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SUMMARY

Object of Investigation

This report supplements C.R.D.D. Technical lMemorandum No. 1/M/47
"Crystallisation Problcms in the Development of New and Improved Initiating
and Delay Compositions." It gives examples of investigations to provide
required physical properties by controlling orystal formation and growth and
by surface trecatmcnt and deposition in these classes of explosives.

Scope of Investigation

Mcthods deseribed can be classified:-

1«  Control of particlc size and shapc by indirect crystallisation i.c.
through an intcrmcdiate crystalline substance not isolated in the proccss.

2. Control of crystallisation by the usc of additive substances.affecting
nuclcation but not included in the final product.

3. Nuclcation by additive substancc rctaincd in the crystals of the product.
e Prceipitation in the presence of hydrophilic colloids.

5e Employmcnt of a proportion of the explosivc as a colloid.

6e Dcposition and surfacc trcatment - rcproduction of mcchanical mixturcs.

Thesc mcthods have becn first studicd in thce laboratory to mcct Service
or cxperimcntal requircments for compositions with suitable physical and
cxplosive characteristics c.g. flowing propertics, ignitability, ratc of
burning. Promising processcs have then been developed to the manufacturing
scalc.

The substances investigated include lead azide, lead styphnate, barium
styphnate, lcad 2:4 dinitrorcsorcinatc, lead 4:6 dinitrorcsorcinatc.  Examplcs
arc given from manufacturing processes and from investigations in progress.

Conclusions

The rcsults illustrate the very wide range of modification of physical
and explosive propecrtics vhich may be attaincd using the methods described
and with a comparatively small number of substances. This is important as
there arc fow substances in this class which posscss suitable explosive
propecrtics combincd with adcquate stability oand compatibility. Attention
should bc drawn to the cffect on crystal growth of wvery small proportions of
additive substances, in particular the non-ionic surface active agents;
dilution of cxplosive propertics is thercby almost cntircly climinatcd.

This can be comparcd with co-precipitation with hydrophilic colloids# which
can also bc cmployed at small proportions.

The cnhanced scnsitiveness of crystallising substances to the prescnce
of impuritics during polymorphic transition or changes in basicity or degrec
of hydration is rcpcatedly shown but is not always csscatial for desired
crystal modification by co-prccipitation.

Some cxamples show that surfacc condition can be morc important than the
shapc of the crystal in obtaining satisfactory flowing propertics for machinc-
filling,

Reccommendations

In continuing thc investigations outlined in this rcport it is suggested
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that the following should rcceive attention:-

(1) Extcanding the studics of crystal formation and growth and surfocc
trcatment to include substances not nccessarily of potential cxplosive
application but with similar ecrystal charactiristics to those described.

The objcetive would be to obtain more gencral data to corrclate cxperimental
results,

(2) The most promising ficlds nrc in the cmployment of surface active
substances both non-ionic and ionic types for modifying crystallisation without
incorporation and also for surfacec trcatment to improve flowing propertics
and stability.

(3) Only a small beginning has been maac in trying to climinote the
many complcx mcchanical mixturcs in common usc and it is considcred that the
methods of co-prceipitation and deposition described could be morc widcly
applicd to give homogcncous non-segregating compositions.

Pl
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REPART

Introduction and objccts

New ond improved initiatory and delay compositions arc dcmanded in order
to mcet the requircments of cxisting and projected explosives stores. The
inccption and development of such composition involves a study of the physical
characteristics of possible substances in rclation to any mctheds of prepara-
tion or modification which can bec andopted. A satisfactory product must not
only posscss the required propertics of ignition when in use in the fuze,
detonator or other storc but must also bec suitable for consistent manufacture
in a physical form applicable to filling factory proctice. Initiators and
fast burning dcloy compositions arc usually scnsitive explosives and
practicable metheds of preparation and processing arc limitcd owing to the
risk of accidcentrl cxplosion. The final product must be stable to con-
ditions of temperaturc and humidity encountered in Scrvice usc and also
compatible with mctals ond any other materials with which it is requircd to
be in coatact.

The idecal cumposition is 2 single chemical substance which can be preparcd
sinply on a monufoacturing scale to give a consistent rceproducible product
mecting all filling and proof rcquircments. This ideal is rarcly if cver
attained and onc rcsult is the wery frequent resort to the usc of two or more
compencent mechanical mixtures with the obvious attendant disadvantages;
mcchanical processing methods, such as corning, in order to provide frec-flowing
and non-scgregating productds arc somctimes adcpted but this cannot be considcred
to be a satisfactory solution particularly when scnsitive cxplosives arc
involveds

Any investigation of possible substnances for initiating or delay
applicaticn scon discloses the wery considerable influence of the physical
fora of the product on processing, handling and the eventual performonce ab
proof teat. The gencral procedurc, thercforc, is to study the rcsults
of controlling physical form by modifying mcthods of proparation kceping in
aind the limitations imposed by the nature of the substance and manufacturing
considerations. Mony likcly substances in this class of cxplosive arc
sparingly solublc salts and in a typical preccipitaticn process it is possible
to alter ratc -f forootion of nuclei and growth of crystals in order to
mcdify particlc size and shape. This is achicved by adjusting main variants
such as choice and concentrati-ns and tempcraturcs of rcactants, pH of
solutions, and rates of agitation and addition.

&

For a lorge number of potentially useful compositions however the
conclusion of thesc experiments fails to sccurc a suitable and consistent
product. For cxamplc the substonce may crystallise persistently in an
unsatisiactory form such as in acicular or lamecllar habit resulting in a
bulky and puor flowing matcerial unsuitable for proceseing and handling.
Alternatively the recquircd burning or detonsting prepcrtics may not have
been attained or may have been shown to be critically dependent on smoll and
uncontrollable differcnces in pﬂrticlo sizc and shapce In this connceticn
A final porticlc cr gronule of approximately spherical shape (not nccessarily
composed of o single purc substancé) would not only give o frec-flowing |
cumpcsition but would also cnsurc random distribution on filling thus aveiding
cffects duc to preferred cricantaticn of the crystals under pressing lood,

The surface trentowent of pr-mising substances to modify flowing, burning or
cther physical propertics represcnts a further stoge in the attempt to moct
ruguircments.

The investisation of methods cf preonration to owrecome the diificultics
indientcd anl tu achicve satisfrctery manufacturing processcs and products has
becen carricl cut over a number of years and it is possible to give collected
cxnmples cf rusults obtaincd.

3-
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This rcport thereforce supplements CoR.D.D. Technienl bemerandum Noe
1/ti/47 "Crystallisation Preblems in the Development of MNew and Improved
Initiating Conp sitions.”

Methods cmployed and ex~mples of rosulds cbinincd

—

The methods and results cnn be classifiicd under the headings:-

14 Centrel of particle size and shape by indircet crystnllisation, i.c.
throuygh an intcerocdinte erystalline substance not isclated in the process.

2 Control - I crystallisation by the usc of additive substances affecting
nuclcation but n t included in the final product.

3¢ Nucleation by additive substancce retoined in the erystals of the
products

he Preccipitati.n in the prescnce of hydrophilic colloids.
5e Employment of a proportion of the éxplosivc as, & colloid.
6s Dcposition and surfacc treatuent - reproduction of mechanical mixturcs.

(1) Control of particle size and shapc by indircct crystallisation

Where dircet crystallisation of the requirced substance results in a
product of unsatisfactory crystal habit, particle sizc or degrece of
uniformity it is peossible, with ccrtain substanccs, to obtain substantial
improvement in physiecal ferm by indircet erysteollisaticn through an inter-
pediate which is not isolated. The intermedinte may counsist of a salt of
different basicity or state of hydration or other eomplex frem the substance
requircd. The conversion of the intermcdiate to the final product caon
frequcntly be elosely centrolled in a bateh process to give a less comon
erystal habit -r narked unifermity in erystal sizc.

Por cxsmple bariun styphaate (barium trinitrores:reinatc monohydrate,
moncclinic) crystalliscs as shown in Fig. 1 when prepared by the interaction
of barium carbonatc or barium acctatc with styphnic acid. Different crystal
habits can be cbtalned by using other sclutipns ~s sheown in Pigs. 2, 3 but
these aroducts are not rantomly cricntatel when compressed inte delay sleeves.
This rcsults in grrcgular ratcs cof burning. A desirable but unfamiliar
crystal habit is shown in Figs. 4, 5. This can be obtained by first
precipitating the trihycrate by the addition of magnesium styphnate solution
to barium acctate scluticn -nd mointaining above the transition temperature
tc convert to the menchy’ratc; this ecnversion is accelerated by the addition
of nitric acid. The conversicn from the acicular trihydrate to the regquired
erystal habit is illustroted by Fig. 6. This process was developed to the
nanufacturing scalc to give a procuct lnown as R.D.1320 giving consistont
rates of burning in deloy slceves for fuzes.

As o further cxanple lond styphnote (lead trinitreorcsorcinate mono-
hydrate, monceliaic) ean be obtnined in requircl crystal habits and particle
sizc by indircet erystnllisation through "basic salts'. Thesc arc basie
solts in the scnsc thet they hove higher lead content than the nermal salt.
When lead ncetate solution is added to moagnesium styphuate scluticn opague
yellow micro-agsregates (Pige 7) are first formed. This is an adsorption
complex of indufinitc coupositicn which changes to lcad accto-styphnate in the
form of aciculor crystals (Pig. 8). By altcring the conditions of preeipitoa-
tion cither of thesc intermedintes (or the true mon:basic salt obtained at
higher pH) can be cenvertcd by the ad?ition of nitric acid to the normal
lead styphnate. Conversicn of the microagpgregates is favourable tc the
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cquant crystal hobit (Figs 2); the lead nccto-styphnate conversion favours
the flatter crystal habit (Pig. 10). Slew addition of nitric acid gives
lorge erystnls nod inercase in rate of addition gives progressively smaller
crystals (Pige 11). Intcrmediate stages of two preparations are shown in
Pigs. 12-16, These processes have been developed satisfactorily to the
manufacturing scale for a general purpose dust-free lead styphnate of high
bulk density (R.D.1302) and lead styphnate (R.D.1303) which will mix with
powdered graphite without segregating to give an clectric cap composition.

This method of indirect crystallisation therefore gives control in batch
processes for both crystal habit and crystal size of the product.,

(2) Control of crystallisation by the use of additive substances
af'fccting nuclcation but not included in the product

A distinction can be drawn between precipitation methods which depend
upon the incorporation of a mecasurablc proportion of additive substonce and
thosc which cmploy an additive substance to modify crystal formation and
growth without bcing included in the final product. The thcory of the
factors influcncing crystal growth have been studied by Gibbs, Curic and
others and the work of llarc on the use of dycs for modifying crystallisation
vclooity can be quoted for cxamples where considerablc changes in crystal
habit arc shown with rclatively little adsorption of the forcign substance,
The influcncc of urca on the crystallisation of sodium chloride is usually
cited as the classical cxample. When a colloid is co-precipitated and
incorporated in the product cither the individual crystal becomes translucent
or opaque and loscs its crystalline faccts or altcrnatively the colloid may
fugction as a binding or aggrcgating medium for small crystals, \then no
appreciable incorporation or aggregaticn takes place the crystals retain
their normal tronsparcnt appearance but may be modified in size and/or
shapc by the prescnce of an additive substance in the liquors,

This method has been studicd for the preparation of initiating and fast
dclay compositions as it has the apprcciablce advantage of reducing the
possibility of dilution of the cxplosive. As an examplc a considerable
reduction in erystallisation vclocity on ccrtain faces is achicved with
mcthyl ccllulosc for barium styphnate without any noticcable incorporation
of the colloid (Fig. 17)s Notc alsc the crystal habit of barium styphnate
crystallised from sodium carbonate and corboxy methyl ccllulosc (Fig. 18).
With the same cxolosive the offect of a dye (methyl violet) was found to be
relatively small. In the prcparation of normal lcad 2:4 di atrorcsorcinate
the addition of urca has givon indication of promoting aciculBr crystal
hobit thus deercasing bulk density.

The class of substances gencrally deseribed as surface active agents
has becn found in this Establishment to be particularly applicable as
additives to modify crystals of initiatory cxpglosives without inclusion.
Anlonic surfacc active agents usually form ingoluble nuclei and will be
mentioned in the next group of methods but the non-ionic type which arc not
rcactive to most of the solutions cmployed have given results of intorest,
The rcsults obtaincd from these investigations show that a very small
addition of certain surfacc active agents can profoundly affect nuclcation
and subscquent crystol growth and may be particularly valuable for suppressing
undcsirable polymorphic forms.

For cxample pure lcad azide precipitated by the intcraction of lead
acotate and sodium azide solutions is of irrcgular and irrcproducible crystal
growth and is usually a mixturc of alphn (orthorhombic) and the less stable
and undesirable beta (monoclinic) polymorphs, The respective cffcectof the
addition of a watcr dispcrsible and o water soluble surface active agent
compared with a control precipitation is shown in Figs., 19-24. The beta
form can be cntircly climinated and uniform crystal growth produccd.  This
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process has becn developed satisfactorily to the manufacturing scale,
Virtually all the additive substance is retained in the mother liquor and
the process therefore gives purc lead azide by a controllable method. The
surfacc active agent alsc facilitates washing and filtering of the product.

As another example of a differcat type may be quoted the crystallisation
of lcad styphnatc in the presence of a surface active agent in order to
preparc the beta polymorph at higher tcmperaturc.

Investigations have also shown that the addition of very small propor-
tions of surfacc active substances nay be cuployed in order to improve
flowing propcrtics of the crystals, for ex~mple, barium styphnate can be
improved by this method.

(3) . Nuclcation by additive substances rctained in the crystals of the
product

By thc introduction of a small proportion of a less soluble substance
in a fincly divided cordition marked control of crystal developricnt can be
obtained in o number of coscs. The cmployment of an anionic surface active
ogent of the sulphonate type in the precipitation of lead azide is an cxample.
The insolublec lcad sulphonate is first precipitated in a very fine state of
division, providing abundant nuclci for the lcad azide crystal growths  The
resultant product is thercforc of cxtremely small crystal size as shown in

Fig. 25.

A further cxamplc is in the manufacture of Scrvice lead azide, about 2
pcr cent lecad carbonate being precipitated in situ by the advance of lcad
acctate sodution added to the base soluticn of scodiun carbonate. The
familior orthorhombic crystals of lcad azide when vicwed between crossed
nicols show clearly thc two skcletal growths to cach crystal of lcad azide
corresponding to the nuclei (Fig. 26).

An intcresting point arosc in the usc of this method by the nuclcation
of bariun styphnatc with barium cearbonate. Uniform crystal devclopment was
achicved but the burning propertics of the cxpleosive were markedly affccted
and the product was unsuitable as a delay composition. This may indicatc
that nuclcotion with an inert substanec is rmore suitable for a detonating or
priming coripositions

By the simgltancous addition of solutions of lcad acctatc and sodium
azide to 2o basc solution of colloidally disperscd graphite the graphite may
be intimntely incorporated in the growing lead azide crystals to give a
completely opague product with intcresting propertics. Adjustment of
conditions can result in diffircat crystal formations from the maianly rhombic
to the dendritic aggregated types (Fige 27). This product has becn rccently
developed to the manufacturing %9310.

(4) Prceipitation in the prescnce of hydrophilic colloids

The adsorption of forcign substances by growing crystals is a common
phcnomecnon with nuncrous refcrences in the litcrature. Among technical
applications the adoption of dextrin to give a less scnsitive form of lcad
azidec is well known, The possibility of using other colloids to modify
physical forn in 2 wider scnsc than that of descnsitising has been cxamined
in some detail in this cstablishucnt. For cxample it has been possiblc to
preparce lead 2:4 dinitrorcsorceinate co-precipitated with a small proportion
of high viscosity typc methyl cellulosc with a faster rate of burning than a
control preparation without the colleids  Speeial attention has been poid
to using small proportions of colloid with less than 1 per cent included in
the product.

Improvermcat of flowing propertics and medification of detonating or rate

6.
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of burning characteristics arc thc two main coantributions which can be made

in the development of ncw compositions by co-precipitation in the prescnce of
colloidss  Examplcs can also be given where products of improved cohesive

and adhesive propertics have been made and colloids have been used to climinate
the cffects of impuritics in ingredients.

The prceisc mechanism of adsorption on growing crystals is still a
matter of controversy and no definite rules can be formulated for thc usc of
this method in order to obtain particular rcsults, It is possible however
to give a gencral account of the factors involved and some conclusions bascd
upon hundreds of cxperiments using the substances indicated.

The first considerations arc:-

(a) Nature of substance to be precipitated or crystalliscd.
(b) Sclection of colloids

(e) General conditions of prccibitation.

(d) Proportion and method of usc of the colloid.

The most simplc case of crystallisation rcpresents a large number of
altcrnative conditions and with precipitations involving intermediate forms
and solid phascs thc problem may be very complcXe The solubility of the
substance in the supernatent liquor and the ratc of nuclei formation and
crystal growth can usually bc modified over a wide ronge by alteration of
concentrations temperaturc, degree of agitation etc. in order tc cstablish
conditions favourable to the incorporation of the colloid.

The available hydrophilic colloids are substances of high molccular
weight mostly obtained from animal or plant sources. They include the watcr-
soluble proteins such as gelatin, the water-solublce gums such as gum arabic,
and colloids of the type of sodium alginate; represcntatives of thesc groups
have been investigated in the precipitation of initiators. As a class
however the ccllulosc and starch derivatives offer distinct advantages.
Many are available in rcasonably pure and consistcent supply from commercial
sources. They cover a wide range of physical propertics influcncing
crystallisation and their advantages and scope have been verificd cxperimentally
in this work, Methyl ccllulose and carboxy methyl cclluleose and also the
starch glycollate derivatives are particularly valusble. They arc water
soluble over a considcrable range of molccular weight and degrece of substitution
giving a correspondingly widc range of precipitation characteristics. Even
at low conccatrations highly viscous solutions are obtainable and this is
reflected in the marked effect of very small quantitics as additives. The
prescnce of the glycollate side-chain in both ccllulosc and starch derivatives
contributcs considerably to the efficiency of these colloids as shown in the
examples in this recport.

The proportion of colloid should bc kept to a minimum to avoid marked
descnsitisation and possiblc hygroscopicity of thc producte A distinction
must bc made betwecn the quantity of colloid used and the amount actually
incorporated in the product; in somc cascs 10 per cent of the colleoid has
been added to reacting solutions to obtain less than 1 per ccnt incerporation.
Mechanical conditions may be critical and for any series of co-precipitation
cxperiments it has bcen nceessary carcfully to standardise the proccdure.

li distinction should also be drawn betwcen colloids which arce included
in the growing crystals without undcrgoing chemical change and those which
are converted to another substance during the process. Methyl ccllulose is

7.
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not reactive chemically in the type of double decomposition precipitation -
commonly employed and is incorporated unchangeds Sodium cellulose glycollate
(sodium carboxy methyl cellulose) however forms an insoluble lead salt in the

presence of a soluble lcad salt; this insoluble salt is the effective colloid
and such prcparations as granulated lcad azide can bc more corrcetly described
as truc co-preccipitation, .

Bxamples of' products by this method

(a) Granulatcd barium styphnatc (R.D.1320B). By adding a mixturc of
magnesium styphnate and sodium carboxy methyl ccllulose solutions to a solution
of barium chloride it is possiblc to obtain opaguc almost spherical granulcs
of barium styphnatc markcdly diffcrent from the crystals formed by normal
mcthods of prcparation (Pig. 28). This product contains only O, 7 pcr cent
carboxy mcthyl cclluloscs  With rcduced proportion of colloid a characteristic
ctched erystal type is produced (Fig. 29)es X-ray diffraction examination
confirms that the granular product is csscntially the same substance and not b
a polymorphic form and thc pattecrn of the granules corresponds to a small
numbcr of crystals of the order from onc to six (Fig. 30); with increasc in
proportion of colloid the numbcr of constituent crystals greatly incrcascs.
Granulated barium styphnate is a very stablc substance and its method of
oreparation has becn developed to the manufacturing scalc.

(b) Granulated lcad styphnatc (R.D.1316). Iead styphnatc in the form
of frece-flowing roundcd granules can be preparced in a single stage process by
the addition of lcad nitratc solution to a stirred and heated mixturc of :
magnesium styphnate and mcthyl cellulose solutions, the proportion of colloid
being cquivalent to 1 per cent of the product (Fige 31). This process has
also been developed to the manufacturing scalc. #

(¢) ILead azide (R.D.1333)s A modified form of lead azide has becn
developcd in order to give a composition of improved cohesive propertics on
pressing. In this precparation solutions of lead acctate and sodium azide .
arc added simultancously to o stirrcd dilute solution of sodium carboxy mcthyl
cellulosce The rcsultant product consists of irregularly shaped granulcs
which proccsscs well and gives a remarkably freec-flowing composition (Fig. 32). -
Somec cxamplcs of the first stages of crystal formation arc shovm in Pigs. 33-36,
As the proportion of colloid incorporated is less than 0.8 per cent a high
state of purity is :.aintaincd in the product as shown by determinations of
azide valuc which arc considerably higher than for other forms of lcad azide
in use. This mcthod of preporation of lcad azide has been shownto possess
advantages on the manufacturing seanlc.

(d) Leod dinitrorcsorcinatcs. Colloids have been cmployed with lead
'2:4 ond 4:6 diuitrorcsorcinate to improve flowing propertics (granulation), to
modify ratecs of burning and to climinate the e¢ffccts of impurities. A large
number of differcnt products arc possible and some of these have becn developed
to manufacturing scalc and adopted for Serviec usc as priming or delay composi-
tions (R.D.1305, R.D.1307, R.D.1308).

Examplc of lcad dinitrorcsorcinate composition developed to manufacturing scalc

(R.D. 1305)

R.D.1305 was devcloped to meet the requirement of a 1 millisccond delay .
in Fuzec 255. It illustrates the use of two colloids in one process to give
requirced flowing bulk density and burning properties of an explosive. The
prececipitation of normal lcad 2:4 dinitrorcsorcinate to give a range of products <
of varying particlc size by the addition of lcad hydroxide suspcnsion to
dinitrorcscreinal suspension without the incorporation of a ecolleid results
in. a stecp burning time - particle size curve when plotted in the onc milli-
sceond region for the Fuze 255 rcequircncnt. Particle size can be controlled
by concentration of rcactonts or morc convenicatly by adjustment of
temperature of the precipitation.
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By the addition of swdium carboxy methyl cellulose to the lead hydroxide
suspension a final product can be prepared which breaks up into granules on
drying; at the same time the burning time - particle size curve becomes much
flatter allowing a practicable control of burning time of the final product by
ad justment of tcmperature over a convenient range on the plant.

Simultancously methyl ccllulose added to the dinitrorcsorcinal suspcnsion
incrcascs the bulk density of the final product to within the specificd range
for mcchanicel filling rcquircments. Tables can thercforc be compiled for
the manufacturcr showing the rcquircd temperaturc adjustment and proportion of
mcthyl cellulosc to bec added in order to give requircd dclay and bulk density
respeetively.

(5) Employmcent of a proportion of the cxplosive as a colloid

Crystallising substances prcpared by precipitation from intcracting
solutions can be waricd in particle sizc by adjustment of conditions in
accordancc with Von Wicmarn's rule. It follows that if practical conditions
can be devised to prcparc a proportion of the substance with particle size so
much reduccd as to give a gel-like or colloidal precipitate it may be possible
to cmploy the substance itsclf instcad of an additive colloide  This has the
Gceided advantage for cxplosive usc that no inert diluent is introduccd.

As an cxamplc the acid salt of lcad 4:6 dinitrorcsorcinatc is usually
precipitated in the form of acicular crystals with complctely unsatisfactory
flowing propertics (Fige 37). By sclccting suitable conditions of tcmperaturce
and conccntration of rcactants a proportion can be precipitated in gel-like
form to give a frce-flowing granulated product by direct precipitation as
shown in Pig. 38, Mixturcs of acid and basic salts may also be pruparcd in
the same way (Figs. 39, 40).

A further examplce of dircet preecipitation to give spherical granules is
shown in Fig. 41 (Icad 2:4 dinitrorcsorcinatc).

(6) Dcposition and surfacc trcatment

(2) Gronulation by precipitation of hydrophilic colloids, Thesc mcthods may

bc described os two stage processcs as they consist of the preliminary preeipita-
tion of the cexplosive (usually in a finely divided or othcrwise unsatisfactory
physical form) followed by a scparatc granulation opcration.

The suspcnsion of the cxplosive in a dilute solution of the colloid is
vigorously stirred and by the alternative mcans of the addition of organic
solvcnts or cleetrolytcs or by raising or lowcring the tcemperaturc the
colloid is thrown out of solution and under favourablc conditions will give
a granulated product with the cxplosive. The optimum conditions have becn
found to be generally critical and onc processing difficulty is a tendency
for the product to cake on drying if coxcess colloid is uscd; extrusion to
obtain granulcs of satisfactory sizc moy be ncecessary.

An cxamplc is the usc of sodium carboxy mcthyl ccllulose to give a
granulated product with lcad 4:6 dinitrorcsorcinatc by the addition of aleohol
which flocculates the colloid Fige 42.  Attcmpts have beecn made to dispense
with the organic solvent by utilising the property of mcthyl celluloscs of
being more insoluble at higher temperaturcs; for cxample the cxplosive
suspended in a dilute solution of methyl cellulosc is stirred and hcated above
the cosgulation temperature to precipitate the colloid. On cooling ,the outer
laycr of methyl ccllulosc gocs into solution thus avoiding caking on the
product on drying. Such a method has advantages over the usc of c¢lectrolytes
for salting out thc hydrophilic colloid on account of possiblc rcactivity and
absorption at the conccntrations required.
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(b) Precipitation of inscluble materials and surface trcatment, The co- .
preeipitation and surfacc deposition of insoluble substances represcnt further

stoges in modifying cxplosives not only to climinatc mcchanical mixing but also

to impart ncw propertics. Por cxamplc an insoluble material can be introduccd

in the precipitation of the cxplosive usually in conjunction with the usc of

o hydrophilic colloid as described in (4) aboves  The insoluble material is s
cmployed in o very fincly divided statc prceferably suspended as a hydrophobic

solution, Fig. 43 is an cxomple of a hydrophcbic sol (colloidal graphite)

incorporated during the precipitation of a granular cxplosive (lead styphnate)

in the prescnce of a hydrophilic colloid (methyl ccllulosc); this is a single

stage process gtarting from the solutions required for the doublc decomposition

and the two colloids.

Another method is to preparc the insolublc material in = finely divided
condition by ball milling or altcrnatively by the usc of a colloid mill and a
proportion of protcctive hydrophilic colloid and depositing on the surface of
the preformed cxplosive; +this is of course a two stage process. Substancecs
available commercially as hydrophcbic sol suspecnsions may be used dircetly as
in the casc of colloidal graphitcs  Various methods have becn investigatced and
cmploycd for sccuring satisfactory deposition including the wider usc of
lyophobic sols in media other than watcr, Fig. 44 shows graphite deposited
on lcad styphnatc to give a conducting compesition which unlike the untrcated
oxplosive can only bc ignited by clectric sparks of cxtremely high cncrgy.

Reproductions of mechanieal mixtures to give humogencous non-scgregating
compositions havc been made by similar preeipitation metheds and cxamples .
could includc antimony sulphide - mercury fulminate, aluminium-lcad styphnate
and thc incorporation of stcarates of metals. In addition te replacencnt of
mixturcs this ficld has becen shovm to give opportunitics for improving <
cleetrostatic propertics, burning and flash characteristies (ceg. introduction
of "hot particles" in o fincly divided and evenly distributed manner),
climination of pressing difficultics by incorporating a lubricant and the
application of inscnsitive contings and cootings to improve compatibility and .
stability of the eompositions Water repellant films have been applicd to

crystallinc product during manufacturc to improve stability.

A spueial aspcet of surfacce treatment and co-prceipitation is the
iaprovemcnt in flrwing propertics which may be obtnined by including small
quantitics of suitnble substances to reducc surfacce frietion; this is a
further or altornative stage to modifying prrticle size and shape. The
cxcellent flowing propertics of lead azide R.D.1333 despite the irrcgular
ocntour of the particles may be attributed to recduction of friction by a

“surface film cf lecad carboxy wmethyl ccllulose.

An example of a non-scgrigating gronular compositc mixturce of lead
azide and PETN is shown in FPig. 45 and the structurc of the granule is scen in
Fig. 46 a combination X-ray light photograph. This was preparced using lead
carboxy methyl ccllulosc as the binding agint.

Attention has been given to precipitating a loss scnsitive cxplosive on
to a scnsitive initiator in order to inercasc safety during handling, On
loading the composite granule breoks dwn giving o uniform mixturce of the
componcnts. For cxamplc bariun styphnote has been precipitated over lead
styphnatc. .



Conclusions

(1) The results described prove that a very large number of products of
diffcerent physical and cxplosive propertics can be prepared from a small

numbcr of cxplosives. This is particularly important as there arc rclatively
few substances which combinc initiating, priming or fast burning charactcristica
with adequate stability. It is thercforc nccessary to cmploy all possible
means of modification of propertics particularly thosc mcthods of preparation
which have been shown to be rcadily applicable on the production secale,  Tor
cxample, it has been demonstrated with lead styphnate that the one cxplosive
can be used as the basis of manufacturing processes giving (a) a free-flowing
product consisting of crystals narrowly controlled to habit and sizc with

high apparcnt bulk density/density ratio (application as an ingredicnt for
detonating and cap compositions), (b) a product of sclceted crystal habit and
size to give a non-scgregating mixturc with a less dense component (application
for clectrically fired caps) and (¢) 2 product consisting of rounded granulcs
by direct prccipitation posscssing quite differcnt explosive propertics (fost
dclay composition). In oddition lcad styphnate has been modificd by deposition
of a surfacc coating to Tender it virtually inscnsitive to ignition by cleetric
sparks of high cnergy; untrcated the same crystalline matcrial is extremcly
sensitive to this forn of ignition. Other cxperiments have given further
modifications of the same explosive including a granular form incorporating

a lubricant, an altcrnative granulated detonating composition, and 2 poly-
morphic form of possiblc application to Scrvice usc.

(2) Much of the cxperimental work has been devoted to precipitation in the
prescnce of additive substances or impurities. The cxamples given in this
rcport include crystallisation in the presence of impurities during transi-
tion of thc main substancc. Such changes have becn represcntative of poly-
morphic transition (c.g. beta to alpha lead azide); tronsition from salts of
diffcrent basicity (c.ge acid to basic salts of Icad 4:6 dinitrcorescrcinate);
tronsition from higher to lower hydrates (c.ge trihydrated to monohydrated
barium styphnotc).

This indicatcs scnsitiveness to such changes and can afford o guide to
the sclection of conditions for the most effective control of crystallisction
by additive substanccs, This phenomcnon has been known and previously
remarked in the literaturc (Hedvall Cheme Reviews 15 139, 193L) and the
cxamplcs described in this report provide further expcrimental cvidences
It is cvident however that such traonsitions are nct always essential for
effcetive co=-precipitations For instance the precipitaticn of lcad styphnate
in the presence of methyl ccllulosc on the plant scalc has given opportunities
of obtaining samplecs during the carly stages of crystallisation and examining
by X-ray diffraction for evidence of polymorphic or other transition. No
substance other than the alpha normal monohydrate has been found although
lead styphnate can form a polymorph, a basic salt or a complex salt under
suitable conditions.

(3) The frequent use of methyl cellulose and derivatives as co-precipitants

may be noted in the examples. Although other types of colloids have becn
studied it is evident that the ccllulosc ethers and esters (and also some
corresponding starch derivatives) arc particularly cffcctive; they may be
employed successfully in small proportions to modify crystal shapc very markedly
without diluting desirable cxplosive propertics, The single spherical crystal
of barium styphnatc may be comparcd in its formation with corresponding poly-
crystallinc granulcs of othcr cxplosives.  When the complex nature of thesec
crystallisations is considered together with the rclatively slow rate of
precipitation the uniformity of development of the final particles is remarkablc;
for examplc the carly statcs of formation of granulatcd lcad azide can show a
wide rangc of phcnomcna including nuclcation within gel frogments yct the
product, is frec from frogmcnts and oversize aggregations.

11,



- SECRed - - - .

In the usc of the plycolloius ns co-precipitants (coge lcad azide
precipitated in the prescnee of sodium ecllulosc glycollate, R.D.1333) it .
should be noted thot in many cases the cffccetive co-procipitating colloid is
the insoluble metal solt of the glycollie acide  This is important becausc
the heavy motal salts con impart moisture repellant propertics; thus the
final co-precipitated cxplosive can be expected to have greater moisturc
resistance thon if prepared by precipitation in the prescnce of a hydrophilic
colloid without salt forming propertics. o

-

() The deveclopment of the methods givem has provided inercasing cvidence that
the objeetive of erystals approaching spherical shape to obtain optimum flowing
propertics should be accepted with seme rescrvaticns It is shown that a very
irrcgularly shaped particle can possess very good flowing propertics. The
surface condition of the crystal may, in practicc, be of greater importance
than the shape in the development of a suitable method of preparation of a new
composition.

(5) It is considercd that the results cmphasize the possibilitics of using
very smoll amounts of additive substances to seccurc dubstantial improvement
in crystallisation. This is shown particularly with thc non-ionic surface
active ogents c.ge With lcad azide.

(6) The usc of surface-trentment and deposition on crystals to modify

physical propcrtics hos received counsiderable attention in this work and the

exomples ore indicative of a number of intcrcesting cxperimental products .
which have been preparcds

Recommendations "

(1) The results deseribed have been based directly upon the necessity of

mecting Scrvice and experimental requircments with the explosives available,

For long term investigations on crystallisation it may be advantageous to .
include the study of substaonecs, not nccessarily of cxplosives application,

which would bronden the basis of mcthods for modifying physiecal propertics.

SatisfActory initiatory cxplosives may be regarded as unrcprescntative, .
possessing special propertics such as adequate chemical stability combined

with certoin degrec of instability to heat or shocks  Vherc crystallisation

phenomena of valuc have beoen obtadned with an initiator it would be of intcrost

to determine if the results esn be repeated with substances related chemically

and crystollogrophicnlly. Converscly more gencral information on the

modification of crystals of rclated substances may dircetly assist in

obtaining desired results with an cxplosive. i

(2) Continucd investigations should include further attention to the
cmployment of both non-ionic and icnic surfacc active agints. In addition
to the usc of water soluble or dispcersible types to control crystal nuclca-
tion and growth thosc soluble in organic solvents have spplication in
conncetion with improvement in [lowing propertics aud troatmcut to improve
stability.

(3) The methods deseribed for surfacc treatment, deposition, ond co-precipita-

tion afford mcans of replacing mechanical mixtures by wet-precipitated non-

scgregating compositions. This cliuninates both the uccessity for the dry J
mixing of very scuasitive cxplosives ond the possibility of scgregation of

componcnts on handling and resulting foilure in usc. Only a vcry small

beginning has been made to roeplace the many complex mechanieal mixturcs now -
in usc and considcration of further applicatien of thesce mcethods appears

to be Justificde
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