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E.R.D.B. Ref, XR.1370/2,
spxil, 1907,

Forewerd.

This lNote follows the pattern set by last year's review, circulated as
e 0u13663, and, like that paper, is aimed at helping the Board to visuslize the
research in progress at E.R.D.E,

«8 tho Cheirman of the Board ruported to the Scicntific adviscory Councdl
on Februsry 20th, tho year 1956-57 has not beon merkcd by any startling changos,
and the general pattern of work has changod but littlc. Thore hewo, howewer,
been sono additions to our programmc, and ot the samo time the now zan-pover
! ceiling has provonted us from filling scme of tho veccneice in our seicntific
i stalf; staff doployment hes thoroforc bocome & morc thon usunlly andous wtter,
In principle, & situction of this sart oclls for nc =more than & oossaticn of work
on the leoss iﬂﬂ@“i‘tﬂ.; in prectice, os =ll oxporicmee shows, this is o
scttor which oclls for the most coreful considorntion,
130 g (March), tho mcin now itezms concorm rubbory cozposite
wrethone binders, and study of tho eliyl beron hydrides,
high-onergy fusls for gos turbines and roz jets;
i o tho lith noeting of the Boord on 30th xay 1550,
B D.B., towerds tho end of 1956, By voricus shirts,
g two problems cbout cs fully o5 is roasoncblo
~ 4f progroes is ropid, reinforcessnt in ane or
; dy bo hord to provide. Up to now, tho
wding work, &t cppropriate points in tiw, on
of the following problezs; the ccrbon
i8dis, the fnhibition of cardite cherges, tho
and tho choaistry of the izpurities encountercd
ww of work on fluorine, in bi-liquid propollont
m. It is aluost cortain thot othor suspensions
this ond the prospccts of sc.s othor investigtions
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i hﬂﬁdm?hﬁum g ooy ﬂ;h too strongly that the dscision L
igt:?a an :igmsﬂguﬂuﬁ never an easy one to take. No investigation is v
mﬂartas.knu Tightly in the first place, and it is consequently not surprising tha:
the research mon thomselves and the intercsted Commd ttoe mml_:mrab:lﬂm nr:.
alaost invariably reluctant to asscrt that no M‘Eﬂf value can Bocure A
Furtheraore, on the dovelopment side, i@ is m-pnaing _tu thnua_ who i:ava no I
exporicnced it personally to see how nuch work has to bo dome after developiont
hes boen 'completed’; in faot, the commituents in respect of a succocssful
dovelopicnt, such as the E.R.D.E. dircct-fusion process far picrite, aru often
¢ibarrossingly heavy and prolonged. Howover, 8t the time of writing, thero

sro prounds for hoping thot any further re-deployment, which any be necossary,
cen be mode without drastic disturbonee,

On the nore positive side, there arc soume cases where the progress reclized
enlls for specicl mention. Thus, in the H.E. fisld, while wery littlo offort
indeod hes been dirceted towerds secelking complotely new types, the H.uW X, work
acs boon ecrried, if not to o conclusion, at lcast to the peoint wherc o proved
process of woanufncture exists, and (in colloboration with the users) o
sotisfoctory costoble couposition deviscd. In the ficld of cosbustion thsory,
it secus possible thnt o new 'bresk-through' hos boen ochieved: this is
reforrod to in uore detndl below, but it is perhops worth roasrking here that
this zicasurc of succoss weos ochicved, ond could only have been achiceved, by the
use of & high-spood cloctronic computer,

In the ccaposite propellent ficld, the work on the peolyprrothone compositions
hes oinde plecsingly ropid progress in its eorly stogos (though it dis far too
eorly to prodict its futurc coursc); ond there hos been & rather amusing
dovelopacnt with tho polyisdbutone plastic propellents, which hawve pono through
& process of 'poper wpsreding', These propellonts have nlways perforsed rather
bottor thon wes to bo apected froa the calculated spocific ispulses; it has
now boon found that this tdnor uystery resulted froa errors in the nccopted heats
of foriotion of antioniua porchlorate and maweniua picrote, Corroeted values for
both hive now appearcd in the literaturc (ond, in the laottor case, confir-ed ot
E.H.D.E, ), ®nd the adoption of these hos raiscd the ocleulated S.I's of thosze
propollrmts to figures in good accord with their perfor-ance. This is cne aero
illustration of the i-portonee of sound calorizotry in explosive rescoreh; cond
it =ekos it the morc pleasent to report thet tho E.R.D.E. cnlorizctric facilities
have groduclly boen built up 4o o high leovel,

1t is, porhaps, right to ond this Forcword by rouorking that, 25 in the
EI'GTE-U“E. yoor, this poper is —winly concerncd with itens in which "resecarch" or
dovelopzent" cspects cre redoudnent; little refercnce is unde to the lorpe
Saount of doy-toedoy work (by no ucens cll pure routine) which the Estcblishuent
hes to eorry out. '

4s noted sbove, E.R.D,E. has boen instructed to gollabornte in the exoadnstion
in alkyl | A8 hiph-onergy fuels, Tie investipention, which is
ax, is ot o very corly stope, but it is perhaps worth
work in its initiesl stogos,

al mt axre cthyl doccbarane and propyl pentoborsne
neod for servicecble physicol propertics, notebly
ecrtain thot diboranc will be tho essenticl

to noocount this foet, the prosont intention is

on the stoapes leading to diburane, Wolthoo Abboy
On of diborane to the fucl, and Pysstock un tho

£ the fuel.

% optitdsun abouut tho prospects of this work.

' the calculatod pain in enorgy of 4O over

2 iR practice, ond the cost of pruduction is
3 of zeprd tufe proctor than that of

- consider thet there ore cases in which
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n o suell gedn in perforasnce aay bring so groat o return, in tacticel terss,
et high costs tay prove to be scceptoble. In such circusistences, o

Folidnary investigetion in searcely avoidsble; if this turns out prozisingly,
e sccle ond cucploxity of the planning will have to bo grently inerensed.

CQBUSTICY FESEARCH.
(2) Theorics of Floso Propagotion an’ thoir cpplicotion to Propellsnt

Combustion.

The problea of the propogetion of floie in o recetive zedium can be
formlonted in terns of the differonticl cquations of cunservation of encrgy and
chosderl specics. Eorlier uethods of solution, such s thosc of Boys and Corncr
essuno o stoody, tisic indeponfont, stafo and solve the cguotions for the flow
velocity with which the sclutiun sotisfies the boundary conditions, Thesc zethods,
althourh satisfrctory for sispls cue-stop choidesl resctiuns, may foil when
eppliod to conplex consccutive or ropotitive chain reactions, They are also
inopplicable to low prossurc soli” propeollant coibustion where experience shows
thot the propogation is not in o steady, tise-indepondent, stete acving in a
norial dircetion to the propecllant surfoco, but cecurs in o sories of waves
propopating laterclly in the propellsnt surfecc,

Spalling at Isperial Collezc hos used & grephicel findite difference
sppraxization to the unstondy stoto eguotions to solve ignition problsas, ond
hos showmn thet, in principle, tho solution nny be continued to obtein the stecdy
stote flane velocity. This extension, which is too lsboricus and time cinsuming
when attoapted by desk zinchine computotiun, Locomnes procticoble with hiph speed
glectronie nnchincs.

In gallsbaration with A.R.D.E. this aothod has been propromued for the
A0S mnchine and used to solve the fleow propopgetion equations for & repstitive
choin resetion of tho Ricc-Horzfeld type using the chemicel kinetic Jdata
Euﬂjgustcd for hydrezine deo-uposition in E.R.D.E. 6/R/52., Calculatians have becn
andc of the recctont cnd temperntuwre ddstributions fur = range of' cosbustion
todperatures and pressures tuogcther with the rosultant stecdy state flass
volocitios, The teuperoturc cnd prossure dependonce of the latter are in
sotisfoctory agreensent with experi.ental findings.*®

This rcprusents o cunsideratilo odvonce in the epplication of flaac thoory
in thet it is the first instonce of the experi-ontal behavicur of & complex
ﬂecnm{maitim flomie having Ygon satisfectorily celeulated froa cheideal kdnetic

ceto cbtained in classical low te.pernture kinctic studies. The acthold, using
the existing computer propromic, could be applicd to othor flome probleuns and
ia particularly well suited to ipnition end flcoo stability problous.

() Platonizaetion Studics.

It hos Deon noecosscry to slow dowm the work on the fundasontal cspeet of
pletonization, partly owing to tho doparturc of one of the =en conecerned, but
sone intoresting observotions hove beon rocorded by photoprcphing the burning
surfeec of o muber of doublo-basc coapositicns, over = ranpo of pressurcs. Tho
compositions wero chosen to give o seclection of burning rotes, "mosa" prossures
.I onc coditives, At low pressure, "hot spots" appecr in the photogrophs which fode
A cut in the region of the "mesa"; ond whils there is still roua for dowbt 28 to
tho exact sipnificance of this, 'i% con bo arpupd thot these "hot spots", which
OIS Su mﬂ ‘of ocmorphous corbon, ore centres of catalytic activity
: : m&nﬂ rote of burning ot low pressures of o "platonisol"

ot the moso coincides with tho lel in burning
ﬂtnt of the unplatonized composition,

thu snde to relate tho chanjes in Lurning rote produced by
| with the apporent toupernture of the"not spots”
gas snmpmitiun ploge to ths burming surface., In gencral,
rate is sccoupanied by an inerease in the towpemtbure of
ﬂﬁﬁmiﬁh the effect is not lerre, and by o reduction in
entration or on ineressc in the carbon dicxice concentraticn
} Beous thet leond is the uost offective zetel in increcsing
#o the catnlysis is cbls to cougnce at a luwer

ﬂmﬂw metols, oand therefore it has & greator influsnce
cozbustion. it
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The experizeptal dode on the hydrazine fleie has boen thought to be
gelf=-conflicting umﬂﬂmmﬁuﬁu teipercture depen’ence of flage
velocity, which is sbout helf that predicted frou the astivation cnersy of
the decrpusition of the hydrezine wiclecule, ond with rersard to the pressure
depenierce which, measured in the vapour below stacspheric pressurc, ias
very soall and inconsistent with the supposed first order chirscter of the
decosposition. At higher pressures, in the liquid state, the flaze velocity
is markedly depencent on pressure. The present caleulstions predict just
this behavicur as the result of the chain charscter of the decoagosition
in the flame,

INIT TATORS

Parhaps the uost izportant developient during the year was the
arrangesent of an extensive series of trials to compare dextrinated lead
azide with other types. Such a coapariscn involves zany issues and
interests, and it sccordingly seeted desirable to Lrins the arrenization
of' these trials under the as_is of the Ordnance Board, throyh its Sensitive
azide Voridns Party, & couprehensive prograive, ccapering the improved
fora of dextrinated lead azide (R.D.1352) referred to in the last review,
R.D.1343, at present the fora of lead azide preferred Ly E.K.D.L. for seme rul
epplicetion in detonators, and Service lead azide, has bLeen yworked out
between D/ALRD,E,, D.O.F./F. and D/E.R,D.E., and a1l three proups will
collaborate in the various aspects of the trials, which will take several
uontha,

Couparisons of this thorouphness do not appesr to hove lLeen cerried cut
Lefore. Dextrinated lead azide has long Leen regarded as consideralbly safer
to handle than Service lead azide, but fira conclusions are difficult to
dray beceuse the waterisls have rarely Leen filled into detonators of
identical desiym, by ddentical procsdumres, Oddly encuch, the usuzl izpact
and friction sensitiveness tests do not distin uish Letween the .aterials;
the dextrimated naterial, perhops bLescause of its hysroscopicity, is
distinctly less sensitive to statie dischorge than the Service uaterial,
but static sensitiveness is not the -ost sericus problew with eny crdinory
fora of lead azide. R.D.1352, which is prepared using an anionic disporsing

- agent as well as dextrin, has Leen selected for these trials as it has 11.5111;-.?_

advantapes from the factory point of view: the whole process lends itself
to better eontrol and is less eritically dependent on the quality of the
dextrin (by ne means easily specifiatle), while the product is of improved
physical form and uniforuity, and of higher and less variable azide content,
It is, however, more [roscopiec then Service lead azide or RD.13L5, and
this sy be unfavoursble to Btorage life, though its importence will no

doubt depend greatly on the design of the detonator end the other ingredients
present in the fillinps, :

“dore wark has Leen done on the third (panme) polynorph of lead azide;
een d that it can Le prepared, guite reproducibly, in the presence
; of the 95F h Zed type. On the other hand, many
sonclusion that pawma lead azide is unlikely to

- processes for aaldng the explosive. such
40 preparing sauplss of the ;amaus fora for
ation frou asmoniun acstate sclution
for erystallographic study.

e d in the lops-standing problem of
3 of lead styphnate.

T, This seens to be satisfactory, and
percentase gain is iuportant; but at
is still obtained in poorer yields than
is field hes been shifted to &

L its production, This is a

tiel reactants, and, still mors,
Ly large, Lut 2 step-by-step

/I%

* t0 the developient of a cowposition

i



=

It has Leen possible fo start work on the new process for the regarstion
sose 4 1bs, of T,N.T. par hour,; in ¢ continuous process storting frou toluenec,
(The existing R.0.F. procedurs starts froa wononitrotolusne). Ths new proceoss
hos boen under discussion with tho T.M.T, Woridng Porty, members of which howe
cxprossod o good donl of interost in tho unit Leing sot up. It is cxpoctcd thet
it will twn out considershly more T.li.T., in relation to its size, than the
oldor plonts, cnd it is hoped that the product will bo of Lotter gquality,
However, to jot full voluc froz it, olowi will bo nooded, 2nd this sspect (which
falls within tho sphere of the R.0.F. orzonization) will requirc study.

The invostipation of tho pick-up sensitivity of R.D.X., reforred to brisfly
in the last review, hos grovn into one of E.R.D.E's zejur pre-cccupctions, The
points ot issuc ore rothor subtle, and now methods of investigation howe had to
bo dovised both for the detonation tests, and for the laborotory investigtions;
thoso arc reforred to in the next scotion., It appears that real differcences in
sensitivity do ccour, and that these seen to bo associatod with the muber snd
type of veoids in the erystals; it is possible also that the inclusions in these
voids arc of ioportancc. Results to date indicate that hiph pick-up sensitivity
is associated with a larre meber of voids in the crystels, and that the presence
of thcse con bo cnsured by particl reoorystellization of Bechman, but not of
nitrolysis, process R.U.X. However, it is not easy to sscurc theso characteristics
-nl, ot the scue time, rood pourcbility of ths R,D.X./T.H.T. mixturs aade from
tho crystallized Otiterinl,

The roto of erystcllisation of RILX. frod nitric ocid solution ias also under
stuly in & scporcto investipotion, related to the nitrolysis process operated in
the R.0.F's. The resulis cre likoely to hawe & considersble influence on |
proviously-contemplated developnents; it seeis, for exaople, thet on Oslo-type
erystellizer, which wos under considerztion, would hove to be dupreeticclily
lorne, ond other proposzis nre now bolngs exaoined. |

PICK-UP SENSITIVITY

In ordnnnco ossesbliss the scquence:; explosive/metzl/exlosive coimionly
ogours. This systen oon be used to test the sensitivity of the second explosive
in teras of the thickness of the Zetel borrier regquired to prevent its explosion.
The 'sensitivity' so ueesured is of iaportance in consicering explosives in
relotion to wocpon funetioningy but is not necessarily indicotive of the
rolotive hezard in hapdline tho explosive concerned.

A deteiled study is beins aade of the ocperntion of such o toct (which is =

1 version of the well-kmewn 'pop' test). It hos boen found that o shock wove is
f sent into the scecond explosive =nd this snock uay cither decclerate snd fode or
L] acoplercte into a detonation. This process dowelops in o snooth and contimuous
| senner (but not ot ¢ wnifor: rote) cnd it is presusncd thot enerpy is liberoted ,
in the frain of the shock and it is the balonco of cnerpy loss to enurzy
rolecsed that docides the fate of the test. A zost inportant chservation is
ﬁa‘ e sensitivity os uecsurcd is the averspo of the sensitivencss of the

8 woighted ccoarding to the proportion present. Thus it has been found
mell proportions of anterials of extrene sensitivity with =
on the result (e.gs 17 of an H.ow.X. with an izpect
18 Booie order o8 sercury ful:sdnatc hos been alled to & 60/L0
| agreesent with the forepoing hypothosis sinco clthougsh
: ason of its sonsitivity, will reset guickly to the
 of cnergy it ocn provide is very s.cll. Smell holas
ing nuclei iy be considercd to contribute (but not
wey whother they operate by providing 'hot
ar by providing surface for hetrogencus reactions,
+X./P.N.T, have boen excodned by this zethod :
; the sensitivity is aluost entirely contrulled by the
g which yield the wwost scnsitive R.D.X./T.N.T's all |
If these inelusions esre removed by a suitcble |
Jorystallization
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orystallization procedurs, the sensitivity

and if the muber of inclusions is increased the umitivig ﬂmt;;mgilt;nit ﬂﬁ
possible thet smell quantities of iipurit play a part, e
aoet inportant factor is the internal surfaces of thess volds i .

arystel which are, of course, net coated with the T.I.T.

HIGH VELOCITY _FROJECTILE ATTACK /
hpparatus has Deen set up to study the factors controlling the prdlf-ahil:.t;r

of explosion of H.E. under projectile attack., The standard projectile is an h

annesled steel ephere weighing 8.3 grans and the asximum velocity is in the region

of 2500 wetres per second. It is proposed to compars the probebility uf losion

and the mechanisu Ly which this occurs with that initiated Ly an B.‘qf:slnm metal

(gap') systei, 4n insufficient nuidler of explosives have been examined to for:

fira conclusions based on 2 coupariscon of the probabilities of explosion, but thers

is evidence of a marked siudlarity in the sequence of events following either froa

imitiation, vizZ, tost 2 shock is sent inte the charge under test and this Luilds

up into a detonation, It may Le assuned froa this that the sost izportant factor

controlling the sensitivity is the rate of reaction, and therefore ansrcy

release, st pressures found in shock waves travelling at about 3000 =, D.8, in

the explosive, If this is so, then the probability of explosion will not be

controlled by the probability of initiation, but by the rate at which energy is

released in shock waves of Zioderate intensity, and the nost sensitive saterial

will Le the one in which energy is released fastest at these (relatively) low

pressurss, as with the 'gap' test holes, flaws and other sensitizin; mucled

will only contrilute a qguota to the speed of thse process and not necessarily

codinate it.

COMPCSITE PROPELLANTS F(R ROCIETS

#8 has been noted alove, particular attention is being riven to the
development of castable conposite propellants using polyurethane bindsrs,
&lthough this stems directly from 1.S. werk, it does not take the fora of an
exact duplication of any Anerican developuent, and in several ways we shall ba
studying aspects or developuents wiich, we beliswve, have not been fully covered
in american or earlisr work,

The B,R.D,E. investication is being carried out &t present in twe distinct
parts, one concerned with studying the conpounding operations, and the other
devoted to extending lLasic knowledge of the relations Letween chemdcal structure
and physical properties in the polyaer.,

The faraer investigation hos been =made possible, at this early stepe, Ly
the fortunate circunstance that there is a comerciel saterial, produced in this
country, but d&iffering from the materials so far used Ly most of the Ameriean
groups, the properties of which appear to appraximnate fairly clossly to ocur
needs, The existence of this material has aade it possille to investigate the
finer details of proces ing, which, it is well known, are dscisive with this
class of mate: T conditions, in which we finish with a composition

oo ‘maturally differ greatly from the coumsrcial
are many diffieultiss to Le overcoue, but at

insuperable,

r.de range of polyurethane rubbers are being
les, in the first place in the unlecaded
Geular importance is that determining the
%v3. test, Lased on the Clash and Berg
arpusd that the second-order transition
Basure than the brittle point, Lut E.R.D,E.
test gives a direct and unasbiguous, if

1 in practice, while the determination of

i in fact a much more involved business than

/Very
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Very feow firings have been carried cut so far, though what has been dens
has been nm%_ Itis wm fill o fow 5 in, noters Lefare long, but
it is cxooodingly mm tnmﬂ.im that, however well the proliminery trinls
Ty 5o, & nglmﬂ poriod ﬂ'mﬁna {nut loust os rogards storage tests) must
toko ploce ofore one oon obtompt to forocest the futurc of this projoct.

At the prosent tino, work on the oldor plastie propellents, of the amonium
perchlorate-tanioniun picrato=polyiscbutenc type, hos prsscd over slacst ontirely
to the developmont level, entéiling cluost continuous collcloration with R.O.F
Bridgwater on the oo hond and RuAwB. Westcott on the othor. Howover, curing |
the yoor, on igportent cdvincs wWas nade in respeet of what 18y be eallcd o
'plasticized binder'! for this class of propellant.

Low teuporcturc firings, ot -30°F and below, of the 2-inch cireraft rockot
filled F.I.B. type plastic propollant, had shawp thet the physical propoertica of
the propellant ere anrcinel in this particulor cese. » modified composition has
now Tecn developed, Lased on polyiscbuteno plasticiscd with ethyl clezto as thg
binder, in conjuncticn with synthetic surfece cctive ogents in place of lecithin,
Loeboratory tests have shown that the new propellent is much supericr to tho normel
P.I.B./lccithin type at low tomperatures, althouph it is still =argzinal in tho
2-inch rircraft rocket at -40°F. Tho muber of bursts, at -30°F or below, has
now hoon reduced to chout 1 in 600, which mokes tho cesess-ont of possiule further
izprovesonts very difficult, Alternative ignition systois currently being studied
any e ono way of reducing the incidonce of bursts,

The new propellant has & Cefinite reterded elostie component ot low
tenperatures, ond this has led to o very useful loborntory tost for the
aessurcient of elastic deformebility, which helps to distinsuish botween vorious
plastic propollonts ot low touperntures, Tho strein retes u=zad rre typical of
thosc invelved in the pressurisation of a rocket on ipnition,

another now Covelopzent has Leon two '"platonizod! cozpusitions, cchieved Ly
tho usc of Dinodal oxidizer size Gistribution plus o =olifica processing tochnique,

In 21l these studies, rheclopical considerstions =re naturclly of the utacst
idgortance, out uwnfortunctoly, the appropricte Lroneh of rheclogy, that dstling
with atif'f pastes, hes Dhegn little studicd sutside E.R.D.E.

For neny yeors, flow proportics of plastic propellanta hsave toen zessured
with o coneentrie cylinder pleustuicter which ennliles the stress-strain-tise
relotion to e detertined in rlisslute terus, Tho rosults ore dbtrired 2s =
serics of flow (D/r ) ourves, each relating to o particuler state of stroin. It

I has Deen usual to idealise the eurves into a serics of parcllcl streight lincs
corrosponding to the eguation;

D = ﬂx = i -51’ - EH} {lJ
at p
whore y dis the shear strain, 7 the sheariny stress, ¥ the yield valuo of the
unafrained mmterdal, 'o! a coefficiont of strein hordening and gy the plasto-
W‘%&i E’ﬂnﬂw propertios con thercfare be chorccteriscd by three paraseters,

e,

Byl

ey

attcpts have been uade to deter-ine sizo lizdtati ons
i cherces with rojard to resistance to pravitation
of equation zlj cnd the seassured values of the
~effoct of ond rincs is = couplication and

| ande o dotordne the ispoartance of this factar,

n modo to iprove the flow eguation end a botter fit
given by:

oxp. (-ay) (2)
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Owing ine~consuming nature of the absclute flow de terninaticns,
attempte hﬂ.:‘: mtm tﬂmﬂl tha ﬁlﬂl_tl with those of simple mﬂun
experizents, By malking arbitrary assumptions rogarding the nature of ¢ 5 ar
stresses and strains involved in compression, fairly pocd correlatien can be
obtained by epplying equation (2). An B.R.D.E. roport on this work will shortly
bu publishad,

ar oasc, in whieh the rhoclogicsl probloue concorncd have arcused
1im1; Ezigﬁmy, m;xcarna the 2,75" pun-assisted rockot., It has boen suggosted
that a rubbery propellant would be osscntial for this Wweapon, but E.R.D.E. cpinicn
15 not convinced on this point, for Spproximets celculations suggost that plastic
propellants of the ourrent type should perforn adogquatoly,

4 plostic propellant with e suitchblo burning rote for this Project hos
tecordingly been devoloped, This is £,5176 which burns ot 1,04 inclh/sce. at
1000 psi; the prossure exponent is 0,62,

Seven nctars have boon filled With on inert propellont in the suggosted
cone ond oylinder chorge and these have been tempercture oyeled betwoon =L0°F nna
+1L0°F tuenty tizes (1 doy ot each tomperature extrere for scch cyela) without
cny sign of foilurc, Ancther soventeen uotors filled with incrt propellont will
be projocted ot Shocburyness to deteradine the distortion of the chorgo when
subjocted to longitudinal ond spin acceleration in the gun,

Atteapts arc also being unds to obtrin & thooretienl soluticn to the problen
of distortion undor the high necelorations involved, cnd FProfessor Oldroyd has
fgroed o help with this work.

QULLOIDAL PROFELLANTS

Work in the colloidel Propellent ficld mns boon strivusly hondicopped by the
prolonged dolay in the cutipletion of Projoet III, & ectbined foelility dosigned 4o
bring togother +hc oxcessively senttercd work in this field., When this faoility
is complote, it will wdab tedly provide o caiplex of oxporizent~l and pilot
plonts of oxeoptional volue, both by recson of its eonpletencss ond by recson of
its oompeotness, the lattor pint bedng @speciclly welurblo because it ancbles
tho swervisary staff 4o be used much morg econozdeslly,

Work hos continued onm ballpowder during tac yoor, ond o goud denl of progross
has boon “de.  The lmowledge so sequired is likoly to prove highly advantegedus
when tho new camninl.ly—_ﬂnaimﬁ& Wit storts cperntions ot R.C.F. Bishupton,

Moresiiile, gront effart. sare boing put int. the study of tho s=nll but
Spperontly consistont ana Stotisticnlly-simificrnt diffarcnces in the quility
T Cordite PU produced by R0, ¥, Bishopton, and R,N,P,F. Cocrwont. The problen
is singdorly subtle, and o a8t secrching investi gtiin, over sany issucs, hes
becom necossary, Tho steff of the tuo factorics, of the two Inspection Services,
W K.R.D.E., Aborating very clasely in this wark,

{ kﬁcn'ﬁng the year has not been on on extansive
* A9ne in connoxion with the 40 ma. L.70 mun,

& maderatod Singla bosc powder for use in the
onoo of this Wpe of propellcnt in this
Processad

TR

tic solution cn the bosis of /B0,
C ot E.R.D.E, has given prouising
i85 proceeding at R.O, F.

euced in eontrolling Vivecity to
adequate contr.] will Lo achieved by

'__ ' & Binglo base pawder but orllistic
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PICRITE

It is often supposed thet, proFeszw-wiso, pierito is o', In prectice
it haa teion o rrost dewl of effort durdn; tho pest yoor, cnl cur cozdtients
~rc 8till Ly no Jotns ish

The =rin locd hos, of coursc, oo froa cur 'post-developient' coxs
on the Dircet Fusion process, widch -ay Le doscrited cs l-u.-.ﬁ; mex:fd' SR
intornctional rocormition, A plant of this fypc is necring capletion at
Bishopton, and cnother is chout to bo erooted in Franco, whilc 2 third ong, of
very larpo sizo, is Dedng set up in the U.8. It scous likely thet Gf:llubai-z.ti.;n
with D.0.F./X. in bringins tho Bishopton plant into operation would requirc o
foirly substontiel offart firon B.R.D.E. in the coxng months, ond o certein
coount of tioe is likely to Lo tokon up with discussions ond wisits on the French
wdt, Colloberstion with the inericens hoeé tken on even aore sotive farmy Dboth
in 1955 ~nl 1956, U.B. teass worked with E.R.D.E., perscnncl on the E.R,D.i:
plant, cnch tize for o period of sovercl wecks; in order to cxomino in detedl
the dircet fusion procoss itsolf cnd tho subsoquent nitrotion stote,

Thore -ro, howevor, scvercl othor picrite procosecs tc Le considered frou
the resc-och point of view; indeod, omo idagines that fow explosive ingrelients
con be nde by so many different routes, The list inclules tho Roberts isc-urea
rocossy the amwniun thiocyanate process; the aruoniuz sulphosete process;
the very intorostins route, rocently discovered in tho U.S., in widch urea and
s—oniw: nitrate aroc rescteld topether in the presence of silica pel; while it
is nlso neoesscry to neto the Chard process for tiking cysnamide from cmmonis,
corbon ccncxide and lime, which, fitted to the dircct fusion procoss, wouls
reaove tho present depondonce of the latter on ealeinn enrbide.

Of those the Roborts isov-urec process hos Leen oporsted ot the Nowed Powlor
Frotory, Indisn Heod, iid,, but tho difficultics of cnsurin: supplieas of dicthyl
sulphate ot cn attractive price hove srovonted the further exploitotion of the
process, The comoniu sulphooste process, cxrained in Crneds, appears to have -
Leen dropped, and the rathor unfavoursile sooncides of sulphur recovery in the |
thiveyanate process have discoursoc intorcet in it in the U.K,, &lthowuh it
hes rocoived a rood decl of study in the U,S, ond Cunela in the past two yoors.

The current B.R.D.B. view, howover, is thot the urco-a-coniud nitrate-silice ol
proscss offars preater potentislitics then ooy of its compotitcars.

This proceas was brousht to lipht in & U.S. industrizl l=horetory, and hos
beon studied at E.R.D.E., with the cneouragouent of the sucricsn authoritics,
over the sast year, The results have Docn most eneournging; o sanll slcss
spptrotus hes Teen set up which works o continuous versicn of tho process, and
has Leen operatine for soae uonths, snd on inpendous new fuanidine mitrate

[ crystollizotion step hos been devisel which should increcsc tho inherent
i econoaic advontagos of the process.

It is not oasy to decido how far to toke this work. «8 ono would oxpoct,
zeny problens of o chemical onyincering type would hove to be solved before the
Propess. ¢ be put on o plent besis, Lut it scous questioncble whether this
-  undertaken, since the demond for picrite has Jizdnishod rroatly.
pssible to produce & report on the loborstory stulies by

1 be tiue enoush to considor policy whon this ropurt 1s

Chord oyanaddo procoss is Leine browsht 9 @ c1555,

ple from those mentionod chove, S1RCO it proviies

swcntericl of the dircot fusicn process, tut

atory investizetion has roached tho stamo af

antion, howover, is in reality ronscnably

‘and pilot plent studics coarried out in the

$ad in the devolopent of & procoss which is axocd
48 still roou for iaprovezent.
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NITHOCELIULOSE _STUDLES

an oxtensive sorics of trials of wo :
sources, which hos involved ﬁfm_ tion of o poper ai];t -R;:H.P-z;i*a .
(Coervent) ond BuRDuE., dis drowdng to o close, It ds not sosy to provid
succinct swrwry of the findings, but it can Le said thot while soae
difficulties woro encauntered in the first series of trizls, and it wis
necessory to neke adjustoonts to the dejree of refiming of the pulps and fo
the Lesis weights of these papors, &% loast ore of the Llends perforied very
well, Blends of 50% Lleached sulphate and 500 sulphite pulp were used in
each cass, Cordite chorpes producsd in the earilier series of tricls are
underpoing storepe trials.

wood pulp Llends, frou North atoricon

Scuie investigntions of o uore Geoade.dc naturs have been in progress for
o considerclle tine, sidin ot throwing new li ht on the cheudstry of the
stabilization of N.GC. Ly Lolling, = matter of particular intercst in view of
the very lon; treztuents conventionally given to N.C. Zade Ly uechanical
nitretion, FParticulsar attention hos Lgen ziwven fo the nature of the "acidity!
developed 1y certain srades of U.C., in acetons solution, znd to the mature and
capunt of oxidized srouss in N,C, Interssting results beve besn obtained,
but further advonce his Deen hinfered "y the very crest difficulty of devising
analytical wetheds which will work with the necessery high precision and high
sensitivity in this very cuiplex systen,

Investi ations are slso proceeding on the thermal deconpositicn of N,C.
This wark, which wds ord;dnelly planned to throw light on the wschords. of
platomization, has 2lso encountorsd serious experizentsl di fficulties, but
there seeus to be a fair cdhance that these are being overcozo, In this Work,
N.Co is heated in solution, in the prescnce or asence of lead co-pounds, and
the sases evolved =re ucasured =nd anelyzad, .uch difficulty has Lesn
experdenced in selecting a solvent which is sufTicicntly non-réactive in the
conditions used, but it sesus that I dinitrovenzene may prove adequats, It
sopecars that the addition of litharre does not grestly affect the 4pperent
first-order rate constant of the docossosition, or the induction period, but
it does nerkedly affcet the comscsition of the pAscaus products in the later
stores of decouposition.

AVALYTICAL _DiVESTIGATIONS
(2) Thermal Decompesition of Lead Compounds

, The thermal decomposition of lead salts of organic acids has been studied
by the methods of differential thermal analysis (D.T.4.) and thermogravimetry,
D:T.A. records ths rature and extent of the endo- or exo-thermal reactions which
cccur during decomposition, whilst thermogravizetry follows the changes of
weight, with temperature. The two techriques together have led to some
interesting results, For example on heating in air lead oxalatc deccmposes
ﬂ-‘rﬂﬂﬂ&' at 320°C to lead oxide, whereas lead salicylate decomposes in two

dist nct phases, passing thre the basic salt, In air, these reactions are
all exotheraal ng tha wetion with oxysen is involved, Farallel

: 1 othermal reaction as expocted with a

ad exide, metallic lead and carbon, To

§ oeourring during burning of propellants
made in NOs, A4ll the lead compounds

& products breal: dom on further heating,
 at mwh lower temperctures than the

Hoped that studies along these lines nay
‘ol the reactions whici ccour in

in the U.8, iz a messure of the pressure
under & canstant volume of mitrogen

18 apd the latter is claimed to have
préesaure cocours followed later by

i@ ocours is clained to be a measure
i gonsidersble importoncs as it
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offers & ?‘F‘“ﬂ‘l" sothod Ly which tho relotive stcbilitics of

rssessod in o fow hours instead of tény woocks, rnd is tmmfwzrtﬁnu:n::ﬂiga? =
scae detndil, Prolisdnary studics show thot tho interpretotion of thfi I'ﬁﬂ'l.l.li: g
suzrosted by the U.S, workors is ovor-siplified as even when an excess of

is &lways prosent tho shope of the Talioni ourve is depeniont upon the oy
;.xygnn%rﬂcrﬂllﬂﬂt rotio, Further, the tites to 100 ..i, presswrc increcec nas
expocted as the stabiliser contont is increascl Ly stegos froo one to tut;mn

oer cont, ‘but thereafter thoy deeline so that propellants with 9 per cont
stabiliser £all betwoon the 1 and 2 per cont volues, This uny Le linked to the
foot thot nitrotion rerctions ore favoursd ot low stebiliser cunmn'lz‘::.t{unﬂ end
nitrosation rocctions ot high onea. It is hoped that this work will lead to E.'_
1otter understending of the reactions which cceur in this tost and cnalyticel
stulics nro boiny corricd out on the gescous end solid ond products with this
16 Vi0Wa

(¢) Vepour Phrsc Chrousto

Tho technique of vopour phase chrozatogrephy has now passed beyond the
exploratory store and the following ceterninnticons orc now uede n a ropid routine
vasis o8 roguired, IEstizations of alcohol, acetone, ethyl acstats, mothyl
sethacrylate cnd water in different typea of propellents are now practiceble
end the method is being used slso for such purposes os the cstization of sceondexy I8
wutenol in ethyl mitrate and for the dotecticn and idontification of other :
impurities. The nature of the pases produced during the decomposition of
propellents is alsc under investipgation, & sncll preparative coluin has rocently
been constructed capeble of teking loands of up to helf & gran, This should |
cllow the scperation of ecobplex mixtures into individusl ecaponents in sufficient
a=ounts for spectroscopic study.

TLTRASCHIC FLuil DETECTOR J

Considershle progress hes boon recorded with tho E.R.D.E. Ultrosonic Flow !
Dotoctor, « more coupact model, desiynod and built ot B.R.D.E. 28 4 procuction '|
prototype, wes oxhibited at the 1956 Exchibition of tho Physicol Soeloty, and
attrected attontion froa visitors and corrosponients frou sovernl countries, ond
from & wifde rance of epecicliat intorcst - froo pen somufocturcrs to pasdietricians
in fact, Since then, sowe commiercially-produced coplcs of thds eguipient have
boen dolivercd, and souo mweore will arrive shortly; these equipzents will be
jnstelled in verious explosive footories ond rescorch gstnblishaents.

Work is now proceeding on the Jdevelopront of tost-routines for certoin
foirly larre cherges, (The initial require-ent was for the examination of the
3-in, crucifor charge, but this is Lecoming less japortant). In the courss of
this work, it has beceno clear that certoin cherpo Cosimms hove oross-sections

' which ore not only diffioult to extrule, but =lso to inspect, by any method. It
i seeas clecr that, in the future, the chargs desippor will howe to take into
it nccount both the difficulties faced Ly the monufacturer apnd those foeed by the
{ inspection authorities,

y Bu.R.D.E, hos been heovily ongoaped in the work on

not directly concorncd gither with the annufcoture

' zekes its contribution in respect of tho

sorned with its specification and testing, end

Zoss, The work, which ig co-ecrdinsted with other

ty under D.+.X.R,D., is divided &8 follows:—

 achniques nocossary to study the chinras

TyFa on storsgc orid the mechondsa of

of hydrogen poroxiics

lo of the stebilisotion of H,T.P. with sodiud gtoemete,
s concornod with the specificutions of HT.F. aelo

ﬁnﬁMﬁq and by the ergenic pProcosses.

/Exparinentally



work is =nde ‘nost difficult Ly recson of t'm_:; _

susceotibility of hyarolcn peroxice to ectrlytic decoaposition ,:::rm:ruitﬁ-._'l qu
inute trnoes of caventitious impuritics, with the result thot it is BlWiys
hnpd to Socurc roproducible posults even in scGUtiln, Ly ri;ur:-u.?lﬁ:.r c:on’t:r:ullc:r,_
oxperizents, Tho ipstruzentol difficultics in Jevising r.lrc.l:.:.ulc ang

sptisfoctory mcons of -pesurine the mtc of oxyrcn syolution have alse boeh
~ront, ond until recontly most oethods were 14ebhle to be upsct Ly the foct

Exporizontally, tho

nprigious

that, indticlly, the H.T.P. is sSupersoura g with oxyici, -'-nn;‘i_ the eap
roloosc of this oxyeEch Jisturbed sry gosooctric —cthod, Recently, hur_-'avar,
the Hersh cell hes Leon Lrousht into usc, anc this very ingenious device
snrlle oven vory Law ratus of oxyoon release to bo rocorded autemnticclly.

orldns hypothosos rosardines tho function of sofiun Lonnsto howve bean

dovalonai,

tat ere not sufficiontly fir-dy catablished to bo recordod herc. an
intcrostin. sido=-issuo hss beon the spoetopraphic confirmotion that sodiu
+o hos tho structuro Sn( Qe )ge

| ]
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Tho B.R.D.B. resocrch is orgondzed in eloso colliboration with Professor

symno-Jones's cxtro~-murcl CEOHRs in which sosic iupartant ndvances have boon
ado, nokcbly o8 ¥C -apds tho catoblishont of "-H" sgalc in concentratod
hy roren peraxice (o metior of fundesientol i=zportance) and as re rarids the
aohrrmisa of the cobnlysis f doeomposition Ly irom cne cOppiT.

n oAdition to thosc investictions, which nre essentislly of the
'roscorch'! typo, & vory coneidor-ble offort has hod to oe Hrected toworos

tha catoblishoont of anelyticedl prococurcs suitoblo for specification purpascs,.

4 parbloulor ly 1ifficult issue his aoncerned the deterdnation of garben in
H.T.P, -ade Ly non-cleetrolytic ProccBsca; tha nctter is porticulorly

j-portent because of its rolntion to the
anc owlorerd beoouse it is hord To scourc
ganll concentration concerneZ. Tho recosnized methods woro Javeloped

=1
the nocessary precisiun ot th

VOIY

volow B0 ports por willisn, S000 Projroas bes Wi n achicvod,

ORGANTZATTOL 15 TITRS

(o) Stolf

! o

In tho last roview, attontion wos c Jicd o tho
by the ropid turn-cver in staff, ospociclly in the Soiontifie UI1oor [TGLCS.

».

Thnt reviow ws, hovovor, nocosstrily prescnted Loforc the prosent drive fur

goonosy efne into of foct, with its on-puwor ccilings. Those ceilings, bedns

concorned princrily with the totnls of non-industrial stold, and nobso Jaeh

with the meders in tho individusl non~industrial srodes, work 1ln & G ligatod
woy, tnd a1l thet can Lo anid herp is that, within tho nos lizdits, B.R.D.E. has

vory few voerneics on tho non=infustricl sidc. On the in lastrinl sido,

recruit-snt iproved morkedly for o ti.e in 1956, but this iprove.cent i3 no

last, ond the situntion reuains dfficult.

(b) Fogilities

Tt is and o heve to roport thot tho delays in petting Project IIL, tho

: G kL
i'ﬂ_’i‘-ﬂiﬁ‘:‘_tuﬂ golloidel propellant focility, Wavia Meon eonsiderably gruanter than
wes axpoctod, end only isolated ports orc in operntion now; wuch gquipment,
purchnsod as part of ths Project, on? not in ive usual Tcnnor, hos turnoc out

to need roctifiestion of ome dnl or snother, and arrenging this hos piven risc

to -moh Mfficulty. However, progress hos Doon oo, ang st of tho Project

should be aveilrble for use Ly the early swior; anl when thot stojpo 18 ronohaly

EFM-E:- will hﬁ"ﬁf s eolloidsl propellont focility which, in its wilengss ol
scopo ond adoptability, is prduchly not atohod elscwhore.

S Tha

SECRET

v —

hpse Sre Soing usof in the plonning of tho cxperincntal work,

nock-sensitivoness of the antericl,

to work
nt popcontrotions around 300 ports por fdi1lion, but it 1s now legired to work

i fficultics Leing ocousol
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The chamical engineering et - perhaps better described

process research - referred to as Project IV - has unf’ artunstely %:n;amrnﬁn:f £
the casualties of the econewy drive. It is hoped, however, to suve sous of i
the objectives of ths plan, and a schous deviscd to provide some of the mast-
urgently needed facilities, at o relatively modest cost, is undor study,

sporvhile, o schoeme to recondition some of the still-uncomverted R.G.P,J
buildings on North Site as laborateries has been authorized, snd & contractar
is ot work. This will provide new laboratories for the S.E.I. growp (essentia]
erpgonic chomistry), the Analytieal Services and & so-called Ballistic &Eﬁasamniy
laboratory, The need for oll of these is acute, not least beciuse the new
arrengonents, by bringing the various sub-sections closer together, will enable
the tims of the supervisory steff to be used more efficiently - an exceadingly
inportant matter, especially in view of the numerous steff changes which have
ogourred,

Tt is plecsant to be =ble to report that, in general, the B.R,D.E.
1ibeoretories continue to be well eguipped by spystandsrd; the buying Dolicy
which hea been maintoined for many years has provided the Establishaent with the
wide ronge of high grade equipment which is absolutely indispenscble in view
of its position as a sort of court of appenl in explosives chemistry. Two uost
welcome recent additions, both of Axericcn origin, are a Micromerograph,
gererelly regorded o8 the refercnce-standnrd instrument for particle size
doternination, and & Beckuoan end Whitley ultra-ropid framing comers. Only the
lotter has bocen installed at the time of writing, but it hes clready provided
somie nost valusble informotion; incidontolly, the imege-guolity is surprisingly |
good, end = set of 'unclessified' picturcs token with this instruzent will be |
exhibited ot o photographic exhibition in the sumher. |

(c) Scientific Probleus for Discussion with the Boird or its Comittess.

In the last roview, ninc topice were listed which, it woe thought, would
profit by discussion during visits to the Estoblishzent of ueubers of Comudttess;
and it is ploosant to roport that o nunber of such visits heve been paid, It
was cxpected thot there would be & certoin cmount of formality sbout the planmdng
and recording of those wisits, but the writer is coning to the vicw that any
groct insistonce on the strict definition of 'topics' is o serious nistake.

The list of topics, given last yeor, wos cerefully dravm up to indioate
certain continuwing lines of interest, not toc norrowly defined, and it
consequently holds good today, for the wost part; but experisnce shows that it
is not very practicsble, or even desiroble, to hold our visitors very strictly

1l to this list, Our current practice is to orranpe 2n ad hoc programie for coen

' d visit, this progremic taking in the topics on the list but not necosstrily

| dominsted by them; afterwards, & bricf rocord of the visit is drown wp ond

. sirculated to the appropriate Comdttee. This procedure, while flexible and

| informal, seems to work smoothly, and to kcep the Commiticcs concerncd roas mably
il awarc of the outcoue of the discussions.

W"ﬂhﬁﬂm: the smendod list of topics 1s &8 Ffollois:—

T.N. T, Production.

' ation studies.

_ £ .nt{arlﬂs-ivaa.

processes in double basc propellants.
processee in coposite propellants.
iatry of solid oxidants etc., in relaticn
binders.
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