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ABSTRACT

N-Phenyl-B-naphthylamine (Nonox-D) is used as an antioxidant in com-
posite propellant formulations based on hydroxyl terminated polybutadiene
(HTPB). The service performance of a composite propellant over along
storage period depends on the nature, effective concentration and purity
of antioxidants added. Therefore, a new method has been developed to
determine the quantitative estimation of purity of Nonox-D using bromate
and bromidein acidic medium. Thedetermination of quantitative estima-
tion of purity involves treating Nonox-D with an excess of potassium
bromate and potassium bromide in the presence hydrochloric acid using
acetic acid asmedium .After bromination of Nonox-D, the excessbromine
is quantitatively determined by addition of potassium iodide solution
followed by back-titration of the liberated iodine with standard sodium
thiosul phate solution. The data obtained by analyzing different sources
of Nonox-D indicate that the devel oped method ismuch reliable, fast and
accuracy toleranceisin the range of +0.5% and more safe in comparision
to toluene diisocyanate method reported earlier.
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INTRODUCTION

Hydroxyl terminated polybutadiene(HTPB) isthe
workhorse binder for composite propel lants currently
being usedin gpaceaswell asmissleprogrammes¥ dl
over theglobe. Thebasicingredientsof compositepro-
pellantsarean oxidizer such asammonium perchlorate,
ametdlicfud likeauminium powder dongwithHTPB
asbinder. Dueto the presence of doublebondsinthe
polymeric backboneof HTPB, it undergoes degrada-
tion dueto oxidation by atmospheric oxygen, hightem-
perature, high shear associated with high energy radia-
tion. Thedegradation resultsinlassof mechanicd prop-
erties, changein color which ultimately affectsthe shelf

lifeof thepropellant’?¥. Hencetoincreasetheshelf life
as well as to preserve the mechanical properties
throughout thesarvicelifeof thepropdlant, antioxidants
areadded to prevent theformation of freeradical that
otherwiselead to the degradation of polymeric network.
In literature, anumber of antioxidants, like butylated
hydroxyl toluene(BHT), diphenyl amine(Accinox-B),
N-Phenyl-B-ngphthylamine(Nonox-D), 2,2-methylene
bis-(4-methyl-6-tertiarybutyl phenol) (Vulcanox-BKF)
and polymerized 1,2-dihydro-2,2,4-trimethylquinoline
(Accinox-TQ) have been reported and used for HTPB
systemd4. However, commonly used antioxidant for
HTPB based composite propellantsis Nonox-D® and
to beeffectiveeven at 0.1 % level. Furthermore, the
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service performance over along storage period de-
pendson the nature, effective concentration and purity
of theantioxidants added.

Inview of better performance and commercid in-
terest in different grades of Nonox-D, thereisaneed
for rapid and ssmple method for the estimation of the
purity of Nonox-D. Themost commonly used method
to determine purity of organic nitrogen is Kjeldahl
method®. However, thismethod ishighly laboriousand
time consuming asit requires several hoursof diges-
tion, didtillationfollowed by titration. Thismethodisnon
reproducible and non specific for Nonox-D asnitrogen
inany form also contributes and thus producing erratic
results. Further, gas/liquid chromatography hasa sobeen
reported asapowerful andyticd techniquefor thequan-
titative estimation of purity of Nonox-D. However, this
technique always needs areference sampleof the pu-
rity of morethan 99.99%.

In continuationto thiswork further, the determina-
tionof quantitativeestimation of purity of Nonox-D using
toluene diisocyanate, hasbeen reported €l sewhere”.
Though the devel oped method using toluene diiso
cyanateisrapid and accurate, yet it suffersfrom the
fact that toluene diisocyanateisacarcinogenicin nature
which poses hedlth and handling problem. Therefore,
thereisaneed to devel op such amethod for quantita-
tiveestimation of purity of Nonox-D, whichavoidshan-
dling of dangerous chemicals. Inview of this, asuc-
cessful attempt has been carried out for quantitative
estimation of purity of Nonox-D by aromatic electro-
philic bromination method.

Inthefollowing section, wereport the quantitative
estimation of purity of Nonox-D using potassium bro-
mate and potassium bromidein acidic medium.

EXPERIMENTAL

Material

N-Phenyl--naphthylamine (Nonox-D), procured
fromAldrich, USA, ABR organicsHyderabad & Surbhi
chemicalsindustries, Pune, were used assuch for the
determination of purity. Potass um bromide, potassium
bromate, sodiumthiosulfate, potassumiodide, glacia
acetic acid and hydrochloric acid were of AR grade
and procured from Merck-India.

Hnalytical CHEMISTRY o

Procedure

Toadryiodineflask (capacity 250 mL) accurately
weighed 0.2 g of Nonox D and added 50 mL of glacial
aceticacidtoit. After this, pipetted out 25mL of 0.5N
bromated-bromide sol utionsand added into flask fol -
lowed by 10 mL of conc. hydrochloric acid. Thestop-
cock wastightly closed, swirled and kept for 15 min-
utesat room temperature. To this, 10 mL of 15 % po-
tassiumiodide solution, freshly prepared, wasrapidly
added to flask, immediately re-stoppered and swirled
the contentsfor amoment. Titrated theliberated iodine
with standard 0.5 N sodium thiosul phate sol ution until
thesolution becamedightly yellow, then added 5 mL of
starch asanindicator and continued thetitration until
the blue color disappeared. A blank titration was aso
carried out without Nonox-D.

RESULTSAND DISCUSSION

Electrophilic bromination aspects

Aromatic compounds can be brominated by treat-
ment with brominein the presence of acatalyst, most
often iron. However, thereal catalyst isnot theiron
itsdlf, but itsha ogenated compound likeferric bromide/
ferric chlorideformed insmall amountsfrom thereac-
tion betweeniron and thereagent. For active substrates,
including amines, phenols, naphthal ene, and polyal kyl
benzenes such asmesitylene and isodurene, no catalyst
isneeded. Indeed, for amines and phenol sthereaction
iIssorapidthatitiscarried out with adilute solution of
bromineinwater at room temperature. Even so, with
aminesitisnot possibleto stop thereaction before al
theavailable ortho and parapositionsare substituted,
becausetheinitially formed bromoaminesare weaker
basesthantheorigina aminesand arelesslikely to be
protonated by theliberated HBr. For thisreason, pri-
mary aminesare often converted to the corresponding
anilidesif monosubgtitutionisdesired. Therapid room-
temperaturereaction of brominewith aminesisoften
used asaquditativeand quantitativetest for thesecom-
pounds. Since Nonox-D isN-phenyl-B-ngphthylamine,
both of its phenyl and naphthyl ringisrichinelectron
density, dueto activation by amino group, it will un-
dergo aromatic bromination reaction quantitatively.

Electr ophilicbromination steps
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1. Gener ation of bromine

Acid solutionsof bromine of exactly known con-
centration arereadily obtainable from astandard po-
tassium bromate sol ution by adding acid and an excess
of bromide.

KBro,+5KBr + 6HCI»3Br,+3H,0+6KCl

Inthe abovereaction, onemoleof bromateyieds
six atomsof bromine. Bromineisvery volatile, and
henceall operations should be conducted at low tem-
peratureaspossiblein conica flasksfitted with ground-
glassstoppers. Potassum bromateisreadily available
inahigh state of purity; the product hasan assay value
of at least 99.9 per cent. The substance can bedried at
120-150°C, is anhydrous, and the aqueous solution can
bekept indefinitely, therefore, it isemployed asapri-
mary standard.

2. Aromaticeectrophilicbromination of Nonox-D

Theliberated molecular brominereactswith Nonox-
D toform tribromo derivative of Nonox-D. Hencethe
equivalent weight of Nonox-D isone-sixth of itsmo-
lecular weight. Further, thetribromo product was sepa-
rated out after titrimetricanalysisandrecrysta lissd with
acetonewhich showsmedting point intherangeof 147-
149°C. The structure of tribromo derivative was fully
characterized using IR, *H NMR, *C NMR and mass
spectrum and e ementd analysis.

PeAGE
Nm

3. Reaction of excess bromine with potassium
iodide

Theexcessof bromineisdeterminediodometricaly
by the addition of freshly prepared excess of potas-
sumiodidesolution andtitrated theliberatediodinewith
standard thiosul phate solution using starch asan indi-
cator.
Br, (excess) +KI —1,+2KBr
|,+2Na,S0,—~ 2Nal +Na,S,0,

—= Fyll Poper

TABLE 1. Dataon quantitativeestimation of purity of Nonox-
D of different sources

9o Aldrich ABR Organics Sur bhi
' (%) (%) (%)
1 99.65 96.40 94.10
2 99.70 96.35 94.40
3 99.55 96.10 93.90
4 99.60 95.90 94.57
5 99.60 95.95 94.50

CALCULATION
% Purity of Nonox —D = (B=A)xNrhio x36.5 44,

W x 1000

Where, B isvolume of sodium thiosul phate solution required
for the blank, in mL, A isvolume of sodium thiosul phate solu-
tion required for the titration, in mL, N, . is normality of so-
dium thiosulphate solution, W is the weight of Nonox-D in

grams.

Further tothis, the quantitative estimation of purity
of Nonox-D was ascertained by using Aldrich make
Nonox-D of known purity (>99.5%). The developed
method wasempl oyed to quantify the purity of Nonox-
D of AldrichmakeadongwithABR Organicsand Surbhi
make. Theresultsobtained are presented in TABLE 1.
Itisclear from thetable-1 that the percentage purity of
Aldrich make Nonox-D is>99.5 %. The samples of
ABR Organicsand Surbhi show the purity of Nonox-
D is96%+0.5 % and 94% + 0.5%, respectively, indi-
cating better purity of ABR organicsin comparisonto
that of Surbhi make. The purity determination val ueof
devel oped method was al so cross checked using gas
chromatography for the same samples and data ob-
tained areinthe agreement of devel oped method. Fur-
thermore, the devel oped method has already beenin-
cludedinthetext of qudity improvement and thismethod
isbeing used asroutine analysis of Nonox-D for its
quantitative estimation of purity before usein propel -
lant compogitions.

CONCLUSION

A new method for the quantitative estimation of
purity of Nonox-D has been devel oped based on bro-
mination reaction. The devel oped method isaccurate
andrdiable. Thetolerancelimit of thismethodis+0.5%.
Moreover, the devel oped method does not need refer-
ence sampl e asadvanced instrumental methods need.
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The devel oped method has a so beenincludedinthe
text of routinequality check of Nonox-D for the quan-
titative estimation of itspurity beforeusein prope lant

formulations
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