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The measurement and contrcl of
particle size in pyrotechnic ingredients

Lo M. WEld (X4)

Surmary

The nced for the control of particle sizc of sub-sieve powders in
pyrotechnic work is stressed and methods for the measurcment of specific
surface and particlec sizc distribution arc discussed with speccial rcfercncc
to the Fishcr Sub-Sieve Sizer and the Sharples Micromerograph.

L. brief introduction to the subject of classification of powders is
followed by an account of the mcthods uscd at Langhurst to assess the
cfficiency of the Mikroplex Spiral Lir Classificr and the Japanese Hosokawa
icroscparator. Practical eonsiderations involved in the choice of classifiers

arc discussed.

Preliminary investigoetions into methal s of deagglomerating powders are
bricfly outlincd.
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1. REFERENCES

Project Nos. 2160 and 2241A.

2., INTRODUCTION

The nced for the control of particle size of sub-sieve powders used
in pyrotechnie ecompositions has been realised for a good many years.
Little, however, was done about this problem until the beginning of 1960,
when the problem was exanined with speeial reference to gasless delay
c?mpositions. This Memorandum covers the progress made during the last

7 years.

In the field of pyrotechnics, the use of compositions consisting of
very finely divided powders, homogeneously mixed, is frequently celled
for. Exemples are:-—

(2) For high accuracy delays, where burning rates nust be uniforn

and strictly controlled within narrow linoits,

(b) for infra-red flares and photoflashes, where the I.R. and
visible light outputs, respectively, must reach peak intensity
rapidly, and

(¢) for gasless priming compasitions.

In relation to such requirencnts, the specific surface (or mean particle
size), the partiele size distribution, and the shape of the particles in

a conmposition, arc all of importance.

The specific surface of the chemical components of a pyrotechniec
nixture have been shown to affect the burning characteristies of such
compositions. In R.A.R.D.E./X4, however, only the systems sodiun nitrate
- nagnesiun and potassiun nitrate - tetranitroccrbazole have been
exanined end much work needs to be done on similar lines.

The effect of particle size distribution upon burning rates (for
a constant specific surface) does not appear to have been investigated.

It is considered that it should be. Furthermore, size distribution is an
inportant factor to be considered when attenpting to obtein a homegeneous
oixture of several ingredients. To this end, there is a need to be able

to produce powders with a restricted size range of, say, 5 microns.

The shape of particles in o mix affects their packing and flow
properties, their ignitability and probably the burning rate - at least in
the case of gasless compositions where the arcea of the surfcec in contaet
is particularly important.

To investigate the separate effects of specific surface, size distri-
bution and shape, the primary requirenent was undoubtedly some means for
ncasuring the first two of these with reasonable acecuracy.

3.  PARTICLE SIZE MEASUREMENT

. 3. 1. Specifie surfece and surface mean diameter

The first problem to be tackled was the determination of speecifie
surface, sinee the burning rates of nixtures were known to vary markedly
with this factor. From a perusal of the literature and by secking the

advice of other Departments who alrcady had considerable experience in

s
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the determination of specific surface, it was decided that sone fora of air
perncability apparatus would provide feirly reproducible figures, although it
was apprecciated that these were unlikely to represent an absolute result
cspecially with nmoaterials which had a high internal surfoce. It was
considercd, that provided different batches of the sanc materiel, preparcd in
o sinilar nanncr,had nore or less the saae specific surface, then they could

be relied upon to_bcheave in an identical nanner in delay conpositions, other
things being cquel.

Initially, a nodified forn of Rigden's apparcatus, designed by D.C.I.,
was used for specific surface deternminations and proved feirly satisfactory.
Later, a Fisher Sub-Sieve Sizer, the standard instruncnt used in the United
States, was introduced. This was found to give morc consistent results,duc
largely to the acthod of packing the bed of powder and, furthermorc, its usc
did away with the nccessity for making a laborious cclculation cach tinec.

Results obtained by the two mcthods.nornally_agrcc% to within abgut 5 3%r,
cent. The Rigden's apparatus is still used in~X4 for coarsc powders ofifside

the range of the Fisher Sub-Sieve Sizer and in those cases where the
porosity of materials is less than 0.4, when the Fisher apporatus again
cannot be used. It is also used for very fine powders whosc averege particle
size is less than 2 nicrons sinece, in such cases, it is nccessary conpress

the bed of powder nmorc than is possible in the Fisher Sub-Sieve Sizer.

By the somewhot crude expedient of grinding an ingredicnt to o
predetermined specific surface, it was possible, after the standerdisation
of other variables, to preparc delays, containing composition of the type
potassium dichromate/boron/silicon, having a consistent burning tine.

3,2. Mecasurcoent of particle size distribution

Lttention was now dirccted towards the measurcnent of particle size

distribution and its control in the preducticn of powders. The prinary
importence of this latter factor appeared to lic in its effeet upon the
nixing of powders in the wet state, becouse scgregation would occur very
rcadily in powdecrs having a wide range of particle sizes. Although, in
this country, mixing is nostly carricd out in the dry state or in the forn
of stiff pastes, scgregation in dry nixes still ocecurs to an apprecicble
extent. Quitc cpart from this, however, it was considercd (as indiceted
above) that variation in particle size distribution for a fixed average
particle sizc nmight itsclf have an independent effect upon burning rates,
and it was desired to investigate this point. Furthernore, a powder nay
be conpletely specificed by neans of its particle size distribution curve
wherecas in the casc of a speeific surface this is not so.

A Roller 4Analyscr was purchascd from the United States both for
particle size distribution studies and with the idea of prepering samples
of powder with very limited size ranges such as 5-10 nicrons, 10-15 nicrons
and 15-20 microns. It soon became cvident that while this instruncnt was
effective for metal powders like aluniniun, it was usedss for dealing with
finc particles of materials which agglomerate recadily. Far too nuch tine
is nccessary for o singlec analysis, a separate deternination being necessery
for cxch »oint on the curve.

Bascd on the cxpericnce goined by Mr. Grant of E.R.D.E. and‘frop ot@cr
sources,it was concluded that for the mcasurcment of particle sizc dlstrlbutlon’

there is probably nc better cquipnent ot prescent available then the Sharples
Micronerograph.

The Micromerograph determines the particle size distributicn of fine
powders down to about 1 nmicron. It works on the principlc of scdimentation
in compresscd nitrogen. The saaple for analysis is forced, by ncans of a
blast of dry nitrogen, through two adjustable nating cones, thercby
beconing deagislomerated. It then falls through ¢ colunn of dry conpressed
nitrogen on to the pan of a continuously recording balance. Fron o
knowledge of the density of the samplc, the cunulative weight versus
tine curve traccd out by the instrunment is converted, by Stokes' Law,
(using a teuplate) to a cuuulative weight versus porticle dianecter curve.
The Micromerograph has the marked adventese over other scdinentation ucthods
of opcreting in o dry gas, so that water soluble materials prescnt no

o
22
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no difficulty, Also, cven the finest particles will settlc in a few hours
whecrcas, with scdimenmtation in liquids this would take several days.

E.R.D.E.'s opinion of the instrument is summarised in the concluding
two paragraphs of a rccent Technical Memorandum: (14).

"It nust be cmphasiscd that even in its present stage of development
and in spitec of the criticism alrcady made, the Micromerograph is far
superior to other automatic particle sizers (including clectronic scanncrs
with digital computation) that provide cither cumulative or incremental
nunber frequencies of particles. Examination and testing of such instruments
has revealed that they arc still in the pre-developnental stage and at present
unsuitable for accurate routine sizc analysis. The main advantages of the
Microncrograph are the speced with which an analysis can be carricd out,
sinplicity in operation, and automatic rccording of the cumulative weight
versus tinc curve.

If the proposcd adaptation for rcduction of clectrostatic charging is
successful, the Micronecrograph may well rcprescent the highest standard of
achievenent in the nanufacturc of accuratc automatic particle sizing
instruncnts. On the cxpericnce gained using the Micromerograph, and other
sizing instruments, it can be stated that every material tested nust be
rcgarded as an individual problen denending a specific technique, No
technique or instrument can be applicd with equal success to all powdecred
substances".,

In a recent report (2) Picatinny irsenal, while drawing attention to
the linitations of the Micromerograph, reinforced the opinion of E.R.D.E.
by stating that:-

"the Sharples Micromcrograph is suitable for control purposcs where
rcproducibility of results is of prime inportance'y

E.R.D.E. have rccently rcported a substantial improvement in the
perfornance of the Micromerograph, particularly for very fine powders, an
arca in which X4 have a particular intercst. This has been achieved by
thc combined usc of': -

(a) a radioactive thallium lining to the scttling chambcft and

(b) thc naddition of 1 to 2 per cecnt of finely powdered graphite to
the sanple,

Both these devices are designed to rcduce static charge, the existence of
which tcnds to coause agglomeration and also to prevent sonc of the materizal
fron scttling.

L. PARTICLE SIZE CLASSIFICATION

Ut General survey

Pending the availability of o nicronerograph at X4, it appcarcd
desirable to look into the question of particle size classificrs for the
producticn of powdcrs within prescribed particle size ranges.

£, thorourh scarch was nade of the various classifiers available on
the market. Jny type of classifier utilising a liquid for separation .of
narticlcs was ruled out since some of the materials for gasless delay
conpositions arc water soluble or affectecd by water and, furthermorc, such
scperations nay be very lengthy when the particles are extremely finc,
There rcnained centrifuges operating in gascs or gas clutriators, ncither
of which can producc clear cut fractions, However, two machines werc found
which worked on the principle of opposing centrifugal force by air flow.
These arc the Jopancesce Hosokowa Microscparator and the German Mikroplex
Spirel [ir Classificr. By way of cxplanation, in very broad terns, it nay
be said that if perticles of various sizes arc flung outwards from a sourcc
*Now discontinued 3=
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by centrifugel foree, the larger perticles will travel furthest vhilst in an
2ir strecan, the rcversc is true, If then on air strean is made o oplosc the
notion of porticles imparted by centrifupnl action, particlces of one pearticuler
diancter will be cqually affccted by the two forces (depending upon their
rclative nognitude).  Such particles will remain stationary whilst snaller
ones go in onc dircction and larger oncs in the other. By chaonging the
relative strength of the two forces, a powder may be "cut", sharpiy, at any
rcquirced perticlce dicnicter - at lcast, theorctically,

4,2 Asscssnent of Classificrs

¥With o view to comparing the rclative cfficicncy of the Japancese and the
Gernan classificrs, both Llpine (the monufacturcr of the Mikroplex classificr)
and the Japanesce firnm werce asked to classify a sanple of potassiun dichronmate
provided, into the fractiovns O fo 5 microns: B to 10 nicrons, 10 to 15 nderons. !
15 to. 20. microns. This wgterial was selected beeause it promise” to be a difficik meto
classify. J[Llpinc dcliverced a O to o nicron senplce stating that scnarations
of the type 5 to 10, 10 to 15, 15 to 20 m cte. werc not possiblc becausc of
agsloneration of particles. The Japancsc firn (The Hosokawa Ironworks Ltd. )
¢id not attenpt to supply whet was asked for but mercly "out" the sample ot
20, 15, 10 and 5 nmicrons, thus producing fractions cf the type O to 5,
0 to 10, 0 to 15, and O to 20 nicrons. Latcr on, however, when they had
nore time, they cut 2 O to 20 micron sample ot the 10 nicron level. The
fine fraction was again cut, this tinc at the 5 nicron lcvel and the
following four senples, acconpanicd by photonicrographs, werce sent to us:-

(1)  Raw material, 0 to 20 nmicrons

(ii) 4 coarse fraction approxinatcly 10 to 20 microns
(iii) L finc fraction, O to 10 microns

(iv) i still finer fraction, 0 to 5 microns

The efficiency of the Japanesé classificer wes assesscd in the following
wWoy: -~

(1) By ncans of the photomicrographs supplicd

(ii) By corrying out o particlc sizc distribution enalysis on all four
sanples on E.R.D.E.'s Micronerograph

(iii) By cectermining the average perticle size (surface neen dicncter)
cf the sonmples on the Fisher Sub-Sieve Sizer., Finolly, in the casc cf
the 0 to 5 nicron sample, the average particle sizce was calculated

fron the size distribution curve, By this ncans rcletionships between
the nicroscopic data; the Microncrograph, the Fisher Sub-Sicve Sizer
and thc classificr could be established.

L.3 Rcsults and discussion

Photonicrographs of the four Jeponesc scmples arc shown in Fig.1 of
the fppendix. Fron the accocmpanying nicron scele, the scparations oppear
tc have been cffective, and this is borne out by the four corrcsponding sizc
distribution curves obtained on the Micromcrogroph, shown in Fig,.2.

Fig. 3 is 2 histogran showing the particle size distribution by nunber
of the 0 to 5 nieron samplc obtained frop the curve (a)in Fig.2.In Fig.h ©
this histogranm has becn converted to o cunulative particlc size distribution
by nunber curve. From this cunulative curve, it can be scoen that epproxinetely
90% of the perticles heve a dianeter of less thon 5 nicrons, in excellent
arreenent with the photemicrographs.

Lostly, when the average perticle size was calculated from the
histogron, o figure of 3.0 microns wes obteined, in very foir cgrecnent

i
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with the fipurc of 2.7 obtained on the Fisher Sub-Sicve Sizer., Jn attenpt
to get agrecnent between the average particle size of the 10 to 20 nicron
froction as determined on the Fisher, and as derived fron the micronerograph,
was (isappointing, these values being 12.4 nmicrons and 5.4 nicrons
respcctively. The rcason for this is not clecar.

The Gernen lMikroplex Spiral Lir Classifier could not be assessed in
the sanc way as the Jajancse instrumcnt since only a single fraction was
availablc for analysis, However, the size distribution curve obtaincd
fron a noninal O to 6 micron fraction was alnost identical with that obtained
for the 0 to 5 nmicron froction prepared by the Hosokawa Microseparator.

This sccns to indicate that the cefficicncy of the two classificrs is
approxinatcly the sanc and, since beth operate on the same principle, it is
not unreasonable to assume that their performances would be similar for the
coarser cuts.

Llthough, in orlcr to assess the classifiers properly, nuch norc work
alcng the lines indicated above was desirable, this was not possible because
the nanufacturers could not be expected to devote any more time to
classifying further samples for experinental purjoscs,

5. PR.LCTIC.LL CONSIDERATIONS IN THE CHOICE
OF CL/SSIFILRS

Ldpine stated that great  difficulty was expericncecd when dealing
with potassiunm dichromate because, duc to agglomeration, the narrow feed
»ive of the Mikroplex rapicly becane blocked. They suggested howcever, that
o wire passing through the pipe and attached to a vibrating plate within
should solve this problen, This classifier occupies 1little spece and is

simple to cleans

Ther HosokawIron Works did not nake any mention of blockage of feed
vipes (a2lthourh it nmay well have oceurrcd) but they dicd complain strongly
about the difficulty of "ridding the nachine of this truly conteninative
naterial". There is no doubt that the cleaning cut of the Hosokowa
Scparator would be tine consuning,

Another point to be borne in mind is that of servicing. Alpine cre
well represented in London by their egents Lavino and, if necd be, problems
cculd be referred rcadily to the manufacturer in lugsberg. On the other
hend, although the Japanesc firm have an agent operating close to X4 the
inmpression gained is that he would have little tine to devote to after
sales service and if any scrious problems arosc they would have to be
rcferred to the nmanufocturcr in Japan.

It is considercd that if the fecd pipe blockage problem in the
Mikroplex Classificr admits of the simple solution suggested, then it would
be preferable to purchasc the German classifier.

5 DEAGGLOMERATION OF POVWDELRS

This problem has rcccived linitel attention. The use of a low
viscosity siliconc for surfacc coating ccrtain finc powders has been
investigated by C.D.IE.L., Porton, who found that, in some cascs, powders
could be effectively dispersed. Attempts in X4 to epply this method to
potassium dichromate were not successful.

A sceond approach was the addition of half to one per cent of fincly
divided silicates or silica to the agglomerated powlders. Such anti-chking,
agents marketed by Joseph Crosfield & Sons Ltd., Warrington, under the names
Microcal, Gasil 200, Necosyl, Alusil, ete. are somcwhat selcetive in action
and cre used comnercially for de-caking metericls such as common salt.

Nonc of these anti-caking agents appeared to reduce the tendency of
potassiun dichronate to agglomerate, but, in & scrics of tests carried out

/for XL
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for X4 by the supplier, it was concluded that caking of dichromate under
pressure could be reduced fron 74% to 32% by the adnixture of 1% of either
Gasil 200 or Gasil 23. In X4 it wos found that 0.5% of Neosyl woulld render
bariun nitrate frce flowing. These aprroaches, thercfore, are worth
considering further.

7o CONCLUSIONS

7.1 The control of particle size of sub-sieve powders in pyrotechnic work
is of considerable inportance.

T For the routine determination of average particle size dowvm to 2 nicrons
the Fisher Sub-Sieve Sizer is the most suiteble equipment. Powders finer than
this oust be compressed more strongly than is possible in the Fisher apparatus,
and their average particle size may be determinalin a Rigden's apparatus.

T The Sharples Micromerograph is the best equipment available for routine
size distribution analysis where reproducibility is the main consideration.
The Roller fnalyzer has been found to be of limited application and in use is
very time consuming,

Toly For the classification of powlers, the German Mikroplex Spiral Air
Classifier and the Japanese Hosokawa Microseparator are probably the best
instruments available, The German machine is more compact and nuch easier to
clean between runs, but the feed pipe may rapidly become blocked with certain
types of very fine powders. This problem should not be difficult to solve.

Tae D The problen of deaggloneration of particles is an inmportant one,
Mechanical nmethods may be uscful imnediately before feelding a powder to a
classifier, but methods involving the use of silicones and silicates, and
possibly other agents, must be studied further as a means of preventing
reaggloneration after classification.
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Description of the Figures

Figs 1.

Photomicrographs of potassium dichronate classifie in the Japanesc
HosokawaMicroseparator, M.5.0.:

(a) Material, nominally O—5£u C¢iarmeter, obtained by cutting a 0—20/u
fraction first at 10 m and then cutting the O—10/u fraction so
obteained at 5/ -

(b) Material, nominally 0-10 u, obtained as the finer fraction by
cutting the 0—20/u starting material at 10/u.

(¢) Starting material, nominally 0-20.m, obtained by cutting a ground
sanple of potassium dichromate at 2Q/u and taking thc finer fraction,

(d) Material obtained from (c) by cutting at 10 1 and taking the
coarser fraction. ¢
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Fig, 2

Particle Size Distribution Curves by Weight, of the samples in Fig. 1,
obtained with the Sharples Micromerograph.

N.B. Vhen rclating Figs.1 and 2, since the photographs are judged by cye
on a number basis, allowance must bc made for the fact that the weight of a
particle is proportional to the cube of its diameter.

Fig,3.

Histogram showing Particle Sizc Distribution by Number of a nominally
0 - 5 u sample of 'potassium dichromate. This was calculated from the curve
(a) ih Fig. 2.

Fig, L

Cumulative curve for Particle Size Distribution by Number of a nominally
0 - 5/u sample of potassium dichromate. This was obtained from Fig. 3.
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FIGS.3&4.
500
B

400 %
w
-
O 300 =
= ]
S
a. 1
L 200
< —
(T8
m b -4
¥ =
> 00
=z —‘7-“

0 l 2 3 4 5 6 7 8 9 o u 1 13 4

DIAMETER RANGE IN MICRONS
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