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* CONFIDENTIAL ' -1

MINISTRY OF SUPPLY

ARMAMENT RESEARCH DEPART WENT

Woolwich,S,.E.18.

BExplosives and Intermediates Branch

October 1946 A.R.D; Explosives Report No.612/46

The Developmnent of an Elsotrostatieally Safe
Lead Styphnate Composition and the Reproduction
of Lead Styphnate Mixtures by Wet Proeesses

This report oontains no information of overseas origin.

Ref.X.30/2L/7

Introduction: -~

A major and notorious obJjeotion in the use of lead styphnate for Service
requirements has been the combination of its readiness to aoquire elcotrostatio
charges with the very low spark energy required for ignition which is gencrally
reoognised as oonstituting considerable hazard in the preparation and handling
of the material. Accidents have occurred during the pronessing of lead styphnate
canpositions which have been attributed to the build up and disoharge of
electrostatic charges during such operations as drying and sieving. Elaborate
anti-statio precautions have therefore been taken during the handling of dry
lead styphnate oompositions by the adoption of conduoting containers and floors,
earthing of operatives eto. but the risk of accidental ignition oannot be eliminated
whilst the oomposition itself remains highly electrically insulating and
susceptible to low energy spark discharges.

The incorporation of an inert condueting material appesred to offer a means
of wodifying the lead styphnate by increasing the conductivity so that an
eleotrostatio build up would be prevented. Thus, if the choposition acguired
a sufficient eleotrical leakage value, the ignition energy level of the lead
styphnate would not be reached and the hazard from electrostatio ignition during
processing and handling generally wouid be considerably reduced.

In 1944 there was u Service requirement for an electrically ignited cap
cumposition for use in the 20 mm, Hispano ammunition. This urgent requireacnt
wes met by the production of a small particle size lead styphnate (4.R.D.
Explosives Report 284/45) which was mixed in the dry state with powdered grophite
to formn a non-segregating aixture. It was considered that the investigation of
an electrostatically safe lead styphnate composition could conveniently bs
extendsd to include the possibility of develuping a wet method for the
incorporation of povdered graphite. The object would be directly to produce a
ocuposition suitable for the 20 um. electric cap thus cbviating the need for
dry imixing of lead styphnate.

During inwvestigations on the incorporation of graphite in its vﬁri;us
forms, it beoimne apparent that a wider prinoiple oould be eabraced. The ary -
mixing of sensitive explusives in the faotories is not a desirable Process

although it is a caamaon praotice. There is primarily the increased hazard of
accidental explosiondue to meohanioal agitaticn and the greater nuaber Of handling
operations. Then the difficulties inherent in preparing hunogeneous mechenical
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aixtures of two or more components differing in particle size, shape and density
are followed by the possibilities of segregation during subsequent handling

and storage. Thus froa every aspect the eaployuent of wet processes to give
non-segregating uixtures affords considerable advanteges especially when the
explosive concerned is lead styphnate.

The nane lead styphnate is comaonly applied tc the chemlcal substance
normal lead trinitroresorcinate monohhgdrate (CgH(NO5)305.Pb.Hy0) but for use
as an explosive and particularly in connection with investigations as described
in this report it is neoessary to specify further its physical foru in teras of
such faotors as crystal habit, size, surface area, degree of aggregation etc.
This has been adopted for particular types designated R,D.1302 and R,.D,1303
(A.R.D.Explosives Report 286/45, 281/45).

ObJjects of the Report

4. To give an account of the developient of a lead styphnate coapositicn,
incorporating 2 - 3 per cent. graphite, which is insensitive to electrostatic
discharges.

2, To detail the development of a process for the procduction of a coaposition
suitable for the 20 .um. Hispano Electric ocap.

3. To show the possibilities of obtaining non-segregating aixtures by wet
processes.

- Suimary

A nethod has been developed by which colloidal graphite can be incorporated
with lead styphnate, dircctly after manufacture without isolating the explusive
in the dry state to give products which, in the lcose dry condition will nut

_ignite or detonate when subJected to electric sparks of high energies.

Such compositions have been prepared by the use of water dispersed
colloidal graphite together with the use of gelatin solution as an agent for the
irreversible attachaent of graphite flocculi. This application of gelatin
has been followel by extending the investigation tc incluce related: substentes

* showing that alkaline solutions of amino acids aay be similarly empluyed.

The process is particularly adaptable to R,D,1303, wvhich after precipitation
and washing can be treated with an aqueous dispersicn of colloidal graphite
equivalent to 2 per cent, o the product, followed by the aldition of gelatin
solution,

Untreated R.D.1303 has a high electrical specific resistance in the loose
state (> 10 x 10/ chas/ow ). The graphited .aterial containing 2 per cent.
graphite has a cuaparatively low specific resistance ( <50 x 10% ohus/c’ ),
xelf electrification is negligible and the loose material ocan be subJected to
spark energies of 6,200 ergs without ignition whereas the untreated R,D.4303
gives 5 per cent ignitions at spark energies of 110 ergs. The graphited R.D.1303
when aixed dry with powdereld graphite fires satisfeotorily in the 20 aa. electric

- cap test.

The process is critically dependent on suffioient colloidal graphite being
incorporated with the lead styphnate to give a procuct of low specific resistance;
for safety purposes it is considered that the uaterinl should have a specific

resistance not greater than 50 x 10k ohus/cuj when determined by the
aethod desoribed,

T H
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The quantity of colloidal graphite incorporated to give the desired
specifio resistance depends on the type of parent lead styphnate. Lead
styphnate prepared by the R.D. .ethod (thet is by the preliminary d
precipitation of the basic salt) with a surface areaequivalent to 1,000 c./g.
requires a ainiaua of 2,5 per cent. graphite; uaterial of surface area
approxiwcating to 700 omz/g. requires at least 2.0 per oent. graphite while
lead. styphnate of surface area 450 cmz/g. requires a .ainiaua of 1.7 per cent.
graphite. There is some evidence that when the quantity of colloidal graphite
incorporated is less than the .winiuua value, the product becames .aore sensitive
to static charges than the untreated lead styphnate. This aay provide an ’
explrnation 6f the reported abandonuent in Ger.eny of attempted graphiting of
lead styphnate asscciated with the incidenoce of seri.us aocidents.

' In gencral, the snaller the particle size of the leald styphnate the

greater the ease of graphiting. Crystal habit is not a oritica% faoctour

with lead styphnate of specific surfzoe area greater than 600 cn“/g. but it is
difficult to incorporate sufficient colloidal graphite to obtain a proluct of low
specific resistance below this figure, the orystal habit becouing iaportant,

and the suncess of the graphiting process depending on previous surface

treatinent of the leacd styphnate.

The experimental proocecure of a "nun-static" lead styphnate on the 6 oz. scall
is cdetailed in Appendix I, the process having been Cevelopeld with a view to its
extension to the faotory scale utilizing available equipaent.

In view of the satisfactory wanrer in which colloidal graphite could
be attached to the orystals of R.D.1303, it was reasonable to expect that an
increase in the graphite content of the non-static type of material would
produce a canposition suitable for use in the 20 aa. eleotric cap without the
neoessity for the additiun of powdered graphite. Up to 7.8 per cent of colloidal
graphite has been incorporated but atteapts to increase the incorporation beyond
this ausount have caused segregation of the graphite flocculi in the wet state.
R.D. 1303 takes up about 3 per cent. of the colloidal greophite as’a partiel
ccating, graphite in excess of this, up to 7.8 per ocent. foraing congloaerctes
of graghite containing erystals of R.D.1303. 1In the 20 ma. cap test, R.D.1303
incorporated with 7.4 per cent colloidal yrephite fires within the specified
voltage range but the firing resistance is extreaely high.

By the use of colloidal graphite dispersec in carben tetrachloride or
acetone, up to 13.6 per oent. graphite has been incorporated satisfactorily with
R.Dv 1303, The graphite dispersed in carbon tetrachloride affords a particularly
simple process but the products are unsatisfactory ‘im”the 20 i, electric cap.

At this stage in the investigation it becaae evident that the incorporation
of colloidal graphite would not give a satisfaoctory cep ococaposition and attention
was turnec. to the wet inocorporation of powdered graphite with R.D,1303. By
replacing the aqueous colloidal graphite, as used in the grauphiting process,
by a suspension of powdered graphite in water and increasing the quantity of
gelatin subsequently added, procducts have been obtaine? which fire satisfactorily
in the 20 awa. vap test. A4 minimua of 0.6 per cent. gelatin is found to be
necessary tc effect the attachiient of 10-12 per cent, powdered graphite to the
R.D.1303, the addition of insufficient gelatin oausing segregation and reaoval of
the grophite during the washing processes,

an iaportant feature of the wet mixeC products oontaining 12 per cent.
graphite is that the values of specific resistance are low indicating a low
static risk whereas the dry inixed material gives a specifio resistance figuré
associated with a high static risk. It is of interest to note that a reduction
in the graphite content of the wot mixed waterial to 9.2 per cent. gives a
product of high specific resistance. ;
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Further investigation has establishel that a cocabinetion of the gragyhiting
process using colloidal sraphite and the wet .aixing process will give o .Jore
easily processin_ type of proluct, with a low static risk vhich is inde cndent
of the aaount of powderel graphite added. The process has been extended in
the laboratory tc the 5 oz, scale and the product, containing a total of
12.1 per oent graphite, fires within the specified limits for the 20 ...
cap test.

Four types of cuaposition which have fired satisfactorily in the 20 ...
cap test can be listed :~

t

] | Sp.Res. Detonations 4
Type | Desoription of | sethod of Uhﬁ X in
{ coaposition preparation | 10%/c.i Meprer test

I }R.D.1303 + 12.5 povdered Dry aixing >10,000 | Detonated
graphite, [ { ‘
II o it 1] i 1 i
IIT |R.D,3303 + 2.5% ococlloidal Vet oou- I 2.8

graphite + 104 powdered bination
graphite. . Process §
v Graphited R.D.1303 (2.95 Dry wixing @ 0.43
oolloidal graphite) + 8.8 '

per cent powlered graphite

Wet aixing | S t No detonzticn

No detonation

No detonation

Coaposition I is sensitive to static discharges and detonates ensily
in the louse state, coaposition IT is a "non statie" cowp-sition, wund the
gaterial has a similar appearance to Conposition I under the aiceroscope; i.e. an
intinate .aixture of R.D.1303 and graphite particles. ' Cuoapositicns III and IV
are both virtually insensitive to static oharges in the luose state and under
the aioruscope show that the crystals of R.D.1303 are partially coatel with
graphite particles.

Of the four coapusitions listed abouve the uost satisfactory type of procuct
froa the uanufacturing point of view would be Coupcsition IIT. The dry .aixing
of graphitel R.D.1303 and powderel graphite (Coapoxition IV) would offer no
Gifficulties, but the .ixing process would be linited to 8 vz. batches with
existing type of equipuent.

Aluainiua powcder has also been incorpureted by a wet waethod with R.D.1303
and non-sejregating products containing up to 20 per cent. aluminius have been
prepared.  aluainiua powder with . surfaoce area greater than 950 an“/z.
incorporates satisfaotorily with R.D.1303; powders of lower specific surfrce
area Sh)g scgregation in the wet state; while puwders with surfaoce areas =bout
6,200 cia®/g. have been found to be reaotive in contect with water and usually
have a high oxide content. In spite of the low specific resistonce .f sone
saaples of alualniua incorporated, it has not been possible to obtain a
conCucting coapusition by the use of aluainiua. The method of incorporating
aluniniua powder aight find sose practical application in such ixtures as a.S.a.
etc. where the aluainiua powder is mixed in the dry state.

hs an extension of the wet processin;; for aixtures with lead styphnate,
aluniniua stearate has been incorporated with R.D.1303 tc sive ocupositions in a
variety of _hysical for.us.




Discussion

The aechanisua of the colloidal graphiting process uny be consideret. to
otcur thus - the addition of a colloidasl graphite dispersion to a suspension of
lead styphnate in woter causes the partial flooculation of the graphite by
the usual effect of an elecfrolyte (in this instance saturated lezd sty.hnate
solution) on & hydrophobic colloid; the flocculi still retain a saall resicual
positive charge anl the flocculation rate is slow. at this stage the flocculi
do not beocae attached to the crystals of lead styphnate, but vould eventusolly
separate out to fora a separate layer. The subsequent addition of gelatin,
exerts a sensitizing aotion and causes rapid flocculation of the graphite, at
the same tiue the gelatin is adsorbed on the corystals of styphnate. On adsorptio
the gelatin .aiocellae become orientated so that a negatively charged group
projects into the dispersing liquid. The graphite flocculi, vhich still
carry a sm2ll resicual positive cherge attach theuselves to the polar negative
end group of the gelatin micellae, thus becuuing anchored to the lead stypyhnate
crystals by briczes of gelatin.

The amino acids behave in the same vay as gelatin but only if an alkali
is acdded; this aay be accounted for by the fast that the anin: acids to a
limited extent resemble gelatin in regerd vo their sensitizing ané adsorgtion
effeots. The sensitizing and protective effects of gelatin however are
probably greater than those of the amino acids and it is necessary to increase
the conocentration of the electrolyte by the addition of aauonis or other alkali
before the flocculating value of the sensitizer is reached, also in the presenoce
of elkali the aaino acids froa micellae and the adsorptive power of the
Jaterial is enhanced, -

The electrical characteristics of the deposition -r incorpcration of eather
colloidal or powdered graphite and lead styphnate, depends on a nuuber of factors,
the main principle being the provision of 2 suitable nuanber of graphite contacts
to allow the free leskage of electrostatic charges. The results of the
speoific resistance easurenents can be considered as a quantitative assess.ent
of the folloving faetors.

Leau styphnate surface area and crystal habit.

Graphite particle size and shape.

Distribution of graphite on the crystal faces or as a uixture.

Surface treataent effects due to adsorption of hyldrophilic colloids
used as protective colloids for a graphite dispersion. or gelatin used
to procure adsorption.

5s Surface condition of the untreated lead styphnate,

E O S

The failure of aluainizecd lead styphnate to give a oorliching ouaposition
Jay be due in part to tae reactivity of aiuairiun with water 1o fora a non-
conducting filam of oxide.

Further clevelopuents

(a) Preliainary trials have been started with the chject of epplying the loboratory
prooesses on 2 techninal scale to include the manufecture of the following types
of lead styphnate coumpositiors ;- '

(1) 4 general purpose, non-suatic, duss-free lead styphnate. Froa
considerations apparert in the results already cobtained this would
broadly oonsist of the R.D.1302, R.D.1303 produci ireated with
2 per cent colloidal graphite by the gelatin aethod.

(2) R.D.1303 in non-static form as an electrioc cap cuiposition ingredient.

-
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(v)

(3) A coaplete non-static eleotric cap cuaposition by coubination
process of treatuent of R.D,1303 with both colloidal and
powdered graphite.

(4) Non-static treatuent of lead styphnate generally (including service
or canmercially supplied forms).

It is éonddered that the results obtained Justify a more detailed study

of the wechanism and application of attachment of sols and suspensions to
crystal surfaces on the general basis of orystal-suspension-bridging substance.

This

should include determination of electric charge on the various surfaces

involved together with aeasurement of particle sizes starting with the substances
already investigated but covering a wider range of conditions. TFor exauple
although this report includes data for both colloidal and powdered graphite

there is a further range available in the soc-called oolloidal carbon blacks,

The function of the gelatin or aaino ecids as bridging substances or sensitisers
could be further investigated possibly in conjunction with the preparation and
deposition of ly-photic sols of known characteristics.

A

Extension of the aethods to other substances has already shown prouise

and Justifies further study. Por example non-segregating iixtures of graphite/
lead azide and lead dinitroresorcinate/iead azide have been prepcred. It has
been found however that some substances will not respend to tnose precipitation
methods indicating that at present no siuple classification could be proposed.

Fig.

ML

appendices

The preparation af a lead styphnate coaposition with 2 low statio risk.
Incorporaticn of high proportions of oclloidal graphite with lead
styphnate (R.D.1303).

Graphiting: of R.D.1302 and other varieties of lead styphnate.,

Graphite wet mixing processes.,

The wet incorporaticn of aluainium puwder and aluainiua stearate

with R.D.1303.

Method for the deteruination of the specific resistonce of initiatory
aterials.

Illustrations

1. G33. Crephited R.D.1303, 1% gelatin and 3.7 per cent. colloidal
#raphite.

2. 0G.9. 120 gra. batch graphited R.D,4303, 1.8 per ocent. colloidal

grophite and 0.2 per cent gelatin.

Fig.3 (Gi19. Enlovzed orystal of GraphitedR.D.41303 showing partial

coating of R.D.1303.

Fig.h  Graphited R.D.1303 wixed with powdered graphite.

Fig.5. Untreated R,D.1303 (S.23)

Fig.6 Untreated P,D.41303 mixed with powderec. graphite.

Fig.7. Relation betwsen graphite content and specific resistance for

three types of lead styphnate.

Fig.8., Florculated graphite and R.D.41303 before the addition of gelatin.
Fig.9 OG9 graphited R.D.1303 containing 6.24 per cent. culloidal graphite

Fig,

(2% gelatin).
10 CGQ gruphited R.D.1303 containing 4.5 per eent, oclloidal graphite
(14 gelatin).

Fig.11 CG11 graphited of R.D, 1303 using colloical graphite dispersed in

acetone (7.36 per cent. graphite).

Fig.12 CG13. Craphited R.D.41303 using colloidal graphite E£ispersed in

ccy, (7.65% ).



)

v

A

Pig.43

Pig.14
Pig.15
Fig.16
Pig.17
g.18
Fig.19

Fig.20
Fig.21
Fig.22
Rig.23
Fig.2k
Pig.25

Fig.26

CG15. Graphited R.D.1303 using cclloidel graphite dispersed in
001, (12.€% C)« '

CGBéZ Graphited R.D.13502

CG61, Graphited Service Styphnate

A, B& C. Pzrticle size distribution graphs.

CG97. Tabular type lead styphnate of low specific surface area
CG102, Xquant type lead styphnate

CG34. Wet incorporation of 12.5 per cent powdered graphite’
(0.6% gelatin)

CG60. Cumbination process (130 gan. scale)

AS.2, 1070 incorporation of fine aluniniuwa powder

48.3. Incorporaticn of coarse aluniniua powder

AS.4. Incorporation of interwediate size aluainiua powder
D.S.12 Incorporation of 10,5 aluninium stearate

D.3.8 Incorporation of 105 aluminium stearate using a soluti.n
of stearic acid in aleohol.

Apparatus used for specific resistanoe tests.



APPENDIX I

Preparation of a Lead Styphnate Counpcsition

with a low Electrostatio risk

The investigation detailed below was undertaken in conjunotion with the
developaent of a dustless, 'small particle size lead styphnate which was
eventually developed as R.D.1303 (R.D.Explosives Report 281/45). During the
early work on graphiting, experinental batches of lead styphnate were used, but
trial methods have been worked out using the stanclard type of R.D,1303,
prepared on the manufaoturing scale.

Preliminary investigations showed that on adding a.suspensicn of collojdal
graphite to a suszension of R,D,1303, the colloidal grezhite was flouculated
with subsequent segregation; the graphite could be reamoved aluust coapletely
by washing. Froa prelininary qualitative experiments it vas found that if
gelatin wes addec to the mixture, the flooculated graphite became attached to
the lezd styphnate and could not be reaoved by vigorous water vashings.

Experimental

4 selection of the experimental work is tabulated in Table I where the
general procedurs is detailed; a final laboratory wethod being pgiven later
in this aAppjendix.

The lead styphnate in C.G.2. and 3 was weighed out dry, but it was found
that the wetting of the naterial without the use of 2 wetting agent was difficult,
in subsequent batches therefore the lead sty:hnate was used in the wet conditi-n
as obtained froa preparaticns before the drying opsrations.,  When using o
new batch of lead styphnate it was found convénient to dry & known voluae of
the wet styphnate, weigh, and so determine the ratio of wet voluae tu dry
weight. By this procecure, the hazard of handling dry lead styphnate was
avoicded and facilitated the safe production in the laboratory of up to 6 oz. of
graphited lead styphnate.

Consideravle variations in dilution and turbulence were shown to have
little effect on the final product. The ratio of water to lead sty hn:te
was! varied frowm 125 1 to 5.5 The latter water: lead styphnate ratioc was
used in orcer to wvake the procedure adopted in Expt.C.G.19/2 coaparable with
the cdilution required for a proposed faotury scale graphiting.

In C.G.2, after the addition of approxiuately 2. graphite (cale. on the
lead styphnate) there appeared to be an equal distributicn of yraphite between
the .aother liquor and the lead styphnate, the graphite appeared to have
flccculated to some extent and on allowing to settle, a ring of graphite was
seen as a top layer. When the aixture was stirred and the gelatin solution added,
the mixture settled rapidly, giving & clear uaother liquor. Subsequent water
washing of the product showed that no graphite was re.acved; there was soae
diffioulty however in processing, probably cue to the state of aggregation

caused by the use of a large ®xoess of gelatin.

The addition of 6% colloidal graphite followed by 1., gelatin solution as
in C,G.3. showed that a large portion of the grachite was not attached to
the leal styphnate, which, after processing with vigorous water washes,
contained 3.767 graphite. The specific resistance -f the final iasterial
showed a creet reduction coumpared with that of the original styphnate.

8is
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There was some diffioulty in processing the early batches of graphited
R.D.1303, apparently due to the agyregation ¢f the product; a reduction in the
quantity of gelatin used overofiae the proocessing difficulty. The incorporation
of 1.95 grashite was readily achieved by the use of only J.2: gelatin,
oalculated on the lead styphnate (C.G.16) and the reaarkably good processing
and low specific resistance of the procduct showed that the gelatin adiec
should be as low as possible.

In C.G.17 the gelatin solution was acded to the lead styphnate sus.ension
before the addition of the culloidal graphite; this procecure appearel to
retard the flocculation of the graphite, resulting in a uother liquor which
contained a large progortion of graphite and on washing the procuct all the
grephite could be rewoved.

For the incorporation of 3., graphite by the procedure of C.G.16 it was
founld that the cubsequent addition of 0,25 gelatin was insufficient for the
complete incorporation of the graphite; it wss necessary to increase the
gelatin to 0.3 to give a non-segregating product (C.G.18).

4 reduction in the graphite content of the grajhited lead styphnate to
1.6 per cent. (C.G.20) gave a product which processed well but had an
extre.ely high specific resistance.

Froa the experiaental work it appearecd that 3. graphite could be
incorporated on the R.D.1303 (i.e. specific surface area 712 ca/g) to .ive
a naterial in vhich all the graphite was used as a partial coating n the
R.D.1303 crystels, if however, the quantity of sraphite addel vwas inereased
much beyond the 37, the excess graphite becane aggregated int. larpge .asses in
which sane crystals of lead styphnate were includec. The aggregating effect
can be seen in Fig.I.

A review of the 10 and 20 gria. botohes has shown that the procedure
adopted in C,G.16 would serve as a basis fur increasel socale experiaents;
C.G.19 prepared on the 5 oz, scale reproducec. the product of C.G.16 -and
provided suitable material for electrification tests, firing tests etc.

The test described later indicatecd that the product froa C.G.19 had a
low electrostatic risk in the loose state.

In view huwever of the relation between the grophite content and the
specific resistance (see fiz.7) it was consicered that the grahite content
of C.G.19 was tou near the miniaua graphite value, as a rapid increase of
specific resistance of the graphited R.D.1303 was shown us the sraphite
value decreasel froa 18 per cent. to 1.6 per cent. a tentotive low liait
on the graphited R.D.1303 was therefore propused as 2 per cent.

Butch C.G.19/2 wis _reparel in the laboratory on the 6 vz, soale at a
diluticn comparable with that which would ve used fur the graphiting of a
15 1b. batch of R.D.1303 using available plant.

6 oz. Ssale

Experiaental Details for the Graphiting of R.D.1303, Incorporeting 2,57

Graphite
Quantities Conditions
R.D.1303 Lot S.23 (160 g. dry wt.) 112 1mls. Teap. PO=23°G.
vater 890 " Tine of gelatin

adlition 3 iains.
Diluted aquadag 3.6 per cent. C(W/V) 112 " Stirring (extra) L
Gelatin 1 per cent. solin. 5 OB Settling tine L
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Apparatus

31 squat beaker; 4" S.S. paddle; stirring speec 200 r.p.ad. (no baffle
used).

Procedure

The voluae of wet lead styphnate was transferrec to the beaker and
stirred with the required volume of water, the diluted Aquaceg was 2dded
follovwed by the gelatin sclution, After allowing to stir for a further 5 .ains.
the aixture was allowed to settle and the clear mother liquor deocanted, The
produect was washed twice with water, onoce with alochol, and dried by drawing a
current of air throuzh it in a manner siamilar to that used four the drying of
Service Azice., After drying the product was finally sieved through 100 wesh
sieve.

Produot

The final product oonsistec of a dark brown, free flowing mnaterial.
Microscopic exauinati-n showed practically no increase in the state of
aggregation caapared with the initial material 8.23 (c.f. figs. 2 and 5).
The individual orystals were partially coated with graphite and portions of
the free crystal surfaces c.uld be seen (fig.3).

Graphite oontent 2.56 per nent.
Specific Resistance 2.5 x 10%/chus/cP

Notes on the process

On adiition of the aquadayg to the lead styphnate suspension the aixture
becnie aluocst black: after addition of the gelatin solution, the mixture
assuied a deep brown oolour as the graphite becaue attachel to the lead styphnate
erystals. Piz.8 shows the flooculated graphite beforc the addition of gelatin
solution.

Generally the quantity of groephite incorporated depended on the crystal
size and the auount of gelatin added. an insufficiency of gelatin was indicaeted
by & cark coloured and slow settling aother liquor, while an excess of gelatin
would eccuse ocaking on drying which causes diffioculty during sieving operations.
Segregation vas ers8ily noticed if the aixture was given a svirling .aotion when
any tendency t0 segregation would be affiraed by a black ring of grapghite
appearing as an ugper layer.

Electrification Properties

Complete electrification tests were carried out by S,E.R. (Swansea) on the
patch C.G.19 (1.8 graphite) which represented a graphited lend styphnate with a
graphite content near the ainiuous value, couparable with a Jow specific
resistance. Preliainary tests on the batch C.G.19/2 (2.56) shoved the
anterinl to be even less prone to eleotrostatic risk than that for C.G.19
reported below (Ref.X.30/2/2),

Pouring Test

15 gras aaterial poured from an earthed tray to sn insulated aluainiuwa -
catohpot from a height of 7" (R.H. 4O per oent).

Service lead styphnate -3 ¢.8.u./g.
Graphited R,D.1303 (C.G.19) + 0,03 €.s.u./g.

10.
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Sieving Test

Material sieved through an earthed 85 wesh sieve anc ocollected in an
insulated catchpot (R.H. 40 per cent.)

Service Lead Styphnate charge devel. -20 e.s.u./g.
Graphited R,D,1303 C.G.19 8 - 1

These results on pouring and sieviny therefure showed that this type of
product had low self-electrification properties.

Spark Iznition of luose material

Loose heaps of the .aaterial were subjectel to electric spark discharges
of known energy.

Service Lead Styphnate:- 5.5 ignitions spark enerpy 110 ergs.
50 , " it " 390 ]
Graphited R.D.1303 (C.G.19) O p " ¥ 8,200 A"

With higher voltages (> 1,500V) the waterial
was blown away. 35. partial ignitions with
spark energy of 55,000 ergs.

Spark ignition of pressed pellets

When pressed at 20,000 1b./sq.inch 305 ignitions occurred at spark energies
as low as 17 ergs, No direct ocouapsarisons are available with Service Lead
Styphnate, but the mechaninally aixed 20 aia. oap coaposition under siailar
conditions of test gave 107 ignitions at a spark energy of 7 ergs.

Use in 20 an. Electric Cap

Batches of C.G.19 and C.G.19/2 have been found satisfaotory for use in the
20 .au4e electrioc oap coaposition when aixed with powderel graphite to give a total
graphite content <of approxiaately 12 per ocent.

Mechenioal Dry ulixing of Graphited R.D.1303 with powderec Graphite

hn 80 gra aix wes wade using dry C.G.19/2 and powdered graphite (achescns
35), the final graphite content being 10.77 per cent (calculated graphite 10.8
per ocnt). The product fig.4 flowel extreuely well with no achesion to the
sides of the Jelly .aould .ixer. No segregation of graphite was cbserved in the
product even after such drastic treatuent as topping the sides of a lony
vertiocal cylinder containing the material.

Specifioc Resistance

L
The specific resistance of the loose material is extreuely 1low (0.43 x 10

ohas/oaB), indicating a .waterial ocapable of alluwing the very rapid leakage of elecctric

charges.

R.D.1303 aixed in the saue way with 427 pxﬁdered g aphite gave a aaterial
with 2 high specific resistance (=10,000 x 10* ohms/ci’) i.e. similar to the
untreated R.D.41303.

1.
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Ignition

Preliminary tests showed that it was ¢difficult t. ignite the C.G.19/2 mix
by electric discharge and other eleotrifioation properties were similar to those
of C.G.19 (Q.V.) i.e. n> ignitions up to 6,000 ergs.

The pressed pellet of C.G.19/2 and graphite .aix as used in the 20 aa.
electric cap test gave a satisfaoctory firing voltage of 10.5 volts and a firing
resistance of 5.5 chas.

Gelatin Substitutes for use in Graphiting R.D.1303

although gelatin has been investigated in souwe cetail for the graphiting
of RyD.1303; the suitability of other aaterials to replaooe gelatin has alsc been
studiec.

‘The folloving substances were tried as possible replooceuents of gelatin: -

é1) sieshyl cellulose (2) Sodium narboxy-nethyl cellulose (3) albuain

4) Casein (5) Gua arabio (6) Representatives of the olasses of aaino acids
which have been obtained frua the hydrolysate of gelatin (7) waino benzcic
acids (8) aawino phenols,

The substances (1) to (5) above were added as 1 per oent. solutiocn, as in
the norual procedure using gelatin. In each mase up tu 1. of the collsid wes
used and in eaoh case the graphite segregated aluost conpletely so that on
washing 2l the graphite ocould be removed fran the products.

Gelatir has a ocowplioated structure of peptide linked aminc acids and a
large nuaber of auino acids have been isolated py the hydrolysis of gelatin;
the selectiin detailed below has been extended to a broad class of aainy acids
and includel such possible dipolar molecules as the aaino benzoio acids and the
aino phenols,

(a) aliphatis agino acids containing one aninc group and one carboxylic group
(&1 olanine, glycine).

(v) Aliphatic auwino acids containing one auinc sroup and tvo carboxylic
groups (Glutaaic acid).

(¢) Heteronyclic muupounds where the nitrogen foras part of the ring and
the carborxylic acid group is in the & position (l-proline ).

(&) 4ainu aocids containing a benzene ring anl the carboxylic acid group in
the @, T or a position, ol

(e) 4Anino phenols eg 0, 1 and p anino phenols.

The general sxperimental work and results are detailed in Table II.

The addition of anasnia becane a modificaticn of the original procciure as
it was founc that the aiino acids alone would not cause the desired attachuent
of graphite to the lead styphnate orystals and it was therefore neaessary to

add aaaonia beyond a ocertain winiuua quantity. The quantity of auacnia necessary
was aore than that required to neutralise the a0id groups in the caino acid.

12o
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It will be notioec froa Table II that the ispeleotrio points of the euino
aoids vary considerably while the pH of the final aother liquors of the
satisfaotory batches has very little veriation i.e. pH 5.5 - 5.8. The strong
buffering aotion of the liquor will be more evident when it is considerec that
the quantity of aauonia,as used in the experiients, vhen added to the aaino
acid solution gave a pH of 10.06 - 10.34 for the various aocids used. In
addition diluted aquadag (3.357 graphite) had a pH of 9.71, vhich value
showel 1little chaznge on dilution with water.

48 2 variation of the process the desired quantity of auionia was added
directly to the eaino acid solution (as in C.G.88 and 108), but as the additicn
of an exocess of aaaonia is undesirable due to its action on the lead styphnate,
it was founé preferable to add the aanonia finally so that the quantity could
be controlled by inspeotion.

" In eaoh of the experiients using the "protein" auino aoids the final
products gave satisfaotory prosessing and low values fur the specifio
resistances (Table II).

The solubilities of the aaino benzoic acids in water is saall, and in
oréer to obtain solutions up to 1. it was necessary to add aanonia. In C.G.88
the solution of anthranilic acid was effeoted by adding the theoretiocal quantity
of aaironia to fora the snmoniuwn salt, giving a solution of pH 8.00; after adding
up t¢ 10 als. of the awaosniuwa anthranilate solution, the flooculated grapghite
ocontinued to segregate, subsequent addition of anaonie hovever causecd the graphite
to becoune attached to the styphnote orysta 8. give a product of low specific
resistanoe. Solution of the aaino ben201c/was also effected in 50 per cent.
alcchol to give satisfactory products when aaaonia-was adced subsequently
(C.G.89 and C.G.90).

The use c<f the 6, B and.g anino phenols were shown to be unsatisfactory
as a replaceaent for geletin or the anino acids in the process. In each case
the graphite segregated and could be washel out of the products (C.G.116, 110,112).

Discussion

The fast that the addition of c¢olloidal graphite to the lead styphnate
suspension cuases flocculation of the graphite particles indiocates a
rearrangeaent of the electrical charges on the coulloid particles., This
flocculaticn appears to be the usual eleotrolyte effect with hydrophobic colloids,
as ¢0lloidal graphite is flocoulated by the saturated liquors froua lead
styphnate in the absence of sclid lead styphnate. Colloidal graphite is
unusual in that the particles ocn acquire a ppsitive or ne_ative churge
depending on the pH of the suspension, usual ?article is pusitive in alkaline,
anc negative in acid aedia.  The colloidal graphite used in the above experiuents
is stabilised with aa.onia and the diluted suspension has a pH of 9.7 indiceting
that the graphite is positively charged. 4 hydrophobic co0lloidld such as graphite
begins to flocculate when the charge on the particle falls below a certain
value so that theflocculi will still retain & resicdual charge.

In aqueous;ueulul the graphite flocculi settle slowly and do not attach
theaselves to the lead styphnate orystals unless a s:lutiocn of gelatin or azino
acid salt is adlled, then the flocculi becowe irreversibly attached. Gelatin
is reocognized as cne of the couanon protective colloids and it oan be assuued
that it is this "protective" property of gelatin and the azinv acids which is
utilized in this process. It is reasonable to assuue that the property in
oocimaon to the .aterinls vhioh effect the attachment of the graphite flocculi
is that they are capable of giving dipolar ions in solution. In solution the
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aliphatic anino acids exist almost entirely in the dipolar fura while the

aaino benzoic acid acts as a 50,» mixture of the unchanged and dipolar forus,

the position of equilibrium depending on the presence of aoid or basic grou.s.

The anins phenols however show no evidence of behaving as digolar ions anl it

is significant that they will not effeot the attachaent of the flocculatec. graphite
in aqueous aediua,

The attachaent cf graphite -cculd be explained by assuaing that, on adding a
solution of gleatin to the aixture of flocculated graphite and lead styphnate
(R.D.1303) suspended in water, the gelatin is adsorbel on the lead styphnate
crystals, the gelatin aclecule is orientated so that the chain is noraal to the

. surface of the orystal and the end group cf the chain has a negatively charged

£X D, It is possible that the pertially positively charged graphite floceculi
can now becoze attached to the polar (negative) end group of the protective
ceolloid or aaino acid salt, thus becouing anchored to the lead styghnate
orystal by a bridge of gelatin or aaino acicd salt,

It is of interest t¢ nute that the weohanisa appears to be fairly general
in a8 auch as it has been possible to graghite other initiators such as Service
L.D.N.R. and lead azide.

Althoush many experimental facts appear to bear cut this coneeption of the
grephiting process, there is no adequate explanation as to why some proteins
such 2s casein and albuaen are unsatisfdctury for use in the graphiting process;
they have si.ilar iscelectric points, the adsorption takes pluce in a self
buffered wediuu (pH 5.5 - 6.0) very near the iscelectric point of these
ailpholytes. For .acst siuple anino acids the calculation of the iscelectric
points show that there is in fact a broad zone of pH values at which the
aapholyte is practioally isoelectrie, thus glynine at pH values between 4.3 and
7.7 has & concentration of positively or negatively chargeC ions, less than
1% of the uncharged dipoler molecule. The function of the.aauonia additi.n is
souaewhat obsoure since the final pH of the mother liquor is usually 5.5 - 5.7
but an explanation is given in aAppencdix II where other experinental evilence
is offered.

In the course of these experi.ents nany puoints of theuretical interest

have arisen which have not been investigated prectiocally as they are oveyond
the scope of this present work.

14,
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Avpendix IT

Incorporetion of High Proportions of Ccllcidal

Grophite with Lead Styphnate (R.D.1303)

" Preliainary

Appendix I has shovm that ceolloical graphite incorporated in R.D.1303 will
give a couposition with n high electrical leakage volue thereby recucing
considerably the electrostatic risk. It was counsiderec. that an increase in
graphite content of the co.upusition, by the technique adcpted in appendix I
would give a anterisl suitable for the direct use as a 20 ua. electric cap
cupusition, 48 indicated previously R.D.1303 can take up, as a partial
cuating, graphite approxizating to 37 of its weight; srophite in excess .f this
becones. agpregatec and is not attached to the styphnate ulthough the aasses of
graphite include a certain auount of leacd styphnate.  Fig.6 shovs the type of
saterial which has been used for the 20 .i. electric cap and as will ve seen
it cunsists of a uixture of gruphite granules (10 - 127) and orystals of
R.D.1303; on pressing the graphite granules act as a suitable "bridge" for
eleotrical firing and it seewed probable that these conditins could be
reproduced by the incorporetion of graphite in excess =-f 3. by the graghiting
process utilizing colloid:l graphite.

The .aain advantages of such 2 wet process using collsidal graphite are
clearly that the dry wixing of the lead styphnate would be eliuainated nd the
final coaposition could offer a higher standarc of uniforaity in both uunufacture
and subsequent handling than a aechanioal uixture.

EBxperiaental

Use of Water Dispersec Colloidal Graphite

The generanl coplitions an a selection of the experimental work is set out
in Table III. The early experimental work was oarried cut using a laboratory
batch of R.D.1303 vhich was weighed out in the dry state, but later, Lrtches were
.easurel cut wet as detailed in Appendix I.

In Expt. CG4 a fairly concentrateld collcidnl graphite suspension wes used
and soae difficulty was experienced in measuring; the required voluuse, in later
exgeriaents a aore dilute suspension was used. The concentration of the .raphite
suspension appearec tc mnake little difference to the effective grophitin, of the
leal styphnate,

The inc.rporation of 6.24 per cent. graphite (CGh) required the equivalent
cf 27 gelatin before a clear aother liquor coulc ve cbtained; the processing
was CGifficult provadly due to the aggre,ntion caused vy an excess of gelatin
(fig.9). The yrxluct in the wet state was Llack 2nl the possible se re rtion
of grahite wazs difficult to ceteraine. 4 repeat _f this experi.ent (CG7)
showed segrention of graphite in the wet state; indicating that an excess
of graphite was Leing used.

The reduction of graphite to 4.5 per cent. required 1 per cent. gelatin to
give a procduot which did not segregate in the wet state (CG8).  although soue
difficulty wz2s exgerienced in processing, the product was an iaproveaent,
containing a uore unifora size of aggrecates (see fiz.10). Firing tests were
carried out on this material (CG8) and frou the results it was evident that
insufficient graphite had been incorpurated as after pressing in the cay the
firing resistance and the firing voltage were of a high order, 42 chus ~nd
30-45 volts respectively.

15.




Atteapts were uzacde to increase the graphit oontent and iaprove the .rocduct
by slight aodifieetions of the process. Gelatin added to the lead styshnate
suspension followed by the addition of colloidal graphite was unsucoessful in
ccusing the required flocculation of the graphite; after 4 .ainutes stirring
there was no sign of flocculi present after 21 ainutes graphite flocculi were
present but there was no settlin,; of the wother liquor and apparently little
attaochaent of the graphite to the styphnate corystals. On heating the aixture t«
75°9C. precipitation of the flocculi occurred and on allowing to settle, the
aother liquor cleared rapidly at 75°C. cold washes however yave dark liquors
anC the settling was poor. A portion of the product after washing with
acetone and alochol oazkel hard on drying, anc sieving of the uaterial wos
praotically iapossible, To another porticn of the procuct, foraalcdehyle was
adied in an atteapt to harden the gelatin filia but this pronsecure was
unsatisfactory.

a suspensivn of lead styphnate and colluical graphite containing tannic
acid requirel .nly a saall quantity of gelatin (0.5 per cent.) to cause rapid
precipitation of the flocculated graphite vwhich vecaue attached to the lead
styrhnate crystals, the .aanterial however wes very bulky in the wet state, and
on drying caked so hard that sieving was practically iupossible. (See CG12).

The addition of aazonia tu the lead styphucte - colloidal graphite
suspensicn to pH 11.0, faciliteted the incurporation of approx. 7.5 per cent
graphite (see CG21 and CG22), The product was lighter in oclour than previous
batches, lighter in colour even than material contzaining approx. 24 grephite
e.z. CE9. Hioroscouplo exaiaination showied the aaterial to contain aany free
lead sty hnate orystals which prowvably explains the lighter colour.

atteapts et graphiting in Luffered suspensicns (CG2L - 26) were provec of
little practical value; it was apparent that with citrate phousphate ouffer,
sesregation of graphite occurred at pH values frow 3.2 to 8.0.

Firing tests on the products frai CG21 and 22 cave low firing volta es
i.e. 12.2 and 11.1 volts but the electrical firing resistance of the uaterial
was extreuely high. In view of the processing difficulties encountered in
the graphiting experiments using water dispersed oolloicdal graphite, atteapts
were aade tu use culloidal graphite dispersed in organic sclvents.

Use of colloidal graphite dispersed in organic solvents

Several types of "dag" (ucheson's deflocculatel graphite) dispersed in
organic solvents were available. Two representative types have Leen usecl in
the f0llowing investigation viz. "dag" in aoetone and "dag" in oarocn
tetrachloride. The experiaental procedure is détzailed in Taole IV.

The "da;" in acetone was supplied as 18 Jer cent. oolluidal grahite
wade up frou weter Jdispersed colloidal graphite as used in aquada.; in use, the
ouiiercial aaterial was diluted to give a b4 per cent w/v suspgension in acetone.
After the addition of the acetone "dng" to the suspension of R.D.1303 in
50 per cent. acetone (CG10) there was suze indication of flioocculation although
the floucculi were saall and ¢id not settle very rapgidly or veco.e attuched
to the le.d styphnate carystals. The additi n of & saall quantity of gelatin
sclution caused o rapid elesring of the supernatent liquor and there was no
segregaticn of graphite froa the product. The product containing 4 per cent
graghite incorporated in the av.ve lanner showed a high specific resistance;
wicroscopic exauination showed that the pruduct ocnsisteld of amany aggregates
of R.D.1303 together with wasses of graphite siamilar to fig.11. an inorease
in the quantity of acetone dag edced, to give an inoorporation of 7.36 ger cent
graphite, required the addition of 1,5 gelatin oefore the floocculi of graphite
settled rapidly (CG11). although there vas no segregation of graphite froa the
grocuct fibrous aaterial was present. The product however proocessed satisfaotorily
and gave a low value for the specifio resistance,
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The products frou Expts. CG10 and 11 were remarkable in that they were
brown in colour siailar to the colour of product obtaincc by the meohanical
dry mixing of R.D.1303 and powdered graphite. In the process using acetone
dag, the aminiaua graphite value appeal to be wuch higher than in the
incorporations usin. aquadag (of CG19 and CG10).

The firing tests on CG41 (7.367) showed a high firing resistance and
firing voltsge, indicating that an inorease of graphite was neoessary.

The use of carbon tetrachloride "dag" has faocilitated the incorporation of
up o 13.6 per cent graphite with exoellent processing. The ocomzercial "deg"
in carcon tetrachlorice was supplied containing 10 per ocent colloidal grephite
and was prepareC fron oil dispersed graphite as used for Oildag. It was y
found that when the disgersed graphite was added to a suspension of the R,D,1303
in alcochcl the gra hite became flocculated and incorporated with the lead
styphnete to give & non segregating uixture without the use of gelatin. The
mother liquors were quite clear cnd no graphite was reaoved in the vashing
processes; after drying, the products shovied no signs of naking and sieving was
rapid. Figs. 12 and 13 show the type of produo%s obtained vhich were light brown
in bulk, much lighter in colour.than products ebtained during the inoorporation
of 2 per cent., graphite using Aquadag.

. It will be seen by referenoe to figs. 141, 12 and 13 that the type of
naterial obtained by incorporations using colloidel graphite dispersed in
organic solvents differs oconsicderably from those obtained in the Aquadag
graphiting process. It is evident that the ooating of indivicdual orystals
is poor; the greater part of the graphite veing incorporated in congloaerates
of grephite in which saae crystals of R,D.1303 are includecd.

Specifio Resistances and firing tests

as aight be expeocted frou Appendix I the R.D.1303 graphited with aquadag
incorporating more than 35 graphite gave products with low specific resistences,
indicating low static risk (see Table III$. Graphite incorporated frou organio
solvents appearea to Le less effentive in reduoing the static risk with the
lower proportions of graphite; howewer the products oontaining graphite in
excess cf 7.36 per cent had low specific resistances.

The 20 o, cap tests on the geries of produots are of interest,
Below is tabulated the results of a few firing tests.

Graphite Mean ’ \ Graphite | sean
. Batch iIncorQOration Firing Firing Powder Firing | Firing
Type ' 5 C | Resist. |voltage |added . Resist, voltage
' | (ohias) | (volts) | (%) (ohus) (volts)
CG18 aquaday 2578 450 ! L5 : 8 5 9.1 !
v . f :
B&21 "o 7. | 200- WZee, Wi 5 . 6.5 L 40,2
| - | 20,000 , | o
! * ] ! | |
gg22 | T 8 Y he Ml H 5 | 6.4 |  10.2
{ >q0k | g | |
| I | ' |
CG11  |Aestone- | 7.36| >1,000 | 60 | - - | -
ep.. ; e g |
‘ ‘ ? 1 ! l
CG13  [Curbon- | 7.65] 500 30- - - - !
tetra- | 45 ! !
chloride | { |
aay; ' ! !
1 v i
0615 " 13.6 500 30- E | |
e 4 | :
I &




Suitable test firing liiits were considered to be that, 2% grains
pressed at 700 1lb. should have a firing resistance between 6 and 12 ohas.
and that the oap should always fire at 12 volts. Frcm the above table it
will be seen that CG18 with a relatively low graphite gontent gave a high
firing resistance and voltage unless aixed with powdered graphite, when it
behavecd satisfaotorily in the 20 ma. cap. The low firing resistanoe spparetly
can be easily wodified by reducing the quantity of powdered graphite added.
The results froa CG21 and 22 are reamarkable, showing a greatly deoreased firing
voltage but an extreaely high and veriable firing resistance, higher even than
CG18 which contained only 2.87 per cent graphite. The adcdition of an extra
5% graphite by dry mixing with Aochesons 615 graphite gave satisfactory firing
characteristics for the products. A comparison of the firing characteristics
of graphited lead styphnate prepared by using graphite dispensed in organic
solvents, showed that incorporations up to 13.6 per cent. graphite, have higher
firing resistances and voltages than products containing only 2.87 per cent.
graphite incoriorated by the use of Aquadeg. It is of interest tc note that an
increase of graphite content from 7.65 to 13.6 per cent (CG13 and 15) has not
altered the firing sharaoteristics.

Discussion and conclusions

It has been confirmed experimentally that using water dispersed colloidal
graphite, R,D.1303 can take up about 34 graphite as a partial coating; graphite
in excess of this beoones aggrepgated, foraing conglomerates of graphite
oontaining crystals of R.D.41303.

It appears fromn the experimental data that gelatin nan aot both as a
protective colloid and as a "sensitiser" according to the mode of addition.
It has been shown in appendix I that a saturated sclution of lead styphnate
will start floooulation of the water dispersed oolloidal graphite, but it has
required the additiun of gelatin to cauplete the attachment of the graphite to
lead styphnate. The incorporation of larger quantities of graphite proceeds
in 2 similar manner at first until the maxiaun attachment is achieved. At this
stage, the continued addition of gelatin sensitises the excess graphite sol. so
that the charge on the awicelle is reduced to such an extent that inutual
attachnent ocours resulting in aggre ation with subsequent rapid settling of
graphite aggregates,

In Expt. CG9 where the water dispersed graphite is added to a suspension of
lead styphnate in gelatin solution the conditions are favourable for the
proteotive action of gelatin to take effect. The hydrophobie oclloid is
entering into an exeess of the protecting hydrophilie colloil, with the results
that the .iloellae bucone less sensitive to the eleotrolyte, flooculation does
not occur, nor is there attachnent of graphite to the crystal faces of the
leacd sty hrate.

The presence of aaaionia in the lead styphnate/graphite suspension appears
to assist the attachment of larger proportions of graphite. By the addition
of asaonia as in Expts. CG21 and CG22, up to 7.8 per cent. graphite has been
incorporated by the addition of only 0.4 per oent gelatin, whereas noraslly
at least 2% gslatin is required (CG4). The effect of the aasonia addition
day link with the effect of a.juonia addition to the amino aocids eto. detailed
in Appendix I. It is known that, in .iany respects, the amino acids behave to
some extent as the proteins in their semsitising and protecting action; the
sensitising effeot of gelatin however, is provably greater than that of the
aaino acids and it is thus necessary to inorease the oonnentration of the

styphnate ion by the addition of awaonia before the flocculating value of the
sensitizer is reached.

18.
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The firing voltage of products CG21 and 22 (12.2 and 11.1 volts respect.)
are reaarkably low in comparison with their firing resistances; it is probavle
that an increfsed graphite emontent woulc recduce the firing resistance
appreciably but the processing difficulties lead to the seurch for a aore
convenient aethod for the incorporation of higher proportions -f graphite.

The use of the colloidal graphite dispersed in organic solvents has
facilitated the inourporation cf high proportions of graphite; in particuler
incorporations using graphite dispersed in carbon tetrachloride have given
products which proocess without diffioulty.

The aajor difference in the uude Of prooessin, these tvo typ.es Of disjersions
is that, with asocetone dispersed graphite it is necessary to add gelatin
solution to coaplete flocoulation of grephite with attach.ient to the lead
styphnate, whereas the graphite froa carbon tetrachlcoride dispersion is
flooculatel satisfaoturily by alechol.  Although 13,606 graphite has been
incorpirated vy the wethod used in CG15, the firing oharccteristics are the
saae as the .aterial froa CG13 in vhich only 7.65 per cent graphite had been
inoorporated by a siailar .aethod.

The reuaarkable CQifferenne in colour of products frau aquadag
incorporaticons and those cobtained by incorporation froa grayhite dispersed in
organin solvents is a result of the graphite districution. Thus products frua
the fouraer incorporations are almost black, even when the graphite content is
low; it is apparent froa fig.2 that all the graphite (1.837) is attached tu the
crystals wvhich accounts for the almost vlack colour of the producs. Products
obtainec. by use of graphite in organic solvents are light in colour, siuailar to
the cuapusition cbtained by the .wechanical dry aixing process-Figs. 6 and 12 show
this siaillarity is aore apparent under the nicroscope. In fig.12 there is
no coating of graphite in the sense of that shown in figs.2 and 3; the leal
styphnate crystals are attached to aggregates of graphite. The difference in
graphite distribution oan explain the differences in resistanoe, thus in CG10
the grophite content is 4 per cent (acetone dispersion) yet the specifio
resistance of the uaterial is extreaely high while in CG19 the gra hite content
is 1.83 per ccnt (water dispersion) and the specific resistance ocunparatively
low. In the former product the surface area of the exposed graphite surface is
much sacller than that in the latter, so that the carvon to carbon contacts
which deteriines the electrionl resistance in the lsose state are wuore frequent
in the aaterial containing only 1.8 per cent. graphite.

althoush the methods of graphite incorporation cutlined in this appendix,
have shown the possibility of incourporating high proportions of graghite and
soue interesting facts have veen revealel, the .aaterial ocntainin. as .auch as
13.67 graphite are not satisfactory for direct use as a cuaposition for the
20 ma. electric oap.

19.
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~PPENDIX TIT

Graphiting of R.D.1302 and cther types
of leac. styphnate

In view of the satisfactory results obtained Ly graphiting R.D.1303 using
water dispersed colloidnl graphite (appendix I), the general application of the
process t. other types of lead styphnate was a logical requireaent. Frou tests
on grophited R.D.1303 it was considered probable that the incerporation of
approxiaately 2 per cent. graphite with R.D,1302 would cvercoae the ¢ifficulty
of processing an electro statio sensitive material in such factory operatiins
as Qrying,sieving and aixing.

Graphiting >f an R.D.1302 blend

In 1942 thirteen 10 1b, vatches (8.1-13) of Custless leud styphnate
had been manufastured (since designatec as R,D,1302 see R.D. explosives report
286/45), and as 2 bulk of stzndard material for the investigation, a 13 1b.
olend was uade froa batches S.1-12 (excluding S.11).

The storage history of these .aterials coaprising the blend is of interest
in view of the results sbtainel, which, in part depends on the surface treatuent
of the lsad st phnate orystals. The batohes of lead styphnate, packed in cloth
bags had been stored under water in white pine and ook barrels. for approximately
two years; subsequently samples were reuoved fraa each batch and stored wet in
sutte perchn vessels for about six uonths.

a direct application of the proucess used for the graphiting of RD.1303
showed that the maximua graphite which could be incorporatel was in the region
of 1 per cent. This graphite content was insufficient to ¢ive a specific
resistance cuaparable with a low electro static risk. Fig.14 shovs that all
the graphite is attachel to the styphnate crystals, but it is evident that
the graphite distribution is insufficient to give the required contact of
graphite particles to ensure a satisfactory eleotrical leakage.

Atteapts were wade to inerecse the quantity of graphite incorporated by the
adliti.n of ananonia or acetio acid, but in each ocase, after o pecrtion of graphite
had becuae attached to the crystals, the further additizn of graghite osaused
sejgregatizn. . control graphiting of R.D,1303 showecd that the reagents used
were satisfaotory, and in addition a check on the diluted Aquadzy showecd that
the state of dispersion of the cclloidal graphite had not ohanjed apprecisaoly
during four .ionths.

It was oonsidered probable that the surface conditions f the lead styphnate
crystals was a eritical factor in the graphiting process. Although the blended
aatsrial used in these experiients had been stored for a nuaber of years and
there was soue uncertainty reg.rding the effect of stourage on the crystal surfaces,
it was oomsidered advisable to investigate possible .ethods for the incorpcration
of sufficient graphite to give a satisfactory antistatic unterial.

The addition of tannic acid solution tc the suspension of the R, D.1302
blend showed soime inorease in graphite incorporation, ovut as segregation occurred
when 2 per cent, colloidal graphite was added, the wmethod was discarded. It is
of interest to note that the addition of tannic acid equivalent to 0.2 Jer cent.
on tae lead styphnute (10 per ocent. on the graphite) gave the usual flscculation
of graphitec when the oolloidal graphite was added to the aixture. On increasing
the sannin added to 0.6 per cent. (equivalent to 30 per cent.calculated on the
graphite added), nu flocoulation of the oculloical graphite cccurred even after
25 minutes. It appesred that vy the addition of colloidal graphite to the
suspension oontaining the equivalent of 30 per -ent. tannin, the graphite particles
becaize protected Uy the excess .f hydruphilic colloid, so that flocculation,
by weans °f the electrolyte, did not occur.
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Various progortions of tannic acid, anc the effect of irreversible
adsorption was tried in order to Jbviate the protective action of tannin but
there was n. apparent increase of graphite incorporation. It va 9%996& that
the tannin would become adsorbed on the orystals of lead styphnate/act as a
precipitant for the gelatin causing attachaent of the graphite flocouli;
this howeve:r, did not hapoen to any uarked extent.

4 uixture of diluted Aquadag and gelatin added to the R.D. 1302 suspension
caused floocculation of the graphite with coaplete segregation, there was no
indiocation even of partial attachaent of graphite, and subsequent acdditi.n of
tannic acid shoved no iagroveaent.

Pretreatuent of the R.D.1302 blenC with gelatin, showed soue iaprove.cnt
in the graghite incorporation. The lead styphnate vies allowed. tou stand twelve
hours in a 0.4 per oent. solution of gelatin, after vhich the unadsorbed
gelatin was reaoved vy water washes. The pretreatel uaterial was suspenced in
water, diluted aquadag and subsequently gelatin scluticon, adled in the usual
wenner., Addition of 2 per cent. colloidal graphite showed scae segregation of
graphite, which was reauvel by vigorous washing, while the product countained
1.2 per cent. colloidal graphite, and gave a value for specific resistance of
50 x 104 ohus/cia.?. This value was very near that obteined fur GG19 indicating
that the blend, on graphiting after pretreatuent vith gelatin will give a
aaterial having a low electric statio risk.

Grephiting R.D.1302 batch S12 after factory storage

To verify the results abouve o sauple of one of the batches coaprising the
blend (oatch S.12) was obtained anl the investijaticn continued.  The uvatch S.12
had been stored under sizilar conditions to the blended .aaterial except that it
had been sanpled direotly frua the 10 1b. batch a short tine before use.

Graphite incorporated satisfactorily oy the normal prucedure to give
products with low specific resistances (See Tuble V). 4 series of experiuents
tabulatec in able V, CG63 - CG65, showed the ohange in specific resistance
with graphite content. Experiients reducing the quentity of gelatin added,
showed that for each quantity of graphite added. there is a certain iiniiaua
quantity of gelatin required for incorporation. Thus it will be seen froa
Table V that the ainiuaua quantity of gelatin required for the inoorporation of
1.7 per cent jraphitc is 0.25 per cent ealculated on the weizht of lead styphnate,
this product (CG67) pave a very low velue for specifioc resistunce,  an increase
in gelatin leods t5 scae increase in specific resistance of the final crocuct
together with agsregation, which in the case of a large excess of gelatin
woulc affect the sieving procedure.

Graphiting of 3ervice (1.C.I.) Leal Sty hnate

The general aethod of graphiting R.D.1303 has Leen agilied to the grephiting
of Service (I.C.I.) Leal 3ty hnate and it has been shown to give @ non-static
product. The sauple of lead styphnate was supplied dry, 20 grus. of the naterial
were suspended in 50 mls water by stirring and 14 als diluted aquadag conteining
3.6 gras collcidal graphite per 100 uls. added; the total voluas beinyg ande up 62
100 nls. with water. Gelatin solution (17) was added slowly to the stirrel
mixture at room temperature; after the addition of 8 als. gelatin sclution
there was signs of graphite segregation durinyg a triasl settling, the alddition
of a further 2 als of gelatin solution pgave satisfaotcry incurpcration of the
graphite. N> segreygation was observeg§§ettling or swirling, the supernatant
liquors settlec rapidly and washing by decantation was rapid. The procuct after
washing twice with water and once with alecvhol was dried at 40-50° then sieved
through a 60 aesh sieve.
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The aliaost black final product showed practically no aggre.ates (see fig.15
0G.61). The final product containecd 2.4 per cent irayhite and gave low values
in the specific resistance test (6.5 x 10% chas/ca.”) indicating a low static
sensitiveness in the loose state.

Specific Resistance and Graphiting Effiociency

The graphiting of the R.D,1302 blend has in the main shown unusual results,
sinece cnly a saall portion of graphite has been incorporated by the standard
prooscure, whereas another saaple of R.D.1302 and a sauple of Servioce Lead
Stychnate (I.C.I.) have graphited satisfactorily. By the pretrestment wethod
the quantity of graphite incormorsted in the R.D.1302 blend has veen increased
to 1.2 per sent, giving a product with a specific resistance couparable with
that of CG.19 (QV) vhich has been shown to be practically "non-static". The
quantity of grachite incorporated however, is saall and would appear to be a
saximun by the pretreataent method.

ReD.1302 batch S.12 has been graphitved satisfactorily by the usual procedure,

behaving as R.D.1303 in respcct of its graphiting efficiency. The results of a
series of graphitings have beenplotted in fig.7; it will pe seen that the
incorporaticn of less than 1.3 per cent graphite under the conditions used,
would give a couposition_of high specific resistance and for aaterial o>f this
surface area i.e. 457 ou®/g, this graphite content iiay be considered as the
miniaum grajhite valuse.  The ainiauwa velue nay be recducel to sone extent by a
decrease in the aaount of gelatin added. Thus the incorporaticn of 1.7 per cent
graphite (CG.63) by the use of 0,35 per cent gelatin gave a product with
specifio_resistance of 21.4 x 10 ohms/an.3 canpared with a velue of 5.9 x 104
ohas/cia. vhen 0.25 per cent gelatin was used for the incorporation.

Effect of surface area and orystal habit on the graphiting process

In view of the difference in behaviour of the two saaples of R.D.1302
and the differences in the miniauwa values for R.D,1302 batch S.12 and the
general values for graphited R.D.1303, further investigation was desirable
in order to ceteriine, if possible, the cause of the differences.

A review of the physical characteristics of the -aaterials pointed to e
differenoe in particle size, thus the average dianeters for R.D.1302 blend,
R.D.1302 8,12, £nd R.D.1303 lot S.24 were 0,047 ma., .029 aa. and 0.028 ..
ieasured as ifartin's diaaeter. The similarity in average particle size of
the last two sanjples aight account for the siuniler behaviour on graphiting,
while the poor . rophiting efficiency of the R.D.1302 blend any have been due to
the presence of large crystals if less surface active than the saaller crystals,

icrosoopio exanination of the metericls quoted above szhowed sone
difference in crystel habit. The R.D, 1303 existsd mainly az tabuler type
nrystals, the Latches of R.D.1302 blend anc batech $.12 were of an equant hawnit.

It was clear that o deteriinaticn of lartiztc-diasetor viould ve
insufficient cCata to charaoterize the grephitin, efficiency of various ty,es
of lead styphnate, since it was possible to have %vwyu aaterials of the saue
martin's disseter yet differ consideravly in depth of crystal. It was
ovnsicered that a weasurement of the surface area ¢f the waterial would _ive
a better, anc more reliable basis fur couparison of graphiting efficiency.

Below is tabulsted the chief charaateristios of the three aaterials
discussed aovove,
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Hartin's
{ Material dia. Sp.Surface Crystal type Craphiting
. (cms?/g) effioienacy
R.D. 1302 Blend 0.047 325 Equant Poor
R.D.1302 S.12 0.029 457 Bquant Guod
R.D.1303 S.24 0.028 822 Tabular Good

The surface area of the blended material is saall coapared with R.D.1303
S.24. There is a great difference shown in the surface arcas of the otatches
R.D.1302 S.12 and R.D.1303 S.24, yet their parftiole sizes are praotically the
saue.

The investigation was continued by graphiting a series of newly aacde
laboratory batches of lead styphnate of various types and surface areas., The
sethods used for the precipitation followed the general procedure adopted for
the preparation of R.D, Leacd Styphnate, i.e. the preoipitation of a basic salt
by the addition of lead aocetate solution to a sclution of aagnesiuwa styphnate
at 75°C, and conversion ol the basic lead styphnate to the wonohylrate o>f the
nornel salt vy the acddition of nitric woid.

Tables VI, VII, and VIII, show the experinental procelure anl results Jf a
series of lavoratory batches using materials as woulcd be used for the preparation
of R.D.1302 and R,D.1303. (See s.R.D. Explosives Reports No.286/45 and 281/45).
The scale of the experiaents were 35 guas and 50 gus; the products of
precipitaticon while still wet fraa the washings were divided into three parts
oy volune, one portion being Adried and weighed, ancther veing used directly
for the graphiting experiuents anc the third portion being reteined wet for
repeat work if necessary. Lach experiment way be considered under two sections,
(a) the grecipitation of the leal styphnate, and (B) the graphiting procecure.

Preoipitation usin; sagnesiua Styphnate of p.H. 4.2

The precipitation prooedures for the series CG.95i to CG.100.4 (Tables VI
and VIII) aay be divided into two waintlasses.

(i) Long vasic stage with various rates of nitric addition.
(1i) Short basic stage with various rates of nitric additicn,

with sagnesiua styphnate of p.H 4.2 and a long basic stage, the basic
salt first appeared in the usual saall yellow opaque aggregates, which changed
through hair crystals to ooluanar and nuclei type with the coaplete disapecrance
of the snall agiregates; this change was ocapleted in 19 winutes. The rapid
addition of nitric acid (CG.95) gave rapid noraal salt foraation, 1 ainute
after the addition, normal salt could be seen attached to the e¢oluunar crystals,
efter 3 minutes, there were very few coluamnar orystals reaaining. The final
product was saall (0.015 ma.) and had the chareoteristio appearance of R.D.1303 i.e.
tabular type with aggregation of erystals. The particle size distribution
polygon fig.164 and the value for the surfaoe area (Table VIII) show that the
material is snaller than the usual R.D.1303. Graphiting of this product was
satisfaotory if over 2.5 per cent graphite wes incorporated.

23.




A0dition of nitric acid at a slower rate (37 ainutes) as in CG.96 showed
that the nuclei present in the basic salt dissolved first, the noruwal salt
subsequently a.peareC growing froa the coluanar crystals, the coldanar crystcls
eventually cCisappearec leaving a procduct siuilar to CG.95 in surface area
particle size, graphiting efficiency et8.

4 slow addition of nitric acid (22 ainutes) as in CG.97, fullowed the saaze
evolution of orystal fora but at a .awuch slower rate, giving a final procuct
consisting of large clear crystals with enlargzed basal planes. On rolling
the crystals through 90° in a vertical plane it was apparent that they were
tabular in habit and contained many irregular inclusions and some parallel
striations (see fig.17). The nor.2l graphiting procecure was unsatisfactory
with this .aterial walch behaved as the R.D.1302 blend, elthough the habit was
tabular anl the surface area greater than that of a typical R.D.1302 obatch.
1.08 per cent graphite was incorporated by the addition of uy to 0.57 per cent.
gelatin but this quantity of graphite was insufficient to give a produect of
low electrical resistance.

Short Basic Stage with Various Rates of Nitric acid additicn

Using the saae agnesium styphnate as aoove, nitric acid was addel to
the vasic lead styphnate at the stage when the aterial consistecd wainly of the
snall yellow opaque aggregates, i.e, after 4 minutes basic stage.

Repid addition of nitric acid (CG.98) gave rapid growth of norasl salt with
the transient formation of masses of hair-like orystals., The final product

was saall (0.020 aa.) with sase tendency to aggregation. The individual
crystals were of the equant type presenting a squarish profile; there also
appeared to ve nany liquid inclusions in the procuct. Graphiding of this

procduct was satisfactory.

In CG.97 the nitric acid was added at a slower rate (10 :inutes); the
noriaal salt grew wore slowly than in CG.98, showing a slow transition from
the saall aggregates to the hair-like orystals of basic salt and finally to
the norial salt. after six minutes of the nitric additicon there appeared to Le
no change in the product., The final 1ater1al had a specific surfaoce area
coaparable with that of R.D.1303 (695 an /g) but the indivicual crystals
were of equant type =znd orientated at random. The particle size distribution
has a greater range then CG.98 (fig.16B) and the asterial graphited satisfactorily.

During the slow addition of nitric acid (CG.100) the basic salt underwent
the saie transforuation as in CG.99, and there wes no apparent change in the
ncrinal salt after the addition of approxiaately half the quantity of nitric acid.
The product was siailar in type to CG.99 although as might have been expected,
the -rystals were .auch larger and had a saaller surface area than CG.99.
(Graphiting of the product was in the main unsatisfactory). During a
graphiting experiaent 1.74 per cent graphite kus 1ncorvoratea anc & wean figure
for the specific resistance obtained, 72 x 10 OnﬂS/Ou. but as the results
were not consistent the graphiting experiaent was repeated; by vigcrous
washing only 0.7k per cent graphite was incorporated and the specifioc
resistance was high,

In the aoove series of experiments the range of particle sizes and
specific surface areas were rather restrlcteu, thus there was no aaterial with
a specific surfaoce area velow 500 cin /5 so that no direct comparisons can be
wade with R.D, 1302 which nor.aally has a specific area of approximately 400 om /g.
L5 increase the range of surface areas a series of experiuents showed that a
decrease in the rate of lead aocetate additiocn gave a large ty,e of product.
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Thus on adding the lead aocetate to the .agnesiuwa styphnate in four ainutes and
allowing to stir for six ainutes (CG.102), the first foraed a.gregates ohonged
to & mixture of aggregates and hair-like orystals, which, on the additi.n of
nitrio acid over a period of 7z uinutes, chenged via the hair-like orystals

to laryge nor.al salt orystals, The incividual crystals were .aainly of the
equant type although suse tavtular type could be seen (£ig.18). Thc average
partiole size wos 0,0388 i, with a specifio surfuce area of 305 eu 2/ and
graphitin; of this .i1aterial showed that ‘only e saall azcunt of graphite c.uld
be inoorporated, i.es insuffieient to give a suitable value for the specific
resistanoe.

Variations of the R.D.1303 process

The aain naterial difference in the R.D,1303 process froa that of the
R.D.1302, is the concentratiun and p.H of the anagnesiuwa styyhnate sulution,
Although on the plant seale a limit of p.H 4.5 - 4.65 was set for R,D.1303 it
had been found that a p.H 4.7 - 4.8 was required to give siailer aaterial on
laboratory scale preparations,

For the series of experiments Cetailed in Table VII, aagnesiua sty hnote
of poH 4.8 ocontaining 184.8 g styphnic aocid per litre, has veen used.
Normally in the R,D,41303 proocess the basio stapge is oontinued until all the
initial ag.regates of basic salt are replaoed by acicular orystals and nuclei
before the rapid addition of nitrio aocid., a4 basic salt stage of 10 ainutes
in expt, CG,121 was suffioient to olear the aggre;:tes of basic salt; the
Fapid addltlan of nltréo aold 2 1.nute) then gave a product of large
surface area (1,014 @a®/g) and tabular habit which graphited satisfactorily
vhen 3 per ocent oolloidal grahite was added.

The rapid addition of nitric acid to the basic s2lt vhich still countained
some aysresates, (CG,122) gave a produot consisting of many large equant ty, e
orystals on which saall orysta%s were achering. This produet had a saall
speoifio surfaoce area (384 oms“/z) anc was unsatisfactory for graphiting Ly
the noraal procecure,

A slower rate of nitric addition (52 m1nutes) to the basic salt
cuntaining no a, 5rebates (cG.123) ,ave a saall partiole size product of larue
surface area (1,184 ous?/z). The arystals were o aixture of toular
and equant ty.e.

an extenticn of the adiition time for the nitrie acid to 17 minutes.
(CG+124) resulted in a produot of inoreased orystal size but the habit was
mainly of the tabular type. The graphiting was cdoubtful sinoc only 1.5
per cent graphite was incurporated uy the standard aethod,

Froa the fore;uing experiments (Tobles VI and VII) it is confiraed that
during the change over froa the basiec to norual leac sty hnate, if aggre.ates
of basic salt are present curin; the nitric additicn, equant type orystals are
foraed whioh have a sanall surfaoe area in spite of their rapid foraation by
the rapid addition of nitrie acid (of, 121 and22), The addition of nitrie
aoid to the Lasie salt containing nu aguregatés, i,e. consisting entirely
of aoiocular or bladed arystals together w1th nuolei, results in the foruaticn
of a tabular ty.e of nornal lead styphnate, the size depeniing on the ratc of
nitric aoid addition; the particle size 1néh4b31ng wvith o decrecse in rate
of nitric aeid aldition,

It will be seen from Table VIII, that of the various types of lead
styphnate prepared, the orystal habit has had little effeot upon the ease of
graphiting. Thus CG.1J0 is of the equant type (sp. surface 537 ansz/g)
while CG.124 is of the tabular type (sp. surfaoce 534 aus /g) and both uatericls
behave in a similar wanner in the graphiting prooess, i.e. they inoorporate o
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small quantity of graphite giving products of variable resistance. Procucts
vith specific surface areas of the crder 300-400 ans?/g incorperate very smell
portions of graphite which gives products .f high specific resistance and
detonate in the 500 V. megger test (see later). Produots of surface area in
the region of 700 cmsg/g graphite satisfactorily and behave in general as

the norwal R.D.1303 on graghiting; lead styphnates of surfaoe area in the
neighoourhood of 1,000 cins“/g require a higher proportion of graphite to jive
materials of oorrespondingly low specific resistance; the ainiuun value could
be set at 2.5 per ocent graphite gompared with 1.9 per oent for material with
specific surface area of 700 @us%/g. The specific surface arez of CG.96 was
1,040 cmsz/g and incorporation of 2.14 per cent graphite gave 2 product of
high and variauvle specific resistance. The incorpuraticn of 2,68 per cent

grayhite was sufficient tu give a product of quite low resistance. The
relation vetween specific resistance and graphite content for lead styphnate
of surface area approximately 1,000 cnsz/g is shown in fig.7.

The difference in particle size distributicn is cf intercst, it shows
the change in particle size with rate of nitric addition (figs. 16. ..B. & G).
The difference in particle size distributicn is coaparatively ureat for CG.95
and CG.96 although their surface areas are practically the saise. This
difference is probadly due to a shape factor or the state of aggregation which
s typical of these .aterials. again CG.98 and CG.99 shuw little difference
in specific surface areas anc behave siailarly on graphiting, Lut there is a
large Cdifference in their distribution poly,ons. On the -ther hand couparing
CG.99 and CG.1J0 (fig.16B) the distribution jolyzons are siawilar, but there
is quite a difference in their specific surface areas; CG.99 (sp..surface
697 c¢a1?/z) sraghites satisfactorily while CG.100 (sp. area 537 ma“/g) is
wnsatisfactory for graphiting.

Sunsary and discussion

It is cunluded that lead styphnate, prepared by the R.D.Process, will
incorporate sufficient graphite by the process described, to zive e pruduct
having an electriocal resistance, capavle of allowing the ready leskage of

electric charges without detonating, if the specific surfeace area is greater
than 650 cm®/z.

By a gelatin pretreatiment, lead styphnate of specific areas lower than
650 on¢/z ocan be graphited to give electric leakage values comparable with e
"non-static" lead styphnate. The ease of graphiting inarcases as the
surface area approaches the region of 650 cmz/g.

The difference in veahviour of the olended R...1302 and the particular
batch R,D,1302 S.12, could ve attributel in part to their difference in surface
areas; the blended material (Sp. area 325 am¢/3) not ueing affected in the
same manner on storage, as the material of larger surface area, R.D.13J02 S,12
(sp. area 457 omg/g). It is probable that the wet stcrage »f these aaterials
has Leen in the nature of a pre-treatument; the material vith the laruer surface
area veing affected to the greater extent.

4 similar effect inay be the cause of the satisfactory grephiting of
servioce lgad styphnate (I.C.I.). This material had a specific surfcoe area
of 473 cu“/2 and has been stored under similar conditions t¢ R.D.1302 S.12.
This storage is akin to a pre-treatuent since freshly prepared R.D.1302 of
similar surface area does not graphite satisfactorily unless it is ,iven a
gelatin pretreatuent.
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The orystal havit of the lead styphnate with surface areas.greater than

650 an?/g. appears to meke little Gifference to the graphiting process. The
crystal habit of lead styphnate, with surface areas 3u0 to LoJ cmZ/g, nay heve
some effect on the incorporation of graphite., It might be possible to Cecide

the crystal habit effect by an exaaination of the adscrption isctheramals in
dilute solution. If the ordinary isotherial were valid, i.e., = acp Q¥ =
adsorption value, a = oconst. C = equilibrium concentration after adscorption,
n = constant) then the relation between gN and log.o would be linear.

If the types of lead styphnate were similar differing cnly in surface area
then the log ¢ /log c lines would be strictly perallel to one another for the
various types of lead styphnate; i.e. thg exponent ¢y should have the saune value.
Thus if it were found that the exponent g were constant for the various types
of leac styphnate it could be concluced that the difference in graphite
ineorporation was silaply due to a difference in specific surface area and

not to an inherent adsorption power of R.D.,1303.

The quantity of gelatin adied during the gra hiting process ffects the
speoific resistance of the product to scae extent, but the .uain difficulty
cue to the addition of an excess of gelatin would be caused by the aggregetion
of the product fraon which processing cifficulties aixht arise.

Although the graphiting of R.D.1302 (sp. area 300-4J0 omz/g) directly
after manufacture by the pretreatient wethod has given products with specifio
resistances couparable with a "non-statio" lead styphnate in the lcose state,
it has not been possible to increase the grarhite ocontent much beyond the
minizmwa graphite value (1.2 per cent)., It is doubtful whether the graphiting
of R,D.1332 could be considered as a satisfactory project for extension to
the nanufacturing soale in its present form, since there is a possibility
of obtaining material with low graphite content and high specific resistances
which is aore sensitive to electric charges than the untreated lead styphnate
(See Appendix VI). The graphite content and specific resistance in the
region of specific areas 3J0-4090 cmz/g is critically dependent on the
surface area of the lead styphnate.
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APPENDIX IV

Graphite Wet sixing Processes

It has been shown earlier that incorporations of graphite up to
13.7 per ecent froam dispersions of eclloidal grephite in organic solvents have
not given waterial satisfectory for the 20 .aa. eleatrio cep, unless additicnal
powcered yraphite has been added. A wmethod for the incorporation of
sufficient powdered graphite with R.,D.1393 to give a suitable cap oonpositicn
would be a considerable advanoe in techhigne. This investigation has oeen
divided into two portions.

A. The incorporation of powdered graphite with R.D,1303 by a wet naixing aethod.
B. The incorporation of both colloidal and povdered graphite with R.D.413.3.

A.  Wet nmixing process for R.D.1303 and 10-12 per oent. powdered graphite

The experipental vork and procelure are detailed in Table IX. The povdereld
graphite used in these experiwents was Acheson's 35 of specific surface area
SChRY anz/g; this aaterial has been found suitable for the dry aixing process.,
Soae Cifficulty was experienced in wetting the powderel graphite in early
experinents (CG.27) and it was found necessary to eaploy & wetting agent.

The prooess is a wmodification of the Aquadeg pgraphiting process except
that a suspension of powidered graphite vias substituted for the collouidal
graphite. In CG.28, the addition of 1! gelatin solutiun, equivalent to u.2
ver cent. gelatine (calec. on R.D,13J3), to the R.D.41303/graphite suspension,
save soae incicaticon of gra hite segregation on washing. A standarld procedure
was adopted to deteraine if segregation occurred in the wet state; after
allowing the aixture to settle, it was given a gentle swirling astion oy hand,
any tendency for segregation was shovn by the appearance of a thin black
ring of graphite.

No segregation was observed in CG.32 and CG.33 where 10 per cent. graophite
was readily incorporated using 1.9 and J.6 per oent. gelatin respectively.
4Although slight segregation was noted in CG.28, where J.2 per ocent gelatin
was used as the incorporating agent, the finel product processed well tu give
a cdeep yellow, free flowing uaterial with no signs of segregation in ry state.

An increase in graphite content to 12.5 per cent. requirel the adlition of
J.6 per cent. gelatin to give a nun-segregating type of product (CG.34); the
use of only J.4 per oent. geletin gave segregation in the wet stote, although
processing vias good and the dried product showed no indication of yra hite
segregation (CG.35).

During attempts to reduce the quantity of gelatin nccessary to give a
non-segregating product, the addition of tannis acil as a geletin precipitant
was tried. The adcition of J.4 per cent, tannic acid tou the .aixture s in
CG.29, containing J.2 per cent. gelatin showed slipght segregntion in the wet
state and the final product showeld greater aggregation than CG.28 in which
J.2 per cent gelatin had been used without tannic:acil addition.  An increase
of tannic acid tu 1.0 per oent. (CG.3J) cuused the precipitation of a fibrous
aeterial (gelatin tannic coaplex) and although no segregation was observed
the final product was very agsregated. The adcition of ewaaonia before
the addition of tannic acid (CG.31) gzave a posor type of groduct for processing;
J.J7 per cent. amaoniua hydroxide causing the aixture to decuae dispersed in
the liquor and reazining stable for a considerable tiwe before settlin, out
occurred. It agpeareld that no useful purpuse was serveld uy the addition of
tannic acid or auuonia.
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The values of the specific resistances of the sc¢ries CG.28 - 35 reportec
in Table IX show a great difference for the uaterials incorporating 9.2 per
ocent graphite and those gncgrporating 12.5 per cent. The foraer have high
resistances (> 1JJ) x 10 ohms/@n.j) while the latter have values as low as
(555 10k ohas/aa.3. Lead styphnate having high specific resistances .cy be
considered t, be as sensitive to static charges as the ordinary dry aixed
R.D.1303/craphite oouposition, (see a.R.D. Ex,losives Report No.281/45).
Products concaining 12.5 per cent. grephite (CG.34 and 35) of low specific
resistance would have a low order of statio risk. (C.f. CG.19 appendix I).

During deter.irations of specific resistances using the 50V .iegger, it
was notel ttat all the materials containing 9.2 per cent. graphite detonated
readily while products containing 12,5 per cent. graphite did not.

Four batches of the series were tested for the 20 wa. electric capy (see
Table IX) anc it was shown that products containing 9.2 per cent. graphite were
unsatisfactory mecause of their high firing resistences, but products
oontaining 12.5 per cent. graphite functioned satisfactorily in the cap test.
There was soae Gifference in the firing resistances of the two batches CG. 34

and CG.35 although their firin,; voltages were well within the speoific liaits;
the difference vas probably due to the difference in gelatin ocontent of the
two products, It was observed egain that where soue excess of gelatin has
been enployeld the product ténds to becone aggregated.

B. Cobination Prosess Incorgoration of Powdered and Colloidal graphite
by a wet process.

Although the wet wixing process above has shovn that the incorporation of
12.5 per ocent. graphite will give a waterial suitable for the 2J ma. electric
cap and that it has a low static risk in the loose state, the material showed
many free styphnate crystals (see fig.19); a reduction of the graphite content
would probably lead to a static sensitive material being prepared. a
prelininary grephiting with colloidal graphite to incorporate spproxiuately
2.5 per cent. graphite followed by a wet nix with powdered graphite would give a
"non-static" product which was independent of the powdered graphite content.

A nuaber of 2J) gra. scale preparations showed that, after grophiting
R.D.1313 with colloidal graphite using gelatin as the incorporating agent, the
subsequent addition of o suspension of powCered graphite in water gave a clear
supernatant liquor on settling, but that the particles of powdsrecd graphite
vere not attached to the lead styphnate. Ths subsequent addition of geletin
solution caused the particles of powdered graphite to becoue attacheld to the

graphitel R.D.13.3. The process .ay be considered as a coabinzation of the
graphiting process described in appendix I and the et wixing process described
abeve, The specific resistanoe values of the products were low and couparable

with 2 "non-static" lead styphnate and in view of the satisfacsury incorpcration
and the possible extention to the plant soale, the preparaticn of a 5 oz,
laboratory batch is describel in detail ;-

Couabination Process on the 5 oz. scele

Quantities
Stage 4. (Colloidal Graphiting)

per 130 grms. R.D.13.3

R D: 1503 8,23 82 als. (= 130 g.dry) 199
Colloidal graphite 3.67 ¢ (W/V)81 uls. 2.5 gras, graphite
Water iande up to 530 uls.
Gelatin 1% solution 23.2 J.2 gras. gelatin
Stage B (Wet iaixing)
(Poviderel graphite ncheson's 35 4355 11.25 grus.
gWater 30 mlas
Johnson's 326 Wetting Agent 2 nls.
Gelatin 13 solution 35 mls. O0.3 grus.
29,
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Procecure

Stage 4 The R.D.13J3 vwas weasured out wet and suspendel in approxiaately
2J0 als. of water,the colloidal graphite suspension obtained by diluting
'iquadag' was adled while the aixture vas being stirrel, the volune wis made
up to 5J0 mls. with water. The aixture vwas stirrel and the gelatin solution
added curing 1J uinutes at rooa temperature (18-20°C).

Stege B after stirring for a further 5 ainutes the suspension of povdered
graphite in water containing the wettin,; agent was - dded, folloved by the
adlition of gelatin solution during 413 minutes. The amixture was allowel to
stir for a further 5 uinutes, settle for 5 iainutes, and the .aother liquor
deeanted off. The product after washing twice with water and once with
alcohol was dried at 4J - 5J°C. then sieved through 6J .esh.

Process Reaarks

Cuapletion of stage 4 was indicutel by a trial settling after the gelatin
addition; a clear liquor with repid settling, no segregation and attchaent of
graphite indicates a satisfactory preliuinary grephiting.

During Stage B, after the addition of 25 mls. of gelatin scolution a trial
settling shoved cloudy liquors and soae signs of segregation on gentle swirling
after the addition of 35 amls. of the gelatin soluticn, the liquor settled
rapidly giving a clear supernatant liquor .with no signs of segregation of the
product on gentle swirling. TWwashing by decantation was rapid.

Product: - Consisted of dark coloured free flowing material with soae saall
agere ntes (see fig.2)).

Graphite Content: - 12.1 per cent. graphite
Specific Resistance (Loose povder) 2.8 x 10* ochas/a
Blectric Cap Test

Pressing load 1,000 1b. Firing Resistance 7.9 ohas.
Firing voltage 11.0 volts

Conclusions and Discussion

It has peen shuwn that powdered. graphite can be attached to R.D.13J3 in a
Jannsr siailar to that used for the attachient of graphite flocculi obtained
froa a ceolloidal graghite suspension.

A Cistribution of 9.2 per cent. of the particular graphite used i.e.
achesons 35 3¢ area 5,910 cuz/g, resulted in = product having o greater
sensitiveness to electrostatic charges than the untrecated R,D.13.3. When the
cistrioution of powdered graphite was increased to 12 per cent. of the .aixture,
the product had a specific resistance cuaporadle with a non-static lead
sty hnate. It appears that a certain distribution of gra hite is necesscry to
yive the required graphite to gra hite contacts to ensure a matericl with low
specific resistance, the distribution required depending un the particle size of
the graphite other factors being constant. as indicated previcusly, a ainiaua
graphite distribution value can be determined below vwhich value the product
will have a high specific resistance in the loose state and a low energy of
electrical ignition.
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The ainiaul graphite distribution is also dependent on the partiole size
or ‘surface area of the lead styphnate, but considering R.D,1303 which has a
specific surfice area of approxiaately 7.J CA.2/g the ainiaun distributicn
value for graphite of surface area 6,000 cm.z/g is of the order of 14 - 11 per
cent. graphite, while graphite flocculi ohtained froua colloical graphite i.e.
heving an extreuely large surface area, the ainimuia value would be approxiaately
1.8 per cent. graphite.

During specific resistance aeasureaents using the 5,0V segger, all the wet
mixed procucts containing 9.2 per cent. graphite detonated, whereas with
deterainations with products containing 12 per cent. graphite, no detonations
occurred, This difference aust be due to the different electrical leaxage
values of the .aterials. )

A prelidnary grephiting of the R.D.13)3 by the colloidal graphite uethod,
folloved by a wet wixing, procelure has given a product vwhich fires within the
progosed acceptance range for the 20 ma. cap coapositicn, In the lzose state
the specific resistance of the .waterial indicatel that the electrification
risk is lower ¢ven than CG.19 (QV). Increased scale preparations froa 20 grm,
to 5 cz. has shown z02d reproduction of the essentisl properties.

4 cuaparison of the four types of coapositions which have been found to
fire satisfactorily in the 2) wa. electric cap test, is of interest, their
chief characteristics are tabulated below :-

| Speocific Res. | Detonations with

Couposition Method used chas. x 1% | 5.0V ez, er
B35 & 12.5% Dry sixing D0 Detonations
povidered. grayhite
R 5ol e 2 e wet mixing 19 No detonations
powderel graphite
R,Dy1303 + 2.5% et 2.8 No detcnations
graphite froa coabination
polloidal graphite pProcess
+ 10 . powdered
graphite |
Graphite R.D,13.3 Dry wixing Job3 No detonations
+ 8.8 7 powdered
Zraphite

A coaparison of the products cbtained from the R.D.13.3/grephite dry and
wet wixing prooesses show that they have a siailar appearance under the iaicrscope
i.e. they consist of an intinate aixture of lexd styghnate crystals and .raghite
particles (C.f. fig. 6 anl 9). The wet uixed acterial however, gives a low
specific resistance in the loose state cuaparel. with that of the uwaterial
cbtainec by the dry .uix process. also the wet aixed watericl doues not detonate
in the 500V iegger test. The products froua the coubinaticn process and the
graphitecd R.D.13J3 powdersd graphite dry aixing process, bsth show that each
crystal of styphnate is graphited and the particles of powderel graphite are
attached to the lend styphnate crystals. (See figs. 19 and 4).

1.




Of the four coapnsitions tabulated above it would eppgear taat the aost
satisfactury type of product froa the manufeoturing point of view would be
that prepared by the coabination process. The process would follow directly
after the aanufacture of the R.D.13.3 and obviate a dry mixing procedure,

The dry aixing of graphited R.D.13J3 and powdereld graphite would offer no
electro-static risks, but the aixing process would be linited to 8 oaz.
batches with the existing type oi equipument.
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The yiet Incorporation of aluainiua Povider and aluwiniua Stearate with R.D.1393

The previous appendices have detailed the incorporation of graphite in

its varicus forus as a conducting material; consiceration of coapatibility ete.
of other conducting naterials indicated that the incorporation of aluainiua
powder with R.D.13J3 wight act in a uanner siailar to that of the products fron
the graphiting processes. In add.tion it was considered possible that the
incorporation of an inert aaterial, e.g. aluainiua stearate, although a non-
conductor, would have practical application in giving effective lubrication
during filling and pressing procedures thus contributing to the safety of such
operation,

Incorporation of aluainiuva Powder with R,D.1303

4 large variety of coauercial alu.ainiun powders are aveilable and for e
nuaber of sauaples the values for specific surface area and “e31st4nce were
deterained, The finest type of aluainiuu powder (Sp. area 6, 225 c.a2/g)
had a specific resistance ( 7 14 x 10/ chas/aa?) vhich was attributel to the
presence of an oxide fili over the surfece of the aluainiuan particles,

Other grades of aluainiua powder were available vhich, although of saaller

surface area, had specific resistances comparcable with that of the grashite

pov:ider used in previous work. A selection of four grades of powder was wade

for the investigation and their characteristics are detailed with the exgerimental
work in Table X.

The experiuental procedure was siuilar in each experiuent, the aluainiua
veing wetted with the gelatin solution and the aixture wished into the lead
styphnate suspension, to the stirred .aixture was then sluwly added e solution
of tannic acid.

The Bag House Qust (w.S.1 and ».8.2) represents the finest cousercial
powder available but the particles are probably well cuated with an oxile fila,
incorporation of this powder as in a.5.1 and a.,5.2 showed no sebregation and
the processing of each vatch was good, The final .roCucts saswecd soue
unattached particles of aluuiniwa powder to be present (Fig.21); the products also
gave hizh values for specifioc resistance aeasurcients. The fine powder used
in these two experinents showel soue initial reactivity when wetted with water;
for this reason and also presence of the oxide fil., coerser types Jf aluainiua
were used vhich had low specific resistance values.

The incorporation of aluainaua gonder with surfacc arca 950 ca”/g. having
& specifio resistance of 3 chuas/aa.” (4.8.3) showel soue signs of segregation
in the wet state even after the additiun of up to 1. tannic 2cic (calc. on
Re B 1395 ) Processing, however, was sctisfactory and noc segregation wes
observed in the dry state. The product consisted of a free flowing, light
yellcw uanterial which under the wicroscope showel soue unattacheld aluainiu.
rarticles, these can be seen in Fig.22 as vright elongated particles. No
initial reaction was noted vwhen the aluainiuw powder was wetted, the iaterial
however is probably too coarse to give satisfactory incorporation. although
the incorporated aluuiniua had a low specific resistance the final proluct
of & 1J7 incorporetion had a high specific resistance.

The twu saaples used ia s.8.4 anl A.S,5 had speoific surface areas of 1140
and 135) o12/z. respectively and alsc low specific resistances (34 and 16 chas/c ﬁ)
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Both saaples incorporated well withcut the need for adding tannic aciz sclution;
the tannic aoil solution was added, however, in order to keep conditions constant.
The products were sisilar in both cases and the aluainiun was incurporated

aninly on the agiregates of leal styphnate which showed o bright netallic

surfaoce (Fig.23).

In previws work the incorporation of powdered graphite has required a
oertain .iniaurn distribution in order to give a oonducting product, the
distribution depending on the size of conducting particle, other things being
constant., In experiments s».S.4.4. and a.S.4.B., 15 and 2u per cent aluainiua
powder has been incorporated by the addition of only J.1 per cent tannic acid.
The addition of tannio acid was neoessary with these quantities of aluainiua
to give clear .aother liquors. Both procucts were shown to have high values of
specifio resistance and the product ocontaining 2J per oent cluainiua povder
gave one detonation out of six trials using the 500 V. uieyger.

Incorporation of aluainiu.u Stearate

Concurrently with the investigatibn of a "non-static" lead styphnate,
the incorporation of aluainiua stearate with leac styphnate was tried s & aeans
of cbtaining 2 lead styphnate coaposition which would reduce the nuaver of press
fires in filling operations. The investigation is included in this report since
the preliainary uwethods were based on the processes detailed in other aj:pencioes.

L variety of wethods were tried in order to incorporate 10 per cent of a
saaple of finely divided cluwainiuii stearate powder with R.D.13J03, out in each
oase the aluainiua stearate seyregated almost oviipletely.

The idea of inoorporating aluuiniun stearate in powder fora was soon
abandoned in fevour of a uethod for incorporating aluniniun stearate for.ecd by
netathesis in the presenoce of the R.D.13J3.

The experiinental work is tabulated in Table XI, the main variant beiny the
wethod of precipitating the eluuniniu. stearate. For the purpose of ecaloulsting
quantities of sclution eto. a slight excess of aluainiua nitrate solution has
been used to precipitate a product with a ocaposition of al (CH}(CH2)16000)
it is probable that the precipitate is a basio salt of aluainiua stearate bat no
analyses are availapble to oheck this.

Use of Sodiuua Stearate

The eddition of aluuiniua nitrate solution to the water suspension of lead
styphnate (R.D,1303) stirred at 3u°C. followed by the aldition of 2 suspension
of sodiu. stearate in hot water (D.8.7), caused the segre;ation of a very fine
white preoipitate, and the product remained unchange. after the zddition of
gelatin and tannio acid solutions.

The accition of sodiua stearate to the hot suspension of R.D,1393 and
subsequent addition of alusiniua nitrate solution (D,S.6 and 12), gave a good
prooessing type of produot with no signs of segregation in the wet or dry statse.
In bulk the procduct was a pale yellow powder but under the .wiorosoope, the saall
aggregates consisted of yellow and vhite granules, together with .iany seuarate
white granules (Fig.2,).

Use of Stearic Acid

another aethod for the precipitation of aluainiua stearate was vy the use of
stearic acid (.LP. 69°C). In D.S5.8 the steario acid was added in alooholio
solution to the suspension of R.D.1303 stirred at 55°C. followedby the aclition ¢
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aluniniuga nitrate solution. The resulting product consisted o>f a large
soft spherical type granular neterial showing soame light coloured patches on
the individual granules (Fig.25). The addition of sclid stearic acid to the
hut water suspension of R.D.13J3 gave a product consisting of a aixture of

the large spherical granules and fine dusty uaterial D.S, T4 Ja By adding aluainiu
nitrate solution to the R.D.1303 suspension and the subsequent addition of
stearic s:lution in aleochol (D.8.17) e saall unifera gramular type of procuct
can be obtained, these individual granules also shuw vhite patches under the
aicruscupge.

Su.iaary and Discussion

Certain types of aluainiuam powder can be incorporated in R.D.13J03 up to
207% of the pr_duct without segregation. Froam previous experience it is
probable that aluainiua powder with o surface area greater than 950 caz/;.
will incorporate satisfactorily with R.D.1303 but powder of saeller surface
area tends tc segrejate in the vet state. aluainiua powders with a specific
surface area of the order 6,200 cmz/g. are very reactive in contact with water
and usually have & high oxide content which causes the naterial to have
speoific resistunces of a high order; aluainiuu powders of interuediete surface
areas, while showing practically no reactivity with vatcer, have low specific
fesistances in the louse state and incorporate well with R.D.13J3.

In spite of the low resistance .f scae of the aluiiniua powders it has
not been possible to obtain a conducting couupcsition by the incorporation of
up to 20, of the powder in R.D.13J3. It is possible that 20, 2luuiniu. is
below the ainiaua distribution value or the aluainiua surface becones goated
with 2 non-oonducting fili; in either case the product is of no use as a
oconducting caaposition or as a lead styphnate composition of reduced static risk.

The process for incorporation of alu.iniu. povder aight find practice
application for use in aixtures such as 4.S..a. etec. where aluainiua povder is
aixed in the dry state, which is a hazardous procedure due to the presence of
aluainiua dust.

It has been found difficult to incorporate powdered alu.ainiu. stc~r ate
with R.D.1303 by the wet process; by uetathesis, coupositions cof a variety of
physical for.us have been obtained containing up to 10, aluainiun stearate,

No results of tests are cvallable but & recent patent indicates the
advantages of using aluaipiuw stearate with initiators.
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appendix VI

isdethod for the Determination of the Specific Resistanoe of
Initiatory Materials

n Jethod for the routine testing of specific resistance vius devised to ussess
rapidly the eleotrical leakage of lead styphnate trezted with conducting
sJaterials. The rapid leakage of electrical charges is necess'ry to ensure
that the electrical energy for ignition is not reached.

The electrification properties of » few products have been investigated
and the results are suui.arised in the various .appendices of this report, but
these tests require large quantities of .aaterial and can not be used as a
rapid routine test to indicate the effect of the various incorporations.

apparatus

Fig.26 shows the apparatus used for obtaining the resistance of thin layers
of treated lexd styphnate. It oonsisted of a Lrass base with a " diaueter
reoess containing a central spigot,(0.595 cis., dicaeter). wan annular aethod
of insulating aaterial with 2 funnel shaped top, fitted over the spigot. The
drift (end diameter 0,595 cas.) was a sliding fit in the .ould and could be
raised or lowered into the aould through the insulated bearing Ly the attached
string. attached to the top of the drift was a vernier screw oy .eans of
vihich the thickness of the initiator layer could be ieasured. The drift and
base plate were connected to an instrusent for weasuring resistances. In
practice a lullard Univergal Mea..1ring Bridge (Type Gil.4140) wns used to give
resistances up to 10 x 10~ ohias; a 500 v. ilegger was also used in oases where
no rea%}ngs were obtained with the Mullard Bridge.

Procedure

The apparatus was set up with the .jould in position over the spigot, the
drift lowered so that it passed freely into the would and rested on the spigot,
in this position the screw vernier waus adjusted and the reading noted. The
electric leads to the iullard Bridge werec short circuited as a preocautionary
ueasure, the drift raised and the material under test vwhich had veen .easured
out by charge plate principle (approx. 0.015 g.) was dropped into the .culd.
The drift was lowered and tauped with a 215 gra. weight, the leads reconnected
to the .easuring bridge and the electrioal resistance of the layer of aaterial
deterained. after again short circuiting the lecds the vernicr was readjusted
and the thickness of the layer of initiatcr deternined. The drift was agein
raised, another increnent of .aterial added tc the .aould and the resistunce and
thickness of the two incre.aents neasured. It was usual tu doter.aine the
resistance in this .anner of at least three increaents, then re.ove the
uaterial, clean the spigot, drift, end aould, then repeat the prucecdurz tvice.

Sone of the waterials detonated when using the 500 V .eguer and as a
safety precaution, the .ueasuring instru.ient was set up in a different rooa.

Calculation of Hesults

The specific resistance is calculated froa the foraula

e ORI

Sp.Res. = 1 X A A

where R = resistance of the layer .easured in chas; a = area of spigut top
(0,268 sq.cas.) and d = thickness of the layer under test (caus.)

LA
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Discussion of sethod and Resulls

Various ta.ping loads ond methods for filling the apparatus with the
sample under test were tried and it was found that a .iniaua total tauping
1oad of 40O gris. was necessary in order to consolidate the layer sufficlently
to give reproducible values of specific resistance for varying thicknesses of
saterial.

During ~ larger nuaber of tests it was notec tBet graophited lead styphnate
having o high specific resistance i.e. < 8,500 x 10 ohas/c®® detonated readily
during resistance .aeasure.ents using the 500 V iegger while untreated lead
styphnate wiould not detonate under these conditions. Gra_hited lead styshnoate
containing suffigient grephite to give & specific resistznce of the crder
50 x 10k uh.s/cmg yave no aetonations with the 500 V negger.

In Fig.7 the specific resistances have oveen 1. tted against the graghite
content for three types of lead styphnate which had veen graphited oy the process
using colloidal graphite dispersed in water. It will be seen that for each
type of lead styphnate there is a value of the graphite content below which
the resistance increases rapidly as the graphite cantent is decreased, this
graphite oontent is called the "ifini.uu Graphite Value" Thus in order to
obtain a graphited lead styphnate of low specific r651st ince it is necessary
to have a graphite content greater than the mininua value for the particular
type of leacd styphnate, For the types of aterial in Fég .7, the ainiau.
graphite value for R,D.1302 (sp. surche area 300-400 ai1°/g) is 1.7 . graphite,
for R.D.1303 (sp. surface area 700 ca2/g.) it is 2, graphite and for lead
styphnate siuilar t5 R.D.1303 but with a specific surfeoe area of 1,000 aa /g.
it is 2.5% graphite.

The specific resistance of the treated lead styphnate is a good indication
of the sensitiveness to static charges of the aaterla& in the 104se state;
products with specific resistances lower than 50 x 10 OhJS/OA are practically
insensitive to electro static discharges (see eleotrification tests on CG.19
Appendix I). It is evident froua the sumuary of results below, that, in the
loose state, graphited lead styphnate having a graphite ocntent below the
ainiaua value, has 2 greeter static risk than untreated lead styphnate.

! ’bp Res. i Detonation | Reaarks
Expt. Type of ! 4 ohms. x 10% | with 500V Ref.
.aterial | graphite i /an. Hegger fqrgenCices !
i i i i { )
CG.19 |Graphited R.D.1303 | 1.8 | 43 . None |
CG.192 ] " " i N !( 2.5 i None : !
' }
0G.93) " L R R Y ! >10,000 | Det.nated | II l
B.II ) g ? ', |
CG.63 | Graphited R.D.1302 | 1.72 1 21 ' None A i
i ) 1
CG.92 I Ui " " ! 1.18 >10,000 ‘ Detonated | 11
° |
CG. 91 | " il AL |>10,000 | Detonated | II
8528 | R.D.1302 | w1 | >10,000 | None |
CG.32 |R.D.1303 vet uixed | 9.&  |>10,000 | Detonated | IV
|with powdered t | | !
' graphite | ;
i CG’.}S l o i L d | 1200 s 19 ,l None i IV
i | | | |
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Figl. C6G3 x50 M8S5S. F.‘il. cGi9 XS0 Mmg2s.
Graphited R.D.1303. 1% gelarin 120 gm. betch graphited R.D.1303.
37% colloidal graphite. 0:2% gelatin '8 % colloidal graphite
‘T
-

3 .'b. -

- Fig.3. CGIa Xx28o0 Me8sa. Figh: ce@ta/a x50 . M88k
¥ Enl.rgcd crystals of graphited RD.1303 Graphited R.D.I303 mixed with

shewing partial coating. pewdered graphire.

Fig5. S24 Xso M722. Figb. §23+ graphire X50 M8Lb

Untrearted R.D.1303 Mechanical mixvure .
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Fiq.10. CG8 XS0 mM819
Graphited R.D.1303 wArth 4'5%
colloidal graphife and 1% gelatin.

Figll. Co6I XS0 MEFi
rqphiled R.D.1303 using collotdal
graphite dispersed i'n acetone .
7"./. Srapkifc .

M857.

Fiq.12. CGI3 x50
Graphited R.D.1303 using colloidal

graphite dt'sPc.r.ud in CCl, .
7:65 % gqrophire.

FI.‘i“r. C63b6. x50
(yrq;r\ircd R.0.1302.

Maq3

Fig.13. CGIy x50 M858.

Graphired R.0.1303 using colioidal
qraphire digpéirsed in cct,.

12:6 7 graphite.

F—'.}JIS CGel RSO Mioco8
Graphited Service ;I"'J‘) lead

styphnate
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Combinotion process 130 gm. scale.
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F,’g,lq. CG 34 X550

We+ incorperation of 12-5%
powdered graphire.
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-
T Fiq.2!. ASa X550 M 75 Fl‘_s.z.l. A5 3 X350 M8T74
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Fig.is. cCs8 X550 Mok
Theorpacetion of (0% aluminium
grearate using a soluticon of
stearic acid ja alcoheol,
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Fiq.26. Apparatus used for specific resistance determinations.
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