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ABSTRACT

Most of composite propellant compositions contain solid loading up to
86 %. The main solid ingredients of composite propellant is ammonium
perchlorate whichisused in multi-modal form. Thedifferent particle sizes
of APare obtained using pulverizer, air classifier mill and fluid energy mill.
However, pulverizer ismost commonly used to get particle sizesin differ-
ent range. In the present study, pulverizer has been utilized to grind AP by
varying operating parameters such as pulverizer speed and feed rate. The
ground AP was characterized using laser based particle size analyzer
(CILAS make) and dynamic shape analyzer, DSA-10 of Ankersmid make.
The data on shapeinfer that as size of ground AP decreases, shape factor
decreases and particles become more irregular in shape. Also, based on
the different grinding parameters of pulverizer, an empirical equation has
been developed and used for the prediction of particle size. The experi-
mental resultsindicate that the values of ground AP particle sizesare very
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close to predicted ones.
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INTRODUCTION

Composite propellants (CP) are the most impor-
tant classof solid rocket propellants. Basicdly, acom-
posite propellant contains an oxidizer mainly ammo-
nium perchlorate (AP) (60-80%), abinder such ashy-
droxyl terminated polybutadiene (HTPB); (10-15%)
and ametallic fud like a uminium powder (15-20%).
Ammonium perchlorateisthemost important ingredi-
ent of solid rocket propd lants. Itsvariationin particle
sizeaswell ascoarsetofineratio areresponsiblefor
theprocessibility and balistic properties of the compo-
stionssuch ashurn-rate, pressureindex and tempera-
ture sengitivity a ong with mechanical properties®2.

Generdly, burn-rateisconsdered to bethesingle

most important property governing theballistic perfor-
mance of asolid motor. The burn-rate, inturn depends
upon particlecharacteristics of oxidizer, metal fuel and
burn-rate catal yst!*9. The coarse/fine combination of
AP affectsthe burn rate more prominently than other
ingredientsusedin composite propel lants.

Further tothis, ballistic propertiesarea so affected
by particleshape. If particlesof oblong shapearemixed
inapropellant to amaximum packinglevel, itisquite
likely that the parti cles devel op somesort of preferred
direction of alignment in packets of propellant block.
Thiswould giverisetodifferent burning ratesaong dif-
ferent directions of flame propagation®. Thevolume
packing of filler particlesdirectly determines mechani-
cal and rheological propertiesof the propellant. The
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ideal packing network assumesthefineAPparticles
occupying the void spacesin the coarse AP packing
network; inturnthea uminium (P) particlesthread their
way in between thevoids created by fineAP packing.
Thisresultsin better packing network leading to | ower-
ing viscosity and improved mechanica properties.

Roleof particle size measur ement

The particlesof coarseammonium perchlorate pro-
cured from tradedo not have consi stent size and shape.
Therefore, before using it in acomposite propel lant
composition, itisessential to determinether sizeand
shape. The particlesize measurement isof two types
i.e., primary measurement and secondary measuremern.
Primary measurements are direct, as carried out by
microscopy while secondary are derived from the ef-
fectsof somewdll studied physical phenomenon like
settling, diffraction, or permestryt’?. Asaresult, against
the plethoraof measurement techniques, thereexistsa
different figureof particle sizessuchasmartin, ferets,
surface, stokes, sieve diameters, etc. Other factorsto
be bornein mind before measurement include theend
use of powder, sensitivity of theanalyzer for the par-
ticlesizeenvisaged. Theindustria powderswithlarge
polydispersity cannot be adequately described by av-
erage particleszedonebut distribution of variouscon-
stituent fractions. Threestandard distributionsnamely
Normd, Log-Norma and Rosin-Rammler-Bennett are
used to simulate the size distribution of powdersand
thus providean accumul ated view of particleszemea-
surementg®y,

Conventiondly, theparticlesize of anmonium per-
chlorateisdetermined using sieveanaysis. However,
by sievingit isnot possibleto characterize powders
bel ow 40um. M oreover, conventional methodsarea so
handi capped by being manud in natureand hence prone
to human error. So thefocus of particle characteriza-
tion hasshifted fromthe usud time consuming and less
accurate conventiona methodsto thelaser based tech-
niques.

Roleof particle shape measurement

Theneed now adaysisnot only for the measure-
ment of Sizeand sizedistribution, but dso for themea:
surement of shape and shape distributions. Particle
shapeisafundamenta powder property affecting pow-
der packing, and thusbulk density, porosity, perme-
ability, cohesion, flow ability, caking behavior, attrition,
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interactionwithfluids, etc.

The shape of particle can be measured using dy-
namic shgpeandyzer. Thereexist shapeparameterslike
roundness, chunkiness, irregul arity, compactness, sta-
tistical shapeindices, Fourier coefficients, fractal dimen-
sions, aspect ratio, etc.['>4, However, the most im-
portant shape parameter is shape factor obtained by
Digital Dynamic ShapeAnalyzer, whichisbased on
image anaysistechnique. The shapefactor isdefined
asfollows-

Shapefactor =4.x. A/ P?

Where, A- Projected area of the particle, P- Perimeter of the
projected particle area, (For perfect spherical particle Shape
factor =1)

Theloweringintheviscosity ismostly governed by
size and shape of particles. Asthe particles become
more spherical, packing efficiency increaseswhichis
respons blefor lowering theviscosity. Thus, by select-
ing suitable s ze, shapeand proportion of solid ingredi-
ents, itispossibleto increase solid loading of the pro-
pellant compaositions. Theincreaseinsolidloading gives
better performance of rocket motor, whichisour main
am. Thus, in order to cope up with the demand of AP
inlargequantity in different sizes (35-90um), itises-
sentid to characterize size and shapeof theground AP
for better processibility.

Inthefollowing section, wereport theeffect of dif-
ferent operating parameterssuch asmill speed and feed
rate of pulverizer on particleszeand shapeof APusing
particle sizeand shapeanalyzersand itscomparisonto
predicted values.

EXPERIMENTAL

M aterial

Ammonium perchlorate, procured from Pandian
ChemicdsLtd. (PCL), cuddal ore having average par-
ticlesize 290um prepared by anodic oxidation of so-
dium chloride and doubl e decomposition reactionwith
ammonium chloride, wasused asgrinding material.

Thepulverizer, mode 1-SH procured from REICO,
Pune, having grinding capacity intherangeof 100-170
kg/hr, wasused for grinding of ammonium perchlorate.

Characterization
The particle size of AP was determined by laser
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based particle sizeanalyser CILAS, France, model -
1064, in anon-aqueous medium. Shapefactor of am-
monium perchloratewas determined by Dynamic Shape
Anayzer, DSA-10 of Ankersmid, Netherlands.

Procedure

All theexperimenta grindingswerecarried out by
taking 5kgof ammonium perchlorateinafully assembled
REICO pulverizer (1-SH). Themill diameter from ham-
mer tip to hammer tip was 205 mm. The gap between
hammer tip and mill casewas2 mm, and between ham-
mer tip and hold down plate (screen) was 1.3mm. The
screen, whichwas used for grinding, had an opening of
0.5 mm. Ammonium Perchlorate from the hopper was
charged continuously into themill with the help of a
screw feeder. It was pulverized by the collision against
hammers and the lining plate and was discharged
through the screen(*>¢. The product, thus obtained,
was sampl ed by coning and quartering method. The
average particle size and shape were characterized.
Further tothis, grindingswereaso carried out at differ-
ent setsof pulverizer mill rpm and feed rateusing AP of
different surface moistures. Feed rate was measured
by collecting theground materid for 1 minutefromthe
feed screw and it was changed by varying thetension
of feeder motor belt.

RESULTS& DISCUSSION

Effect of pulverizer mill rpm on averageparticle
size

Theeffect of pulverizer mill rpmonammonium per-
chlorategrindingispresentedin TABLE 1andfigure .
Thedatainfer that onincreasingthemill rpmfrom 660
to 1552 thereisadrastic decreasein the particles ze of
ammonium perchlorate. Thiscan dso becorrel ated that
onincreasingthemill rpmthereisanincreasein stress
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events, whichisresponsiblefor decreaseintheparticle
gze
Thedataon particle sizeof ground ammonium per-
chlorate werefurther compared with the sizes calcu-
lated fromthefollowing derived empirica equationre-
lating average particlesizeto mill parameters.
P=K . PF' (A)103 (B)o1s10
Where, P- Particle size of Product in um, P_- Particle size of
feed (290um), A - Mill speed (rpm), B- Feed rate (Kg/hr), K- 120
Intheaboveequation K isamill factor, whosevaue
dependsupon thefeed size, gap betweentheliner plate
and hammer tip and a so upon thecondition of hammer
tips. For thesystem under study with sizeof feed mate-
rial 290um, value of K wasfoundto be 120.

Effect of feed rate on average particlesize

To study theeffect of feed rateontheparticlesize,
grinding of ammonium perchloratewas carried out by
keeping mill rpm constant at 1035 and data obtained
arepresented in TABLE 2 and figure 2. Thelessre-
ductionin particle size onincreasing the Feed screw
rpmisdueto thefact that asthefeed rpm (feed rate)
increases, more particlesare availableinacontrol vol-
ume. Although probability of impact will increaseyet
impact of aparticular particlewill decrease. The effect

EFFECT OF MILL RPM ON PARTICLESIZE
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Figurel: Effect of pulverizer mill rpmon averageparticle
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TABLE 1: Effect of pulverizer mill rpm on averageparticlesze

Sr.no. Mill rpm Feed rate Surface moisture Particlesize Particlesize Deviation in particle %
T (Kg/hr) of feed AP(%)  observed (um) calculated(um) size (um) Deviation
1 661 107 0.03 90.25 91.87 -1.62 -1.79
2. 690 107 0.03 85.03 87.76 -2.73 -3.21
3. 805 107 0.03 77.72 74.86 2.86 3.68
4. 948 107 0.03 62.60 63.25 -0.65 -1.04
5. 1035 107 0.03 58.68 57.77 0.91 155
6. 1092 107 0.03 54.55 54.67 -0.12 -0.22
7. 1206 107 0.03 49.77 49.35 0.42 0.84
8. 1552 107 0.03 37.13 38.05 -0.92 -2.48

—— a%a['yttaa[’ CHEMISTRY
A ndian W



442

Studies on characterization of pulverizer ground ammonium perchlorate

ACAIJ, 7(7) June 2008

FPull Paper

TABLE 2: Effect of feed rateon average particlesize

Sr. Mill Feed Surface moisture Particlesize  Particlesize Deviation in %
no. rpm rate (Kg/hr)  of feed AP(%) observed (um) calculated (um) particlesize (um)  Deviation
1 1035 100 0.03 58.18 57.14 1.04 1.79
2. 1035 116 0.03 59.01 58.53 0.48 0.81
3. 1035 129 0.03 62.34 59.55 2.79 4.47
4. 1035 142 0.03 63.10 60.43 2.62 4.15
5. 1035 164 0.03 63.90 61.91 1.99 311
TABLE 3: Effect of surfacemoistureof feed AP coar seon averageparticlesize
Sr. . Feedrate Surface moistureof Particlesize Particle size Deviation in %
Mill rpm . . T
no. (Kgfhr) feed AP(%) observed (um) calculated(um) particle size(um) Deviation
1. 1035 107 0.02 58.34 57.77 -0.34 0.58
2. 1035 107 0.03 58.68 57.77 0.91 1.55
3. 1035 107 0.04 58.70 57.77 0.93 1.58
4. 1035 107 0.05 58.06 57.77 0.29 0.50
5. 1035 107 0.06 58.85 57.77 1.08 1.83
6. 1035 107 0.07 58.82 57.77 1.05 1.78
7. 1035 107 0.08 58.96 57.77 1.19 2.02
Effect of feed rate on particle size
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of feed rate on particle sizeisnot as prominent as of
mill rpm. Theabove dataare a so compared by using
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Effect of particle size of ground AP on shape factor

In conti nuationto thiswork further, ammonium per-
chloratehaving average particle s ze 290um was ground
usingafully assembled REICO pulverizer grinding mill.
Themill parameterswere set to get particles having
average size of 35um, 50pm, 60pm, 70umand 80 um
asmessured by CILASpartidleszeandyzer. All ground
AP powderswereanalyzed for shapeusing DSA-10.
Thevariationin shapefactor with particlesizeisshown
infigure3. Thefigurerevea sthat asparticlesizede-
creases, shapefactor decreases. It indicatesthat ground
particle becomesmoreirregular asit becomesfiner.
Furthermore, shape of ground ammonium perchlorate
(figure4) adsoindicatesthat irregular size of fine par-
tides
Effect of surface moisture of feed AP on average
particlesize
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TABLE 4: Effect of surfacemoistureof APon feed rate

S no Surface moistur e of feed Feed rate
T AP(%) (Kg/hr)
1. 0.02 107.0
2. 0.03 107.0
3. 0.04 107.0
4, 0.05 106.5
5. 0.06 106.0
6. 0.07 105.5
7 0.08 105.0

Dueto hygroscopic nature of AP, the effect of sur-
face moi sture of feed on grinding was a so studied by
keeping mill rpm and feed rate constant at 1035 rpm
and 107 kg/hr, respectively, and dataobtained are pre-
sentedinTABLE 3. Itisclear fromthe TABLE that the
feed ratefairly remains constant upto 0.05 % surface
moisture, thereafter it decreasesasshownin TABLE
4. Theaverage particle sizeremainsamost constant
with respect to surface moisturei.e. it does not change
much intherangeof 0.02 %- 0.08 % surfacemoisture
of feed AP coarse.

CONCLUSION

The characterization of size and shape of ground
AP havebeen carried out successfully using size and
shapeanalyzers, respectively. Thegrinding of ammo-
nium perchlorate wasestablished by changing different
operating parameters. Based on the above data an
empirical equation wasalso derived. The experimen-
tally obtained particle sizedatafrom particlesizeana-
lyzer were compared with predicted ones, which sug-
gest agood agreement intheir values. The devel oped
equation may find gpplication during grinding of anmo-
nium perchloratefor different particlesizedistribution
using pulverizer. Further, the data on shapefactor of
ground APinfer that as size of ground AP decreases,
shapefactor a so decreases as particle becomes more
irregular in shape. Thus, characterizationtechniquesare
important in maintaining and improving the quality of
finished product in terms of compaction, density, me-
chanica propertiesand burn rateand dso helpin smooth
processing of propellant compositions.
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Abbreviations

AP :ammonium perchlorate
HTPB : hydroxy terminated polybutadiene
rpm : revolutions per minute

um :micro meter
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