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'  CONFIDENTIAL 

MINISTRY OF SUPPLY 

ARMAMENT RESEARCH DEPARTMENT 

Woolwich,S.E.l8. 

Explosives and Intermediates Branch 

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

The Development of an Electrostatically Safe 
Lead Styphnate Composition and the Reproduction 
of Lead Styphnate Mixtures by ^et Processes 

This report oontains no information of overseas origin. 

Ref.X. 30/24/7 

Introduction:- 

A major and notorious objection in the use  of lead styphnate for Service 
requirements has oeen    the combination of its readiness to acquire elootrostatio 
charges with the  very low spark energy required for ignition which is generally 
reoognised as  constituting considerable hazard in the preparation and handling 
of the material.      Accidents have occurred during the processing of lead styphnate 
compositions which have been attributed to the build up and discharge of 
electrostatic charges during such operations  as  drying and sieving.      Elaborate 
anti-statin precautions have therefore been taken during the handling of dry 
lead styphnate  compositions by the adoption of conducting containers and floors, 
earthing of operatives etc  but the risk of accidental ignition oannot be eliminated 
whilst the composition itself remains highly electrically insulating and 
susceptible to low energy spark discharges. 

The incorporation of an inert  conducting material appeared to  offer a means 
of modifying the lead styphnate by increasing the   conductivity so that an 
electrostatic build up would be prevented.       Thus, if the  ci/mposition  acquired 
a sufficient electrical leakage value,  the ignition energy level  of the  lead 
styphnate would not  be reached and the hazard from electrostatic ignitijn during 
processing c.nd handling generally would be considerably reduced. 

In 1944 there was a Servioe requirement for an electrioalty ignited cap 
composition for use in the 20 mm.  Hispano ammunition.      This urgent requirement 
was met by the production of a small particle size lead styphnate  (A.R.D. 
Explosives Report 281/45)  which was mixed in the dry state with powdered graphite 
to form a non-segregating mixture.       It was  considered that  the investigation  of 
an electrostatically safe lead styphnate  composition oould conveniently be 
extended to include the possibility of developing a wet method for the 
incorporation of powdered graphite.      The   object would be  directly to produce a 
composition suitable for  the 20 ma.  electric cap thus  obviating the need for 
dry mixing of lead styphnate. 

During investigations  on the incorporation of graphite in its various 
forms,  it became apparent that  a wider principle  oould be embraced.      The dry- 
mixing of sensitive  explosives in the factories is not a desirable process 
although it  is a common practice.       There is primarily the increased hazard of 
accidental explosioodue to meohanioal agitation and the greater number  of handling 
operations.       Then the  difficulties inherent in preparing homogeneous mechanic a 
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fixtures  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 from every aspect the  employment of v,et processes to give 
non-segregating mixtures affords considerable advantages especially when the 
explosive  conoerned is lead styphnate. 

The name lead styphnate is  oommonly applied to the chemical substance 
normal lead trinitroresorcinate monohhjtdrate (CgH(NC>2)^Og.Pb.hVjO)  but fjr use 
as an explosive and particularly in connection with investigations as described 
in this report  it is neoessary to specify further its physical form in terms of 
suoh factors  as  crystal habit,  size,  surfaoe     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)• 

Objects  of the Report 

1. To give an aocount  of the development  of a lead styphnate composition, 
incorporating 2-3 per oent.  graphite,  which is insensitive to electrostatic 
discharges. 

2. To detail the development  of a prooess for the production of a  composition 
suitable for the 20 mm. Hispano Electric cap. 

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

• Summary 

A method has been developed by which colloidal graphite can be incorporated 
with lead styphnate, directly after manufacture without isolating the explosive 

i in the dry state to give products which, in the loose dry condition will not 
ignite or detonate when subjected to electric sparks of high energies. 

Such compositions have been prepared by the use jf water dispersed 
colloidal graphite together with the use of gelatin Solution as an agent for the 
irreversible attachment of graphite flooculi.  This application of gelatin 
has been followed by extending the investigation to include related substanfies 

' showing that alkaline solutions of araino acids may be similarly employed. 

The process is particularly adaptable to R.D.1303, v.hich after precipitation 
and washing can be treated with an aqueous dispersion of colloidal graphite 
equivalent to 2 jjer oent. of the product, followed by the addition of gelatin 
solution. 

Untreated R.D.1303 has a high electrical specific resistance in the loose 
state (> 10 x 10' ohms/am-).  The graphited material containing 2 per cent, 
graphite has a comparatively low specific resistance ( <"50 x 10* obam/aa?) $ 

self electrification is negligible and the loose material can be subjected to 
spark energies of 6,200 ergs without ignition whereas the untreated R.D.1303 
gives 5 per cent ignitions at spark energies of 110 ergs. The graphited R.D.1303 
when mixed dry with powdered graphite fires satisfactorily in the 20 ma. electric 
cap test. 

The prooess is critically dependent on sufficient colloidal graphite being 
incorporated with the lead styphnate to give a product of low specific resistance; 
for safety purposes it is considered that the material should have a specific 
resistance not greater than 50 x 10* ohms/om^ when determined by the 
method desoribed. 
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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. method (that is by the preliminary 
precipitation of the basic salt) with a surface area equivalent to 1,000 cm /g. 
requires a .ainimum ot  2.5 per cent, graphite; .jaterial of surface area 
approximating to 700 cm~/g. requires at least 2.0 per oent. graphite while 

*^«      lead styphnate of surfaoe area 450 cra^/g, requires a .vdni.aua of 1.7 per cent. / 
graphite.  There is some evidence that when the quantity of colloidal graphite 
incorporated is less than the minimum value, the produot becaaes aoxs sensitive 
to static charges than the untreated lead styphnate.  This may provide an 
explanation of the reported abandonment in Ger.anny of attempted graphiting of 
lead styphnate associated with the incidenoe of serious aocidents. 

In general, the aaaller the particle size of the lead styphnate the 
greater the ease of graphiting.  Crystal habit is not a critical factor 
with lead styphnate of specific surfaoe area greater than 600 aa /g. but it is 
difficult to incorporate sufficient colloidal graphite tj obtain a product of low 
specific resistance below this figure, the orystal habit becoming important, 
and the success of the graphiting process depending on previous surfaoe 
treatment .f the lead styphnate. 

The experimental procedure of a "non-static" lead styphnate on the 6 oz. seal 
*       is detailed in Appendix I, the process having been developed with a view to its 

extension to the factory scale utilizing available equipment, 

0 In viev» of the satisfactory uiannBr in which colloidal graphite could 
be attached to the crystals of R.D.1303 > it was reasonable to expect that an 
increase in the graphite content of the non-static type of .aaterial would 
produoe a composition suitable for use in the 20 mm. electric cap without the 
neoessity for the addition of powdered graphite.  Up to 7.8 per cent of colloidal 
graphite has been incorporated but attempts to increase the incorporation beyond 

this auount have oaused segregation uf the graphite flocculi in the wet state. 
R.D. 1303 takes up about 3 per cent, of the oolloidal graphite as'a partial 
coating, graphite in excess of this, up to 7«o per oent. forming conglomerates 
of graphite containing crystals of R.D.1303.  In the 20 ma. cap test, R.D.1303 
incorporated with 7.4 per cent colloidal graphite fires within the specified 
voltage range but the firing resistance is extremely high. 

By the use of colloidal graphite dispersed in carbon tetraohloride or 
acetone, up to 13.6 per oent. graphite has been incorporated satisfactorily with 
R.D. 1303.  The graphite dispersed in carbon tetraohloride affords a ^articularly 
simple process but the products are unsatisfactory itt'the 20 .am. electric oap. 

At this stage in the investigation it beoaae evident that the incorporation 
of colloidal graphite would not give a satisfactory cap composition and attention 

«*r was turned to the wet incorporation of powdered graphite with R.D. 1303. By 
replacing the aqueous colloidal graphite, as used in the graphiting process, 
by a suspension of powdered graphite in water and increasing the quantity of 
gelatin subsequently added, products have been jbtained which fire satisfactorily 
in the 20 mm. oap test.  A minimua of 0.6 per cent, gelatin is found to be 
necessary to effect the attachment of 10-12 per cent, powdered graphite to the 
R.D.1303, the addition of insufficient gelatin causing segregation and removal of 
the graphite during the washing processes. 

An important feature of the wet mixed products containing 12 per cent. 
graphite is that the values of specific resistance are low indicating a low 
static risk whereas the dry mixed material gives a specific resistance figure 
associated with a high static risk.  It is of interest to note that a reduction 
in the graphite content of the wot mixed .aaterial to 9.2 per cent, gives a 
produot of high specific resistance. 

3. 



Further investigation has astabl isheC. that  a combination  of the  gra^hiting 
prooess using colloidal graphite  and the* wet .nixing process will Oivo a   aore 
easily prooes8ing type °^ product, with a low static risk vhich is independent 
of the anount  of pondered graphite added.      The process has been extended in 
the laboratory to the 5 JZ.   sc.ile and the product,   containing a total  of 
12.1  per oent graphite,   fires within the specified limits for the 20 mm. 
oaj  test. 

Pour types  of oorapoaition which have fired satisfactorily in the 20   am. 
oap test can be listed :- 

Type Description of 
ooapdaition 

Method of 
preparation 

Sp.Res. 
ohm x , 
10Vo./ 

Detonations 
in 

Megger  test 

I R.D.1303 +  12.% powdered 
graphite. 

Dry ..dxing ; 10,000 Detonated 

II •i         it         ti         ,t         it Wet ..axing 19 No detonation 

III R.D.1303 + 2.5.0 colloidal 
graphite + 10', powdered 
graphite. 

' Vet oo.ii- 
bination 
Process 

2.8 No detonation 

IV Graphited R.D.1303  (2.9Jo 
oolloidal graphite)  +8.8 
p^r  cent powdered graphite 

Dry mixing 0.43 No  det jnation 

Composition I is sensitive to statia disohargea and detonates   easily 
in the loose  state,  oaaposition II is a "non static"  oorapoaition,  and the 
material has a similar appearance  to Capposition I under  the microscope;   i.e.  an 
intimate mixture of R.D.1303 and graphite particles.       Compositions  III and IV 
are both virtually insensitive to static  charges in the loose state   and under 
the miorosoope show that  the crystals of R.D.1303 are partially coated with 
graphite particles. 

•v 

Of the four compositions listed above  the   aoat t«tisfactory type of product 
from the manufacturing point  of viev. would be Composition III.      The dry mixing 
of graphited R.D.1303 and powdered graphite   (Composition IV) would offer no 
difficulties,   but the mixing process would De limited to 8  os.  batches with 
existing type of equipment. 

Aluminium powder has also been incorporated by a wet method with R.D.1303 
and non-segregating products containing up to 20 per cent,  aluminiuw have beun 
prepared,      .aluminium powder with 1 surfaoe area greater than 950 cm /g. 
incorporates satisfactorily with R.D.1303;  powders  of lower specific surf .ce 
area show aggregation in the wet state;  while powder8 with surfaoe areas   .bout 
6,200 cm /g.   have  been found to be reactive   in contact with water and usually 
have a high oxide content.       In spite   of the low specific resistance   jf some 
samples  of aluainium incorporated,   it has not been possible to obtain a 
conducting composition by the usu  of aluminium.      The method of incorporating 
aluminium powder .night  find some practical application in such mixtures as A.S.A, 
etc. where the aluainiua powder is mixed in the dry state. 

As an extension of the wet processing for mixtures with lead atyphnate, 
aluminium stearate has been incorporated with R.D.1303 to   give  oppositions  in a 
variety of physical forms. 

4. 



Discussion 

The meohanis.a of the colloidal graphiting process may be con3idered to 
occur thus - the addition of a colloidal graphite dispersion to a suspension of 
lead styphnate in water causes the partial flooculation of the graphite oy 

X.       the usual effect of an electrolyte (in this instance saturated lead styphnate 
solution) on  a hydrophobic colloid; the flocculi still retain a aaall residual 
positive charge and the flooculation rate is slow.  «t this stage the flocculi 

*^      do not become attached to the orystals of lead styphnate, but would eventually 
separate out to fora a separate layer.  The subsequent addition uf gelatin, 
exerts a sensitizing action and causes rapid flooculation of the graphite, at 
the same tlae the gelatin is adsorbed on the crystals of styphnate.  On adsor^tio 
the gelatin mioellae beoone orientated so that a negatively charged group 
projects intu the dispersing liquid.  The graphite flocculi, vvhioh still 
oarry a small residual positive charge attaoh themselves to the polar negative 
end group of the gelatin micellae, thus beooming anchored to the lead styphnate 
crystals by bridges of gelatin. 

The araino acids behave in the same way as gelatin but only if an alkali 
is added; this jay be accounted for by the fact that the aainj acids to a 
limited extent resemble gelatin in regard to their sensitising and adsorption 
effects.  The sensitizing and protective effects of gelatin however are 
probably greater than those of the amino acids and it is necessary to increase 
the concentration of the electrolyte by the addition of ammonia or other alkali 

•%L before the flocculating value of the sensitizer is reached, also in the ^resenoe 
of alkali the ajino acids from micellae and the adsorptive power of the 
material is enhanced. 

i 
The electrical characteristics   of the  deposition 'Jt incorporation of either 

oolloidal or powdered graphite and lead styphnate,  depends  on a number  of factors, 
the main principle being the  provision of a suitable number of graphite  contacts 
to allow the  free leakage of electrostatic charges.      The results   of the 
specific resistance measurements can be  considered as  a quantitative assessment 
of the following fantors. 

1. Leao. styphnate surface area and orystal habit. 
2. Graphite partiole size and shape. 
3. Distribution of graphite  on the crystal faces  ur  as a mixture. 
4. Surface treataent  effects due to adsorption of hydrophilio colloids 

used as protective colloids for a graphite  dispersion,   or gelatin used 
to procure adsorption. 

5. Surface condition of the untreated lead styphnate, 

The failure  of alu.ainized lead Btyphnate to give a oorduccing oouposition 
*«-" 'jay be due in part to the reactivity of alu.air.ium with water to forai a non- 

conducting film of oxide. 

-v Further developments 

(a)    Preliminary trials have been started with the  object of applying the laboratory 
prooesses on a technical scale to include the manufacture  of the  following ty^es 
of lead styphnate compositions  :- 

(1) ji general purpose,  non-statio,  dust-free lead styphnate.      Proa 
considerations apparent in the  results already obtained this would 
broadly consist  of the R.D.1302,  R.D. 1303 product  treated with 
2 per cent  colloidal graphite by the gelatin method. 

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



(3)    A complete non-statio eleotrio oap ocaposition by combination 
process  of treatment   of R.D.1303 with both colloidal and 
powdered graphite. 

-"S (4)    Non-static treatment  of lead styphnate generally  (including service 
or coameroially sullied forms). 

(b)    It is considered that  the results  obtained justify a store detailed study 
of the meohanisru and application of attaohuent 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 measurement of particle sizes starting with the  substances 
already investigated but covering a wider range of conditions.      For  example 
although this report includes, data for both colloidal and powdered graphite 
there  is a further range available in the so-oalled oolloidil carbon blacks, 
The function of the gelatin or aaino acids as bridging substances or sensitisers 
could be further investigated possibly in conjunction with the preparation and 
deposition of l>yophobio sols of known characteristics. 

Extension of the ,aethods to other substances has already shown proaise 
and justifies  further study.       For example non-segregating mixtures   of graphite/ 
lead azide and lead dinitroresoroinate/lead azide  have been prepared.       It has 

~ been found however that some substanoes will not respond to tnose precipitation 
# methods indicating that at present no simple classification could be proposed. 

•appendices 

I. The preparation if a lead styphnate composition with a low static risk. 
II. Incorporation of high proportions of  colloidal graphite with lead 

. styphnate   (R.D.1303). 
III. Graphiting of R.D. 1302 and other varieties of lead styphnate. 
IV. Graphite  vet mixing processes. 
V. The wet incorporation of aluminium powder and aluminium stearate 

with R.D.1303. 
VI. Method for the  determination of the specific resistance  of initiatory 

materials. 

Illustrations 

Fig.1.     GG3,     Graphited R.D. 1303,   \% gelatin and 3.7 per  oent.   colloidal 
graphite. 

Fig,2.    CG,9<     120 grm.  batch graphited R.D.1303,  1.8 per oent.   colloidal 
graphite  and 0.2 per cent gelatin. 

£ Fig.3      0G19. Enlarged crystal of Graphited R.D.1303 showing partial 
coating of R.D,1303. 

Fig.4      Graphitod R.D.1303 mixed with powdered graphite. 
% Fig.5.    Untreated R,D.1303  (S.23) 

Fig.6      Untreated R.D.1303 nixed with powdered graphite. 
Fig.7.    Relation between graphite  content and specific resistance for 

three types  of lead styphnate. 
Fig.8.     Flocculated graphite and R.D.1303  before the  addition of gelatin. 
Fig.9      CG9 graphited R.D.1303  containing 6.24 per  cent,   colloidal graphite 

(2% gelatin). 
Fig.10    CG8 graphited R.D.1303 containing 4.5 per cent.   Colloidal graphite 

(1,-S gelatin) . 
Fig.11    CG11  graphited of R.D.   1303 using colloidal graphite dispersed in 

aoetone  (J.36 per  cent,   graphite). 
Fig.12    CG13.   Graphited R.D.1303 using colloidal graphite dispersed in 

m- CCI^ (7.65.3 C). 
* 
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Pig.13     CG15-    Graphited R.D.1303 using oelloidal graphite dispersed in 
CC1,   (12.6. * C) . 

Fig. 14   CG36".    Graphited R.D.1302 
Pig.15    CG61.     Graphited Service Styphnate 
Pig.16    «, B & C.    Article size distribution graphs. 
Pig. 17    CG97.    Tabular type lead styphnate  of low specific surface area 
Fig.18    CG102.    Equant type lead styphnate 
Pig.19    CG34.     Wet incorporation of 12.5 per cent powdered graphite' 

(0.6.5 gelatin) 
Pig.20    CG60.    Combination process  (130 go.   scale) 
Pig.21    AS.2.     10.i inoorporation of fine aluminium powder 
Fig.22    A3.3.    Incorporation of coarse aluminium ponder 
Fig.23    AS.4«     Incorporation of intermediate size aluminium powder 
Fig.24    D.S.12  Inoorporation of 10,j aluminium  stearate 
Fig.25    D.3.8    Incorporation of 10,^ aluminium stoarate using a solution 

of stearic aoid in alcohol. 
Fig.26    Apparatus used for specific resistance tests. 
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^PrENDIX I 

Preparation of a Lead Styphnate Composition 

with a low Eleotroatatio risk 

The investigation detailed below was undertaken in conjunction with the 
development of a dustless, small partiole size lead styphnate whioh was 
eventually developed as R.D.1303 (R.D.Explosives Report 281/45).  During the 
early work on graphiting, experimental batches of lead styphnate were used, but 
trial methods have been worked out using the standard type of R.D.1303> 
prepared on the manufacturing soale. 

Preliminary investigations showed that on adding a- suspension of colloidal 
graphite to a suspension of R.D.1303, the colloidal graphite was flocculated 
with subsequent segregation; the graphite could be removed almost completely 
by washing.  From preliminary qualitative experiments it was fjund that if 
gelatin was added to the mixture, the flooculated graphite became attached to 
the lead styphnate and could not be removed by vigorous water washings. 

Experimental 

A selection of the experimental work is tabulated in Table I where the 
general procedure is detailed; a final laboratory .method being given later 
in this Appendix. 

The lead styphnate in C.G.2. and 3 was weighed out dry, but it was found 
that the wetting of the material without the use of a wetting agent was difficult, 
in subsequent batches therefore the lead styphnate was used in the wet conditi n 
as obtained from preparations before the drying oporations.  When using a 
nev. batch of lead styphnate it was found convenient to dry a known volume of 
the wet styphnate, weigh, and so determine the ratio of wet volume to dry 
weight.  By this procedure, the hazard of handling dry lead styphnate was 
avoided and facilitated the safe production in the laboratory of up to 6 oz. of 
graphited lead styphnate. 

ConsideraDle 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 from 1.25 :1 to 5*5:1•  The latter water: lead styphnate ratio was 
used in order to .make the prooedure adopted in Expt.C.G. 19/2 comparable with 
the dilution required for a proposed factory scale graphiting. 

In C.G-.2, after the addition of approximately 2.^ graphite (oalc. on the 
lead styphnate) there appeared to be an equal distribution of graphite between 
the mother liquor and the lead styphnate, the graphite appeared tj have 
flocculated to some extent and on allowing to settle, a ring of graphite was 
seen as a top layer.  When the .mixture was stirred and the gelatin solution added, 
the mixture settled rapidly, giving a clear mother liquor.  Suosequent water 
washing of the product showed that no graphite was removeu; there was some 
difficulty however in processing, probably due to the state of aggregation 
caused by the use of a large Bxcess of gelntin. 

The addition of 6i colloidal graphite followed by 1;3 gelatin solution as 
in C.G.3. showed that a large portion of the graphite was not attached to 
the lead styphnate, which, after processing with vigorous water washes, 
contained 3.76,'J graphite.  The specifio resistance .f the final material 
showed a ^reat reduction compared with that of the original styphnate. 



There was same difficulty in processing the early batches of graphited 
R.D. 1303, apparently due to the aggregation i»f the product; a reduction in the 
quantity of gelatin used overoaue the processing difficulty.  Tho incorporation 
of 1.9 J graphite was readily achieved by the use of only J.2 i gelatin, 
calculated on the lead styphnate (C.G. 16) and the remarkably good processing 
and low Specific resistance of the product showed that the gelatin added 
shjuld be as low as possible. 

In C.G. 17 the gelatin solution was added to the lead styphnate suspension 
before the addition of the Colloidal graphite; this procedure appeared to 
retard the floooulation of the graphite, resulting in a uother liquor which 
oontained a large proportion of graphite and on washing the product all the 
graphite could be removed. 

For the incorporation of 3.' graphite oy  the procedure of C.G.16 it was 
found that the subsequent addition of 0.2i gelatin was insufficient for the 
oomplete incorporation of  the graphite; it was necessary to increase the 
gelatin to 0,}:, to give a non-segregating product (C.G.18). 

k  reduction in the graphite oontent of the graphited lead styphnate to 
1.6 per cent. (C.G.20) gave a product which processed well but had an 
extremely high specific resistance. 

From the experimental work it appeared that 3 < graphite could be 
incorporated on the R.D.1303 (i.e. specific surfaoe area 712 onr/g) to 0ive 
a material in which all the graphite was used as a partial coating jn the 

r«.    R.D. 1303 crystals, if however, the quantity of graphite added was increased 
much beyond the 3^, the excess graphite became aggregated int.- large .asses in 
which some crystals of lead styphnate were included.  The aggregating effect 
can be seen in Fig.I. 

A review of the 10 and 20 gra. batches has shown that tht procedure 
adopted in C.G. 16 would serve as a basis for inoreaseel scale experiments; 
CO. 19 prepared on the 5 os. scale reproduced the product of C.G. 16 -and 
provided suitable material for electrification tests, firing tests etc 

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

In view however of the relation between the graphite content and the 
specific resistance (see fig.7) it was considered that the graphite content 
of C.G. 19 was too near the minimum graphite value, as a rapid increase of 
specific resistance of the graphited R.D.1303 was shown as the graphite 
value decreased frou \8  per cent, to 1.6 per cent.  A  tentative low limit 
on the graphited R.D. 1303 was therefore proposed as 2 per cent. 

'^-> Batch C.G. 19/2 was prepared in the laboratory on the 6 oz. soale at a 
dilution comparable with that which would oe used for the graphiting of a 
15 lb. batch of R.D.13^3 using available plant. a 

6  oz.   S-?ale 

Experimental Details  for the Graphiting of R.D. 1303,  Incorporating 2.5', 
Graphite 
Quantities Conditions 

R.D.1303 Lot S.23  (160 g.  dry wt.) 
water 

Diluted Aquadag 3.6 per cent. C(w/V) 
Gelatin 1 per cent,  soltn. 

9. 

112 mis. Temp. 20-22°C. 
890 11 Time of gelatin 

addition 3 mins. 
112 it Stirring  (extra) 5   ' 
50 ti Settling ti.ie 5    " 



Ararat ua 

31 squat beaker; 4" S.S. paddle; stirring speed 200 r.p«m. (n^ baffle 
used). 

Procedure 

The volume of wet lead styphnate was transferred to the  beaker and 
stirred with the required volurje of water, the diluted Aquadag was   added 
followed by the gelatin solution.      After allowing to stir for a further 5 mins. 
the   fixture was allowed to settle and the clear mother liquor decanted.      The 
product was washed twice with water,  unos with alcohol,  and dried by drawing a 
current  of air through it in a manner similar to that used for the drying of 
Servioe Azide.      After drying the product was finally sieved through 100 mesh 
sieve. 

Product 

The final product consisted of a dark brown,  free flowing material. 
Microscopic sxaainati n showed practioally no increase  in the state of 
aggregation compared with the initial material S.23 (c.f. figs. 2 and 5). 
The individual  crystals were partially coated with graphite and portions of 
the free  crystal surfaoes  o-uld be seen (fig.3). 

Graphite oontent 2.56 per cent. 
Specific Resistance 2,5 x 10^/ohms/cr 

Notes  on the process 

On addition of the Aquadag to the lead styphnate suspensijn the   aixture 
become almost black;   after addition of the gelatin solution,  the mixture 
assumed a deep brown oolour as the graphite become attached to the lead styphnate 
crystals.      Pig.8 shows the flooculated graphite  before  the addition of gelatin 
solution. 

Generally the quantity of graphite incorporated depended yti the crystal 
size and the  amount of gelatin added.      an insufficiency of  gelatin was indicated 
by a dark  ooloured and slow  settling mother liquor, while an excess of gelatin 
would cause  caking on drying which causes  difficulty during sieving operations. 
Segregation was ecsily noticed if the .aixture was <_,iven a swirling motion when 
any tendency to segregation would be affirmed by a blaok rin0 of graphite 
appearing as an upper layer. 

Electrification Properties 

Complete  electrification tests were  carried out  by S.E.R.   (Swansea)   J[i the 
oatch C.G.19  (1.8    graphite)  which represented a graphited lead styphnate with a 
graphite content near the minimum value,  comparable with a low specific 
resistance.      Preliminary tests on the batch C.G. 19/2  (2.56,0)   shoved the 
material to be even less prone to eleotrostatio risk than that  for C.G. 19 
reported below (Ref.X.30/2/2). 

Pouring Test 

15 gr^as material poured from an earthed tray to an insulated aluminium 
catchpot from a height  of 7"  (R.H.  40 per oent). 

Service lead styphnate -3 <• .s.u./g. 
Graphited R.D.1303  (C.G.19) + 0.03 p.s.u./g. 
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Sieving Test 

Material sieved through an earthed 85 mesh sieve and oolleoted in an 
insulated catchpot (R.H. 40 per cent.) 

Servioe Lead Styphnate charge devel.       -20' e.s.u./g. 
Graphited R.D.1303 C.G.19     " -6    " 

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

Spark Ignition of loose material 

Loose heaps of the material were subjected to electric spark discharges 
of known energy. 

Servioe Lead Styphnate: -  5..J ignitions s^ark energy 110 ergs. 
50:    "      "     "  390  " 

Graphited R.D.1303  (C.G.19) 0 " " "    6,200    " 

T«ith higher voltages (> 1,500"/) the material 
was blown away. 35- partial ignitions with 
spark energy of 53,000 ergs. 

Spark ignition of pressed pellets 

When pressed at 20,000 lb./sq.inch 30;J ignitions occurred at spark energies 
as low as 17 ergs.      No direct  comparisons are available with Service Lead 
Styphnate,  but the mechanically mixed 20 mm.   cap composition under similar 
conditions  of test ^ave 101 ignitions at a spark energy of 7 ergs. 

Use in 20 urn. Electric Gap 

Batches   of C.G.19 and C.G.19/2 have  been found satisfactory for use in the 
20 ..1.1.  electric oip composition when mixed with powdered graphite to give  a total 
graphite   content   of apprjximately 12 per   cent. 

Mechanical Dry ivlixing of Graphited R.D. 1303 with powdered Graphite 

An 80 grm mix was .jade using dry C.G.19/2 and ^^wdered graphite  (xichesons 
35),  the final graphite content being 10.77 j^er cent  (calculated graphite  10.8 
per c~nt).      The produot fig.4 flowed extremely well with no adhesion to the 
sides of the  jelly mould mixer,      No segregation of graphite was  observed in the 
product even  ufter such drastic treatment as tapping the sides  of a long 
vertical cylinder containing the material. 

Specific Resistance 
4 

The specific resistance  of the loose material is extremely low  (0.43 x 10 
ohas/cor),  indicating a material capable  of allowing the very rapid leakage  of electric 
charges. 

R.D. 1303 mixed in the same way with 12,' powdered graphite gave a  material 
with a high specific resistance  (^=10,000 x 10^" ohms/oiir)  i.e.   similar to the 
untreated R.D. 1303. 
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Ignition 

Preliminary tests shewed that it was difficult to ignite the C.G. 19/2 aix 
by eleotrio disoharge and other eleotrifioation properties were similar to those 

B  of C.G-i 19 (Q.V.) i.e. no ignitions up to 6,000 ergs. 

The pressed pellet of C.G. 19/2 and graphite .mix as used in the 20 ,aa. 
s-       eleotric cap test gave a satisfactory firing voltage jf 10.5 volts and a firing 

resistance of 5-5 ohms. 

Gelatin Substitutes for use in Graphiting E.D.1303 

Although gelatin has been investigated in some detail for the graphiting 
of EjD, 1303; the suitability of other materials to replace gelatin has also been 
studied. 

The fjllov.ing substances were tried as possible replacements of gelatin:- 

H) ivie-,hyl cellulose (2) Sodium carboxy-methyl cellulose (3) AlbaJin 
(4) Casein (5) Gum arabio (6) Rei>resentatives of the classes of amino acids 
whioh have been obtained from the hydrolysate of gelatin (7) aid.no benzoic 
aoids (6) amino phenols. 

The substances (1) to (5) above were added as 1 per cent, solution, as in 
<*   the norual procedure using gelatin.  In each case up to 1... of the colloid was 

used and in each case the graphite segregated almost completely so that on 
washing all. the graphite could be removed from the j_.r~>duots. • 

Gelatir. has  a complicated structure   of peptide linked amino aoids and a 
large number of amino acids have been isolated oy the hydrolysis  of gelatin; 
the selection detailed belov; has been extended to a broad class of a.jin^ acids 
and inoluded such possible  dipolar molecules as the amino  oenz^io acids  and the 
amino phenols. 

(a)    .aliphatic amino  acids containing one  aaino grou^ and one  carovxylic L^'-'Up 
(dl alanine,   glycine). 

(u)    itli^hatir a>mLno acids containing one aud.no gr^up and two carb^xylic 
groups   (jlut:i..iic acid). 

(o)    Heteronyclio compounds where the nitrogen forms part  of  5he ring and 
the carbozylic acid group is in the a(f position (l-proline   ). 

(d) Amino aoids  containing a benzene ring and the carboxylic acio. group in 
the 9t p or m position, • • 

(e) Amino phenols eg 0, m and p amino phenols. 

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

The addition of ammonia became a modification of the original prjco.-ure as 
it was found that  the  amino acids alone would not cause the desired attachment 
of graphite to the lead styphnate orystals and it was therefore neoessary to 
add aomonia beyond a certain minimum quantity.      The   quantity of auaonia necessary 
was more than that required to neutralise the aoid groups in the amino acid. 
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It will be notioed from Table II that the isoeleotrio points of the amino 
aoids vary considerably while the pH of the final mother liquors of the 
satisfactory batches has very little variation i.e. pH 5.5 - 5-8. The strong 
buffering aotion of the liquor will be more evident when it is considered that 
the quantity of ammonia,as used in the experiments, when added to the aaiiu 
aoid solution gave a pH of 10.06 - 10.34 for the various aoids used.  In 
addition diluted aquadag (3.35.'> graphite) had a pH of 9-71, i hich value 
showed little ohange on dilution with water. 

AS a variation of the prooess the desired quantity of ammonia was added 
directly to the amino acid solution (as in C.G.88 and 108), but as the addition 
of an exoess of aamonia is undesirable due to its aotion on the lead styphnate, 
it was found preferable to add the aamonia finally so that the quantity could 
be controlled by inspection. 

In each of the experiments using the "protein" amino acids the final 
products gave satisfactory processing and low values for the specifio 
resistances (Table II). 

The solubilities of the aaino benzoic acids in water is a.;all, and in 
order to obtain solutions up to 1;J it was neoessary to add ammonia.  In C.G.88 
the solution of anthranilic acid was effected by  adding the theoretical quantity 
of aaaonia to form the aaiaoniua salt, giving a solution of pH 8.00; after adding 
up to 10 mis. of the ammonium anthranilate solution, the f1 ;oculated graphite 
oontinued to segregate, subsequent addition of ammonia however caused the graphite 
to becoae attaohed to the styphnate crystals, to give a product of low specific 
resistance.  Solution of the amino benzoic/was also effeoted in 50 per cent, 
alcohol to give satisfactory products when aaaonia"was added subsequently 
(C.G.89 and C.G. 90). 

The use of the 0, m and p amino phenols were shown to be unsatisfactory 
as a replacement for gelatin or the amino acids in the process.  In each case 
the graphite segregated and could be washed out of the products (C.G.116, 110,112). 

Discussion 

The fact that the addition of colloidal graphite to the lead styphnate 
suspension cuases fljooulation of the graphite ^articles indicates a 
rearrangement of the electrical charges on the colloid particles.  This 
flocculation appears to be the usual electrolyte effeot with hydrophobio colloids, 
as colloidal graphite is floooulated by the saturated liquors from lead 
styphnate in the aosenoe of solid lead styphnate.  Colloidal graphite is 
unusual in that the particles oan acquire a positive or negative charge 
depending on the pH of thw suspension, usually/particle is positive in alkaline, 
and negative in acid aedia.  The colloidal graphite used in the above experiments 
is stabilised with aaaonia and the diluted suspension has a pH of 9«7 indicating 
that the graphite is positively charged, A  hydrophobio colloid such as graphite 
begins to flocculate when the charge on the particle falls below a oertain 
value so that theflocouli will still retain a residual charge. 

In aqueouSji.iediu.1 the graphite flooculi settle slowly and do not attaoh 
themselves to the lead styphnate crystals unless a solution of gelatin or aaino 
acid salt is added, then the flocculi become irreversibly attached.  Gelatin 
is recognized as one of the common protective colloids and it can be assumed 
that it is this "protective" property of gelatin and the aaino aoids which is 
utilized in this process.  It is reasonable to assume that the property in 
oemmon to the materials whioh 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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aliphatio aaino aoids exist almost entirely  in the dipolar for.a while the 
aaino benzaic aoid. acts as a 50, J mixture  of the unchanged and dipolar forms, 
the position of equilibrium depending on the presence  uf aoid ar basic groups. 
The amino phenols however show no evidence  of Dehaving as dipolar ions and it 
is significant that they will not effect the  attach-ient of the  flocculate^ graphite 
in aqueous aiediua. 

The attachment  of graphite-could be explained by assuming that,   jn adding a 
solution of gleatin to the mixture of flocculated graphite and lead styphnate 
(R. D. 1303)  suspended in water,   the gelatin is adsorbed on the lead styphnate 
crystals,  the gelatin molecule  is  orientated so that the ohain is  normal to the 
surface  of the  crystal and the  end group of the  chain has a negatively charged 
group.      It is ^ossiole that the partially positively charged graphite fLocouli 
can now become attached to the polar (negative)   end group of the protective 
colloid or aaino  acid salt,  thus becoming anchored to the lead styphnate 
crystal by a bridge of gelatin or amino acid salt. 

It is of interest to note that the meohanisa appears to be fairly general 
in as   auoh as it has been possible to graphite other initiators such as Service 
L.D.N.R.   and Lead Aside. 

.although aainy experimental facts appear to bear out this  conception of the 
graphiting process, there  is no adequate explanation as to why some proteins 
such as casein and albuaen are unsatisfactory for use in the graphiting process; 
they have similar isoelectric points,   the  adsorption takes ^l^oe in a self 
buffered mediuj (pH 5«5 - 6.0)  very near the isoelectric point  of these 
ampholytes.      For most simple amino acids the calculation of the  isuelectric 
points show that there is in fact a broad zone of pH values at which the 
ampholyte is practically isoelectric,  thus glyoane at pH values between 4»3 and 
7.7 hos a concentration of positively  or negatively charged ions,  less than 
\% of the uncharged dipolar molecule.      The function of the-aa.aunia addition is 
somewhat  obscure since the final pH of the mother liquor is usually 5.5 - 5.7 
but  an explanation is given in appendix II where  other experimental evidence 
is  offered. 

In the course of these experiaents many points of theoretical interest 
have arisen which have not been investigated practioally as they are oeyond 
the  soo^e  of this present work. 
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.appendix II 

Incorporation of High Proportions of Colloidal 

Graphite with Lead Styphnate (E.D.1303) 

Preliminary 

Appendix I has shown that  colloidal graphite  incorporated in R.D.1303 will 
give  a composition with a high electrioal leakage value thereby reducing 
considerably the  electrostatic risk.       It was considered that   an increase in 
graphite oontent  of the composition,   by the technique adopted in -appendix I 
would give a material suitable for the  direct use   as a 20 .am.   electric  c-.,. 
ooiaposition,       J»S indicated previously E.D.1303  can take up,   as a partial 
coating,  graphite  approximating to 3 ' of its weight;   gr^hito in excess    f this 
becomes, aggregated and is not  attached to the   styphnate although the   .lasses  of 
graphite include a certain auount of lead styphnate.      Pig.6 shows the type  -f 
.material which has been used for the 20  .u.   electric cap and as will oe seen 
it consists of a mixture of graphite granules  (10  - 12,,)  and crystals  of 
R.D.1303;   on pressing the graphite granules act  as a suitable "bridge" for 
eleotrical firing and it seemed probable that  these  conditions could be 
reproduced by the incorporation of graphite in excess   ,f 3    uy the graphiting 
^rjcess utilizing colloidal graphite. 

The main advantages  of such a wet process usin^ colloidal graphite are 
clearly that  the dry mixing of the lead styphnate would be eliminated   .nd the 
final composition could offer a higher standard of uniformity in both  manufacture 
and subsequent handling than a meohanical mixture. 

Experimental 

Use  of '.Voter Dispersed Colloidal Graphite 

The general conditions and a selection of the experimental work is set  out 
in Table III.      The  early experimental work was   carried out using a laboratory 
batch of E.D. 1303 vhioh was weighed out in the dry state,  but later,  bvtches were 
measured out wet  as  detailed in Appendix I« 

In Expt. CG4 a fairly concentrated colloidal graphite  suspension was  used 
and some  difficulty was  experienced in measuring the   required volume,   in later 
experiments a more  dilute suspension was used.      The concentration of the graphite 
suspensi on appeared to make little difference to the effective graphitin<_  of the 
lead styphnate. 

The incorporation of 6.24 per cent,  graphite   (CG4)  required the equivalent 
of 2o gelatin before a clear mother liquor  Oould oe obtained;   the processing 
was difficult probably  due to the aggregation caused oy  an  excess   of jelatin 
(fig.9).      The product in the wet state was  black and the possiule segregation 
of graphite was difficult to determine.      A repeat  of this ex^ri.,ent  (CG7) 
showed segregation of graphite in the wet state;   indicating that an excess 
of graphite  was  being used. 

The reduction of graphite to 4.5 per oent.   required 1   per  oent.   gelatin to 
give a produot which did not segregate in the wet  state  (CG8).       Although some 
difficulty was  experienced in processing,  the produot was an improvement, 
containing a  aore uniform size  of aggregates  (see  fig.10).       Firin*  tests were 
carried out   jn this material (CG8)  and from the results  it was evident that 
insufficient  graphite  had been incorporated as after pressin^ in the   aap  the 
firing resistance and the firing voltage were  of a high order, 42  ohms    .nC 
30-45 volts respectively. 
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Attests were .made to increase the graphit  content and improve the ^.r-c-uct 
by slight  modifications uf the process.      Gelatin added to the lead styphnate 
suspension followed by the addition of oolloidal graphite  was unsuccessful in 
oausin^ the required floooulation of the graphite;  after 4 minutes stirring 
there was no sign of flocculi present after 21   minutes graphite flocculi were 
present but there was no settling of the .nother liquor and apparently little 
attaohment  of the graphite to  the styphnate  crystals.      On heating the .mixture t< 
75°C.  precipitation of the flocculi  occurred and on allowing to  settle,  the 
aother liquor cleared rapidly at 75°C.   cold vashes  however gave dark liquors 
and the settling was poor.      A portion of the product after washing with 
aoetone and aloohol oaked hard on drying, and sieving  of the uiaterial was 
practically impossible.      To another portion of the product,  formaldehyde was 
added in an attempt  to harden the. gelatin fiLj but  this procedure was 
unsatisfactory. 

A suspension of lead styphnate and colluio.il graphite  oontainin^ tannic 
acid required only a  small quantity of gelatin (0.5 ^er cent.)  to cause rapid 
^reoi^itation of the flocculated graphite which beoa.ae attached to the lead 
styphnate crystals,   the .material however was very bulky in the wet state,  and 
on drying caked so hard that sieving was practically impossible.   (See CG12). 

The  addition of ammonia to the lead styphnate - colloidal graphite 
suspension to pH 11.0,  facilitated the incorporation  of approx. 7«5 per  cent 
graphite   (see CG21 and CG22).      The product was lighter in colour than previous 
Oatohes,  lighter in colour even than material containing approx.  2.', graphite 
e.g. CG19-      Miorosoopio examination showed the material to contain aany free 
lead styphnate  orystals which probably explains the lighter  colour. 

Attempts  at  graphiting in buffered suspensions  (CG24 - 26) were proved of 
little practical value;   it was apparent that with citrate phosphate ouffer, 
segregation of graphite occurred at pH values fro.m 3.2 to 8.0. 

Firing tests on the products fr om CG21  and 22 gave low firing voltages 
i.e.  12.2 and 11.1   volts but the electrical firing resistanoe of the   material 
was extremely high.       In view of the processing difficulties  encountered in 
the graphiting experiments using water dispersed colloidal graphite,   attempts 
were   made  to  use  oolloidal graphite  dispersed in organic  solvents. 

Use   jf colloidal graphite dispersed in organic Solvents 

Several types of "dag"   (jicheson's  deflocculated graphite)  dispersed in 
organic  solvents were  available.      Two  representative  types have oeen used in 
the following investigation viz.   "dag" in aoetone and "dag"  in caroon 
tetrachloride.      The experimental procedure is  detailed in TaOle 17. 

The "dag"  in aoetone was supplied as 18 per cent,   oolloidal graphite 
made up frju water dispersed colloidal graphite as used in Aquadag;  in use,  the 
commercial .material was diluted to give a 4 per cent w/v suspension in acetone. 
After the addition of the acetone  "dag" to the suspension  of R.I;. 13u"3 in 
50 per cent,   acetone  (CG10)  there was s~me indication of fluoculatiun although 
the flocculi were saall and did not  settle very rapidly  or become attached 
to the le id styphnate  crystals.      The  additi n of a small quantity  jf gelatin 
solution caused a rapid clearing of the supornatent liquor and there wis no 
segregation of graphite from the product.      The product containing 4 per cent 
graphite incorporated in the above   manner showed a high    specific resistance; 
microscopic examination showed that  the product  consisted of .aany aggregates 
of R.D.1303 together with masses of graphite similar to fig.11.      an increase 
in the  quantity of aoetone dag added,  to give an incorporation  of 7»36 per cent 
graphite,  required the addition of 1,S gelatin Defore  the  flooouli  ~f graphite 
settled rapidly  (CG11).    although there vas no segregation of graphite from the 
product fibrous   material was present.    The product however pr-ooessed satisfaotjrilj 
and gave a low value for the specifio resistance. 
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The products 'from Expts. CG10 and 11 were remarkable in that they were 
brown in colour similar to the colour of -product obtained by the mechanical 
dry mixing of R.D.1303 and powdered graphite.  In the process using acetone 
dag, the minimum graphite value appeal to be much higher than in the 
incorporations using aquadag (of CG19 and CG10). 

The firing tests on CG11 (7-36 "J) showed a high firing resistance and 
firing voltage, indicating that an inorease of graphite was necessary. 

The use of carbon tetraohloride "dag" has facilitated the incorporation of 
up to 13.6 per cent graphite with excellent processing. The commercial "dag" 
in caruon tetraohloride was supplied containing 10 per cent colloidal graphite 
and v.as prepared from oil dispersed graphite as used for Oildag.  It was 
found that when the dispersed graphite was added to a suspension of the R.D.1303 
in alcohol the graphite became flocculated and incorporated with the lead 
sty^hnate to give a non segregating mixture without the use of gelatin.  The 
mother liquors were quite clear and no graphite was removed in the washing 
processes; after drying, the products showed no signs of caking and sieving was 
rapid. Figs. 12 and 13 shew the type cf products obtained which were light Drown 
in bulk, much lighter in colour.than products obtained during the incorporation 
•f 2 per cent, graphite using Aquadag. 

It will be seen oy referenoe to figs. 11, 12 and 13 that the type of 
material obtained by incorporations using colloidal graphite dispersed in 
organic solvents differs considerably from those obtained in the Aquadag 
graphiting process.  It is evident that the coating of individual crystals 
is poor; the greater part of the graphite oeing incorporated in conglomerates 
of graphite in which sane crystals of R.D.1303 are included. 

Specific Resistances and firing tests 

As might be expeoted from Appendix I the R.D.1303 graphited with aquadag 
incorporating more than 3;j graphite gave products with low specific resistances, 
indicating low static risk (see Table III).  Graphite incorporated from organio 
solvents appeared to be less effective in reducing the static ri3k with the 
lower proportions of graphite; however the products containing graphite in 
excess of 7«36 per cent had low specific resistances. 

The 20 ui,i. ca^ tests on the series of products are of interest. 
Below is tabulated the results of a few firing tests. 

Bat oh 
Graphite 

Incorporation 
Type               5 C   : 

Mean 
Firing 
Resist. 
(ohms) 

Firing 
voltage 
(volts) 

Graphite 
Powder 
added 

Ale an 
Firing 
Resist. 
( oh as) 

Firing 
voltage 
(volts) 

j 

CG18 aquadag 2.87 450 45 8 5 9.1 

CG21 it 7-4 200- 
20,000 

12.2 5 6.5 10.2 

CG22 it 7.3 200- 11.1 5 6.4 10.2 

CG11 A«etone- 
dag 

7.36' >1,000 >60 " 

CG13 Carbon- 
tetra- 
ohloride 
dag 

7-65 500 30- 
45 

- — 

CG15 it 13.6 500 30- 
45 
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Suitable test firing limits were   considered to be that, 2§- grains 
pressed at 700 lb.   should have a firing resistance between 6 and 12 ohms, 
and that the oap should always fire at  12 volts.      Prom the above table it 
will be seen that CG18 with a relatively low graphite content gave a high 
firing resistance and voltage unless mixed with powdered graphite, when it 
behaved satisfactorily in the 20 ma.   cap.      The low firing resistance apparstly 
oan be easily modified by reducing the   quantity of powdered graphite  added. 
The results from CG21   and 22 are remarkable,  showing a greatly decreased firing 
voltage but an extremely high and variable firing resistance, higher even than 
CG18 which oontained only 2.87 per cent graphite.      The  addition of an extra 
5') graphite by dry mixing with Aohesons 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 incorporated by the use  of Aquadag.    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 oharaoteristio3. 

Discussion and conclusions 

It has been confirmed experimentally that using water dispersed colloidal 
graphite, R.D.1303 can take up about 3,h graphite as a partial coating;   graphite 
in excess  of this  beoomes aggregated,  farming conglomerates  of graphite 
containing crystals  of H.D.1303. 

It appears from the experimental data that gelatin nan act both as a 
protective oolloid and as a ''sensitiser" according to the mode of addition. 
It has been shown in Appendix I that  a saturated solution    of lead styphnate 
will start floooulation of the water dispersed colloidal graphite,  but it has 
required the addition of gelatin to complete tjie attachment of the graphite to 
lead styphnate.      The incorporation of larger quantities  of graphite proceeds 
in a similar manner at  first until the aaxiaum attachment is aohieved.      At this 
stage,  the continued addition of gelatin sensitises the   excess graphite sol.  so 
that  the charge on the micelle is  reduced to such an extent that mutual 
attachment  occurs resulting in aggregation with subsequent rapid settling of 
graphite aggregates. 

In Sxpt,   CG9 where the water dispersed graphite is added to a suspension of 
lead styphnate in gelatin solution the conditions  are  favourable  for  the 
protective aotion of gelatin to take effect.      The hydrophobic oclloid is 
entering into an excess  of the protecting hydrophilic oclloid, with the results 
that  the mioellae bacome less sensitive to the electrolyte,  flooculation does 
not occur, nor is there attachment of graphite to the  orystal faces  of the 
lead styphnate. 

The presence of a^uonia in the lead styphnate/graphite suspension appears 
to assist the attachment of larger proportions of graphite.      By the addition 
of aamonia aa in Expts. CG21  and CG22, up to 7.8 per cent,  graphite has been 
incorporated by the addition of only 0.4 per cent gelatin, whereas normally 
at least 2% gelatin is required (CG4) .      The effect  of the ammonia addition 
may link with the effect of a.amonia addition to the amino acids etc.   detailed 
in Appendix I.      It is known that,   in many respects,  the amino acids oehave to 
some extent as the proteins in their sensitising and protecting aotion;   the 
sensitising effect of gelatin however,  is probably greater than that of the 
aaino acids and it is thus necessary to increase the   concentration of the 
styphnate ion by the addition of aamonia before the flocoulating value of the 
semitizer is reached. 
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The firin6 voltage of products CG-21 and 22 (12.2 and 11.1 volts respect.) 
are remarkably low in comparison with their firing resistances; it is probaule 
that an increased graphite content would reduce the firing resistance 
appreciably but the processing difficulties lead to the search for a ajre 
convenient method fur the incorporation of higher proportions ;.f graphite. 

The use of the colloidal graphite dispersed in organic solvents hr.3 
facilitated the incorporation cf high proportions of graphite; in particular 
incorporations usin«, graphite dispersed in carbon tetrachloride have given 
products which process without difficulty. 

The major difference in the mode jf processing these two ty^es of dispersions 
is that, with acetone dispersed graphite it is necessary to adu gelatin 
solution to complete flocoulation of graphite with attachient t_; the lead 
sty^hnate, whereas the graphite from carbon tetraohloride dispersion is 
flocculated satisfactorily by  alcohol.  Although 13.6f£ graphite has ioeen 
incorporated oy the method used in CG15> the firin^ characteristics are the 
same as the material from CG13 in which only 7«65 per cent graphite had been 
incorporated by a similar method. 

The remarkable difference in colour of products from   ^quadag 
incorporations and those obtained by incorporation from graphite dispersed in 
organic solvents is a result of the graphite distribution.  Thus products fraa 
the foruer incorporations are almost black, even when the ^raphite content is 
low; it is ap^.rent from fig.2 that all the graphite (1 .83 •'•) is attached t. the 
crystals which accounts for the almost black colour of the product.  Products 
obtained by use of graphite in organic solvents are light in colour, similar to 
the composition obtained by the mechanical dry mixing process-Fi^s. 6 and 12 show 
this similarity is more apparent under the microscope.  In fig.12 there is 
no coating of graphite in the sense of that shown in figs.2 and 3; the lead 
styphnate crystals are attached to aggregates of graphite.  The difference in 
graphite distribution can explain the differences in resistance, thus in CG10 
the graphite content is 4 per cent (acetone dispersion) yet the specifio 
resistance of the material is extremely high while in CG-19 the graphite content 
is 1.83 per cent (water dispersion) and the specific resistance comparatively 
low.  In the former product the surfaoe area of the exposed graphite surface is 
much smaller than that in the latter, so that the caruon to carbon contacts 
which determines the electrical resistance in the loose state are more frequent 
in the aaterial containing only 1.8 per cent, graphite• 

Although the methods of graphite incorporation outlined in this appendix, 
have shav.n the possibility of incorporating hi^h proportions of graphite and 
saae interesting facts have ueen revealed, the material containing as much as 
13«6 graphite are nrt satisfactory for direct use as a composition for the 
20 ran. electric cap. 
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^EPEKDIX III 

G-raphiting of R.D.1302 and other types 
of lead styphnate 

In view of the  satisfactory results obtained jy graphiting R.D.1303 usin^ 
water dispersed colloidal graphite  (appendix I),  the general application of the 
process to  other types  of lead styphnate was a logical requirement.       Prorj tests 
on graphited R.D. 1303 it was considered probable that the incorporation of 
approximately 2 per  cent,   graphite with R.D.1302 would overcome  the difficulty 
of processing an eleotro statio sensitive material in such factory operations 
as drying,sieving and mixing. 

Qraohitin^- of an R.D. 1302 blend 

In 1942 thirteen 10 lb.  batches (S.1-13)  of dustless lead styphnate 
had Deen manufactured (since designated as R.D.1302 see R.D.   explosives report 
286/45),   and as a bulk  of standard material  for the investigation,  a 1g lb. 
olend was made from batches S.1-12 (excluding S.11). 

The storage history of these .materials comprising the blend is  of interest 
in view of the results obtained, which,  in ^art  depends on the surfaoe treatment 
of the lead st/phnate crystals.      The batches of lead styphnate,  packed in cloth 
bags had been stored under water in    white pine  and oak barrels.for approximately 
two years;   subsequently samples were removed from eaoh batch and stored wet in 
gutta perch:-, vessels for about  six months. 

A direct application of the process used for the graphiting  of RD.1303 
showed that the maximum graphite which could be incorporated was in the  region 
of 1 per cent.      This   graphite content was insufficient  to give a specific 
resistance  oaaparable with a low electro static risk.       Fig.14 shovs  that all 
the graphite is attached 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 electrical leakage. 

Attempts were made to increase the quantity of graphite incorporated by the 
addition  of anaonia  or acetic acid,  but in each case,   after a portion of graphite 
had become attached to the crystals,   the  further addition  of graphite   oaused 
segregation.      A control graphiting of R.D.1303 showed that  the reagents used 
were satisfactory,  and in addition a check  on the diluted Aquadag showed that 
the state  of dispersion  of the colloidal graphite had not changed appreciably 
during four months. 

It was  considered probable that the surface  conditions   of the lead styphnate 
crystals was a critical faotor in the graphiting process.      Although the blended 
material used in these experiments had been stored for a number of years and 
there was some  uncertainty regarding the effect   of storage  on the crystal surfaoes, 
it was considered advisable to investigate possible methods f^r the incorporation 
of sufficient graphite to give  a satisfactory antistatic  material. 

The addition of tannic acid solution to the suspension of the R.D.1302 
blend showed some inorease in graphite incorporation,   out as segregation occurred 
when 2 per cent,   colloidal graphite was added, the method was discarded.     It is 
of interest to note  that the addition  of tannic acid equivalent to 0.2 x,ur cent, 
on  tie lead styphnate  (10 per  oent.   on the graphite)   eave the  usual  flocculati. n 
of graphite when the  colloidal graphite was added to the mixture.       On increasing 
the  "annin added to 0.6 per cent,   (equivalent to 30 per oent.calculated on the 
graphite added), no flocoulation of the  colloidal graphite  occurred even after 
25 minutes.    It appeared that  oy the addition  of colloidal graphite  to the 
suspension containing the equivalent   of 30 per  cent,  tannin,  the graphite ^articles 
became protected oy the excess   )f hydrophilic colloid, so that flocoulation, 
by means   S the eleotrojoyte,  did not   occur. 
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Various proportions of tnnnio acid, ancl the effect of irreversible 
adsorption Aias tried in order to obviate the protective aotion of tannin but 
there was ri; apparent increase  of graphite incorporation.       It  washoped that 
the tannin would become adsorbed on the crystals  of lead styphnate/aot as a 
precipitant for the gelatin causing attachment  of the graphite flocouli; 
this however, did not happen to any marked extent. 

A mixture  of diluted Aquadag and gelatin added to  the R.D.  1302 suspension 
caused floooulation of the graphite with complete segregation, there was no 
indication tven of partial attachment   Df graphite,   and subsequent addition of 
tannic acid showed no improvement. 

Pretreatment  of the E.D. 1302 blend with gelatin, showed some improvement 
in the graphite incorporation.       The lead styjohnate ma allowed to stand twelve 
hours in a 0.4 per oent.  solution of gelatin,   after whioh the unadsorbed 
gelatin was  removed by water washes.      The pretreated .material was suspended in 
water,  diluted Aquadag and suusequently gelatin solution,  added in the usual 
manner,    addition of 2 per cent,   colloidal graphite showed soae segregation of 
graphite, which was removed by vigorous washing, while the product contained 
1.2 per cent,,   colloidal graphite,  and gave a value for specific resistance of 
50    x 10^- ohms/cm.3.      This value was very near that obtained for CG19 indicating 
that the blend,   on graphiting after pretreatment with gelatin will give a 
material having a low electric  static risk. 

Graphitin/, R.D. 1302 batch S12 after factory storage 

To verify the results above a sample  of one of the batohes comprising the 
blenC  (oatch 3.12) was obtained and the investi0ati^n continued      The oatch S.12 
had been stored under similar conditions to the blended material exoept that it 
had been sampled directly from the 10 lb.  batch a short time before use. 

Graphite incorporated satisfactorily oy the normal prooedure to  give 
produots with low specific resistances  (See Table V).      k series  of experiments 
tabulated in rdable  7,  CG63 - CG65, showed the  ohange in speoific resistance 
with graphite content.      Experiments reducing the quantity of gelatin added, 
showed that for each quantity of graphite added there is a certain .minimum 
quantity of gelatin required for incorporation.      Thus  it will be seen from 
Taule V that the .minimum quantity of gelatin required for the incorporation of 
1.7 per cent  graphite is 0.25 per  oent  calculated on the  weight  of lead sty^hnate, 
this produot  (CG67)   .^ve a very low value for specifio resistance,       an increase 
in gelatin leads to s_oe increase  in specific resistance   of the final ^rot.uct 
together with aggregation, which in the case  of a large excess  of ^elatin 
would effect the sieving procedure. 

Graohitin,-, of .Service   (1.0.1.) Lead Sty^hnate 

The general  method of graphiting R.D.1303 has oeen applied to the graphiting 
of Service  (I.C.I.) Lead 3tythnate and it has ueen shown to  give a non-static 
product.      The sample  of lead styphnate was supplied ^xy,  20 gr.ms,   of the .material 
were suspended in 50 mis water oy stirring and 14 -mis diluted Aquadag containing 
3«6 gr.ms colloidal graphite per 100 mis.  added;   the total volume being made up to 
100 rmls.  with water.      Gelatin solution  (1>) was added slowly to the stirred 
.mixture at room temperature;  after the addition of 8 mis.   gelatin soluti.n 
there was signs, of graphite segregation during a trial settling,  the addition 
of a further 2 ,mls  of gelatin solution gave satisfactory incorporation of the 
graphite.      No segregation was observea/§ettling or swirling,  the supernatant 
liquors settled rapidly and washing by deoantation was rapid.    The produot after 
washing twice with water and once with aloohol was dried at 40-50° then sieved 
through a 60  mesh sieve. 
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The almost black final product showed practically no aggregates (see fig. 15 
CG.61).  The final product contained 2.4 per cent graphite and gave low values 
in the specific resistance test (6.5 x 1cA ohms/cm.-^) indicating a low static 
sensitiveness in the loose state. 

Specifio Resistance and Graphiting .Efficiency 

The graphiting of the R.D. 1302 blend has in the main shown unusual results, 
since only a small portion of graphite has been incorporated by the standard 
procedure, whereas another sample of R.D. 1302 and a sauple of Servioe Lead 
Styphnate (I.C.I.) have graphited satisfactorily.  By the pretreetment method 
the quantity of graphite incorporated in the R.D. 1302 blend has been increased 
to 1.2 per sent, giving a product with a specific resistance comparable with 
that of CG.1^ (QV; which has been shown to be practically "non-static".  The 
quantity of graphite incorporated however, is small and would appear to be a 
maximum by the pretreatment method. 

R.D.1302 batch S.12 has been graphited satisfactorily by the usual procedure, 
behaving as R.D. 1303 in respoot of its graphiting efficiency.  The results of a 
series of graphitings have beenplotted in fig.7; it will be seen that the 
incorporation of less than 1.3 per cent graphite under the conditions used, 
would tive a composition of high specific resistance and for material of this 
surface area i.e. 457 cm /g, this graphite content .jay be considered as the 
minimum graphite value.  The minimum value may be reduced to some extent by  a 
decrease in the ajount of gelatin added.  Thus the incorporation of 1.7 per cent 
graphite (CG.63) by the use of 0.35 per cent gelatin gave a product with 
specific resistance of 21.4 x 10* ohms/ca.^ compared with a value of 5*9 x 104 
ohms/cm.-' when 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 samples of R.D.1302 
and the differences in the minimum values for R.D,1302 batch S.12 and the 
general values for graphited R.D.1303, further investigation was desirable 
in order to determine, if possible, the cause of the differences. 

k  review of the physical characteristics of the materials pointed to a 
difference in particle size, thus the average diameters for R.D.1302 blend, 
R.D.1302 S.12, and R.D.1303 lot S.24 were0.047 mm., .029 mm. and 0.028 mm. 
measured as Martin's diaaeter.  The similarity in average particle size of 
the last two samples might aooount for the similar behaviour on graphiting, 
while the poor graphiting efficiency of the R,D.1302 blend may have been due to 
the presence of large crystals if less surface active than the smaller crystals. 

itLorosoopio examination of the materials quoted above showed some 
difference in crystal habit.  The R.D.1303 existed mainly as tabular type 
crystals, the batches of R.D.1302 blend and bate!: S.12 were of an equant haoit. 

It was clear that a determination of ±Jartir?'s-diaaetcr would be 
insufficient data to characterize the graphiting efficiency of virious ty^es 
of lead styphnate, since it was possible to have two materials of the same 
ivuirtin's diameter yet differ considerately in depth of orystal.  It was 
considered that a measurement of the surface area of the material would _ive 
a better, ana more reliable basis f_,r comparison of graphiting efficiency. 

Below is taoulated the chief characteristics of the three materials 
discussed above. 
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Jdaterial 
Martin's 

dia. 
mm. 

Sp.Surfaoe 
(oas2/^) 

Crystal type Graphiting 
effioienoy 

R.D. 1302 Blend 0.047 32.5 Equant Poor 

R.D.1302 S.12 0.029 457 Equant Good 

R.D.1303 S.24 0.028 822 Tabular Good 

The surface area of the blended material is small compared with R.D.1303 
S.24. There is a great difference shown in the surface areas of the matches 
R.D.1302 S.12 and R.D.1303 S.24, yet their partiole sizes are practically the 
same. 

The investigation was oontinued by graphiting a series of newly ,.iade 
laboratory batches of lead styphnate of various types and surfare areas.  The 
methods used for the preoipitation followed the general procedure adopted for 
the preparation of R.D. Lead Styphnate, i.e. the preoipitation of  a basic salt 
by the addition of lead aoetate solution to a solution of .magnesium styphnate 
at 75°C, and conversion oT the basic lead styphnate to the monohydrate of the 
normal salt uy the addition of nitric aoid. 

TaDles 71, VII, and VIII, show the experimental procedure and results of a 
series of laboratory batches using ;jaterials as w^uld be used for the ^reparation 
of R.D.1302 and R.D.1303.  (See *.R.D. Explosives Reports No.286/45 and 281/45). 
The scale of the experiments were 3b  gms and 50 gms; the products of 
preoipitation while still wet from the washings were divided into three parts 
oy  volume, one portion being dried and weighed, another ueing used directly 
for the graphiting experiments and the third portion bein^ retained wet for 
repeat work if necessary.  Each experiment may be considered under two sections, 
(j.1.)  the precipitation of  the lead styphnate, and (B) the graphiting procedure. 

Preoipitation usin^ magnesium Styphnate of p.H. 4.2 

The precipitation procedures for the series CG. 95-* to CG.1Q0.xi (Tables VI 
and VIIl) may be divided into two mainolasses. 

(i) Long Dasic stage with various rates of nitrio addition. 

ft (ii) Short basic stage with various rates of nitric addition. 

Viith magnesium styphnate of p.H 4.2 and a long basic stage, the basic 
salt first appeared in the usual small yellow opaque aggregates, which changed 
through hair orystals to columnar and nuclei type with the complete disappearance 
of the small aggregates; this change was oompleted in 19 minutes.  The rapid 
addition of nitric aoid (CG.95) gave rapid normal salt formation, 1 .minute 
after the addition, normal salt could De seen attaohed to the columnar crystals, 
after 3 minutes, there were very few columnar orystals remaining.  The final 
product was small (0.015 mm.) and had the characteristic appearance of R.D.1303 
tabular type with aggregation of orystals.  The particle size distribution 
polygon fig.l6A and the value for the surfaoe area (Table VIIl) show that the 
material is smaller than the usual R.D.1303.  Graphiting of this product was 
satisfactory if over 2.5 per cent graphite was incorporated. 

i.e. 

J 
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addition of nitric acid at a slower rate (3g- minutes) as in CG. j6  shoved 
that the nuclei present in the uasic salt dissolve,, first, the normal salt 
subsequently appeared growing from the ooluanar crystals, the oolamnar crystals 
eventually disappeared leaving a product similar to CG-. 95 in surfaoe area 
particle size, graphiting efficiency etfi. 

A slow addition of nitric acid (22 minutes) as in CG.97* followed the same 
evolution of orystal form but at a .nuch slower rate, giving a final produot 
consisting of large clear crystals with enlarged basal planes.  On rolling 
the crystals through 90° in a vertical plane it was apparent that they were 
taoular in habit and contained many irregular inclusions and some parallel 
striations (see fig.17).  The normal graphiting procedure was unsatisfactory 
with this material iraich oehaved as the R.D. 1302 blend, although the habit was 
taDular and the surface area greater than that of a typical R.D. 13^2 oatch. 
1.08 per cent graphite was incorporated by the addition of u^ to 0.57 per cent, 
gelatin but this quantity of graphite was insufficient to give a product of 
low electrical resistance. 

Short Basio Stage with Various Rates of Nitric Acid Addition 

Usin^ the same magnesium styphnate as aoove, nitric acid was added to 
the uasic lead styphnate at the stage when the material consisted mainly of the 
small yellow opaque aggregates, i.e. after 4 minutes basic stage. 

Rapid addition of nitric acid (CG.98) gave rapid growth of normal salt with 
the transient formation of masses of hair-like orystals.  The final .product 
was suall (0.020 ma.) with some tendency to aggregation.  The individual 
crystals were jf the equant type presenting a squarish profile; there also 
appeared to oe  many liquid inclusions in the product.   Graphiting of this 
produot was satisfactory. 

In CG.9^ the nitric acid was added at a slower rate (10 minutes); the 
normal salt grew uore slowly than in CG.98, showing a slow transition froa 
the small aggregates to the hair-like orystals of uasic salt and finally to 
the normal salt.  iifter six minutes of the nitrio addition there appeared to oe 
no change in the product.  The final material had a specific surfaoe area 
comparable with that of R.D. 1303 (695 an'/g) out the individual crystals 
were of equant ty^e and orientated at random.  The particle size distribution 
has a greater range than CG.98 (fig.l6B) and the material graphited satisfactorily. 

During the slow addition of nitrio acid (CG.100) the basic salt underwent 
the same transformation as in CG.99> and there was nj  apparent ohange in the 
normal salt after the addition of approximately half the quantity of nitric acid. 
The product was similar in type to CG.99 although as might have been expected, 
the rrystals were muoh larger and had a smaller surface area than CG.99- 
(Graphiting of the product was in the main unsatisfactory).  During a 
graphiting experiment 1.74 per cent graphite was incorporated and a mean figure 
for the specific resistance obtained, 72 x 10^" ohms/om.5 but as the results 
were not consistent the graphiting experiment was repeated; by vigorous 
washing only 0,74 per cent graphite was incorporated and the specifio 
resistance was high. 

In the aeove series of experiments the range of particle sizes and 
specific surface areas were rather restricted, thus there was no material with 
a specific surfaoe area oelow 500 cm^/g so that no direct comparisons can be 
made with R.D. 1302 v.hich normally has a specific area of approximately 400 om /g. 
io increase the range of surfaoe areas a series of experiments showed that a 
deorease in the rate of lead acetate addition gave a large ty^.e of product. 
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Thus on adding the lead aoetate to the magnesium styr-hnate in four  ainutes and 
allying to stir for six  ainutes  (CG.102),  the first formed aggregates changed 
to a fixture  of aggregates and hair-like crystals,  which,  on the addition of 
nitrio aoid over a period of 7j .ainutes,   changed via the hair-like crystals 
to lar&e nor.aal salt crystals.      The individual crystals were .aainly  of the 
equant type althuugh some tabular type cjuld ue seen (fig.18).      The average 
partiole size 7ms 0.0388   .1.1.  with a specifio surfuot! area of 305 o.a2/g and 
graphiting of this .material showed that'only a saall amount of graphite  c-uld 
be incorporated,  i.e.  insufficient to give a suitable value for the specific 
resistance. 

Variations   jf the R.D.1303 process 

The main  naterial difference  in the R, D,1303 prooess fjom that  of the 
R.D.1302,  is the  concentration and p.H of the magnesiua sty^hnate solution. 
Although on the plant scale a limit of p.H 4.5 - 4.65 was  set for R.D.1303 it' 
had been f ;und that a p.H 4.7 - 4«8 was required to  give  similar  material  on 
laboratory scale preparati ns. 

For the series  of experiments  detailed in Table 711,  magnesium sty^hnate 
of p.H 4.8 containing 184.8 g«  styphnio aoid per litre,  has been used. 
Normally in the R.D.1303 prooess the  basio stage is  continued until all the 
initial aggregates of basic salt are  repluoed by acicular crystals and nuclei 
before the rapid addition of nitrio aoid.      A basio salt stage of 10  ainutes 
in expt, CG.121 was  sufficient to clear the aggre^'.tes of basic salt;  the 
rapid addition of nitrio aoid (f .ainute) then gave a product  of large 
surface area  (1,014 crnvg)  Qnd tabular habit whioh graphited satisfactorily 
when 3 per cent colloidal graphite was  added. 

The rapid addition of nitrio acid to the  basic salt which still contained 
some aggregates,   (CG.122)  gave a product consisting of many large equant tyLe 
crystals  on which saall crystals were  adhering.      This produot had a saall 
speoifio surfaoe area (384 oms /g) and was unsatisfactory fo* graphiting ^y 
the normal prooeuure, 

A slower rate  of nitric addition (5^ minutes)  to the basic salt 
containing n,: a^re^ates  (CG.123)  ,_ave a saall partiole size product   of lar^e 
surfaoe area  (1,184 aas2/g).      The;   crystals were  a mixture   of t .uular 
and equant tyx-.e, 

An extention of the  addition time for the nitrio aoid to 17 :ainutes. 
(0G.124)   resulted in a produot of inoreased orystal size out  the habit was 
mainly of the tabular type.      The  graphiting was doubtful sinoe   ^nly 1.5 
per cent  graphite was incorporated uy the standard method. 

^rom the foregoing experiaents  (Tables VI and Til)   it is confirmed that 
during the  change  over from the  basio to normal lead sty^hnate,   if aggregates 
jf oasio salt are present durin^ the nitrio addition, equant  type crystals are 
for.aed v;hioh have a s.aall surface area in spite of their rapid formation by 
the rapid addition of nitrio aoid (of,   121   and 122),      The addition  of nitrio 
aoid to the basio salt containing no aggregates,  i.e.  consisting entirely 
of aoioular   or  oladed orystals together with nuolei,  results  in the f jraati^n 
of a tabular tyve  of noraal lead styphnate, the size depending  on the rate  of 
nitric aoid addition;   the particle size inliBksing with a decrease in rate 
of nitrio aoid addition. 

It will be seen from Table VIII,   that of the various types  of lead 
sty£ihnate prepared,   the  orystal habit has had little effect upon the  ease   of 
graphiting.      Thus CG.10J is  of the equant type (sp.   surfaoe 537 oms /g) 
while GG.124 is of the tabular type  (sp.   surfaoe 534 oas2/g)  and b^th materials 
behave in a similar manner in the graphiting prooess,  i.e. they inoorporate a 
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small quantity  of graphite giving products of variable resistance.      Produota 
v-ith specific surface areas of the order 300-400 ams2/g incorporate very small 
portions  of graphite which gives products  jf high specific resistance and 
detonate in the 300 V. jfegger test (see later).      Produots of surfaoe area in 
the region of 700 cms2/g graphite satisfactorily and behave in general as 
the normal R.D. 1303 on graphiting;  lead styphnates of surface  area in the 
neighbourhood of 1,000 cms /g require a higher proportion of graphite to  give 
materials  of correspondingly low specific resistance;  the miniaua value could 
be set at 2.5 per oent graphite compared with 1.9 per oent  for material with 
specific surface area of 700 oms2/g.      The  specific surface area of CG.96 was 
1,040 c.us2/g and incorporation of 2.14 per cent graphite gave  a product   af 
high and variable specifio resistance.      The incorporation of 2,68 per cent 
graphite was sufficient  to give a product  of quite low resistance.       The 
relation uetween specifio resistance and graphite  content for lead styphnate 
of surface  area approximately        1,300 cas2/g is shown in fig.7. 

The  difference  in particle size distribution is  of interest,  it shows 
the change in particle size with rate of nitric addition (figs.  16. a«B. & C). 
The difference in particle size distribution is  comparatively great   for CG. 95 
and CG.96 although their surface areas  are practically the same.      This 
difference is probably due to a shape factor or the state of aggregation which 
is typical of these materials.      itgain CG.98 and CG.99 show little difference 
in specific surfaoe areas and behave similarly on graphiting,  out there  is a 
large difference in their distribution polygons.       On the   ottwr hand comparing 
CG.99 and CG. 1 JO (fig.l6B)  the  distribution polygons are  similar,  but there 
is  quite  a difference  in their specific surfaoe areas;  CG.99  (sp.  surface 
697 co2/g)  graphites satisfactorily while CG.1 JO  (sp. area 537 om /g)   is 
unsatisfactory for graphiting. 

Sum.jary and discussion 

It is  cmxLuded that lead styphnate,  prepared by the R.D.Process,  will 
incorporate sufficient graphite by the prooess desoribed,  to give a product 
having an electrical resistance,  capable  of allowing the ready leakage of 
electric  charges without detonating, if the specific surfaoe area is greater 
than 65J ahr/g. 

By a gelatin pretreat.nent,   lead styphnate  of specific areas  lower than 
65J om2/g oan be graphited to give  eleotrio leakage values comparable with a 
"n-n-static" lead styphnate.      The ease   ^f graphiting increases as the 
surfaoe area approaches the region of 65J am2/g. 

The  differenoe in ueahviour  of the  olended R.J. 13J2 and the particular 
batch R.D.13J2 S.12,   Could oe attributed in part to their  difference  in surfaoe 
areas;   the blended material (Sp.   area 325 am2/g)  not being affected in the 
same manner on storage,  as the material of larger surface area, R.D.13J2 S.12 
(sp. area 457 om /g).       It is probable that the wet storage :^f these .materials 
has been in the nature  of a pre-treatment;  the material vith the larger surface 
area being affected to the greater extent. 

A similar effeot may be the  cause  of the satisfactory graphiting of 
servioe lead styphnate (I.C.I.).      This material had a speoific surfaoe area 
of 473 om /g and has been stored under similar  conditions to R.D.1302 S.12. 
This  storage is akin to a pre-treatment since freshly prepared R.D. 13J2 of 
similar surface ar.ea does not graphite satisfactorily unless it  is  given a 
gelatin pretreat aent. 
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The crystal habit of the lead styphnate with surfaoe areas  greater  than 
650 ora2/g»  appears to make little difference to the graphiting process.      The 
crystal habit of lead styphnate, with surfaoe areas 300 to 4J-> onj2/g>   jay have 
some effect  on the incorporation of graphite.      It night oe possible  to decide 
the crystal habit effect by an examination of the adsorption isothermals in 
dilute  solution.       If the ordinary isotheriaal were valid,  i.e.,o(   • acfT  (& = 
adsorption value, a = oonst.  G = equilibrium concentration after adsorption, 
n m constant)  then the relation betv/een      g'V and log.o would be linear. 
If the types of lead styphnate were similar differing cnly in surfaoe area 
then the log f4 /log c lines would be striotly parallel to one another for the 
various types of lead styphnate;   i.e.  the exponent-ft should have the same value. 
Thus if it were fjund that the  exponent -^ were  constant for the various types 
of lead styphnate it could be concluded that  the difference in graphite 
incorporation was simply due to a difference  in specifio surface area and 
not to an inherent adsorption -power of R.D.1303. 

The quantity of gelatin added durin& the graphiting process    ffects the 
speoific  resistance  of the product to some extent,   out  the  main difficulty 
due to the addition of an excess  of gelatin would be oaused by the aggregation 
of the product  fron which processing difficulties might arise. 

Although the graphiting of R.D. 13J2  (sp. area }i)0-kO^ omr/g) directly 
after manufacture  by the pretreatment method has given products with specifio 
resistances oomparable with a "non-statio" lead styphnate in the loose  state, 
it  has not  been possible to increase the  graphite  oontent much beyond the 
minimum graphite value (1,2 per cent).      It is doubtful whether the  graphiting 
of R.D. 13J2 could be  considered as  a satisfactory project for extension to 
the manufacturing scale in its present form,  since there is a possibility 
of obtaining material with low graphite  content and high specifio resistances 
which is more sensitive  to electric charges than  the  untreated lead styphnate 
(See Appendix Vl).      The graphite content and specific resistance in the 
region of specific areas 3J0-4JJ  cra2/g is critically  dependent  on the 
surface area of the lead styphnate. 
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.    APPENDIX IV 

Graphite ¥et Mixing Processes 

It  has  been shov;n earlier that incorporations  of graphite up to 
13-7 Pgr  cent from dispersions of oolloidal graphite in organic solvents have 
not  given material satisfactory for the 2J muii   eleotrio cap,  unless additional 
powdered graphite has been  added.      A method for the incorporation of 
sufficient powdered graphite -with R.D. 13^3 to give a suitable  cap oompositicn 
would be a considerable advance in technique.      This investigation his  been 
divided into two portions. 

A. The incorporation of powdered graphite with R.D.13J3 by a wet mixing method* 

B. The incorporation of both colloidal and powdered graphite with R.D.13J3« 

A.      Tftet mixing process for R.D.13J3 and 1 J-12 per cent,  powdered graphite 

The  experiaental work and procedure   are  detailed in Table IX.      The pov.dered 
grvhLte used in these  experiments was Acheson's 35 of specific surface area 
5,91-) om /g;  this material has been found suitable for the dry fixing process. 
So,ae difficulty was experienced in wetting the powdered graphite  in early 
experiments  (CG.27)  and it was f^und necessary to employ a wetting agent. 

The prooess  is a modification of the Aquadag graphiting process except 
that a suspension of powdered graphite was  substituted for the colloidal 
graphite.       In CG.28,   the  addition of 1 . gelatin solution,   equivalent to J.2 
j^er cent,   gelatine  (calc.   on R.0,13-3),   to the R. D. 13^3/graphite suspension, 
kave  so..ie  indication  of graphite  segregation  on washing.       A standard procedure 
was adopted to  determine if segregation occurred in the wet state;   after 
allowing the uixture to settle,   it was given a gentle swirling motion sy hand, 
any tendenoy for segregation was shov.n by the appearance of a thin black 
ring of graphite. 

No segregation was  observed in CG.32 and CG.33 where 10 per cent,   graphite 
was readily incorporated using 1. J and J.6 per  oent.   gelatin respectively, 
although slight  segregation was noted in CG.28,   where  J.2 per oent gelatin 
was used as the incorporating agent,   the final product processed well to  give 
a deep yellow, free flowing material with no signs of segregation in  .xy state. 

.an increase in graphite  content to 12.5 per cent,   required, the  addition of 
J.6 per  cent,   gelatin to  give  a n^n-segre^ating type  of product   (CG.34);   the 
use of only  J.I+ per oent.  gelatin gave  segregation in the wet state,  although 
processing was good and the dried produot showed no indication of graphite 
segregation  (CG.35). 

Durint attempts to reduce the quantity  of gelatin necessary tc  give a 
non-segregating product,  the addition of tannio acid as a gelatin preoipitant 
was tried.       The addition of J.A per cent,   tant.io acid to  the mixture    is in 
CG.29,   containing  J.2 per cent,   gelatin showed slight  segregation in  the wet 
state and the final product showed greater aggregation than CG.28 in which 
J.2 per oent gelatin had been used without  tannic-acid addition.       rtn increase 
of tannic acid to 1.J per oent.   (CG.3~0  caused the precipitation of a fibrous 
material  (gelatin tannic complex)  and although no segregation was observed 
the final product was very aggregated.       The addition of ammonia before 
the addition of tannic acid (CG.31)  &ave a poor type  of product for processing; 
J.J7 per cent,  anmonium hydroxide  oausing the mixture to become dispersed in 
the liquor and regaining stable  for a considerable  time  before  settling out 
occurred.      It appeared that no useful purpose was  served uy the addition of 
tannic acid or aj.ionia. 
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The values of the specific resistances of the series CG.28 - 35 reported 
in Table IX show a great difference for the materials incorporating 9.2  per 
oent graphite and those incorporating 12.5 per cent.  The former have high 
resistances ( > UJ x 10 ohms/cm.3) while the latter have values as low as 
13 x 1J4- ohms/cu.3.  Lead styphnate having high specific resistances may be 
considered to be as sensitive to static charges as the ordinary dry mixed 

~V      R.D.13J3/graphite composition, (see A.R.D. Explosives Report No.281/45). 
Products concaining 12.5 per cent, graphite (CG.34 and 35) of lav.' specific 

IT -      resistance -would have a low order of statin risk.  (C.f. CG.19 Appendix I). 

During determinations of specific resistances using the 5->JV megger, it 
was noted that all the materials containing 9.2 per cent, graphite detonated 
readily while products containing 12,5 per cent, graphite did not. 

Pour batches of the series were tested for the 2J .urn. electric cap (see 
Table IX) and it was shown that products containing 9.2 per cent, graphite were 
unsatisfactory because of their high firing resistances, but products 
containing 12.5 per oent. graphite functioned satisfactorily in the oap test. 
There was soue difference in the firing resistances of the two batches CG.34 
and CG.35 although their firing voltages were well within the specific limits; 

the difference was probably due to the difference in gelatin content of the 
two products.  It was ooserved again that where some excess of gelatin has 
been employed the product tends to become aggregated. 

B.  Combination Proness  Incorporation of Powdered and Colloidal graphite 
*       by a wet process. 

i Although the wet mixing process above has showu that the incorporation of 
12.5 per oent. graphite will give a material suitable for the 2J mm. electric 
oap 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 
preliminary graphiting with colloidal graphite to incorporate approximately 
2.5 per oent. graphite followed by a wet mix with powdered graphite would give a 
"non-static" product which was independent of the powdered graphite content. 

A number of 2j grm. scale preparations showed that, after graphiting 
R.D. 13->3 with colloidal graphite using gelatin as the incorporating agent, the 
subsequent addition of a suspension of powdered graphite in water gave a clear 
supernatant liquor on settling, but that the particles of powdered graphite 
were not attached to the lead styphnate.  The subsequent addition of gelatin 
solution caused the particles of powdered graphite to become attached to the 
graphited R.D. 1303.  The process may De considered as a combination of the 
graphiting process described in Appendix I and the wet fixing process described 

. -      above.  The specific resistance values of the products were Ion and comparable 
^       with a "non-static" lead styphnate and in viev. of the satisfactory incorporation 

and the possible extention to the plant scale, the preparation of a 5 JZ« 
laboratory batch is desoribed in detail :- 

* 
Combination Process  on the 5 oz.   scale 

Quantities 
Stage A.     (Colloidal Graphiting) 

per 100 grms.  R.D. 13^3 
R.D.1303 S-23 82 mis.   ( = 13J g.dry) UJ 
Colloidal graphite 5.6/, C  (^/V)81  mis. 2.5 gros.  graphite 
Water made up to 5J0 mis. 
Gelatin 1<t solution 23.2 J.2 grms.   gelatin 
Stage B  (Wet mixing) 
(Powdered graphite ^oheson's 55        13.5 g« 11.25 grms. 
Water 3J mis. 
Johnson's 326 Wetting Agent        2 mis. 

% Gelatin 1 5 solution 35 mis. J.3 grms. 
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Procedure 

K. Stage A  The R.D. 13 J3 was measured out v;et and suspended in approximately 
;       2JJ mis. of water,the colloidal graphite suspension oDtained by diluting 

•Aquadag' was added while the mixture vas being stirred, the voluoe w?is made 
- -      up to 5JJ mis. with water.  The fixture was stirred and the gelatin solution 

added durin0 1J ..dnutes at room temperature (18-2J°C). 

Stage B  After stirring for a further 5 minutes the suspension of powdered 
graphite in water oontaining the wetting agent was dded, followed uy the 
addition of gelatin solution during 13 iainutes.  The mixture was allowed to 
stir for a further 5 minutes, settle for 5 minutes, and the mother liquor 
decanted off.  The product after washing twice with water and once with 
alcohol was dried at A-J - 5J°C. then sievea through 6o mesh. 

Process Remarks 

Completion of stage A was indicated by a trial settling after the gelatin 
addition; a clear liquor with rapid settling, no segregation and attchment of 
graphite indicates a satisfactory preliminary graphiting. 

During Stage B, after the addition of 25 mis. of gelatin solution a trial 
T settling showed cloudy liquors and some signs of segregation on gentle swirling 

after the addition of 35 <uls. of the gelatin solution, the liquor settled 
> rapidly giving a clear supernatant liquor -with no signs of segregation of the 

product on gentle swirling.  Vashing by deoantation was rapid. 

Product;-  Consisted of dark coloured, free flowing material with some small 
aggregates (see fig.2j). 

Graphite Content:- 12.1 per cent, graphite 
Specific Resistance (Loose powder)    2.8 x ^J*'  ohms/air 
aiectric Cap Test 

Pressing load 1,JJJ lb.  Firing Resistance  J.J  ohms. 
Firing voltage    11.J volts 

Conclusions and Discussion 

It has Deen shown that powdered graphite can be attached to R.D.13->3 in a 
manner similar to that used for the attachment of graphite flocculi obtained 
from a colloidal graphite suspension. 

k  distribution of S.2  per cent, of the particular graphite used i.e. 
«.chesons 35 o^ Area 5,91 J aj/yg, resulted in a product having a greater 
sensitiveness to electrostatic charges than the untreated R.D. 13-»3.  7/hen the 
distrioution of powdered graphite was increased to 12 per oent. of the mixture, 
the product had a specific resistance comparable with a non-static lead 
styphnate.  It appears that a certain cdstributi^n of graphite is necessary to 
give the required graphite to graphite contacts to ensure a material with low 
specific resistance, the distrioution required depending on the particle size of 
the graphite other faotors bein^, constant, AS  indicated previously, a minimum 
graphite distribution value can be determined, below which value the product 
will have a high specifio resistance in the loose state and a low energy of 
electrical ignition. 
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The minimum graphite distribution is  also dependent pn the partiole size 
or surface  arei  of the lead styphnate,  but  considering R.D.13J3 which has a 
specific surface area of approximately ~!:>J cm.2/g the iainimuia distribution 
value for graphite of surface area 6,oJJ oa.vg is  of the  order of 1 o - 11  per 
cent,  graphite, while graphite flocculi ohtained from colloidal ^aphite i.e. 
having an extremely large surface area,  the minimum value would De approximately 
1.8 per  cent,  graphite. 

During specific resistance measurements using the $jJV ifegger,   all the wet 
mixed products containing 9.2 per cent,   graphite  detonated, whereas with 
determinations with products  containing 12 per cent,   graphite,  no  detonations 
occurred.      This difference must  be due to the different electrical leakage 
values   jf the materials. 

A preliminary graphiting of the R.D.13J3 by the colloidal graphite   jethod, 
followed oy a wet mixing prooedure has given a product which fires within the 
proposed acceptance  range for the 2J mm.  cap composition.       In the l_ose state 
the specific resistance  of the .aaterial indicated that  the electrification 
risk is lower even than CG.19  (QV).       Increased scale preparations from 2o griii. 
to 5 oz.   has shown good reproduction of the essential properties. 

k comparison of the four types of compositions which have been found to 
fire satisfactorily in the 2) mm.  electric cap test, is of interest, their 
chief characteristics are  tabulated below  :- 

Composition 
i 

Method used 
Speoific Res. 
ohms.  x IvA 

De t one t i ons  wit h 
5oJV Megger 

R.D.13J3 + 12.51 
powdered graphite 

1 
Dry Mixing s> 1 0 , J J J Detonations 

R.D.13-<3 + 12.5,: 
powdered graphite 

Vi'et mixing 19 No detonations 

R.D.13J3 + 2.51 
graphite  from 
colloidal graphite 
+ 1 J , powdered 
graphite 

Wet 
combination 

process 

2.8 No detonations 

Graphite R.D. 13 o3 
+ 8,8 \ powdered 
graphite 

Dry mixing J.43 No  detonations 

\  

A comparison of the products   obtained from the R.D.13 J3/<sraphite  dry and 
wet .aixing ^rooesses show that   they have a similar appearance  under the micrscope 
i.e.  they consist   of an intimate  mixture  of lead styphnate crystals and graphite 
particles  (C.f.   fig.   6 and 9).       The wet mixed material however,  gives a low 
specific resistance in the loose state compared with that  of the material 
obtainec oy the dry ,ix process.      Also the wet mixed material does not  detonate 
in the 5J->V Megger test.      The products from the combination process  and the 
graphited R.D.13J3 powdered graphite dry aixing process,  both sho«  that  each 
crystal of styphnate is graphited and the particles  of powdered graphite  are 
attached to the  lead styphnate  crystals.   (See  figs.   19 and 4). 
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Of the  fou;   compositions t«\bu]eted above  it  would appear  that  the   aost 
satisfactory type   of product   froul the manufacturing point   of  view would be 
that prepared by the combination process.      The process would follow directly 
after the   manufacture  of the R.D. 13 ->3 and obviate a dry mixing procedure. 
The dry mixing of graphited R.D. 13 J3 and powdered graphite would offer no 
electro-static risks,  but the .nixing process would be liuited to 8 JZ. 
batches with the existing type  of equipment. 

.   j_ 
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Appendix V 

The V.et Incorporation of Aluminium Povder and ^liuiniu.., Stearate with R. D. 13Q3 

The previous appendices have detailed the incorporation of graphite in 
its various forms as a conducting material; consideration of compatibility etc. 
of other conducting materials indicated that the incorporation of aluminium 
powder with R. D. 13o3 might act in a manner similar to that of the products from 
the graphiting processes.  In addition it was considered possible that the 

incorporation of an inert material, e.g. aluminium 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 .aluminium Povder with R.D.13o3 

A large variety of commercial aluminium powders are available and for a 
number of samples the values for specific surface area and resistance wore 
determined.  The finest type of aluminium powder (3p. Area 6, 225 ftjr/g) 
had a specific resistance (7 14 x 10' ohms/cm3) which was attributed to the 
presence of an oxide fil.i over the surface of the aluminium particles. 
Other grades of aluminium powder were available which, although of smaller 
surface area, had specific resistances ooraparable with that of the graphite 
povder used in previous work.  A selection of four grades of powder was made 
for the investigation and their characteristics are detailed with the experimental 
work in Table X. 

The experimental procedure was similar in each experiment, the aluminium 
being wetted with the gelatin solution and the mixture washed into the lead 
styphnate suspension, to the stirred mixture was then 3lowly added a solution 
of tannio acid. 

The Bag House dust (.^.S.1 and^.S.2) represents the finest ooumeroial 
powder available but the particles are probably well ooated with an oxide fil.i, 
incorporation of this powder as in ^.S.1 and .».S.2 showed no segregation and 
the processing of each batch was good.  The final products shoved some 
unattached particles of aluminium powder to be ^resent (Fig.2l); the products also 
gave high values for speoifio resistance measurements.  The fine powder used 
in these two experiments showed some initial reactivity when vetted with water: 
for this reason and also presence of the oxide film, coarser types of aluminium 
were used which had low specific resistance values. 

2 
The incorporation of aluminium powder with surface area 95^  c.o /g. having 

a specifio resistance of $j  ohms/cm.3 (A,8.3) showed some signs of segregation 
in the vet state even after the addition of up to 1. tannic acid (oalo. on 
R.D. 13-^3).  Processing, however, was satisfactory and no segregation was 
observed in the dry state.  The product consisted of a free flowing, light 
yellow uaterial which under the microscope showed some unattached aluminium 
particles, these can be seen in Pig.22 as oright elongated particles.  No 
initial reaction was noted when the aluminium powder was wetted, the- aaterial 
however is probably too coarse to give satisfactory incorporation.  although 
the incorporated aluminium had a low specific resistance the final product 
of a 1 J'-l incorporation had a high specific resistance. 

The two samples used in A. 3.4 and A.S.5 had speoific surfaoe areas of 11A-J 
and 135-3 o^r/g.  respectively and also low specifio resistances (34 and 16 ohias/om?) 
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Both samples incorporated -veil without the need for adding tannio aoid Sulution; 
the tannio acid solution was added, however, in order t-. keep conditions constant, 
The products were similar in both oases and the aluminium was incorporated. 
mainly on the aggregates of lead styphnate v/hich showed a bright metallic 
surfaoe (Pig.23). 

In previous work the incorporation of powdered graphite has required a 
oertain minimum distribution in order to give a conducting ^r^duct, the 
distribution depending on the size of conducting particle, other things bein6 
constant.  In experiments A.S.4.A. and A.S.4.B., 15 and 2j per cent aluminiua 
powder has been incorporated by the addition of only J.1 per oent tannic acid. 
The addition of tannic aoid was necessary with these quantities of aluminium 
to give clear mother liquors.  Both products were shown to have high values of 
specific resistance and the product containing 2j per oent aluainiua powder 
gave one detonation out of six trials using the 5oJ Y. Megger. 

Incorporation of -aluminium Stearate 

Concurrently with the investigation of a "non-static" lead styphnate, 
the incorporation of aluminium stearate with lead styphnate was tried is a means 
of obtaining a lead styphnate composition which would reduce the number of press 
fires in filling operations.  The investigation is included in this report since 
the preliminary methods were based on  the processes detailed in other ^-pendioes. 

k variety of methods were tried in order to incorporate U per oent of a 
samxjle, of finely divided aluminium stearate powder with R.L. 13o3> out in each 
case the aluainiua stearate segregated almost completely. 

The idea of incorporating aluminium stearate in powder form was s^on 
abandoned in favour of a method for incorporating aluminium stearate forced by 
metathesis in the presence of the R.D. 13J3« 

The experimental work is tabulated in Table XI, the main variant being the 
method of precipitating the aluminium stearate.  For the purpose of calculating 
quantities of solution eto. a slight excess of alu;iiniu.u nitrate solution has 
been used to precipitate a product with a composition of Ja.1  (CH3(CH?) 16^00)x 
it is probable that the precipitate is a basic salt of aluminiuo stearatt but no 
analyses are available to check this. 

Use of Sodium Stearate 

The addition of aluminium nitrate solution to the water suspension of lead 
styphnate (R.I;, 13-^3) stirred at 3*J°C. followed by the addition of a suspension 
of sodiu.. stearate in hot water (D.S.7)> caused the segregation of a very fine 
white preoipitote, and the product remained unchan^e^ after the addition of 
gelatin and tannio acid solutions. 

The addition of sodium stearate to the hot suspension ^f R.D.13J3 and 
subsequent addition of aluminium nitrate solution (D.S.6 and 12), gave a good 
processing type of product with no signs of segregation in the wet or dry state. 
In bulk the product was a pale yellow powder but under the miorosoope, the aaall 
aggregates consisted of yellow and white granules, together with many separate 
white granules (Fig.JBf). 

Use of Steario Acid 

Another method for the precipitation of aluminium stearate was oy the use A 
stearic aoid (ii.P. 69 °C). In D.S.8 the steario aoid was added in alcoholic 
solution to the suspension of R.D.1333 stirred at 55°C. followedby the addition C 
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aluminium nitrate solution.      The resulting product consisted of a large 
soft spherical type granular material showing    some light   ooloured patches   jn 
the individual granules  (Fig.25).      The addition of solid stearic acid to  the 
hot water suspension of R.D. 13~>3 gave a product consisting of a mixture  of 
the large spherical granules and fine dusty material D.S.11).      By adding aluminilj 
nitrate solution to the R.D. 13-3 suspension and the subsequent addition of 
stearic solution in alcohol (D.S.17) a small uniform granular type of pr^cuct 

V m can be obtained, these individual granules alsu show white patches under the 
microscope. 

fC . Suamary and Discussion 

Certain ty^es  of aluijiniu.ii powder can be incorporated in R.D. 13-3 up to 
2j'^ of the produot without segregation.      From previous ex^orience it is 
probable that aluminium powder with a surface area greater than 95J cm /g. 
will incorporate satisfactorily with R.D.13^3 but powder  of smaller surface 
area tends to segregate in the wet state.      .aluminium powders with a specific 
surface area  of the order 6,2JJ osr/g.  are  very reactive in contact with water 
and usually have a high oxide content which oauses the material to have 
specific resistances of a high  order;   aluminium powders  of intermediate  surfaoe 
areas, while showing praotically no reactivity with water,  have low  specific 
fesistances in the loose state and incorporate well with R.D.13^3. 

In spite  of the low resistance   of some  of the aluainiua powders it has 
not been possible to obtain a conducting composition oy the  incorporation of 
up to 2J, of the powder in R.D.13-3.      It  is possible that 2j,j aluainiua is 
below the minimum distribution value  or the aluainiua surface becomes coated 
with a non-oonducting film;  in either case the product is  of no use as a 
conducting composition or as a lead styphnate   composition of reduced static risk. 

0- 

The process for incorporation of aluminium powder ..light find practical 
application for use in mixtures such as A.S.-i. etc. where aluminium powder is 
mixed in the dry state, which is a hazardous procedure due to the presence of 
aluminium dust. 

It has been found difficult to incorporate powdered aluminiu.a ste irate 
with R.D.1303 by the wet process; by metathesis, compositions cf  a variety of 
physical for.is have been obtained containing up to 10,. aluminium stearate. 
No results of tests are available but a recent patent indicates the 
advantages of using aluminium stearate with initiators. 
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•appendix VI 

Method for the Determination of the Specific Resistanoe of 
Initiatory Materials 

A  method for the routine testing of specific resistance was devised to assess 
rapidly the electrical leakage of lead styphnate treated with conducting 
materials.  The rapid leakage of electrical charges is neoess .ry to ensure 
that the electrical energy for ignition is not reached. 

The electrification properties of a few products have been investigated 
and the results are summarised in the various Appendices of this report, but 
these tests require large quantities of material 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 lead styphnate.       It  oonsisted of a brass  Dase with a 5"  diameter 
recess  containing a central spigot. (0.595 eras.  diameter),      an annular method 
of insulating material with a funnel shaped top,  fitted over the spigot.      The 
drift  (end diameter 0.595 cms.) was a sliding fit in the   would and could be 
raised or lowered into the mould through the insulated bearing by the attached 
string.       ^ttnehed to the top of the drift was a vernier screw uy .jeans  of 
which the thickness of the  initiator layer could be measured.      The drift and 
case plate were connected to an instrument for measuring resistanoe.      In 
praotice a Liullard Universal Me a..-J ring Bridge (Type Gi.1.4140)   was used to  give 
resistances up to 10 x 10    onus;   a 500 v. ilegger was also used in   oases where 
no reafiings were obtained with the Mullard Bridge. 

Procedure 

The apparatus was set up with the mould in position over the spigot,  the 
drift lowered so that  it passed freely into the mould and rested on the: spigot, 
in this position the screw vernier was adjusted and the reading noted.      The 
eleotrio leads  to the .dullard Bridge were  short circuited as a precautionary 
.measure,  the drift raised and the material under test which had oeun measured 
out by charge plate principle (approx.   0.015 g«)  was dropped int., the   mould. 
The drift was lowered and tamped with a 215 grm.   weight,  the leads reconnected 
to the .measuring bridge and the electrioal resistance   of the layor  of  material 
determined.      After again short  circuiting the leads the vernier was readjusted 
and the thickness  of the layer of initiator determined.      The drift  wis  again 
raised,  another increment of material added to the  uould ana the  resistance and 
thickness of the two increments measured.      It was usual to determine the 
resistance in this   manner of at least  three increments,   then remove  the 
material,   clean the spigot, drift,  and mould, then repeat the procedure  tvioe. 

Some   of the materials detonated when using the 500 7 ^aegger and as a 
safety precaution,, the .measuring instrument was set up in a different room. 

Li      7 

Calculation of Results 

The specific resistance is calculated from the formula 
R x a 

Sp.Res.   =    £ LZX<^ 

where R = resistance of the layer measured in ohms; a = area of spigot top 
(0.268 sq.cms.) and d • thickness of the layer under test (cms.) 
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Disouaaion of j4ethn<^ and ReaulbS 

Various taaping loads and methods  fur filling the apparatus v,lth the 
sample under test were  tried and it -was found that  a minimum total taaping 
load of 400 grms.   -was  necessary in order to consolidate the layer sufficiently 
to give reproducible values of specific resistance for varying thicknesses  of 
material. 

During a larger number  of tests it -was noted that graphited lead s typhnate 
having a high specifio resistance i.e. \ 8,500 x 10^" ohms/co3 detonated readily 
during resistance measurements using the 500 V ilegger while untreated lead 
styphnate would not  detonate under these   conditions.       Graphited lead styphnate 
containing sufficient graphite to  give a specific resistance  of the  order 
50 x 104 ohms/cur gave  no detonations with the 500 7 Megger. 

In Fig.7 the specific resistances have  oeen lotted against the graphite 
content  for three types  of lead styphnate which had oeen 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  content  is deoreased,  this 
graphite  content is  called the  'Vlinimum Graphite Value".      Thus in order to 
obtain a graphited lead styphnate  of low specific resistance it  is necessary 
to have a graphite content greater than the niniraua value  for the particular 
type of lead styphnate.       For the types  of material in Fig. 7,  the miniaum 
graphite value for R.D.1302 (sp.   surface area 300-400 cu/g)   is  1.7, graphite, 
for R.D. 1303 (sp.   surface area 700 aar/g»)  it is 2.1 graphite and for lead 2 

styphnate similar to R.D. 1303 but with a specific surface area of 1,000 era /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 material in the loose state; 
products with specific resistances lower than 50 x 104 ohms/onx are x;ractically 
insensitive to electro static discharges   (see electrification tests on CG.19 
Appendix i).     It is  evident from the summary of results  below,  that,   in the 
loose state,   graphited lead styphnate having a graphite  content below the 
minimum value,   has   a greater 3tatic risk than untreated lead styphnate. 

1 Sp.Res. Det^nati^n Remarks 
Expt.             Type  of ohms, x 104 with 500V Ref. 

material graphite   | /aa.-5 i/Ie^er xi^pendices 1                                ; 

CG.19  ! Graphited R.D.1303 1.8 43 None I 
CG.19/2;                 "                          rl            1! 2.6 2.5 None I 

CG.93):          "               "      " 1.42 M0,000 Detonated II 
B.II )| 

1 

CG.63  ^ Graphited R.D.1302 1.72 21 None II 

CG.92 :         "              "      " 1.18 • 10,000 Detonated II 

CG.91            "              "      " 0.7 -> 10,000 Detonated II 

S.23                  R.D. 1302 Nil >10,000 None 

CG.32  jR.D.1303 wet mixed 9.4 >10,000 Detonated IV 
with powdered 

;graphite 

CG.35   :      "       "         "         " 12.0 

'         
> 19 None 

I  

IV 

1  
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Figl.     C&3 XSO M8S5. 

Crophirtd    RD.I303.    1% j«l«tih 
3-7 */•   colloidal    graphite. 

M825. Fig.!.    Cfilfl XSO 

UOgm. bal-c-H grapmrcd   HD.1303. 
oa% jela*in      1-8 % colloi'dai    grapK'.fc 

Fi«.3.    CGI«»       K280 M85*. 

4K«w'.f>g    p«r*i«l    coating. 

Ft^y.     cfr««»/a      x5° M88<- 
<rr«pK<'«4     B.O.I 303    miKcei  W«»h 

p*a*4cr««{    graphite . 

*r « *. • 

Fig 5.    52^- XSO 
U^frtoftd      R.DI303 

M7U. 

I. 

F.go.   Sl3-tcjr«H>,,r«        XSO        M8U 
ItkhaniVai     rwi'wt'ure. 
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Fig. 10.     C68 XSO MB"*? 
Gr«ph\r«d     R.O.I 303    w\rh    V'% 
eellei'd• I   graphic     Qnd    1% g«loj*in. 

Plg.H-     C6M XSO M9SV 
(VrepHiWd     WD.I303    using    colloidal 
graph'itc   di»p«rs<d    i'n   acetpn« . 

1-Um/»  gropkile . 

< v0&m 

F^.Q.    CGI3 XSO M»57 
6-rapHt4ed    R.0.I3O3     using   colloidal 
grapKitc  dispersed   »'«    CCIfc. 

7t!>'%  grepKire . 

F.gl3.     C£lfe"* XSO M8S8. 
6-ropKJr«d    R.C (303   using   colloidal 
graphire    di»p«*-i<d      fa   CC ly . 

':}•<*> 7»    graphite  . 
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Fig I*-    C63fe Xb'O 
Or^nifed       R.D. I iCP S . 

W^93 Fig IS" CCrt>( xrfO M I008 
"5ro.pV.itd      i«r«.i.     „I.t..l}     lead 
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Ftg.»q.    C&34 Xo"0 Mf«« 
W»* incorporation   of   lu!f% 
powdtr«d    gropHife . 

Fig.aO,       C&60 X50 M911 

Comb'moHon   prectii    I30q>n. tuil(. 

Y^ 

Fv«.ii.     ASi X5"0 
IO% incorporation  of lint 
aluminium   povvdcr. 

M«T5 Fig^ajL.     AS 3 XSO M87ir 
lncorpora*rr»«     ©4" course   aluminium 

powder 

P,«.a3.       AS/f- XS"0 M«7b 
JO%  |ncer|»or4ti»n   e>-f   i'«+crmtdl«K 
S'iZ«     aluminium     powder. 

riq.il,..      D> li       **o Mllii 
lni.orp*r«fisi     e>4-     IC%   aU»«i/iiu<" 
kUaratt . 
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