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N-Phenyl-B-naphthylamine (Nonox-D) is used as an antioxidant in rubber industry aswell asin composite propel-
lant formulations based on hydroxyl terminated polybutadiene (HTPB). A new method has been developed to
determine the purity of Nonox D using TDI. The secondary amine of Nonox D reacts with excess of TDI. The
quantity of remaining TDI was determined by reacting with excess of dibutylamine which was further determined
by titrating against standard hydrochloric acid. The data obtained by analyzing different sources of Nonox-D
indicate that the developed method is much reliable, fast and accuracy tolerance isin the range of £0.5%.
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INTRODUCTION

Hydroxyl terminated pol ybutadiene(HTPB) based
solid rocket propellantsare currently being used in space
aswdl asongoing missileprogramme. However, due
to presence of one double bond(-C=C-) inthechain
segment of every repeating unit of HTPB, itisproneto
degrade dueto atmospheric oxygen, moistureand tem-
perature. The oxidative degradation usually leadsto
hardening, discol ourization aswell assurface changes
of polymer matrix which ultimately affectstheshef life
and mechanical properties of the polymer. The poly-
mers are protected agai nst oxidative degradation by
incorporating certain chemica compoundscalled anti-
oxidants. Antioxidantsaresignificantly effectiveevenin
small amountsin preserving the origina properties of
the polymer. They oppose oxidation and inagood num-
ber of cases suppressundesirable reactions, promoted
by oxygen or peroxides. The common antioxidantsfal
inthe classof phenols, aromatic aminesand salt and
condensation products of amines and amino phenols

with adehydes, ketonesand thio compounds. Also, it
iswell recognized that presence of phenol/amine stabi-
lizersin solid propellants such as doubl e basg? and
composites® areof primary importancefor longterm
chemica/mechanicd durability of rocket motors. A num-
ber of antioxidants, like butylated hydroxyl toluene
(BHT), diphenyl amine(Accinox-B), N-phenyl-f-naph-
thylamine (Nonox-D), 2,2-methylenebis-(4-methyl-6-
tertiarybutyl phenal) (Vulcanox-BKF) and polymerized
1,2-dihydro-2,2,4-trimethylquinoline (Accinox-TQ)
have been reported and used for HTPB systems?.
However, commonly used antioxidantsin composite
propellants based on HTPB are Nonox D and to be
effectiveevenat 0.1% levd. Further more, the service
performance over along storage period depends on
the nature, effective concentration and purity of thean-
tioxidants added.

Inview of better performanceand commercid in-
terestin different grades of Nonox-D, thereisaneed
for rapid and simple method for the estimation of the
purity of Nonox-D. Themost commonly used method
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to determine purity of organic nitrogen is Kjeldahl
method®. However, thismethod ishighly laboriousand
time consumingasit 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%. To avoid the need of refer-
ence sample, anew method for the determination of
purity of Nonox-D using toluenediisocyanate have been
developed and used for the estimation of purity of
Nonox-D.

Inthefollowing section, wereport the determina-
tion of purity by reacting secondary amineof Nonox-D
with-NCO group of TDI. Theunconsumed TDI isfur-
ther treated with excess of dibutyl aminewhichisback
titrated with standard hydrochloric acid.

EXPERIMENTAL

Material

N-Phenyl-B-naphthylamine(Nonox-D), procured
from Aldrich, ABR organics Hyderabad and Surbhi
chemicalsindustries, Pune, were used assuch for the
determination of purity. Toluenediisocyanate(TDI) pro-
cured from Bayer, Germany, having purity >99.5% was
used asrecealved. Dibutylamineand toluene, AR grade,
were procured from Merck-India Bromothymol blue
AR grade was used as indicator and 0.5N HCI of
MERCK-Indiawas used astitrating reagent.

Procedure

To adryiodineflask(capacity 250mL ) accurately
weighed 2.175g of TDI and 25mL of AR gradetoluene
followed by 0.5g of Nonox D. Thestopcock wastightly
closed and kept for 45 minutesat room temperature.
In the mean time, 50mL of already prepared dibutyl
aminereagent(17.5ml of dibutylamineand 82.5ml of
toluene) was added to the flask. After addition of
dibutylaminereagent, theflask was again kept for half
anhour. After haf an hour, 2.0ml of 0.04wt % solution
of bromothymol blueindicator, prepared in distilled
water, was added to the flask followed by 65mL of
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isopropanol. It wastitrated against 0.5 N HCI which
gave end point blueto yellow. A blank titration was
a so carried out without Nonox-D.

RESULTSAND DISCUSSION

Itiswell known that -NCO group reactswith ac-
tive hydrogen possessed by an e ectronegetived ement.
The order of reactivity!” of -NCO group with active

hydrogenisasfollows.

Aliphatic amine>ar omatic amine>primary alcohol>water >
secondary alcohol>tertiary alcohol>car boxylic group>urea>
amide>urethane

Itisclear from theabovereactivity that aliphatic/
aromatic aminereactswith -NCO groupreadily. This
reaction isutilized to determinethe purity of toluene
diisocyanate (TDI) by reacting with excess of
dibutylamin(®. Theproduct of thisreactionisureade-
rivative of aromatic and aliphatic moieties. Theexcess
dibutylamineistitrated against standard hydrochloric
acid. Further, ablank titrationisalso carried out with-
out using TDI to get exact volume of acid consumed.
Thepercent purity of TDI iscaculated by usngfollow-
Ing equation.

(Blank —sample)x N, x 8.7x100

WTDI
WhereN,,, isnormality of HCI, W_ isweight of TDI

Keepinginmind thereactivity of active hydrogen
of electronegative elements with NCO group, 2-
phenylnaphthyl amine (Nonox D) wasasotried asit
contains one active hydrogen atom attached to nitro-
gen. Thereactivity of aromatic aminewith NCO group
hasal o been studied by NM R technique® whichelabo-
rates the competitivereactivity of -NCO group with
activehydrogen of different antioxidantsby varyingthe
NCO/OH ratio. Based on the above reactivity and
NM R supported data, we have successfully estimated
thepurity of Nonox D usng TDI.

Inthismethod, first of al percentage purity of TDI
was determined by reacting excessof dibutylaminefol-
lowed by titration against standard hydrochloric acid
using bromothymol blueasindicator. After confirming
the percentage purity of TDI, thesame TDI wasused
for the determination of purity of Nonox D. Theexcess
of TDI first reacted with active hydrogen of Nonox D.
Theremaining TDI was then treated with excess of
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dibutylamine. It wasfurther titrated agai nst standard
hydrochloric acid using bromothymol blueasindicator
along with blank. The reaction scheme of TDI with
Nonox-D aswell asdibutylamineisasfollows

N@

usingAldrichmakeNonox-D of known purity(>99.5%).
The deve oped method wasemployed to determinethe
purity of Nonox D of Aldrich makeaongwithABR
Organicsand Surbhi make. Theresultsobtained are
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SCHEME 2: TDI isfurther treated with dibutylamine

n-CqHNH —HCL o n-CyHg),NH*,CI"

SCHEME 3: Dibutylamineistitrated againg sandard HCI
Based on the obtained data, the calculation of purity of Nonox- D iscarried out as
1000mL of 1M Nonox D  =87gof TDIl or 174g of TDI =438g of Nonox-D or
1000mL of 1M TDI =438g of Nonox-D or 1mL of 1M TDI =0.438 g of Nonox-D

% purity of Nonox-D  ==(Blank-Sample)*N HCI*0.438* 100

W Nonox D

Where, N,
taken.
Further, the purity of Nonox-D wasascertained by

oisnormdity of HCI, W, Jisweightof Nonox-D  presentedin TABLE 1. Itisclear fromthe TABLE 1
that purity of Aldrichis>99.5%. Thesampleof ABR
Organicsand Surbhi show the purity of Nonox-D is
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TABLE 1: Dataon purity of Nonox-D of different source

SI.No Aldrich(% ) ABR organics(%) Surbhi(%)
1 99.50 96.28 94.25
2 99.60 96.22 94.48
3 99.45 95.98 94.02
4 99.70 95.88 94.57
5 99.5 95.78 94.06

96% +0.5% and 94%+0.5%, respectively, indicting
better purity of ABR organicsin comparison to Surbhi
chemicals. Thepurity determination va ueof devel oped
method was al so cross checked by using gas chroma
tography for the same samplesand dataobtained arein
the agreement of devel oped method. Furthermore, the
devel oped method hasdready beenincludedinthetext
of quality improvement and thismethod isbeing used
asroutine analysisof Nonox D to estimateits purity
beforeusein prope lant compositions.

CONCLUSION

A new method for the determination of purity of
Nonox-D hasbeen developed using TDI. Thedevel-
oped method isaccurate and reliable. Thetolerance
limit of thismethod is+0.5%. Moreover, the devel-
oped method does not need reference sample as ad-
vanced instrumental methods need. The devel oped
method has a so been included in the text of routine
quality check of Nonox-D for thedetermination of its
purity beforeusein propellant formul ations
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