlow 45
14 Greenish-yellow 30
0 28 Greenish-yellow 25
35 Green 23
42 Green 23
49 Dark green 2
0 Paeydlow 45 15.0
6 Greenish-yellow 37 6.5
9 Green 33 6.0
2 Green 26 50
15 Dak ereen 25 40
0 Paleyelow 45 150 105
0.50 (12 h) Greenish-yellow 30 55 081
109 0.75(18 h) Green 25 45 0.76
10D (24 h) Dark green 20 4.0 0.67
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and turned green after nine days. After 15 days,
the green colour changed to dark'green. However,
for samples aged at 100 °C for 12 h, the colour
was greenish-yellow which subsequently changed
to dark green after 24 h.

Initial yellowish-browncol our of external surface
coated with shellac varnish turned to dark greenish-
brown after 49 days, 15 days and 24 h of ageing
at 70 °C, 80 °C, and 100 °C, respectively.

These results indicate that as the ageing
temperature is increased, the original pale yellow
colour changes to greenish-yellow, green, and
subsequently to dark green for internal uncoated
surface and dark greenish-brown for external coated
surface. The change in colour to dark green and
dark greenish-brown of both the internal uncoated
and the external coated surfaces at higher
temperatures suggest the gradual deterioration in
thermal stability and possible consumption of more
stabiliser to arrest the decomposition reactions of
NC on ageing at higher temperatures.

As a part of this study, the CCC samples of
different compositions were heated (i) with DPA
and without copper naphthenate, (ii) without DPA
and with copper naphthenate, (iii) without DPA
and without copper naphthenate, and (iv) reference
sample, i.e., with DPA and copper naphthenate at
100 °C for 8 h. Samples (i) and (iv) turned green,
whereas samples (ii) and (iii) showed yellowish
colouration, which indicates that reaction of DPA
with NC on prolonged heating gives the green
colouration which is more predominant at higher
temperatures.

4.2 Methyl Violet & Abel Heat Tests

The results of the methyl violet and Abel heat
tests are given in Table 1. These results suggest
that as the ageing temperature and the period
of ageing are increased, thetime required to change
thecolour of the methyl violet paper getssignificantly
reduced, as expected. However, no brown fumes
or explosion was observed, when the CCC samples
were heated for 5 h at 134.5 °C.

In the case of Abel heat test, it was observed
that at all the ageing temperatures, there was a
reduction in the time of appearance of yellowish-
brown line at the junction of wet and dry areas
of the starch-potassium iodide paper. These results
follow the normal expected pattern.

4.3 Residual Stabiliser Content

The results for residual stabiliser content are
given in Table 1. Monitoring of DPA depletion by
HPLC at 70°C, 80°C, and 100 °C at regular intervals
(of days) showed gradual reduction in DPA content.
Thisisin agreement with the colour change of the
CCC samples on ageing and reduction in the test
time of MV test as well as Abel heat test that
certain amount of DPA has been consumed to arrest
the possible decomposition reactions.

5. CONCLUSION

Results indicate that a drastic change in the
colour was observed in the CCC samples aged at
higher temperatures (70 "C-100 °C), which shows
that more quantity of stabiliser gets consumed
during accelerated ageing to arrest the possible
decomposition of the NC from the CCCs. This
observation was further confirmed by carrying
out MV and Abel heat tests. The gradual reduction
in the test time is in agreement with the visua
observations of colour changes. Theseresults revea
that more amount of stabiliser gets consumed to
retard decomposition of the NC at elevated
temperatures.

This study indicates that mere observance of
colour change in the CCCs on storage for longer
durations at ambient conditions, either in the form
of the CCC sets or ammunition, may be an effective
qualitative tool to take necessary disposal action
on the spot, considering the safety aspects.
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