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( SUMMARY

Six single base gun propellants of three different types
(AR 2206, NH and FNH) were analysed for dinitrotoluene by
three different methods, viz titanous chloride reduction,
gas chromatography and high performance liquid
chromatography (HPLC). In general, similar results were
obtained by all three methods.

Although any of the three methods can be used for the
determination of dinitrotoluene, the HPLC method is
recommended - the equipment is automated and
microprocessor controlled, and analyses can be performed
relatively quickly, with good precision and with the
lowest relative standard deviation of the order of 0.3%.
It is recommended that the HPLC method be adopted as a
standard test method. '.
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1. INTRODUCTION

Dinitrotoluene (DNT) is an organic compound which may be incorporated in
single base gun propellants either as an ingredient (eg in Nif and FNH
propellants) or as a deterrent coating in small arms propellants leg AR 220nU

For many years the British and USA test method for the determination cf LT -1.
single base propellants has been based on the use of titanous chlc r-de
(TiCl3 )(ref.l,2). Both test methods are very similar with the main difference

being that in the USA method acetic acid is used whereas in the British mett: ,,
diethyl ether is used for the extraction of the propellant. In both metio'ls
the propellant extract is treated with an excess of TiCI,, followed by tl,,

titration with ferric ammonium sulphate solution. The British method .
generally used at the Materials Research Laboratories IMRL) and its u,,- his
continued at the Weapons Systems Research Laboratory (WSRL) since th* trn,:,,r
of gun propellant research and development activities. from MRL to .. xc
1977.

The TiC13 method, however, has some drawbacks - it is tedious time-c(iiui.

and involves the preparation and standardisation of several re igents ,
including titanous chloride solution which is unstable and readily oxidis.s in
air.

The desirability of introducing a more modern instrumental test method which
would be faster and more convenient became apparent. Recent literature
reports have described the use of high performance liquid chromatographie
(HPLC) and gas-liquid chromatographic (GLC) techniques for the determination
of DNT and other ingredients in propellant formulations(ref.3-5). In the lst
few years the introduction of GLC and HPLC methods for the determination of a
variety of propellant ingredients has appeared in the USA (MIL-STD 28b1 and
British (MQAD) test methods(ref.6-9).

Currently, in Australia the Explosives, Ammunition and Pyrotechnics (EA&P)
subcommittee of the Defence Standardisation Committee has draft test methods
for propellants which include the TiCl3 method(ref.lO) (based on the British

method, reference 1) and a GLC method for determination of DNT recently
submitted by the Mulwala Explosives Factory (MEF)(ref.ll).

A GLC method for determination of DNT was developed in this Laboratory before
the MEF draft method was submitted to the EA&P subcommittee, and is described
in detail in this report - both WSRL and MEF methods are however very similar.
In addition to the GLC method being developed, the recent acquisition by this
Laboratory of a liquid chromatograph prompted an investigation into the use of
HPI, !or the separation and determination of DNT in propellant extracts.

Ihi, ieport describes the TiC13 method and the dew, lopment of the GLC and [lIC

metho(l, for the determination of DNT in single base propellants. The
objec.t ive of this report is to .ompare the modern, instrumental analyt ical
method, with the classical te hn ique currently in use, with the aim of
repli ing the old TiCI, method with one which will give results as reliable as

th, existing method, but which is faster and easieor to carry out, thereby
in.ro,,.,ing the (cost) efficiency of the analysis.
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2. DESCRIPTION OF METHODS

In this work, six single base gun propellants, viz types NH (two lots), FNH
(two lots), and AR 2206 (two lots), were analysed for DNT content by three
different methods (1) titanous chloride reduction (2) GLC and (3) HPLC. A
brief description of each method is given below and full details are given in
Appendices I, II and III. The NH and FNH propellants were ground so that all
the material passed through a 2 mm sieve. The AR 2206 propellants, however,
being small grained were not ground or sieved. The propellants were extracted
with boiling dichloromethane in a Soxhlet apparatus over a water bath for
70 hours - extraction beyond this time showed (by GLC) that no further DNT was
extracted. (The extraction time depends on the nature of the propellant and
the degree of grinding. For some types of propellant, 70 hours extraction
time may not be necessary - the extraction time should be checked for new
propellant types). The propellant extract was then analysed by the three
methods as described below.

2.1 Titanous chloride method

The dichloromethane propellant extract was evaporated and the residue made
up in ethanol. An aliquot of the ethanolic solution was then heated with
an excess of titanous chloride solution under nitrogen. The reduction of
the nitro group proceeds as shown in the following equation-

R-N0 2 + 6Ti
+ + + + 6H+ - RNH 2 + 6Ti

+ ++ + + 2H 20

The solution was cooled and titrated with ferric ammonium sulphate solution
using ammonium thiocyanate as indicator. The ferric ammonium sulphate
solution was standardised by reduction with zinc amalgam, followed by
titration with potassium dichromate. All the results obtained for
propellant samples (listed in Table 1) have been corrected for idd.d
ingredients. See Appendix I for full details of this method.

2.2 Gas chromatrography method

An aliquot of internal standard solution (methyl centralite) was added t,
the dichloromethane propellant extract and the mixture was injected on to .1
stain--ss steel column 2 m x 3 mm OD packed with 3' OV-101 (silicone) o l
Chromosorb W HP 100-120 mesh. The gas chromatograh was equipped with i
flame ionisation detector (FID) and an electronic integrator. Temperatnre

*0 programming enabled the separation of the isomers 2,6- and 2,4-DNT and
other ingredients which had been extracted including diphenylamine (DPA)
and dibutyl phthalate (DBP). (DPA and DBP are ingredients in NH and FNH
propellants; AR 2206 also contains DPA but not. )BP.) Peaks areas wore
measured using the integrator, rind the linearity of the FID response wu .
checked by injecting a series of five DNT standard solutions of increasing
strength (0.16, 0.24, 0.32, 0.40 and 0.48%) spanning the range expected in
the final propellant extracts. (The specification level of DNT in Ni, YNHi
propel lants is 10 ± 11., and in AR 2206 4-8%). See Appendix II for full
details of this method.

2.3 High performance liquid iluromnatography method

An aliquot of internal solut ion (p-nitrotoluene, }NT) was added to the
,ii liloromethane propellant extract and the mtxturf was injected on to i
silica column (250 mm x 4 mm 11), Si 10 jim). Thb liquid chromatograph -').
mi(-roprocessor controlled and wn% equipped with a UV detector operating at
254 nm. Solvent gradient programming using a mixture of dichloromethani.
AIt yr. lohexane enabled the sepn rat ion of PNT. 2,6- and 2,4-DNT,

| NJdiA Ir A 1'1:I v, 1 iV I jJJIuu1) I 4t
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diphenylamine and dibutyl phthalate. Peak areas were printed. The
. linearity of the UV detector response was checked by injecting a series of

DNT standard solutions of increasing strength (0.16, 0.24, 0.32 and 0.40°

solutions). See Appendix III for full details of this method.

3. RESULTS AND DISCUSSION

The results obtained on the analysis of six single base gun propellants (two
lots each of types NH, FNH and AR 220b) by three methods (1) titanous chloride
reduction (2) GLC and (3) HPLC are given in Table i. For each method, a

-* separate weighing and extraction of the propellant was carried out - the
- -extract was then analysed at least twice, up to a maximum of eight

determinations. For example, three separately weighed portions of propellant
- - number 1 (NH 033, MEM 1913) were extracted - one extract was analysed four

times by the TiCl3 method, the second extract was injected three times on to

the gas chromatograph, and the third extract was injected eight times on to
the liquid chromatograph. There was no significant reason for carrying out.
di.fferent numbers of determinations for the three methods. However, for two
propellant samples (number 2, high DNT content and 6, low DNT content) eight
determinations were carried out by each of the three methods in order to
provide more meaningful statistics. All the results obtained for the

* propellant samples have been corrected for added ingredients - refer to
Appendix 1.

The accuracy of all three methods was checked by carrying out controls using
accurately prepared solutions of pure DNT - these solutions were then treated
in the same way as a propellant extract. Ideally, the values obtained for the
control should be 100% - values less than this arise from unavoidable
experimental errors in weighing and pipetting, and in the case of the TiC1 3

method in judging colour changes and impurities in the sample. The average of
control values obtained by the three methods were all close to 99% which is
considered to be excellent ie all three methods are very acceptable.

It is evident from the experimental work (described in the Appendix I) that
the titanous chloride method is tedious and time-consuming. Because of the
ready oxidation of TiC1 3 in air, the TiCI 3 solution has to be kept in a

tightly stoppered bottle and standardised before use. The TiCl 3 method also

has the disadvantage that no distinction can be made between the isomers 2,6-
and 2,4-DNT or other nitro components which may be present.

Although an OV-101 column provided good separation of- DNT in the GLC method,
the use of different columns eg OV-17(ref.5) and UC-W98(ref.6,ll) ml
different internal standards in the GLC determin-it ions of DNT have 1en
reported, and similar separations were obtained. A typical gas chromatigram
of an NH propellant extract is shown in figure 1. Note that although only the
2,6- and 2,4-DNT were quantitatively measured in this chromatogram,
diphenylamine and dibutyl phthalate could also be letrmined if requirec. The
duration of a typical chromatographic run was iiI-mt I0 min. The peak are1i.
were measured with an electroni,. integrator. A mixture of equal amounts f
2,6- and 2,4-DNT in solution, whon chromatographed, gave identical response o@i
the PUD for the two isomers, allowing for simple ,iimmo ion of the areas of thio
two isomers to obtain total DNT. This equal response b the flame ionisati i
detector for the two isomers i; expnted, since the FID r-ponds to the numbor
of earh)on atoms per molecule, whi'h in the case it i,'niers,,, is identical.

The linearity o- the resporse, of te FID wa ehied by preparing .i
i n - t ing five DNT standard ., it (nd incre.',n) tro gth (0.1 , (

0 . '1:1, 0 .4() ard 0 .48%. so iut i , .o T he. , . so l ll e , . , ,V, th ie r nge f l) .

1',N,, . .. I . I I v (I " .. .. 1 l0!1-
" - " " '- " , " - " h , , : ,,,-,. . , . ,,- -,,-- ' , '- -I
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concentrations likely to be found in gun propellant extracts. The FID
response was linear over this range. Figure 2 shows a straight line plot of
area DNT/area int. STD versus concentration for the five solutions (A, B, C, D
and E).

In the gas chromatograms of gun propellants (figure 1), the ratio of 2,4- to
2,6-DNT was 94:o. This ratio was constant for all the six propellants studied
in this work. The standard solutions of DNT and methyl c entralite lint. STID
in dichloromethane were stable for at least six months, unlike TiCl 3 solution

-j which was standardised prior to use.

In the HPLC method, the dichloromethane propellant extract was injected cn to
a silica column fitted to a Spectra-Physics 8000A iiqiid chromatograph. A
mobile phase mixture of two solvents, dichloromethane and cyclohexane, in the
proportions shown in Table 3 was used in a linear gradient program which
enabled the separation of the internal standard (PNT), the isomers 2,6- mdI 2,4-DNT as well as o*her ingredients (diphenylamine and dibutylphthalatc).
The order of elution of 2,6- and 2,4-DNT, diphenylamine and dibutylphthaiate
were the same by both HPLC and GLC. Other separations of DNT by HPLC hav.
been reported using reverse phase C-18 and cyano-sil-x-l columns(ref. 7).

A typical HPLC chromatogram is shown in figure 3. Note that in most cases the
printer was stopped just after elution of the 2,4-DN - consequently, no
diphenylamine or dibutylphthalate peaks are seen in figure 3 - the flow of the
mobile phase (composition in Table 3), however, was continued for sufficient
time to ensure that these components were eluted from the column. Althougl,
the diplienylamine and dibutylphthalate were not determined in this work, the
method is very suitable for such determinations if required.

An SP8400 UV detector operating at 254 nm was used to detect the elutec
constituents of a mixture. A mixture of equal amounts of 2,6- and 2,4-DNT did
not give identical response on the UV detector. At 254 nm, the extinction
coefficient of 2,6-DNT is less than that of 2,4-DNT, due to the relative
steric crowding of 2,6-DNT which hinders the coplanarity of the nitro group
with the benzene ring, thus lessening the extent of ir-electron delocalisation.
The response of the 2,6-DNT was only 38% that of the 2,4-DNT. In this case, a
calibration standard solution contained accurately measured amounts of both
2,6- and 2,4-NT.

The linearity of the response of the UV detector was .hecked by preparing and
injecting four standard solutions of 2,4-DNT in dichloromethane of increasirg
strength (0.16, 0.24, 0.32 anl 0.40%). These solutions cover the range of DNT
concentrations found in the gun propellant extracts. The UV detector respons,.

.,howed slight deviation (5%) from linearity at the high concentration end o7
the graph - see figure 4. This may be due to overloiding of the column, or,
more probably, the detector. Consequently, the calculations of '\T in
samp It- was determined by comparison with i mdards of pli iva lepl
concerit aIt ion.

,he HPLC method is relatively fast and easy and ha. .i microprocessor - 'vbo.r,!
control which enables the generation of linear or gradint binary or lrnarv
solvent mixtures, multiple samplo analysis (in this case six), rwl1tipl,
injections per sample (eight), a printout of the chromatogram and ret''iitio
time!,, nd provides statisti(-,l leta as well. Anrithlr iidvantage i,. ,hilt ti,
oprato is free to carry out othr duties during a microprocessor-(.(T'tol I('r
run.

Table 2 1 its the means, staidtir(l teviation andt relat ive standard dec iIt i ")!,
(RSD %)eht.nmnPd by the thre, mf,thods for six propellint samples. I I Il

as.,, il', RS) ,)hta iied by t Ilie 1111 metho(d (Abolut 0.2b,) was lowor tI.t, ti it

i:,N 1,1 I I1 1 i 'riii 1,%I )I IV t ij.i l lll, !i
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obtained by the other two methods. The GLC method had the highest RSD .-
and this is thought to be mainly due to instrumenrt instability, bea r ir;
mind that the gas chromatograph and integrator are about 2c, years
Considerable difficulty was experienced on some occasions in -)-t:::,
reproducible results from the gas chromatograph. Better reprodu _,"
(better than 1. RSD) would be expeated from a more moderi. (iicrroc&.
controlled) gas chromatograph which wi)uld have oeter stabil itv n( Lio, r
~ind temperature control. Tire low RSD of the HPLC method is ;to doubt_ air

of stable electronics, microprocessor-ccntrol and the uise of ai conistant
(10 jiLj injection loop for the introduction of the sample.

From Table 2, it can be seen that all three methods give similar results,
the TiCi13 and HPLC results being in very close agreement. For prac': -

purposes there is no significant difference between any of the thre, met' c2'-
becauise the propellant specification limits are quite wide ie for Nil,
u ropkullants the specification for lINT content is 10 ± 100, and for AN ""On
DNT. Consequently, all three method,, are suitable for specif ication et :1

of propellants. Further statistical treatment of the results is 0r..e., i
Appendix IV.

In: terms of sens itivity and selectivity, both GLC and HPLC, metiiod:s are
superior to the TiCl 3 method. The chiromatographric methods are -also -r,

poss ible interferences due to the presence of othe-r propel lant irigrod ients :
the oxtract since these are well separated from the lINT peaks. In t-rns
speed! and ease of use, the TiCl3 method is certainly the s lowe-st ;11"d

tedious method - the CLC and HPLC methods are comparable. All throeme
give similar accuracy (based on controls) arid relIi ab ilIity, but ih
reprodutcibility is obtained from the FIPLC method.

4. CONC LUS ION

In errasimilar results were obtaiined by tire TiCI 3 , GLC and 'I.2 ':

for the determinat ion of 0ODNT in ,single "':T1 1311e~.ats . Th,1.
HPI.C methods are, however, faster arnd eas ier to cairrv nut, and e it hcr me*'I-

would be an acceptable replacement method for tire, 'il; 13 metLhod. 'I Ii o ')rr.,.

mothed is the most favoured method - it is fast, ceirveriiient and gives !.i:e --,:
rrdir ib leh results.
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TABLE 2. COMPARISON OF MEAN, STANDARD DEVIATION (SD AND RELATIVE STANDARD

DEVIAFION tRSD %) OF . DNT

S mp I,,, Prope 1 lant Lot No. Titanous a. Liquid

Number '1pe Chloride Cfro:vography Chromatogrirhy
(TiC 13

NH033 IE 1913 e an 9.77 9.49 9.64
S.D. 0. 063 0. n1) 1 0.02i
RSD. 0.64 O. 9t 0.28

NH033 MEM 1948 Mean 10.38 10.0'" 10.3-
S.D. 0.065 0.. 8 0.021
RSDo 0.63 0.83 0.2n

3 FN/P038 MEM 317 'lean 9.40 S. P0 9.4)
S.D. 0.020 G C. (19
RSD.o 0.21 C..20

4 FNH023 MEN! 1980 Mean 9.72 9.60 9.83
S.D. 0.101 (,.(.,37 O.C29
RSD% 1.04 0. 0.21)

5 AR 2206 MEM 1901 Mean 7.03 7.0o 7.09
S.D. 0.047 0.095 0.015
RSD% 0.67 1.25 0.21

6 AR 2206 MEM 1965 lean 6.25 6.19 6.19
S.D. 0.053 0.082 0.025

[- RSD% 0.85 1.32 0.40

TABLE 3. MOBILE PHASE FOR LIQUID CHROMATOGRAPHIC SEPARATION OF DINITROTOLUENE

Time o dichloromethane cycllhexane
(min)

0 15.0 8 .0
7 15.0 85.0
7.5 90.0 1o.)

13.5 90.0 10.0
14.5 15.0
19.0 15.0 8 .0

JTiJ4JdJ IN I ' N1iJAU.) IV .l V l : I I
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APPENDIX V

STATISTICAL TREATMENT (ANALYSIS OF VARIANCE) OF RESULTS - TEST 'T ,IChF
DIFFERENCE
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both 5% and 1% levels of significance.

Consider, sample 2; the difference between means 1 and 2 is significant at
both 500 and 1' levels of significance (ie 0.318 > 0.065, 0.089) whereas the
difference between means 1 and 3 is not significant (ie 0.043 < 0.065, 0.089).

Considering the six separate sample types of 3 means each, in 5 cases the F
test indicates that the 3 means as a group differ significantly at one or more
of the two levels of significance. The standard deviation of such differences
is best indicated by the appropriate values of S b

In practical terms however, there is no significant difference between any of
the three methods because the propellant specification limits are quite wide
ie for NH, FNH propellants the specification for DNT contents is 10 ± 1%, and
for AR 2206 4-8. DNT. All three methods give results well within these
specification limits, and both HPLC and GLC methods are considered as suitable
replacements for the TiC13 method.

I

U

11
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APPENDIX IV

STATISTICAL TREATMENT OF RESUI,'S

In this work, the means obtained for each propellant type by the three methods
arp compared by an analysis of variance treatment. The results are summarised
in Appendix V. Looking at Appendix V, 1 , N2 and X3 refer to the means

obtained by the TiCl 3 , GC and HPLC methods, respectively. S1, S2 and S3 refer

to the respective standard deviations.

S w is the within samples standard deviation, and Sb is the between samples

means standard deviation. F is the variance ratio, ie

F _ bS2~
a

w

v, and v2 are the degrees of freedom where

v1 = k - I (where k is the number of methods compared (3))

and v2 = N - k (where N is the total number of individual measurements

being considered)

FO.03 and F (with the appropriate degrees of freedom) are obtained from

tables of the F-distribution(ref.12,13) at the 5. and 1% level of
significance, respectively.

Thus, in cases where the calculated F exceeds the FO.05 or F 0.0 found in

- tables, a significant difference exists between some o- the means at the 5, or
1.I or both levels of significance.

From Appendix V, for samples 1. 2, 3 and 4 the F ratio exceeds the FO.05 and

F .01; for sample 5, F < F F.05' FO.0 and for sanple 6 the result is marginal.

This means that only the sample 5, the three means do not differ significantly
at either the 5 or 1% level of significance. In the case of sample 6, a
significant difference between the three means exists at the 5% level but not
at the 1% level of significance.

In order to find out which pair of means (XIX 2 , NIX3 or X2X 3 ) is signficantly

different, the least significant difference (LSD) is calculated and compIred
with the difference between the means.

* n1 + n2LSD S2  Fv=l, v2=N-k
Fn n2 wi

Thus for sample 1, the difference between means 1 anil 2 is

I - X2  = 0.275

%hi('h is greater than the 1,SD At 0.05 (0.088) and ISD at 0.01 (0. 1?4)
Therefore a significant difftrence exists betwern m( iins I and 2 (sampl I) -it

.JNJd A J IN IVVNUJAU.) I V 1I 1 1 Rn 1 I'
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p-nitrotoluene 200 s
C 2,6-dinitrotoluene 320 s

2,4-dinitrotoluene 393 s
diphenylamine 713 s
dibutyl phthalate 777 s

A typical chromatogram is shown in figure 3. In most cases the printer
was stopped just after elution of the 2,4-DNT - consequently, no
diphenylamine or dibutyl phthalate peaks are seen in figure 3 - the
mobile phase, however, was continued for sufficient time to ensure that
these components were eluted from the column.

111.4.7 Prepare a series of calibration standards from a stock solution
of 2,4-dinitrotoluene (2 g) in dichloromethane i100 mL). Transfer by
pipette 2, 3, 4 and 5 mL of this solution to 25 mL volumetric flasks,
add 5 mL of p-nitrotoluene internal standard solution (solution 2.4
above) and make up to volume with dichloromethane. Check that a linear
response is obtained over the range of standards. If excessive non-
linearity (>5%) is observed, further dilution of the solutions is
required.

0 111.4.8 Prepare a control from the above stock (solution 4.7 above) by
pipetting 5 mL into a 25 mL volumetric flask, add internal standard and
make up to volume.

II.4.9 Prepare two solutions, containing equal amounts of
2,6-dinitrotoluene and 2,4-dinitrotoluene in dichloromethane. Inject,
and measure the detector response. In this case the response is not
equal - the response of 2,6-dinitrotoluene is only approximately 38%
that of 2,4-dinitrotoluene.

111.4.10 Prepare a calibration standard by weighing out 100 mg of

2,6-dinitrotoluene and 1.9 g of 2,4-dinitrotoluene - make up to 100 mL
with dichloromethane. Transfer by pipette 5 ml, of this solution to a
25 mL volumetric flask, add 5 mL of internal standard solution and make
up to volume.

111.5 Expresssion of results

111.5.1 Calculate the percentage of dinitrotoluene in the propellant by
, utilising the microprocessor controlled software "Method 3, SP8000 Data

System". Correct for added matter, by multiplying by
- 100100 - The percent added matter is obtained from the100 - % added matter*

referencing specification.

I

0
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APPENDIX III

DETERMINATION OF DINITROTOLUENE BY HIGH PERFORMANCE LIQUID CHROMIATGRAHPY

I1l.1 Principle

I.1.1 The propellant is extracted with dichloromthane. An interna'
standard is added and the mixture is separated by high performanc,
liquid chromatography.

III .2 Reagents

II1.2.1 Solvents - Ajax "Unichrom - specially purified for HPLC",
dichloromethane, cyclohexane.

111.2.2 2,b-dinitrotoluene - AR grade.

171.2.3 .'2,-dinitrotoluene - AR grade.

2iI.2- p-nitrotoluene AR grade. (For use as internal standard, 0.5 g
* in 100 mL dichloromethane.)

111.3 Apparatus

I11.3. See Appendix I for a description of the extraction apparatus.

11.3.2 Liquid chromatograph - Spectra-Physics SP8000A.

111.3.3 Column - Hibar, Lichrosorb (Merck) Si 100 (10 lm), column length
250 mm, internal diameter 4 mm.

111.3.4 Detector SP8400 UV/vis operating at 254 nm.

111.4 Procedure

111.4.1 Prepare and extract about 5 g of propellant as described in
Appendix 1 (4.2.1 and 4.2.2).

111.4.2 Concentrate the dichloromethane extract, transfer to a 25 ml,
volumetric flask and dilute to volume.

111.4.3 Transfer 5 mL to a 25 mL volumetric flask and add 5 mL of-
internal standard solution (0.5 g p-nitrotoluene in 100 mL
dichloromethane). Dilute to volume.

111.4.4 Filter a small portion of the mixture through a membrane filter
* • (0.45 micron) and inject on to the column (using 10 pL loop injector).

111.4.5 Liquid chromatography conditions:

Column temperature 500 C. Binary mobile phase as in Table 3. Th,
olvents were degassed with helium. A constant flow mode of 2 ml/min

was used.

111.4.6 With the above conditions, the following r,,pr';vntat ivc
retention times were obtjinvd

[IV
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2,o-dinitrotoluene 172 s
2,4-dinitrotoluene 234 s
diphenylamine 335 s
methyl centralite 332 s
dibutyl phthalate 628 s

!1.4.7 Prepare a series of calibration standards from a stock sol:ti:on
of 2 g of 2,4-dinitrotoluene in dichloromethane (100 ml, . Trariser by
pipette 2, 3, 4, 5 and n mL of this solution to 23 mL volumetric flasks,
add 5 mL of internal standard solution (solution 2.3 abovej, and make up
to volume with dichloromethane. Check that a linear response is

obtained over the range of standards (figure 2).

11.4.8 Prepare a control by dissolving 1 g 2,4-dinitrotoluerie in 100 ml.
dichloromethane. Transfer 10 mL to a 25 ml. volumetric Ilask, add 5 mL
internal standard and make up to volume.

11.4.9 Prepare two solut ions, containing equal imounts of
2,6-dinitrotoluene and 2,4-dinitrotoluene in dichloromethane. Inject,
and measure the detector response - in this case the response i',,qual,
ie one can add the areas of 2,n- and 2,4-dinitrotoluene to obtain total
dinitrotoluene.

* 11.5 Expression of results

11.5.1 Calculate the percentage of dinitrotoluene in thet prope!lant as
follows

DNT area sample peak 0.5 100

area int std peak x slope wt propellant 100 - o added matter

where slope = slope of line in figure 2.

Ir
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APPENDIX II

DETERMINATION OF DINITROTOLUENE BY GAS CHROMATOGRAPHY

II.1 Principle

II.1.1 The propellant is extracted with dichloromethane. An internal
standard is added and the mixture is separated by gas chromatography.

11.2 Reagents

11.2.1 All reagents were checked to ensure they were homogeneous by gas
chromatography.

11.2.2 Dichloromethane - AR grade.

11.2.3 2,6-dinitrotoluene - AR grade.

11.2.4 2,4-dinitrotoluene - AR grade.

11.2.5 Methyl centralite - mp 121.5 - 122 0C recrystallised from boiling
ethanol/petroleum spirit (for use as internal standard, 2.5 g in 500 mL
dichloromethane).

11.3 Apparatus

11.3.1 See Appendix I for a description of the extraction apparatus.

11.3.2 Gas chromatograph - Perkin Elmer F1i with flame ionisation
detector.

11.3.3 Integrator - Hewlett Packard 3307A (electronic).

11.3.4 Column - stainless steel column 2 m x 3 mm OD packed with 3%
OV-10 on Chromosorb W HP 100-120 mesh.

11.4 Procedure

11.4.1 Prepare and extract about 5 g of propellant as described in
Appendix 1 (4.2.1 and 4.2.2).

11.4.2 Concentrate the dichloromethane extract, transfer to a 25 mL
* volumetric flask and dilute to volume.

11.4.3 Transfer 5 mL to a 25 mL volumetric flask and add 5 mL of
internal standard solution (2.5 g methyl centralite in 500 mL
dichloromethane). Dilute to volume.

11.4.4 Inject IvL of solution onto the column and measure the area of
* the dinitrotoluene peaks and internal standard using the electronic

integrator.

11.4.5 Gas chromatography conditions

Column temperature 150 0C initial, hold 5 min, program to 200 0 C at
150 /min. Injector, detector at 2000 C. Nitrogen carrier gas It
30 mL/min.

11.4.6 With the above conditions, the following representative rvtention
times were obtained:

0

I. • '+h2 l Ad,. J IPJ !V'rePl 1A I )' IV (JJI~l nIIOl~ +II



WSRL-0368-TM - 10-

m = mass of propellant sample taken (usually 2-4.0 g, or 0.2 g
for control)

The percent added matter is obtained from the referencing specificatioii.

NOTES: 1. Because of the high coefficient of expansion of ethanol it
is necessary to take particular care to avoid errors due to
volume changes arising from minor variations in temperature.

2. Preparation of 0.2 N Titanous chloride

2.1 Mix 200 mL of commercial titanous chloride solution
(approximately 15%) with 80 mL of concentrated hydrochloric
acid. Filter if necessary quickly through No.1 paper, and
make up to 800 mL with water. Pass a slow stream of
nitrogen through the solution whilst boiling on a hot plate
for 10 min until the issuing vapours no longer colour moist
lead acetate paper. Cool and store under nitrogen in a
dark, well-stoppered bottle.

3. Standardisation of 0.15 M Ferric Ammonium Sulphate
3.1 Dissolve approximately 72.3 g of ferric ammonium
sulphate in 1 L of water containing 26.6 mL of concentrated
sulphuric acid (ie dilute sulphuric acide solution 1 N).
The ferric ammonium sulphate dissolves with difficulty and
is best carried out by heating and stirring the solution for
approximately 3 hours.

3.2 Standardise the ferric ammonium sulphate solution by
reduction with zinc amalgam followed by titration of the
resulting ferrous salt with standard 0.1 N potassium
dichromate.

3.3 Prepare zinc amalgam by warming 4 g of zinc turnings,
100 g of mercury and 200 mL of 20% sulphuric acid on a water
bath until all the zinc has dissolved (approximately
1 hour). Pour off the acid, wash tho amalgam with water and
transfer it to a 100 mL glass stoppered bottle.

Rinse out the bottle containing tho amalgam with small
quantities of the solution of ferric ammonium sulphate
(green colour) to be standardised and then half fill the
bottle with fresh solution. Replace the stopper and shake
vigorously (5 min) until complete reduction to the ferrous
condition (blue colour) has been achieved.

Withdraw 20 mL of the reduced solution by means of a pipott,
and transfer to the titration flask connected to a slow flow
of nitrogen. Add 10 mL of concentrated sulphuric acid, cool
the mixture and titrate with 0.1 N potassium dichromate
(4.904 g in I L water) using 2 drop-; of o-phenanthroline
ferrous sulphate ("ferroin" 0.025 M) as indicator. The
colour change at the end is from pink io green.

4.

I- - - ( . . . - -. - - . . - . . - . - - . - . ." : : -
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1.4.2 Propellant

1.4. 21 If necessary, (for NH, FNI{ propeI 1 ints , grind the prop,-'
(in a cordite mill) arid sieve using the 2 mm ieve and receiving pin.
(The AR 220b propellants, being small grained, were not grou::i: )r
sieved.)

1.4.2.2 Weigh out an appropriate amount of propellant 1uw ;

2-4.0 g) to contain approx'imately 0.2 g of dinitrotoluene i:..,
tared alundum thimble. (This is an amounit which gives conve:;,:'t
titration volumes., Record the mass to the nearest 0.1 mg.

Place the thimble in a cold Soxhlet extraction apparatus and extr:uut

with 150 mL of dichloromethane for 70 hours on a water bath.

1.4.2.3 Gently boil off the dichloromethane solvent to drvn.
dissolve the residue in ethanol and transfer quantitatively to
100 mL volumetric flask. Make up to volume with ethanol INot
(Use 20 mL of this solution in the subsequent reduction procedur-.

1.4.2.4 Transfer by pipette 20 mL of the control solutiori or
propellant extract to the titration flask connected to a flo' r

nitrogen. Continue a slow flow of nitrogel until the determinaitiol
is complete.

1.4.2.5 Add 25 ml, of titanous chloride so!ution (Note 2) followed 1v

25 mL of hydrochloric acid.

1.4.2.6 Connect the flask to the reflux condenser and boil ger:,ty

(15 min) on a heating mantle.

1.4.2.7 Without disconnecting the flask from the condenser remove the

flask from the mantle and cool to room temperature.

1.4.2.8 Wash the condenser with 30 mL of ethanol arid then remove tle

flask from the condenser.

0 1.4.2.9 Add 5 mL of ammonium thiocyanate. Titrate with frr~c

ammonium sulphate solution (Note 3) to the end-point as indicated iy
the permanent red colour.

1.4.2.10 Carry out a blank determination omitting the prope li!nt

extract.

1.5 Expression of results

1.5.1 Calculate the percentage of dinitroluene in the propellinlt

fol lows

7.59 x M x (B-T) x 100

% DNT m x (100 - % added matter)

where B = volume of ferric: ammonium sulphat. :,ol tion used for itik
m h

T = volume of ferric: ammonium sulphate ;olution used for namttpi'

aliquot, mL

M = molarity of ferric ammonium sulphate solution

I ,
ISitd .J I N jh , ''' i,, j V U JJI Iu'I ''
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APPENDIX I

DETERMINATION OF DINITROTOLUENE BY TITANOUS CHLORiDE REDUCTON

I.1 Principle

1.1.1 The propellant is extracted with dichloromethane,. 2Iho solvent i

evaporated and the residue is made up to volume with ethinol. A'.
aliquot of this ethanol solution 4s then reduced by boilling with a'!
excess of titanous chloride. The amount of titatious chloride usied lo:
reduction is determined by back titration with ferric ammonium sulphate
solution and is used to calculate the amount of dinitrotcluene present.

1.2 Reagents

1.2.1 Dichloromethane - AR grade.

1.2.2 Ethanol - 950 v/v at 15.5 0 C to BS507.

1.2.3 Inert gas - nitrogen (oxygen free).

1.2.4 Titanous chloride - approximately 0.2 M, in 4°% m/V hydrochloric

acid solution.

1.2.5 Ammonium thiocyanate solution - (20°° m/V, aqueous).

1.2.6 Ferric ammonium sulphate - 0.15 M, standard soluticri in 0.5 '!
sulphuric acid solution.

1.2.7 Potassium dichromate - 0.1 N.

1.2.8 2,4-Dinitrotoluene - m.p. 70-70.50 C (Fluka, puriss or equivalent).

1.2.9 Zinc amalgam.

1.2.10 o-phenanthroline ferrous sulphate ("ferroin" 0.025 'I).

1.3 Apparatus

1.3.1 Titration flask (250 mL) - 3-necked - containing inlet for
nitrogen, condenser, stopper and magnetic stirrer bar.

1.3.2 Heating mantle.

1.3.3 Magnetic stirrer.

1.3.4 Soxhlet extraction apparatus - alundum thimblr, round bottom flask
(250 mL, 1 neck) condenser.

1.3.5 Water bath.

1.4 Procedure

1.4.1 Control

1.4.1.1 Weigh out 0.2 g of 2.4-dinitrotoluene, transfer to a 100 mL
volumetric flask and make up to volume with ethanol. (Ilse 20 mL of
this solution in the subsequent reduction procedure.)

I.bNdX- IN IVNIt III,-) IV uJnnowIdhim
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Figure 3

INJECT 16 45 56 8

97
778 197 PNT

S241 2,6 - NT

3 05 370

f 24-DNT

END OF RUN 16.55:57

NITROTOLUENES AUG-07-81 16:45

CtlANNFL 1 RUN 9 FILE 2 METHOD 3

INDEX B SAMPLE FNf1023 ME.11980

S,AMT= 1

NAME CONC R AREA KF RRT

1 97 492 0.492
2 178 611 1 0.903

INTERNAL 197 902564 IS 1
4 248 11521 1.259

2.6DNT 4.387 305 90512 1 43.75 1.548
2,4DNT 94.2 370 4520207 L 18.81 1.878

TOTALS 98.59 5525907

NITROTOLUENES AUG-07-81 16:45

CHANNEL 1 RUN 9 FILE 2 METHOD 3

INDEX B SAMPLE FNH023 MEM1980

NAME AVERAGE RET, SD % STD DEV VARIANCE

INTERNAL
2.6DNT 4.385 0.451 0.02 < 0.001
2.4DNT 93.69 0.594 0.557 0.309

I

Figure 3. IPLC Chromatogram (top) and data printout (below) of an FNH propellant
extract

4I
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Figure 4
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