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ABSTRACT

Composite propellants are the most important class of solid rocket propel-
lantsand basically contain ammonium perchlorate asan oxidizer, duminium
powder asafuel and hydroxy terminated polybutadiene asabinder. It also
contains certain process aids such as dioctyl adipate as plasticizing agent
and a mixture of n-butyl alcohol and trimethylol propane as an adduct to
achieve desired elongation and tensile strength, respectively, after curing
with bi-functional isocyanates. The solid ingredients are dispersed in a
binder matrix, whichisalso referred as ‘Prepolymer’ aterniary mixture of
HTPB, DOA and adduct which is responsible for processibility of the
composition and mechanical strength of the cured propellant grains. A
systematic study has been carried out to quantify the exact percentage of
liquid ingredients used in prepolymer before addition of solid ingredients
using refractometry technique at different ratio and temperatures. The
data obtained by analyzing refractive indices of individual ingredients as
well as their mixture at different ratio and temperatures reveal that on
comparing with standard refractive index of liquid ingredients and
prepolymer to that of unknown mixture of prepolymer at agiven tempera-
ture, the percentage of liquid ingredients can be quantified successfully
evenif thereisachangein refractive index at fourth place.
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INTRODUCTION

Of late, composite propellantsare being used in
variousmissilegpplicationsand basically contain am-
monium perchlorate (AP) 65-70% as an oxidizer, a
metallic fuel like aluminium powder (15-20%) and a
liquid binder such ashydroxy terminated polybutadiene
(HTPB,10-15%) (- It d socontains certain processaids
such asdioctyl adipate (DOA) as plasticizer and an
adduct which is a mixture of n-butyl acohol and
trimethylol propanefor structura € ongationandtensile

Srength, respectively, after curingwith bi-functiond iso-
cyanatesliketoluene diisocyanate(TDI)/isophorone
diisocyanate(IPDI), hexamethylene diisocyanate
(HMDI), diphenylmethanediisocyanate(MDI) and 4,4-
dicyclohexylmethane diisocyanate(H,,MDI)>3. Inad-
ditiontothis, certain bonding agentssuch asMAT-O-
Bond are also added to get theincreased rigidity re-
quiredfor thefree standing typegrains. During the pro-
ng of propellant compositions, initidly thesolid in-
gredientsaredispersed in abinder matrix. Thebinder
matrix alsoreferred as prepolymer, isaternary mixture
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of HTPB, DOA and Adduct whichisresponsiblefor
process bility of thecomposition and toimpart mechani-
cd strength of cured propdlant grains. Further, mechani-
cal propertiesof the propellant grainscan betailored
by changing the percentage of HTPB, DOA or adduct
intheprepolymer.

Inview of theimportance of the prepolymer for
deciding the processibility of propellant Slurry aswell
asmechanical properties, an exhaustiveliterature sur-
vey hasbeen carried out to find out the reported meth-
odsto quantify theexact percentage of theliquidingre-
dientsof prepolymer. Theliteraturerevealsthat con-
ventiona andytica methodsbased ontitrimetry aswell
as advanced instrumental analyses such as GC and
HPL C can be employed to quantify theliquid ingredi-
entsof propd lant. However, conventional methodsare
not S mpleand aretime consuming, wheressingrumental
techniques awaysrequirepurereference sample. On
the other hand, refractometry technique does not re-
quireany referencesampleand itisvery fast, accurate,
smplethough temperature sensitive reported by other
researcherg*9, Thus, by using refractometry technique,
thepurity level of theliquidingredientsand percentage
of amixturecontaining different liquidingredientscan
be quantified even if thereisachangein Rl value at
fourth placeof decimal point.

In view of the vast importance of refractometry
techniquein quantification of liquid ingredients, asys-
tematic study hasbeen carried out to quantify theexact
percentage of liquid ingredientsused inthe preparation
of prepolymer mixtureusi ng thistechnique.

In thefollowing section, wereport the method of
determination of theRI of different liquid ingredients
used in the preparation of prepolymer and based on
thevaueof Rl amethod has been established to quan-
tify theexact percentageof liquidingredients present in
prepolymer.

EXPERIMENTAL

Material

Hydroxy terminated polybutadiene (HTPB), manu-
factured by thefreeradical solution polymerization(”,
having number average mol ecular weight (M )2300-
2900 with hydroxyl value of 42 mg KOH/gand vis-
cosity inthe range of 4500-6500 cP at 30°C, was pro-

Hnalytical CHEMISTRY o

cured from M/sAnabond Limited, Chennai (India) and
used as such, Dioctyl adipate (DOA),having saponifi-
cation value 303+3 mg KOH/g and viscosity valuein
the range of is 13-15 cP at 30°C, was also procured
from Indo-Nippon Company Ltd., Vadodara. Trimethyl
ol propane and n-butyl acohol used to prepare adduct
were a so procured from M/sBayer, Germany, and M/
SBASF, USA, respectively, and used as such without
further purification.

I nstrument employed

Theinstrument used for refractometry study was
Digitd Automated Refractometry, Model ATAGO, Ja
pan, having afacility to determinerefractiveindex of
liquid ingredientsfrom +5°C to +70°C upto 4" place
of decimal point.

Procedure

During thedetermination of refractiveindex, first of
al therefractiveindex of liquidingredientswasdeter-
mined individualy by putting 2-3 drops of sampleon
theprism of theinstrument at 20°C being standard tem-
peraturefor reporting Rl aswell asat different tem-
peraturesfrom 10°C to 50°C also. After this, samples
containing HTPB, DOA and adduct in different ratio,
prepared earlier, were al so used for determination of
RI at 20°C.

RESULTSAND DISCUSSION

Itiswell known that refractiveindex (RI) of pure
liquidingredientsisconstant at agiventemperatureand
thevaueof Rl indicatestheleve of purity of theliquid
ingredient. Conventionaly, the standard temperaturefor
thedetermination of Rl is20°C using D-line of sodium
at 593 nm wavelengthi®9. The standard form of re-
porting of Rl isasfollows
R1=n%

Where, 1 = Refractiveindex of the liquid ingredient; D = So-
diumlinewave ength, generally 593.5 nm; 20 = isthe standard
temperature.

During the processing of compositepropd lant, lig-
uid ingredients used are HTPB, DOA and Adduct
aongwith di-functiond curing agentssuchasTDI, IPDI
andH_, MDI etc. Rl isanimportant physical param-
eter of theseingredientswhich will givean ideaabout
thepurity of the substance. Hence, Rl isdetermined to
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qudify theingredients. The Rl of each liquidingredient
isspecified at 20°C and based on the specified val ue;
liquidingredientsare used for the processing of com-
positepropdlants.

Inview of theimportance of Rl in composite pro-
pellant process ng, anew method hasbeen devel oped
to determineRI of binder matrix or prepolymer, which
isamixtureof threemainliquidingredientsviz. HTPB,
DOA and Adduct i.e. ternary in nature. The binder
matrix ismainly respons blefor mechanica properties
of thegrain after curing with bi-functional di-isocyan-
ateslike TDI/IPDI. Further, dight errorsintheweigh-
ing or charging into the mixer, percentage of HTPB/
DOA or Adduct during itsuse as prepolymer, affects
themechanica propertiesof thegrains. Therefore, itis
essentia to quantify the exact percentageof liquidin-
gredients of prepolymer beforetheir usein propel lant
processing. Accordingly, a simple reliable and fast
method was conceived and devel oped to determine
exact percentage of liquid ingredientsusing RI tech-
nique.

Refractiveindex of liquid ingredientsat different
temper atures

Duringthisstudy, first of dl theRI of liquidingredi-
ents(HTPB, DOA and Adduct) was determined indi-
viduadly at different temperatures (10°C-50°C) and data
obtained arepresented in TABLE 1. Itisclear fromthe
TABLE that onincreasing thetemperatureof theliquid
ingredientsRI valuedecreases. Itisaso clear fromthe
TABLE that decreasein Rl vaueat higher temperature
is corresponding to 0.0004/°C in case of HTPB and
DOA whilethedecreasein Rl vauefor adduct at higher
temperatureis about 0.0003 per degree centigrade .
Thedlight variation in RI value for adduct does not
changethe prepolymer val ue asthe percentage of ad-
duct in binder matrix isnot morethan 0.12%. Further-
more, thevaueof RI aso variesasmolecular weight of
HTPB decreases or increases based on different
sources or changein parameters during its manufac-
ture. The changein RI at 4" place of decimal was ob-
served. However, thechangein Rl isnullified asduring
the processing of propel lant only onesourceisused at
that timeand if different sourceof HTPB isto beused
accordingly thevaueof Rl isdetermined further.

Refractiveindex of prepolymersin different ratio
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TABLE 1: Dataonrefractiveindex of liquid ingredientsat
different temperatures

Sr.no. Temperature/RI HTPB DOA Adduct
1 10°C 15202 1.4511 1.4604
2 15°C 15183 1.4491 1.4588
3 20°C 15164 1.4470 1.4573
4 25°C 15145 1.4450 1.4558
5 30°C 15126 1.4433 1.4545
6 35°C 15107 1.4413 1.4529
7 40°C 15089 1.4393 1.4514
8 45°C 15070 1.4372 1.4499
9 50°C 15052 1.4352 1.4483
TABLE 2: Dataonrefractiveindex of prepolymersat stan-
dardtemperature
Sr.no. HTPB,% DOA% ADDUCT,% R.I.,20°C
1 - 20 10 1.4510
2. 10 80 10 1.4550
3. 20 70 10 1.4614
4, 30 60 10 1.4692
5. 40 50 10 1.4766
6. 50 40 10 1.4829
7. 60 30 10 1.4915
8. 70 20 10 1.4993
9. 80 10 10 1.5067
10 90 - 10 1.5116

In continuationtothiswork further, theRI of HTPB,
DOA and Adduct was determined by varying theratio
of HTPB and DOA whilekeeping the adduct percent-
age constant at 10% level at standard temperatureand
dataobtained are presented in TABLE 2. The data of
binder matrix revea that on increasing the percentage
of HTPB from 10-90%, thevaueof Rl increaseswhile
onincreasing the percentage of DOA from bottomto
top, adecreasing trend in RI was observed. Thein-
creasein Rl valueonincreasingthe HTPB content is
duetoincreaseinviscousliquidresinaswell aspres-
ence of intermol ecular forces such asVan der Waals
etc. whileincreasein DOA content reducestheinter-
molecul ar forceswhich leadsto increaseininterseg-
mental mobility, thusreducesthevaueof RI.

Effect of temperatures on refractive index of
prepolymersat different ratio

Theeffect of temperatureson RI of prepolymers
having different percentageof HTPB andDOA while
adduct content was kept constant on 10% level, was
a so studied by varying thetemperaturesfrom 10°C to
50°C and data obtained are presented in TABLE 3. It
isclear fromthe TABLE that onincreasing the percent-
ageof HTPB in prepolymer thevaueof Rl increases
further revea sthe entanglement of polymeric chainsas
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TABLE 3: Dataonrefractiveindex of prepolymer sat different temperatures

Sr. no. Prepolymer/RI 10°c 15°c  20°C  25°C  30°C  35°C  40°C  45°C  50°C
1 HTPB/DOA/Adduct (50/40/10) 1.4859 1.4850 1.4829 1.4806 1.4786 14765 14752 14732 1.4710
2  HTPB/DOA/Adduct (40/50/10) 1.4801 1.4782 1.4766 1.4745 1.4727 1.4715 14700 1.4672 1.4655
3 HTPB/DOA/Adduct (30/60/10) 1.4746 1.4725 1.4692 1.4677 1.4656 1.4637 1.4616 1.4604. 1,4581
4  HTPB/DOA/Adduct (20/70/10) 1.4650 1.4628 1.4614 1.4597 1.4577 1.4557 1.4536 1.4520 1.4497
5 HTPB/DOA/Adduct (10/80/10) 1.4592 1.4566 1.4550 1.4531 1.4512 1.4492 1.4472 1.4453 1.4438

TABLE 4: Dataonrefractiveindex of prepolymerswithout TABLE 6 : Data on refractive index of conventional

DOA at 20°C prepolymer sat 20°C
Sr.no. HTPB%  ADDUCT % R.I. Sr.no. HTPB% DOA% ADDUCT,%  R.l.
1 100 - 1.5164 Mixture -1 9.50 3.0 0.12 1.5001
2 99 1 1.5159 10.06 3.0 0.12 1.5007
3 o8 2 1.5154 10.50 3.0 0.12 1.5014
4 97 3 1.5150 11.0 3.0 0.12 1.5020
5 96 4 1.5145 Mixture-2 10.06 25 0.12 1.5029
6 95 5 15140 10.06 3.0 0.12 1.5007

10.06 35 0.12 1.4988
’ 94 6 15135 10.06 4.0 0.12 1.4966
8 93 7 1.5130 Mixture3  10.06 3.0 0.07 15011
9 92 8 1.5126 10.06 3.0 0.09 1.5008
10 91 9 1.5121 10.06 3.0 0.12 1.5007
11 90 10 1.5116 10.06 3.0 0.15 1.5005

TABLE5: Dataon refractiveindex of liquid mixturewithout
HTPB at 20°C

Sr.no. DOA, % ADDUCT % R.I.
1 90 10 1.4510
2 91 9 1.4506
3 92 8 1.4502
4 93 7 1.4498
5 94 6 1.4494
6 95 5 1.4490
7 96 4 1.4486
8 97 3 1.4482
9 98 2 1.4478

10 99 1 1.4474
11 100 - 1.4470

well asenhancement of intermolecular forces. Thedata
on DOA content of RI asoreved theplasticizing effect
of resnwhichisresponsblefor reducing theintermo-
lecular forcesand thus enhancetheintersegmenta mo-
bility of HTPB chainsby penetrating in between seg-
mentsof theresin, beingasmall molecule. Thus, overdl
effect of temperatureon Rl a so supportsthesamefind-
ing that on increasing the temperature Rl decreases.
Thisisdueto better movement of segmentsand reduc-
tioninintermolecular forces asreported by other re-
searchersa sol'%13,

Refractive index of prepolymerswithout DOA/
HTPB at 20°C

Further to this, adetailed study was a so carried
out by taking 90-100% HTPB and DOA while adduct
percentagewasvaried for 1-10 percentage maximum

and RI of prepolymer preparedin thisfashion wasde-
termined at standard temperaturei.e. 20°C and data
thus obtained are presentedin TABLES 4 and 5. Itis
clear from the TABLE that as percentage of theingre-
dients changes RI aso changes. These dataare very
useful for quantifying the percentage of liquid ingredi-
ents. Further, these datamay bereferred as standard
and based on the standard value any changein per-
centage of liquid ingredients can be correlated which
directly providesthe exact percentageof liquid ingredi-
ents present in the prepolymer.

Refractive index of prepolymers using conven-
tional ratioat 20°C

Inorder to userefractometry techniquefurther, the
binder matrixes having the near about percentage of
liquidingredients (HTPB/DOA/Adduct) wered so pre-
pared asitisbeing used in composite propellant pro-
cessing. At present composite propel lant processng uses
HTPB intherange of 9.0%to 11% and DOA content
variesfrom 2-4%. However, the percentage of adduct
generally remains constant for different compositions
and its percentagein binder matrix is0.12 %(max).
Based on theseinput, polymer matrix were prepared
having HTPB and DOA indifferent ratio while adduct
percentagewasa so studied from 0.07 to 0.12%. Thus,
threedifferent prepolymer mixtureswere prepared by
keepingtheratio of twoliquidingredientscongtant while
varying thethird oneand viceversa. TheRI of pre
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pared binder matrix or prepolymer was determined at
20°C and dataobtained are presented in TABLE 6. It
isclear fromthe TABLE that the standard composition
having HTPB/DOA/Adduct intheratio of 10.06/3.0/
0.12 showsvalueof RI at 20°C is 1.5007. Further, if
the percentage of DOA changesfrom3to4inthesame
binder matrix thevalue of RI changesto 1.4966 at the
sametemperature. Furthermore, prepolymer mixture 3
reveal that although the % of adduct isvery less but
minor change in its percentage i.e. from 0.07 % to
0.09% also bringsout changein Rl value at 4" place
i.e. from 1.5011 to 1.5008. In the sameway, thevdue
of Rl aso decreases from 1.5007 to 1.5005 on in-
creasing the percentage of Adduct from 0.12% to
0.15%. Thisfindinginfer that even dight changein per-
centage of HTPB, DOA or adduct, the value of RI
changes, which directly envisagestheimportanceof RI
asanew tool to quantify the percentage of theliquid
ingredients present in the binder matrix and also con-
firmstheaccuracy and sengitivity of theinstrument used.

Based onthisstudy, it isclear that exact quantifica-
tion of liquidingredientspresent in binder matrix canbe
determined successfully. Further to this, if aunknown
binder matrix is subjected to thistechnique, the exact
percentage of binder matrix can bequantified based on
RI valueat 20°C.

The primeinterest to carry out thisstudy isto de-
vel op atechnique/method to detect any error occurred
inadvertently during thewe ghment of liquidingredients
or chargingtomixer asmechanica propertiesaremainly
governed by these ingredients after curing with
diisocyanteslike TDI/IPDI. Further, thistechniquenot
only controlsthe quality of thefinished products but
has al so enhanced our moral e and confidenceto pro-
cesshigmotorsat largescae(Ton level).

CONCLUSION

A new method hasbeen devel oped successfully to
quantify the exact percentage of liquid ingredients
present inthe binder matrix using refractometry tech-
nique. Thistechnique has enhanced our confidenceto
process|arge size case bonded motors based on com-
positepropellantinlargescde (tonleve). Thismethod
will be highly advantageousin bulk production of pro-
pellantswhereraw materia sourcesareidentified and
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areavailableinbulk. Thedight changesinRI valueat
4" placeof decimal aso provideimportant input about
any changeinthe percentageof liquidingredientswhile
weighing or chargingin the mixer. Further, thedevel -
oped technique hasbeenincluded in thetext of routine
quality checksof binder matrix beforeaddition of solid
ingredients during the processing of composite
prope lant.
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