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FROGRAMME OF RESEARCH FOR E.R.D.E. FOR 1950/51
AFPENDIX Al LIST OF INVESTIGATTIONS

ontents

I ILiquid systems for rockets and other low pressure mechaniams
II Plastic propellants for rockets and other low pressure mechardsme
IIT Other solid propellants fop rockets and low pressure mechani sms
IV Cordites for guns

V Propellants for mortars
VI Propellants for small arms
VII Unorthodox propellant systems .
VIII High explosives
IX Initiators
X Materials-
¥ Chemical enginecring
XII Safety investipations
XTI Home Office investigations on industrial explogives
XIV Home Office investipgations on compressed hydrocarbons
AV Urgent short-range investigations = - s

-

"Staff'ing Position" abbreviations Other sbbreviations

A - To be continuously staffed. C.I. No. =~ No. in Ministry of Supply
B =~ To be intermittently staffed. Classified Index of Rescarch

C - DNot to be staffed. and Development Effort.




IROGRAE OF RESEARCH FOR E.R.D.E._FOR 1950/51
AFFENDTX A
General Programme Detailed Investigations Staf' fing
Position
Proof-stand asscssment.
1. Nitriec acid with gasoline and "aromatioe A
fred' kerocsine,
2. Nitrie zeid with benzene, cyelohexane A To determine the effect of the chemigal
and eyelohexanol. and physical properties of the fuel on
combustion effieiengy,
3« Mixed acid with kerosine, A ;
4be Nitrie acid with liquid ammonia, A U. 8. 4. assessing anhydrous hydrazine,
liquid oxygen, liquid ammonia, fluorine,
chlorine triflucride ard Borohydrides.
5. Minimum quentity of W.A.F.1 necessary A Required by C.E.4,D.
to ignite non-self-igniting
bipropellant. ; :
B Ethyl nitrate ns a monopropel lant. A Canada agsessing mitrie auid/m‘hmpamﬂig
e and nitric acid/acetic anhydride.
{« Comparison of nitrie acid/mitrobenzene A To assess the importance of the mixing
as bipropellant and monopropellant process in the combustion chamber, .
(Dithekite).
General Assessment. iy 3
Appraisement of all factors, ine luding A In collaboration with A.D. Amn. P. (x).
eéconomics, transport and aupply.
hemical and physical properties
of fuels and oxidants.
1. Determination of physical A

properties
of monopropeliants. :
2. Thermal conductivity of liguid oxygen
as a Function of temperature and
pressure,
SECRRET  DISCREET
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SHCREl DISCREET
PROGRAMME OF RESEARCH POR E.R.D. 5. FCR 1950/51

APPENDIX A
[ b
General Programue Detailed Investigation Staffing Remarks
Fosition .
3 =8
Properties of the rocket Jet. 1. Radio-attenuation: Extensive work in H.8. 4
{aj Nitrie acid/fuel systems - X band A .
{j o, |,
(b) Fundamental Study - K band (1.3 em. ) A
and Q band (0.8 cm.),
2. Flame-tempersture measurement :
(a) by line inversion; A
(b) by band intensities, B
3. Spectroscopic survey of molecules and o
radieles in jet and cambustion chamber. ;
4. Development of injection systems for E.M.R. contract with Am-trczg "W}ﬁtmh
Hydrogen/oxygen motor ITI. Alreraft Ltd.
Heat transfer.
1. Convectional and radiational heat transferp, A
2. Spectroscopic measurcment of radiation A
1nside motor,
3« Calculation of emiazsion intensity from A '
products of combustion, ol
4. Study of boundary layer formation by B Delivery of interferameter is expected
interferanetry. in 1950,
lanufacture of fuels ana
xidants. 1. Possibility of a cheap, non-electrical B+ | Under conzideration in U.S. 4,
method of masnufacture of H.T.P.
2. Froduction of anhydrous hydrazine via A U.B.4. investigating electrical methods
hydrazine hydrate, Tor anhydrous hydrazine. Also werk in
Canada.
3« Reactions of Mip radicles in liquid EJLR. contract with Prof. MLG. Evans,
ammonia: possible farmation of hydrazine. Manchester University.
Work in Canada,
SECHET  DISCREET




SECRIT  DISCRERT

EROGRAMME OF RESEARCH FCR E.R.D.E. FR 1950/51

APFENDIX A

General Programme Detailed Investigations Staffing Remarks
Foaition
Stability, canpatibility and | 10. Development of a protective vent for H.T.E, E.JMLR. contract with Laporte Chemicals
storage of liquid propellants. transit containers. Ltde; Luton. Required for fore-
[cmtd.} going Nigerian trials.
Safety in manufacture, hand-
ling and operatiocnal use,
1. Sensitiveness of liquid systems to lmpact, A
Iriction and cavity effect.
(See also Part XII) 2. Effect of tanperature on detonabili ty. B
3« Developuent of protective devices. C No immediate work is foresecen.
h. Handling risks:
(a) Nitric acia with self-igniting fuels, A Report in preparation. 2
methanol and hydrocarbons.
(b) Laboratory trials of nitric acid/ A
liquid ammonia systens. T
5. Safety of liquid systems under operational A

conditions.

In collaboration with D0, D.N.C., 'Il
U- B- 3 R-P.D‘ Etc' =

SECRET - DISGREET




SECRED  DISCRERT

PROGRAMME OF RESEARCH FOR E.R.D.E. ¥R 1950/51

1) | Ignition.

by
T

Burning phenamena.

') | Control of ballisties.

A el

Je

metals.
Development of improved adhesives.

lgnition of ammonium perchlorate
compositions; effect of temperature.

Fundamental investigation.

Kinetics of thermal dtcmq:%lhnﬁ of
ammenium perchlorate.

Kinetics of thermal dec cmpr:rslt ion of
oxamide |

Factors 'ai'facting ballistics of low-
energy-binder compositions.

Pactors affecting ballistics of F.I.B./
ammonium perchlorate conpositions.
Clearance trials of camposition R.D, 22

SECHET DLSCHERT

e

18irmingham University.

: APPENDIX a
Staffing
General Programme Detailed Investizations Position Remarks
¢)] Rheclogy, cohesion snd adhesion.
L 1. Rheological propertics or compositiong A

and ingredients, and widening of
temperature ranpe.

2. Interpretation of rheological tests. A

3. Cohesion of campositions. B

L. Fundamentel study of adhesion o D.S.I1.R. extramural research contract with

Dr. C. Kemball, Cambridge University.
F.IMLR. ccnntract: with Dr. F.P. Bowden,
Cambrlﬂge University.

Expected to cammence about Auguat 1950
E.M.R., contract with Dr. L.L. .

E.M.R. contrect with Dr. L.L. ]
Birmingham University.

Co-ordinated by the Ordnance Board.




Part IIT,

Other Solid Propellants for Rockets and Low Pressure liechanisms
- LOW Tressure lMechanisms

N3 Mﬂ‘kﬁm requirements: L. Research on cordite and cast propellants for rodeets snd other 1o nressure 1

mechenisms so as to improve their performance, serviceability and
manufacture and to adapt them to new demands.

Cols No'a. Tu9.3, 251 23igs 25,4, 3.4 31.2.4, . 2 ;-
B. Research on compressed propellants for low pressure mechanisms, e
C.I. No. 2k.6.2,

:' General Programme Detailed Investigations .quit T
L (a) New compositions of higher
performence index for roekets,
1. Irprovement of F.478/1L8/K (eal.val.1200), fa
2. UK. propellant for U,S, 3.5-in. 3 954 A 3 A
rocket.
L (b) | New compositions for specific low
- pressure mechanisms,
1, Propellants for ongine-starter cartridges, A
2. Cool cordites for liquid expulsion, 4
3. Improved compressed propellant for liguid
cjection,
- (e) | Control of rate of burming. 1. Bffect of composition including source B
and treatment of nitroccllulose. e
2, Pressure index; '"platonising" L nnti%mmg.ﬁﬁbi _
ingredients, :

3. Measurements of rate of burning in vented
vessel and strand burner.

SECRET  DISCREET




General Programme

Detailed Investigations

Staffing
Position

Hemarks

] Manufacturing operations, {CnntﬂJ

Surface inhibiti or.

Chemical and ballistice
stability.

}-

ﬂ‘\'-;_rl-F—

LR

3

- Chemicgal stability and Service life of

Mechanica of rolling cordite: use of the
new reaearch rolling machine for:-
a) fundamental physical and
rheologiecal studies;
(b) studies Por the avoidance of fires
during rolling;
(c) studies of the effect of selected
Plasticisers on rate of gelatinisationf
Fundamentals of die design,
Rheology of cordite dough.
Die design and extrusion problems for
special shapes.

Service life of coated charges.

New and improved methods,

Interchange of ingredients between coating
and basis material; isotony,

new campositions.
Froblems connscted with large web-gizes:

a/) study of self-heating;

b) reducticn of Zas evolution and
cracking on storage, in particular
Study of the effect of stobilisers
alternative to carbamite,

Study of 8tability and decamposition of
nitrocellulose and other nitric estera.

SEQET  DISCREET
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Hendled as requirements arise,

Cerried out as required.

Carriéd out as required.

B.M.R. contracts with Dr. J.W, Baker,
leeds University, Prof. A.J. Allmand,

London Univers

Manchester C

ollege

ity and Dr. S.M Neale,

of Technology,




Objective Requirements:

SLCRET  DISCREET

ZROGRAMME OF RESFARCH FOR E.R.D.E. FCR 1950/51

APPENDIX A

PART IV, Cordites for runs

Research on

(i) reduction of gun-erosion,

cordites for guns with particular reference to:-

(1i) increase of energy/volume ratio,
(iii elimination of flash and/or smoke on firing,
(iv) improvement of the regularity and stability of ballistics,
(v) increase of safety in menufacture and use,
C.Il. Nos. 1.9. 21.10.9. 25,16, . -
. Thn Sy " Staffi + : |
eneral Progranme Detailed Investigations ; S Remarks
Pesition
———
Reduction of gun-erosion and
development of propellants of 1. Relation between flame tenperature, gas A Trials carried out in collaboration
maximum farce/flame temperature canposition and erosion. with A.R.E. Confirmatory trials in
and enerpgy/volume rotios. collaboration with U, S, 4.
2. Formulation for maximun Torce/f lame A
temperature and high encrgy:fvr:ﬂ.m-:e ratioa.
3. Effect of free radicles. E.ML.R. contract with Prof. A.R.
Queen's University, Belfast.
Suppression of flash and smoke.
1. Optimum camposition for tank guns, A
2. Canpositions of high nitrogen content. B 3
3. Effect of primers and igniters: venting 3
position in cartridge.
4. Influence of "Trident” flash sSuppressor A
en propellant formulation,
Ignition. 1. Ignition of cool, propellants, A In collaboration with A.R.E.; particularly
: in Q.F. cartridges. *
2. licans of obtaining a smooth pressure/time B In collaboration with A.R.E.
relation in burning of csrtridges. l ‘
SECRET DISCREET
e ————r



TROGRAME nF FSTACH FOR BoR,DeE, FOR 1950/51
ATPRNDIX A

o | : e a5 et g i R 21 i s ded Pt i.... T AL A v " [y . _::-_ '],..-J-"'-:'!-.’I'. , : y
al Programne Detailed Investigations gﬁagina s _ Betiitic e
i  Position =t

and ballistic stability.
1

» Ulimetic-chemical trisls 4o establish safe & E. W11l include trials
life of csrdites, i ' frc

-f ; /e i
. 2, Climatic-bellistic +rirls £ esteblich N gt Gprm
-Ii 1 : regularity 1ifa, s i ollabor "ﬁm LS

Je Investigetiom of factars causing chanpea A rIn collaborat ion
- in ballisties, ; ; el

4y Changes in the ap~unt and digtribution of | E 'I
volatiles in sealed and unsealed carttainers, | '

Je Gtability end decmposmition of nitro- - '
cellulose and ather nitrie eaters,

% | London Unive

h)| Safety in manufacture snd use. : |
le Teating of new compositions and new R . Carried out as
Processes o cnsure insengitiveness to : :

(See also Pert XIT) lupact, friction ete, durdng both ;
. manufacture and use, i
2s Reduction of lisbility to cordite fires ; A '
in tanlks, : i
Je "Habitability" trials of cordite ' A i
containing DRI, 1LH.C,

E,L_ﬁj&aufm:ture and manuf&c‘!:u:fing‘ 1e Henufacture 1 new composit ions, = : = :
| techn nigque., i especially cool cordites, snd assessment :
; : - of new and modified ingredients of
: . cordite (altematives to nitroglycerine, - 3 e e

alternctive high-nitrogen compounds ,

FCRET DISCRERT:
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ROGRIMIE OF RESE'RCH FOR E.R.D.E. FOR 1950/51

ATTENDIX A

Detailed Investigations

Stalfing
iosition

eture of constd tuent

wrdisation of propellant
28 for puns.

Anndysis, ealorimetry and
genernl chemistry

Modifieation of erystal form of pierite.

Iierite-based eordite charges for guns
for which they nre not already avnilable,
Interchangenbility of picrite-based
cordites from Navnl and M.0.S. factories.
Standardisation with Canada, France and
Holland on Naval gun-propellants.

fpalyticnl, calorirmetrie and chemieal
scrvices,

Climatie trials (see also IV (g) 1 and 2),
Calorimetry of cool cordites.

A

b

| = U

bork in hand fn U.S.As

In collaboratioy il
C.8,A.R. ol
C.8A0 B

In collaboration ¥
and C.I.N.Qs

hLs mquimd.

SECRET DISCHEET




) Jective Requirement:
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AFPENDIX A

Part VII. Uncrthodox Propellant Systems

Research onunathodox propellant systems for use in rockets

:IF ciI. HGI 21-1Uv9 :
L i Staffi
1 Ganaml Programne Detailed Inves ti:gatlr:ma Position Remarks
Mp——— [ =
) | The application of liquid

| propellants to guns.

s

| The application to guns of
‘| plastic propellants extruded
*in aitu". :

1e Theoretical assesament of poasible
- 8ystems,

2. Ignition and conbustion problems.

——- 1

Trials of external cxtrusion apparatus

for inserting a plastie charse in the
breech of a gun,

A
i

In collaboration with Q.Eﬂ,ﬁa
arise, 2 : .
Work in hand in U.3.4. === £

In collaboration with A.D

Cm]ﬂtruﬂtina an { =
E.R.D.E. Will ; %m <




ERCGRAMME OF RESEARCH FGR E.R.D.E, FOR 1950/51

APPENDIX A

Page No. 23

f

f General Programme Detailed Investipations ?ta?f:}:ng Remarks
Fesition
L (d)| Nitramines. llethods of synthesis ond etructural factors E.ML.E. contract with Prof. R.D, Haworth,
influencing proverties. Sheffield University. :
. {e) Crystallographic work on
explozives, 1. Crystal structure of H.ik, ineluding R.D.X. B E.M.R. contract with Dr. L.W.H. Small,
and ancmalous thermal properties of Birmingham University.
T.N.T. near the melting point.
c. Crystal growth. ELR. contract with Prof, 5 G. Cox, Leeds
Universi ty. ;
Je A-ray crystallographic study of the A
variation with temperature of the
crystal properties of:
~4) T.N,T. : : g : .
(ii) "White Compound". Hequired for the determination of the
molecular weight of "hite Campound”.
(£)| Explosives for stranded - e e
line charges. Explosives of tbe "Nipolit" type: :
1, Development of manufacturing technique. A
2, Modification to use R.D.X. instead of A
P.E.T.N, :
A

3« lmprovement of keeping qualities;
decrease of embrittlement. .

SECRAT DISCREET




FROGRAMME OF RESEARCH FOR E.R.D.E. FCR 1950/51

APPENDIX A
Deteiled Investigations Staffing |
: Peosition .
1. Possible relationship between orystal A
structure and sensitiveness of styphnates.
2. Variation with temperature of erystal A

Properties of sfyphnates.

Fundamental theory of nucleation.




FROGRAMME OF RESEARCH FOR E.R.D.E,

SECRET  DISCREET

AFPENDIX A

FOR 195C/51

[tem
Ho,

General Programme

Detailed Investigations

Staffing
Position

e iﬁ

:{h'gd.}

(c)

(d)

Protective materials - special
lacquers, varniches coatings
and paints, (ccmtfl.j

Paper and textile camponents,

Campatibllity problens,

. General: Use of corrosion = inhibiting

adjuncts in varnishes and paints of all
types; study of the mechanism of corrosion
inhibitien,

Reinforcement of rolled-paper camponents,

. idternmative materials for B,L. cartridge

g
b-_:l.gﬁ .

- Chemical and physical campatibilities of

materials intended for contact with, and
Proximity to, explosives,
Corrosion of metals by corcentrated nitric
acid;
(1) corrosion of high strength aluminium
alloys by phosphoric-inhibited nitric
~ acid; 3
{ii; closed vessel storage tests;
(1ii) corrosion-resistant welds in aluminium-
magnesium alloys;
(iv) assessment of platings on stainless
steel for small parts; _
(v) inhibitors other than phosphoric acid.

SECRET  DISCREET
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|In collaboration with

Possible E.M.R, contract with
B lN'FiMIRI-AI
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FROGRAIIE OF RESEARCH FOR E.R.D.E. FOR _1950/51

AFFENDIX A

Part XI. Chemical Enginecring

Objective Requirements: A. Research on chemeal enginecring problems in connection with the mnufacture of acids
intermediates, explosives and propellants, i

C.I. No's. fe9.3 21,10,8, 2 6.2, 3.2 1. M2 9,
B Oxygen- and nitrogen-producing plant (zpart from breathing equipment) for the Services.
G T No's, 10.%. 3%, 2he 6.2, . 4%
iy General Progromme Detalled Irwvestigations ISt"-"ffi“E Ramarks -
. = ik S Y |\Position
(2) |Basic chemical enginecring 1. Study of plastic flow in presses and | A
research in connection with extrusion L]:I_"LH'I}:
eXplosives and propellants [ (i) resistance to flow at metal |
plﬂ.rtt- I ._\_;.._,._-LJ_ Lc[.j"{‘ >
(i) application of theory of plastic
flow to the desipgn of machines,
2. hpplicetion of dimensional similarity to | 4
the an "‘Llyf‘lf‘ of performance in unit
processe
(b) Pilot plant design and Filot plantsfor picrite menufacturing A
P I
. eonstruction. processes. . .
I I
(e) Develcpment of oxyger~producing |1. Mobile 1liquid oxygen plant for supplying A E.M. %, contract with British Oxygen Ca
| plant. rocket inatallations. Ltds for b basic design.
I
| 2. "Alr-transportable" oxygen plant. | A | Air Ministry conmtract S.B.61 ?S?ﬂ],g,m
. with British Oxygen Co., Ltd, for
I prototype.
5 3. "On site" glider~transportable oxygen A E.JL K contract with Ricardo and Coe Ltd,
; plant. for a prototype.
|
I

SECRET  DISCREERT |




Objective Requirement:

PROGREAMME OF

SECRET  DISCREET

BESEARCH TOR E.R.,D.E. FOR

1950/51

APPENDIX A

Part XII. Safety Investigations

Research to increase the safety of explosives and propellants in manufacture and use,

C.I. No. 31284
am " :
: General Programme Detailed Investigations Staffing :
= ; Position Bemarks
(a) | Examination of safety aspects of
new propellants and explosives, A Carried out as required in

(b)

(e)

of new processes of manufacture
and of explosive systems under
operational conditicons.

Fundamental studies of the
sensitiveness of explosives and
propellants,

Electrical and radistion hazawds,

Sec items no's, 1{13, 11(3), III(i), 1v(h),

1i(e

Physical and chemical factors involved in
initiation by friction, heat and impact.
Initiation by adiabatic compression:
cavity sensitiveness in large volumes of
liquid.

Correlation between rifle bullet tests and
cther methods of testing the case of
initiation and propagation,

Elucidation of the essential factors
invelved in the phlegmatisation of
explosives.

Low-melting alloys to prevent initiation
by friction,

Electrostatic:
(i) sensitiveness of explosives to
electrostatic discharges, particularly

DISCREET

SECRET

ation with the other internal groups
concerned with the mate:iala Jf' :
processes, end with the 0.B, ete,
in relation to opara‘l:imal amﬁ

Also EM.R. contract with
m‘l FiP. Bmm *n.-




ﬂPPﬂ,‘iDIK A

Part X111, Heme Office Investigations on Industrial Explosives

Objective Requirements: Research and investigation in connection with explosives submitted by H.M Chief Ins
: of Fxplosives, including development of methods of examination and aﬂﬂﬂm

C.I. Ne's. 31.2.1. 5 P75 =

S =SS
rﬁ General Programne Deteiled Investipatbions Staffing
: Fosition
XIII (a) | Industrial Explosives.
1. Centrol of manufactarers. )
2. Suitability and classification of new
compositions, X
3. Definition of new permitted explesives. A Carried out as
| L. Examination of materials fram explosives B
aceidents and coal-mine explosions, L
5. Customs importations. )
XTII (b
| el sopeots. 1. Exzmination of samples submitted in A Carried o

connection with offences against the
Explosives Acts. :

2. Examination of materials submitted in L
connection with police prosecutions,

m {ﬂj Stability methods. Investigation inte reliability of new A (1)
fe methods for estimating stability

- . G figure as applied to industrial
2 explogive campoaitions. -




Part XIV.

TROGRAMME OF RESEARGH FOR X.R.D.E.

FCR _ 1950/51

APPENDIX A

Hoame Office Investisations on Campressed Hydrocarbons

Cbjective Requirements:

Research to develop safety methods applica
and metallurgical proce

ble to plant
SSes both at normal industrial

and equipment used for chemical synthesis

and at high pressures.

[nvestigation of the causes of explozions in industrial equipment.
C.L. Ne. ek
l: | 7 ] - Staffi |
?'TT General Frogramme ll Detailea Investigations Bt tiﬁ Remarks
V (a) | High pressure acetylene: : ; : e
safety requirements. Ixplosion characteristics following ignition A (i) M staffing dependent on sy ;
of acetylene with other reactants at Pressures suitable staff and apparatus "
up to 21 atms. abs., involving measurements {ii} Effect of addition of spe
of peak explosion pressures and velocities of reactants over range of
de t ona ti on. 250°C ~ carried out in specia;
preasurc vessel in course o
(1ii) Explosive effect in steel
housed in special explosion ¢
under consideration, i
¥V (b) Welding gases: design of .
safety apparatus. 1. Measurement of peak explosicn pressures. ) A (1) man staffing aﬂw P
2. Measurement of veloecities of detonation, ) suitable staff in 1950. o
r : (ii) Mixturcs with oxygen and air to be
investigated over explosive range.
' .
V (e) | Dissolved-acetylene cylinders: - , .
) safety ip use. 1. Investigation on process of acetylene A Continuaticn of Provione NEE St
deccanposition within cylinder. specially-designed high-pressure vessel
on porous-mass fillings for dissolved-
acetylene gylinders,
2. Shock sensitiveness of acetylenc in A "A" staffing dependent on supply of
D. 4, eylinders. b suitable staff in 1950.
vV (d) losions in industrial
o fxugtylm plant. Elucidation of causes. A

Carried out as required.

i e —



PROGRAMIME OF RESEARCH FOR E.R.D.E. FOR 1950/51
AFPENDIX A
Part XV, Urgent Short-range Investipgations

: Gﬁﬁﬂt‘.ﬂ:inaquirmﬂn’c Investigations of n short-term noture required when serious diffioul I[
or amunition are reported dircot to the Establishment for ismediate

To be carried out as roguired.
- )
_" ¥
3 T |
- =L
Fisl




APPEINDIX B

Eetro-murnl Research and Deve lopment Controcts relating to the vork of the fxplosives Research and Development Astablishment

) Fﬂﬁ 70l L., P O T o e 2 = L L Ei}:;D4J.':- 5 S . or
dtle oub ject ooation SErvisor emark
Helercnee & s Representative R =
hery/ 58 Physi co-chemical (2) Decomposition of Bristol Universityl Prof.i.E. Garner Ur. J.5.Skelton $
problens acetylenc : .
( b) Fundamertal the ory Mr. G.%.0.7a ylor

of nucleation
(e) Constitution and
synthesis of leecithin
(@) Thermal de composition
and vepour-phase burning
of - liguid explomives 3
iﬂclﬁdin;—; nitric esters.

=)

"e H. Roberts

L il ."-i'iﬂﬁmn
» e Kolidnns

a0

‘Chem/12 Crystallogrophic (2) Crystol structure studies Birminghsm Dre LiW«H, Small lir. J.R.0. Duke -
‘Cher/12 work on explosives on high explosives University

such os RADK
(b) Investigations on the = : |
ancmalous  thermal
propertics of THNT at '
tempersatures near the
melting point.

plosives/l. | Kineties of Fundarental physico-chemiesl foyal Holloway | Praf. Gorynn Williams|Dr, E. Roberts
ritration research’ on ths kincties of College -
(nitroguonidine mitretion reacticns.
reaction)

e/ 73 Mechanisn of Study by electro-kinetic College of Dr. S.f. Neale Dr. L.H. Gerty
stabilisation of methods of the sulphuric Technology,
nitrocelluloss corponent of nitrocellulosa Hanchester

in relotion to the chemistry
of stabilisation.

SECRET




SECHET
APrNDIX B

-mural Research and Development Contracts relating to the work of

the Explosives Research and Development

Title

Subject

Loeation

Supervisor

: Mrﬁk«
Lerrs ﬂﬂ:ﬁﬂ.ﬁw

‘Chem/21

%‘Lan’e &
. /3711

Photolysis of nitric
esters and nitro
bodies

62| Rescarch on hydrogen

peroxide

Free rrdicles in the
attack of metal
surfaces

Mobile liquid oxygen

producing plan‘l:. for
rocket propulsion

Propellant leads for
t‘E?’. .-25 and 950

]

Eluecidation of the structursl
chanres occurring in the
thermal decorposition of
organic polynitrates.

(oS

Imvestigotion of the
influence of appreciable
concentrations of free
radiclecs in the amblent |
gases in chemical attack
on metal surfaces.

Stability problems.
Vent for aluminium

transit contziners
for H.T.B.

Advising on the design of
a plant to yield oxygen

in sufficient quantities
for the demands of aircraft
rocket motors and projectiles |

Research leszding to the
development of ballist-
ieally suitable granular
powders for the .27, .28
and .30-inch weapons.

Ring's College,
wondon University

Laporte Chemicals

Ltd., Luton

| Queen's

University,
Belfast

British Oxygen
Co. Ltd.,
Morden

1.0.1. 1td
(Wobel Div. ),
Ardeer

FLCHET

Prof. A.Jd. Allmsnd

Frof, AH. Ucoelohde

M, Tk, W8



-

e

Jevelopment Contracts relating to the work of

the Explosives Research and Dey

e lopment s

|' z =
T E.R.D.E,
Title Subject Loeaticn Superviscr Heohex entstive
Thermochemistry and Thermechemistry and Manchester Prof. I,G, Bvans Mo, G.K. A3
kinetics of decompoesition energetics of reaotions University
of metal allkyls and leading to the formation
hydrides of free-radicles and & e
| metastalile molecules,
&/Bptl/ | Mobile cxygen-producing | To design, develop end | Ricardo & - Dr. G4 K
© 392 plant, 140 cu,ft. per | produce one pretotype Co. s Litd. , _
hour mobile oy gen=produeing Shoreham- -
4 | plant for "on site" | by-Sen :
3 generation of oxygen for =
oxy-welding and cutting. !
Mﬁl‘/ The preparation of Exploration ef the Liverpool Frof. C,E.H. Bawn M, ]
308 labile molecules possibility of preparing University M.
i : and isolating labile i &4
! molecules and radioles, - L
| The conversion of | Investigation of the University Prof., C.W. Sheoppee Dr. T
hydrogen sulphide cawversion of hydregen College, =
B into carbon disulphide sulphide to carbon di- Sv'masa

Sulphide by the aotion
of carben dioxide,

-----
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PROGRAMME OF RESEARCH FOR E.R.D.E. FOR 1950/51

APPENDIX A

Part I. Liquid Systems for Rockets and other Low Pressure Mechanisms

Research on the chemistry and operatiomzl safat}f' of liguid systems for the
production of gas for rocket-propulsion, including their performance and
the effect of design factors thereon.

i No's. ?tSn} 2‘7-}-64-2- 51.2-!4.

Objective Requirements: A.

E. Research on the chemistry of HIP for special types of ship-propulsion.

Gi I- Nﬂn ?l- 9. 2

C. Research on the chemistry of liqudd systems for the production of gas for
mine-clearance by jets, for pressure-operated devices and for other purposes.

0.I. No. i

Thaffing J
g General Programme Detailed Investigations Staffing Remarks

No. {Position

I (a) | Theoretical assessment.| 1. Metals as fuels. A | Completion of report.
2. Thermodynamic properties of compounds of A An intenslve theoretical study of potential
fluorine. 1liquid propellants is in hand in U.S.A.
3 Chlorine trifluoride as an oxidant. | A
4. hiolecular structure and energctics of BE.M.R. contract with Ir, A. D. Springall,
organic compounds. i Menchesver Uitiversity.
5+ High-emergy compounds. E.M.R. contract with Prof. M. G. Evans,

Manchester University.
Possibility of preparing labile molecules. B R. contract with Prof. C. E. H. Bawn,
Liverpool University., |

O

7. High-temperature propertiea of oxides,
nitrides and carbides.

SECRET  DISCRERT
‘ “ & i
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APPENDIX A

Page K

General Progromme

Detailed Investigatian

Staffing
Fosition

Remarks

| of fuels and oxidants. (contd.)

. Chemical and physical properties

Ignition.

Canbustion and ldnetics.

Se

5.

il -

=1 AN
L] L]

Viscosity of liquid oxygen.
Physigco-chemioal propertiez of conocm=
trated hydrogen peroxide.

FPhysical properties of hydrazine and of
mixtures containing hydrazine.

Nitric acid/kerosine.

Ignition of propyl nitratc by spark.
Ignition of self-igniting pairs.

Effect of atmospheric tamperature and
pressure,

Ignition for intermittent operation.
Fundamental study of "blow-plug" system.
Mechanisu of spark ignition.

Decomposition of pitric acid wvapour.
Rate of burning of mdxbures of nitric
oxide, carbeon menexile and hydroren.

THn 1y b vy 4 : AlaE 7
Rafe of burning of 1ijuid monopropellants.,

. aate of burnine of vrpours of niorio-

propellants, 2lone and with diluents,
Thermal decanposition and vapour-phase
burning of liquid explosives.

Behaviour of organic fluorine campounds
in canbustion processes.

SHCRET DISORFEP

A
44

F.IML.R. contract with Prof., W.I

Jones, Durbham University.
To be measured as required.

Low priarity.

E.l1l.R. contract with Prof. J.}
Liverpool University.

Complementary to I(b) 1,2,3,4

E.M.R. contract with Dr, F.H.
Bristol University.



SECRET DISCREET Page No. 6

P OQRAMME OF RESEARCH FOR E.R.D.E. POR 1950/51

AFPENDLA b
— I
‘ ! Staffing
| General Programme Detailed Investigation Posi tion BRI
7 : - S s A E.M.R. contracts with the British Oxygen
Manufacture ols and oxidants |h. Mobile plant for production of liquid |
o) e -y (contd. ) oxygen for rocket propulsion. Co.Ltd., Morden, and Power Jets, Ltds.
N e coars. T 2 Liai i £ E i
L i  for HT 1. Catalyst stones: cement-based. A Lisison witn D.A.E.R., Adnmiralty on
) porous porcelain-based stones.
. 2. Metallicz catalysts. A
gL 3. Thecretical treatment of the chemistry amd| B
] physice of decamposers. _
4. Possibility of developing a thermal B This theoretical exploration will be
decamnposSer, abandoned if it fails to show pramise.
(x) Stability, compatibility and
storage of liquid propellants. ~
1. Climatic trial of W.A.F.1. i Required by C.E.4.D.
2. Determination of limiting contamination A
of hydrogen percaxide consistent with
subseguent recovery.
3, Effect of pH, metallic ions and E.M.R. contract with Laporte Chemicals
stabilisers on stability of H.T.F. Ltd., Luton. Work in U.S.A.
L. Stability of geseous and liquid hydrazine. ] A Lizison with Dr. E.J. Bowen, Oxferd
University, re gaseous hydrazine,
. Work in U.5.4.
5. Compatibility of liguid propellants and | A
econtainer materials. |
6. Selection of plastic material for H.T.F. G Specific requirement awaited from
bags. D.G.W.R. D
7. Suitability of erosion-reducing additives B As required by D.G.W.R.D.
to fuels,
8. Propellant systems suitable for the temper< A
ature ranges specified by the Services,
'.3'? Tropical bulk-starage trial of H.T,.F. A Also trials in Nigeria by T.T.E
_L- & v / SEEE e - |
.-Hu._-_ f ]_ J
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PROGRAMME OF RESEARCH FOR E.R.D.E. FOR 1950/51

AFPPENDIX A

Fage No. B

Fart IT. Plastic Propellants for Rockets and other low Pressure Mechanisma

Objective Requirements: Research on plastic propellant compositions, including methods of manufacture and filling,
| assessment of performance and influence of physical conditions on performance.

C.I. No's, 7-9.3. 23. 4. 2L,6.2.

3.2.4.

= General Frogramme

Detailed Investigations

Staffing
Positien

Demarks :

New campesitions of high

rature range.

Ingredients.

| performance and of wide cperating

3.

=~

N W o=
- L]

51
L]

8

Devolopment of compositicns with polyiso-
butylene binders,

Development of canpositions based on
oxidants alternative to perchlorates.
Reduction of flame temperature without
adverse effect on Foree Constant.
“Flatonised" canpositions.

Viscosity of bindeérs.

Control of form and grist-distribution of
erystalline ingredients,

Cons titution of lecithin.

. Foseible substitute for lecithin.

Econamic survey of methods of manuf'scture
of ammonium perchlorate,

Survey of methods of manufactore of
oxamide.

Structure of oxamide by means of X-ray
erystallography.

Survey of supply positian of binders.

SECREP ms@

o b

H

U.S.4A. are working on canpositions
bused on polysulphide-rubber and
thermo-setting binders 2nd on
nitropolymers.,

E M R. contract with Dr. Malkin, Bristel
University
E.M.R. contract under consideration.




. Detailed Investigations gto:it i mg Remarks
: } :l -. .- .-.. » 2 . a i} - —
| 1. Spectographic examination of cxhaust flames. c :
| 2. R.D.X. plastic propellants, ¢
1. Plant experimentation and development of A
manufacturing and filling tcchnigues. _
2, Manufacture of compositions and filling of A

experimental rounds for D.G.W.R.D., R.P.D.,
IL.H.E., Etﬁs

J. Iiaison in connectien with transfer of A
manufacture of sodium nitrate compositions
to D._ﬂ-F.(E}.‘

4. Methods of testing filled rounds, B .
1. Climatic storage and temperature eyeling SRR |
of P,I.B. propellants,
2. Campatibility problems. . i
1. Sensitiveness examination at all stages of B
manufacture.
2. Sensitiveness of compositicns to impact B
and frieticn,
J. Safety of filling under operational B
conditions, - _
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PROGRAMME OT' RESEARCH FOR E.R.D.E. FOR 1950/51
: o
: o | Staffing
Detailed Investigations bt Remarks
of rate of burning at low c Work in hand in U.S.A. 9
effect of special ingredients.
| 1. Effect of comosition on mechanieal B
‘properties and on their temperature
dependence.
2. Assessment of P.V.N. 23 a constituent. A Alseo work in Canada,
1. Double-base ecasting method. A Adaptation of U.S. process to suit U.K.
(a} Composition and shape of casting conditions.
materials, This work is meinly for D.G.W.R.D., and to
b) Canposition of casting soclvents. sane extent for R.A.E./RED. and D ¥ng.R.D.
¢) Camposition of restrictive containers.
d) Techniques of fabrication of
, . containers and charges. '
- (e) Behaviour of charges.
2. Direct extrusion; factars affecting A
consolidation and methods of improving
~ eonsolidation.
3. Methods of building up charges from A
segments, disecs etc.
1. Continuous dewatering of cordite paste. C
2. Serew-extrusion for gelatinisation and c
pressing,

SECRET '
: DISCRIET
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PROGRAMME OF RESEARCH FOR E.R.D.E. for 1950/51

APPENDIX A
Staffi E
i I
Detailed Imeatigat:imm Posi t:i.zfl Remarks '
mw of new campositions and new B Carried out as required.
o ses to ensure acceptzble
' insens i tiveness fo impact, friction ete.,
| Aduring both menufacture and use. ' .
e, Study of attack by suall arms and B Carried out as required in collaboraticn
fragrents. _ wvith 0.B. ete.
11. More econaniczl methods of manufactiring Work on varicus aspscts of nitraueilulp_&e
nitrocelluloss. in hand in Cenada.
(a) Continuous nitration of woodl eellulose. B Australia is imwvestigating mechanical
. nitration, _
(b Manufacturing-scale trials of puln- A In ecllabeoration with O0.B. and D.D-F.(k :
ng pul
beiling. Also in hend in Australia.
2. Mamfaeturing-scale trials of weod A
celluloge fran alternative sources. : -
1. fnalytical, calarimedric nul goncral P As required.
chemisal services.
€. Clinatic friale, in particvlar of cordite A In parallel with ballistic trials by
made in Aua‘la:-alia and cardites fraa the
[ - M/ programoes. y

QAT T aoreEm R
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PROGRAIDE OF RESUARCH FOR T.3,D,E, T0R 1950/51
APSENDIX A

Detailed Investigations

e el T LR P e e R

cation of gunpopder for efiicient |
g cordite, | :
'ed alternatives to gunpowder, !
bt of cordite~walled igmiters, :
nt of smokeless primers,
ol studiea of ignitiom,

g 3 TR 2
i 1. Ballistic trials of a range of cardites
. made from picrife of various grista,
| 24 Purface~moderation,
- Js Behavicur on burning: testsz in the Closed
~ Vessel, Portial Durner and Strand Durner,

—— 1[;':

-

4, Substitutes fior carbamite which do ast J
form a complex with pierite. :

+a Bi!gi;u'atw of ernsim of cardites,
2e Cordite erosim as & frotar in the T
temperature coefficient ~f ballistics, j

i 2 ."-‘;iﬁn: o reps-ms’ Liap. varicti-n of
: W« during bhullk-pr sduction,
[ 2, Dfiect of setiling level of groawlar

i e e L o T P
= e e
£

du

H
i

bt =

Position

| Staffing,

Poge Noa16

Remarks

ST i e LR s e et i T

 In collsboration with A.R.E., OuBe,

I- G- II a—hﬂi

Vork in U S A

 In collsboration with C,5,R, & 2. R.E,

~ Apperatus beling canstructed and installed,
. Extensive work in progress in U,S.M, on

|

the mechamism of burming, and in Canada
on d.D,X, cordites, E,iLR. contract
with Prof, |,E, Garner, Bristol University,
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Staf'f'i
Detailed Tnvestigations el Remarks
2. New processes of manufacture. C
3. lechanics of rolling cordite. (See alsc B
1 (£)3).
4. Fundamentals of die desizn and rheology of| B
~ cordite doughs. (See also IIL(£)4 and 5).
| 5. Luprovement of loadability of cordite. B
1. More economical methods of manufacturing Work on various aspects of nitrocellulose in
nitrocellulose: hand in Canada. :
(a) Continuous nitration of wood B Australia is investigating mechanical
cellulose. nitration. :
(b) Manufacturing-scale trials of pulp- | A In collaboration with O.B. and D.0.F. (X).
boiling. Also in hand in Australia.
2e Manufacturing-secale trials of wood i
cellulose from alternative sources.
3. Processes for manufacture of picrite: Ures/ammonium sulphamate process being
(2) Direct fusion of nitrolim with investigated in U.S.A, Other processes
ammonium nitrate: arc being investigated in Canada.
(13 safety studies; A
(ii) 10u 1b./hr. pilot plent. A
(b) cO/WH3/Ca0 process for cyanamide:
(1) basic studics; A
(i1) 25 1b,fur. pilot plant. A 3
(c) Amonium thiocyenste process: :
(i} study of efficiencies; A . gIE
(i1) conversion of HS to CSp- E.M.R. contract with Prof. D.M. Ne
thern os London University. -
(idi) conversion of ﬁzs to C32 E.M.R. contract with Prof, C.W,
by the action of CO2, Swansea University College. .
{g} Himition gf mmm. A |
¢) Deve nti
&:yingman& Qo pigitrau.athoﬁs of | A
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PROGRAMIE OF RESEARCH FGR E.R.D.E. FOR 1950/51
APPENDIX A

Part VIIL. High Explosives

A, Research on the synthesis and manufacture of high explosives and of intermediates used in their
~ preparation. :

C.Is No's. 31.2.2, 3.2.4
W to devise explosives for stranded line charges for minefield elearance.
C.I. No. g A

— : : " =

Detailed Trvestigetions i Remarks
FPosition
= i 1 -
1. Contimnuous nitration of T.N.T.:

Li) increased safety in meanufacture and A Asziztance to D. D.F.(K} in a Jointly-
applicabion : avoidance of ‘'white sgreed programie of im’a&tiga-timﬁ;-
comp ound” ; :

(ii) increased purity of produet in order B

to obtain campatibility witk P.E.T.N. ;
(iii) improvement of manufacturing cconanics B
2.Fine R.D.X, for Nipolit and other purposes. A

lo work is in band in the U.K., but
extensive investigations are proceeding
iﬂ Ul Sf-&i alﬂ Gﬂ'ﬂﬂdﬂ-

ies of nitraticn E.M.R. contract with Prof. G.
Royal Holloway College; work
proceeding on nitrogusnidin
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AFFENDIX A

S Payrt IX. Initiators

caps and delay systems.
C.I. No. 22. 8

Research on the synthesis and manufacture of lnltlatnra for use in detonators,

Staffing;

m .D—IM i

Detailed Investigatioms Positicn Remarks
|
ﬂilw czide: . t. _ | =R
(:a] development of the Woolwich proceszs of A n eollabeoration with D.G.F. (X.) and
manufacture; . 5. AR, &
Ebg fundamentsl study of the Chorley process; A
possibility of a continuous process of B
menufacture.
Modification of crystal form of beta lead A 'J
styphnate,
1. Kinetic studies of thermal decamposition C
of initi=tors. i - o
2. Chemical stability of silver azide and A - e
mercury fulminate.
3, Climatic trials to determine the Service . A
life of detonators.
1. Compatibility with explosive and non- A
explosive materials.
2, Azide problems. A
Safety aspects of solutions of silver salts A ;
in ammonia (in conmeeticon with menufacture of '
silver azide). e ;
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Objective Requirement: The application of materials of fabri

PROCRAMME OF RESEARCH FOR H.R.D.F.

FCOR_1950/51

APPENDIX 4

Part X. Materizls

Page No. 26

cation, sealing and protection in explosive munitions.

cases.

other than tung oil.

SICRET

insulation in .. cartridge

2o Varnishes: ZIJe'..ra-';lm.;m;nt of highl;,r
resistant vernishes from materizls

DISCREET

C.I. No's. Te13. 21.10.11. 224 1w 2248 30, 9 31. 2.4. e
- . e e o otaffing | »
Deteiled Investigabions Eﬂalflﬂ‘“ f Remarks
Materials - lutings, ) — r i
: 1, Lutings: Development of comp ositions
retaining plasticity over increased
temperature ranges. |
2. Cements: Develomment of improved B | Sclvent cementz dry to porous masses,
splventless, sclf-setting cements. . generally slightly permeable to moisture.
| Frotective materials - special
laequers, varnishes, coatings 1. Lacguers and cretings: Recent difficultiss in hsndling corroded
and paints. (i) Development of inert, highly X fuzes have been ascribed to the formation
' : mois furs-imoermeable lacquers, l of copper azide by access of moisture and
particularly for use an szide- JCDHan..lEnt liberstion of hydrazoic acid-
filled detonators. fron lead azide, partieularly in praﬂamg
(ii) Enamel ccatings for heat B

of shellag., 4n improved lacquer, based
cn a stable, inert, filmforming material

dissolved in strﬂngly hydrophobie amlvmta
is an urgent requirement,
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APPENDIX A .

Detailed Investigations Stafi:l.ng Remarks 3
= Positiom |

jard mobile oxygen and ritrogen plant We O and AM. reguirement not yob
placed.

1. Prectionating-colum packings to glve A
compact zir-separation units.

! /
2, Assessment of Piszza colum as an air- A
separation unit.

5. Effect of altitude on compressor A
S orires.




I _OF RESEARCH FOR E.R.D.E, FOR 1950/51 : J
APPENDIX A
& oo . : Staffing
Detailed Investigations Position

|1+ Blectrostatic: (canta)

|, silver azide and beta lead s*‘c:yplmate,
- |~ (ii) measurement of charges developed in A
4 i)a.n&ling explosives,

2. Effect of radio ‘transoitters and gamms In collsbaration with 0,B., A.R.E. ete
| radiation,

J;} Effect of thunderstorms, particularly ss C
I‘!E'.gard.s nitroglyccring wash—housea.

8

1. Bffect of charge diametor and confinement

A
on velecity of detonstion
2, Mechanism of "10w-=:ﬂ:ﬂer ﬂetmatlm“ A
»
SECRET  DISCRRERT
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APPINDIX L
Detailed Investigations Staffing . Remarks
Position
& Carricd out as required.
— Yom, %ﬁ} Isplosions in industrisl plont,
- | {b) Ewxninction of smuples submitted
] ' : in oonnection with offcnces undor
the Woplosives Jotsa,
Assessrent of industrisl plent and sefety L Carried out as required.
apporastus. -
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elovment Contracts Reloting to the work of the Explosives Rescarch and Development Establishment

E.R.D.E.

the burning of plostic

propellants contoining
incrganic perchlorates.

Investigation of some
physical, electrical and
m‘tiﬂ pu:“pert:u:s af
concentrated Wydrogen
peroxide.

4 study of the effects of
structural ond envirommental
features on the mechonism
end the velocity of hydro-—
lysis of orpgonic nitrates

in homogencous media,

¥

King's College,

Durham
University

Leeds
University

Profe . F.K iymne=
Jones

Dr. J.'/. Baker

-Dr. KA., Cooper

Dr. A. Tarren
K. I..!-Fi JONes

i i i Renarks
: Subjeot R S Representative
‘-‘ﬁ-,s". ﬁm of tha docomposition | Shcffield  |Prof. R.D. Haworth | Dr. T..Nalters
University
b Birmingham Dr.L.L. Bircunshaw Hr. G.E. Adams
reactions cccurring during University
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APPANDIY B

Fage No. 4 1

ypment Contracts relating to the work of the Explosives Resesrch and Development Establishment

purposes,

Sub jeet Location Supervisor Reiié;i_ﬁw Remarks
Devising ballisticelly I_(.G.I. Ltd. , = V. KW, Jones
granulsr powders Novel Div.),
| on of the Hanchester University |Dr. A.D. Springslll Mr, L.A. Wiseman
tructure and Dr. B.G. Cavanagh
lar energetics of
tain orgenic ocimpounds,
| ineluding nitro-campounds,
fluorinated hydreearbons
mmn alieyls and
azine derivatives.
Mﬂlmt of ancillzry Power Jets (R & D) - Dr. G.4. Knight
items. Consultetion and Ltd., Londcn
design of equipment.
To moke a fundsmental Cambridge University |Dr. C. Kemball . ER. Freama % | -
study of adhesion to i Y ;agt?;.lﬁ e
metals. -~ s
Dwelqmant of improved Cembridge University |Dr. F.E Bowden Mr.PR. Freeman
adhesives for Service Dr. J. Gooding 3




= o Page No. €
APPENDLY, B E
wal Research and Develooment Contracts relating to the work of the Explosives Research and Development Establishment E

Location Supervisor l E.E.D.E. o
| Hepresentative i

it ] !
-Mﬁlw’t of an ﬂptlﬂ&l Liverpcol University | Frof. J.M. leek Mr. L.A. Wiseman

. Study of

= Ithe‘hmimu-gfthe hot
| gases produced by the
- | #park as & function of

- | time.

oy

m: Mlmt of iMjection frmstrong hitworth - Dr. G.H. Young \
systems for Hydrogen- Airersft Ltd.,
‘axygen liotor III. Coventry.
A quantitative study of lianchester University | Frof. M.G. Bvans

the energetics of reactions

involving hydrazine and NHp
radicles, and a study of

the uuﬁiﬁm for

embination of Iy radicles : e
in liquid ammonia and the | |
possible formation of
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APPENDIX B

: . " B.R.D.E
L Supervisor i !
PR oH PR Eepresentative
Himngham University | Dr.

L.L. Bircumshaw | Dr, C.&, Lawsocn

Mr. L.A. Wiseman

=L

Aritish Oxygen Co.,

Dr, G.4. Enight
Ltd., Edmonton
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