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Part 1. Liquid Systems
Objective Requiremente: A.  Research on the chemistry and operational safety of liquid systems far the
production of gas for rocket-propulsion, including their performance and
the effeqt of design factors thereon,
B. Research on the chemistry of HTP for special types of ship-propulsion,
C. Research on the ahemistry of liquid systems for the production of gas far
mine-clgarance by Jets, for pressure-operated devices and for other purposca,
Internal |
Item g 2 . Staffing
General Programme Detailed Investigations Groups Remarks
No, Concerned | Fosition
Study of:.- .
I{a) | Thermochemistry and kinetics of Thearetical survey of propellant S.P.R.IT A U.S.A. are working on nitric acid,

systems,

systems based on:-
1. Nitric acid, hydrogen peraxide,
nitréus oxide, tetranitromethane and
fluarine compounds,

2. Metals, metal hydrides and covalent
metallic compounds as fuels.

3. Ammonia and hydrazine as fuels,

S.F.R. IT

hydrogen peroxide, nitrogen peroxide,
ligquid hydregen, chlorine trifluer-
ide, bromine pentaflucride, fluerine
monoxide and borchydrides, and are
consid helium hydride and
excited hydrogen molecules.
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: AFPENDIK A
|' Intetnal I . ! s
;:tm General Programme Detailed Investigations Groups ,‘_E‘t“ffmi- ! Remaris
“ camﬂmd JJ:'L-:'\-I.:im !-
I(f) Jet Phenomena and f1ow, I 2. Application of these methods to the [ S.E.R IT | c
(contd. ) (Cont'd) | study of heat transfer from flowing !
| gases.
I(g) Cambustion chamber and ; | 1. Measurement of the thermal conduc- | S.B.B.IT | B
nozzle eoaling and the | tivity of liquid oxygen as a function
underlying physico- | of temperature and preesure.
chemical principles. & Study of heat traonsfer as » ™urotion | 8.P.R II A '
| of gae temperature, pressure and rate of | '
flow under rocket conditions '
ﬁh} Refractaries Tor rocket 1., Means of formation of laycrs of S. 5, B 1T B 7.8.A. are warking on solid
nozzles and combustion refractory carbides on graphite nozzles j refrwtcr’os and on the formation i
{ chambers, | | of layers by additions to fuels,
: | e.g. ethyl orthosil icate.
2. Behaviour of high melting oxides as ! 5. F.R.II B
cambustion chamber linings, |
1. Measurement of attenuantion of X ard K S.P.E.IT B Extensive work in U,8 A
bands,
2. Measurement of velocity of jets by S.P.R.IT B
observing speed of propagation of elec-
trical disturbances by means of radar,
3. Methods for measuring high gas SRR I
- { temperature,
AT e Lmtmnpin survey of molecules 5. F.R.IT
) and radioles in cxhaust jet and combus-
ol 1 .1:_ - - kel
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selected mmo=- and bi- of pressure, injector charneteristios sl

I +
1(4) | Asscssment of perturmance; . Impriowenent of technigue of meseur ment o e

propellant =. intrinsic propertics of corprgat ton eyete [ :
ey . | B . I E. dthekites
| 3. Assessment of atomize (R AT : e Sy BITeRe

asolutions,
sanada Hitric acid and
. | nitroparaffins,
| _ o Mitromethane and
( onhydrous hydrazing,

propellant s,

I(k) Physical and chemical Physico~chemical properties - .
I perties of concen- E.M.H. trac

properties of fuels and trated hydrogen peraxide. o sl il o

oxidants.

Wymne-Jenes, Durham University,
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&

Item

Yo. General Programme

Detailed Investigations

| Internal
Groups
L‘Dn:c:me&

| Staffing
| Positian

Remarks

I(1) | Physical and chemiecal
stability of fueles and
axidantea,

Storage of fuels and

oxidant s,

- !1‘ 1
— -‘E

1. Stability of HTP, with special )
reference to:
(a) Development of satisfactary E
stability test for use in
Service specifications. )
(b) Relation between conductivity,
pH and stability. %
(e) Effect of dust particles on )
stability. 3
(d) Study of extraction of chl ar-mc]
ion from plastics by HTP and )
effect on stability. )
2., Study of inarganic and organic stabili-
sefs for HIP, particularly in relation to
uge of such peroxide with =solid eatalysts;
possible inorease of sensitiveness of HIP
eantaining large amounts of organic
stobilisers,
3. Compatibility with motor materiale.
4. Prevention of freezing of propulsion
systems.
5. Prevention of gelling of fuels can-
taining ethyl silicate,
6, Problems of storage of dilute dithe-
kites for monopropellants.

1, Senaitiveness of liquid systems to

and friction, including cavity
mi’bimu.(ns I.T.Ifa) ard (b)),
2 Development of protective devices;
detonation traps etc. (see XII(c)),
3, safety of liquid systems under ope
m conditions, (nea XII(a) and III(d]},

S.P.AI

SPRRII

E .M. .R. comtract with Laparte
Chemicals, Ltd. ,Luton for H.T.P,




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

FOR _1949/50

AFPENDIX A
j Internal . 1
Item General Programme Detailed Investigations | Groups | Staffing Remorks
No. | Concerned | Fosition
I(n) Development of sclid catalysts |4. Research on catalysts for the S.P.R.IT I
(umtd.] for hydrogen peroxide. {ccnt'd} ignition of organie material with HTP
products of decomposition - at present
Pb-Te stones show promise, but the field
mist be widened,
5. In emjuncti-n with eommercial S.P.R, IT A
supplies, evolution of a satisfactory
porous parcelain suitable for impreg-
nation with catalytic mterials and for
use in submnrines,
6. Development of laborat ory and larger- 85.F.R.II A
scale testing of solid catalysts
7. Development of solid catalysts resis- S.F.R.II A
tant to high temperature, :
8. FPundamental study of the liquid phase S.P.R. IT B The vapsur-phase reaction is

reaction of HIF with s-olid eatalysts.
1, Aluminium and magnesium in fine sub-

division with water.
2 Ramjet s2lid fuels.

Appraisement of all factors, inclu-

‘ding econamics, transport and supply.

being studied by D.A.E.R.
(Admiralty).




FROGRAITE OF RESEARCH Fog Ca =10 O
APTENDIT A4
Fart II. Plastic Propellants
(b jective Requirements: Pesearch on plaztis propellant e-omrosisions includine methode of manufacture and filling,
asseszement of performance and influence of physical tonditions on performanci, -
S : | Internal | s
General Programme Detailed Investigations | Groups Stalfing Remarks

N?_: concerned | Position

Study of:- |
IT{a)|New compositions of maximum 1. Reduction of flame temperature of S.F.B.II A Canadn is working on propellants based on

performance at minimum flame I*l'!-hﬂlﬂh compositions without adverse RIX with rubber, certain polymers and thermo-

temperature and of wide effect on Force Constant, e,g, | | setting resins. USA are warking on

operating temperature range. substitution of polyiscbutylene for commositions based on polysulphide rubber

! polystyrene, addition of coclante, and thermo-setting binders with

E 2. Development of compositions with H.P.H.IT A perchlorates.

j polyisobutylene binders.

S Study of "Platonization". S.P.R.II A War Office has agreed to accept two
| ,compositions to cover the temperature

1I(b) | Rheological properties of Effects of:- 1. Pnrticle size range if nececssary.

propellants in reference to distribution.

manufacturing processes and 2. Particle shape |

widening of the operating 3. 8pecific effects of '

temperature range, various binders and

crystalline substances, S.P.R.II
wetting agents,

&, Fibrous ingredients,

5. Improvemente in methods
of measurement and

. interpretation of

results. )

1. Cohesion of propellant, T
2, PBond strength of binders between 8. PR IT
erystailine bodies and metal surfaces.

, 3. Adhesion of compositions to metal |[S.P.R.II
| and lacquered surfaces,

'_-: I : -
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Item | Internal 3 =
= General Programme Detailed Investigations Groups t—;ta?i‘:fng
* 5 concerned ' Position
1I(d)|Suppression of flash and smoke. | 1. Spectrographic examination of S,P.R.IT c
exhaust flames, .
|
2. R.D.X. plastics, SR ¢l
II(e)|Supply of ingredients. | 1. Survey of manufacturing methods for S.E.I, B 1|
'E polystyrene, npethyl styrene and !
E polyiscbutylene, .
2, Constitution of leecithin. '
Identif'ication of active constituent. i
1I1(f) | Manufacture of compositions, 1. Effect of variations in incorporation, | S.F,R.II | B
milling, rolling and de-aeration
procedure upon rheclogical propertics
u.n.& speed of mnufacture,
& 2 2, Safety of the process at all points S.P.R.II A

(See XII(a)).

1. Vacuum-injection moulding technique.

2, Development of screw-extruder.
3. Development of 4LOO 1b, press,

PR, II
S- Pl R. II
S.F.R.II

Remarks

E.}n,R. contrnct with Dr. Malkin, Universlty
of Bristol.
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APPTRDIX 4.

Ttem | } (THEBE. Loy
. 4 General Programme Destailed Inves+igations | Groups e Remarks
| 0, | T wnccnud IP::: ition
= — e — r' — s —————— - ——— et _-—--i.— -t _——— — - —
II(J)|Sensitiveness to friction, 1. Sensitiveness examination at all stages|S5.P.R.IT | A
impsct etc, and to attack by of manufacture and of Tinished |
small arms and fragments. compositions, (See II(f) 2 and
X1i(a)).
£, Safety of fillings under operational B2 . IT | A Collaboration with R,AT.
I conditions. (See XT1I(a)). |
II{k} Burning phenomena. | 1. Flazh radiography of burning charges. |3, P.R.II ! C Collaboration with ALR.E. 4if work is
: recommenced,

|
| 2, Charge design for minimal erosion. 5.P.R.II
|

3. Correlntion of erosion with chemical 5. R.II
and physical properties of the

i propellant,
' &, Kinctics of decomposition of NH, 0. | E.M.R. contract with Dr. Bircumshaw,
] Univeraity of Dirmingham,
II(1) Nozzle erosion. Suitability of various rocket S.P.R,II B |Dealt with along with I(h)1.

materials for rocket gases of wvarious
compositions and temperaturve.

Comparison of supersoniec, S.P.R.II B Collaboration w
rediological, acoustic and vacuum and G.I.L(m
methods of test for flows and : y
completenes= of adhesion,

» fralytical control of raw materials 5.FP.E.T A
~and ming

S,F,R.I




LROGRUNE OF RESEARCH FOR L,R.D.E. FOR 194.9/5)

Fart ITI., Cor€ites for Rockets and other 1ow Pressure

Mechanisma

Objective requirement:- Research on colloidal Propellants of the cordite type for rockets and other low

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

! { Internal 4 :
N Item Genexal Programme | Detailed Investigations Groups |Staffing Remarks
B No. IJ | Concerned,  Fositlen
I T { - o T {3
d Study of:.-
; I11(a ) |New compositions of higher | Improvement of F478/148/K (eal.wal, | s, P.R.I Staffing depends on results of wehpon
perfomance index for rockets. | 1200) now under test for ¢ imch 4/T | trials,
- |1 rocket, |
ITI(b)|New compositions for specific ! 1, Cool compositions. S5.P.R.I , B
low Pressure mechanisms., L. Compesitions with o loy temperature 3. P.R.F - d ;
g | correction. In callaboration with A R, E, -‘
. ' | 3. Flashless compositions. | 8.P.R. I B
' 4. Compositions with a low pressure S.P.R, I ; A |
i i i
#
of rate of burning 1. Effect of composition including S.F.R. I B ﬂ
Source and treatment of nitrocellulose. j o
2. Pressure index; "platonising" S.F.R.I A active work in U,S. A, N
ingredients.
i : 3. Meagurements of rate of burming in S.F.R. I B
- vented vessel and strand burner,
4. Maintenance of rate of buming at S PRI | C
' low pressures; effect of special
ingredients,
4 i:. Effect of composition on mechanienl 1 S o B

Properties and on their temperature
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APPENDIY A

General Programoe

Detailed Investipmations

thods of producing charges of

large diameter.

1. Double-base casting method,
materials,

(o) Composition of restrictive
containers,

(3) Techniques of fabrication of
containers and charges,

(e) Behaviour of charpes,

conaclidation ard methods of improving
consolidation,

3« Methods of building up charges from
segments, discs etc,

1. Continuous dew: tering of cordite
paste.

2, Sgrew-extrusion for gelatinisation
and pressing.

3. Mechanics of rolling cordite: use

of the new research rolling machine

=
(a) fundamental physical and
rheological studies,

Eb} studies for the avoidance of
fires

L

i% L {_.;;lef

..'J i
[
e S
i

Fage No.1J

Cm’u:. 8rme d

|
‘( Remarks

(a) Composition and shape of casting

{h; Composition of casting solvents.

2, Direct extrusion; factors affecting

|Adastation of 11,5, process to suit U.%,
conditicons,

Work will be extended when the Cerman
Marmmoth Press has been installed,

Awiting arrival of plant from G
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(UL SSIFIED S, —

Page No.ik
AFFENDIX A
- Internal | |
;n:“ General Progranme Detailed Investigations | Groups | Staffing Remarks
= bt AL LA e : | Congcerned i Position
ITI(f) Marmfacturing orerations (contta’ 5 Fundamentals-of die design and the | S.P.R.I B
(contd rheology of cordite, ' I '
y | 6. Die design and extrusion problems for |5,P.R,I ' B Handled as requirements arise,
apecial shepes. | i
I1I(g) |Surface inhibitios. 1. Bervice 1life of coated charges SeP.H, T B [Carried out as required.
2, New and improv.d methods i atsd C
5« Interchange of ingredients between | S.B.R.I i B |
coating and basis materialy isctony.
.
ITI(h)|Chemical and bailiztic 1. Chémical stability and Service 1ife S.P.R.I B Carried out as required.
stability, of new compositions, I ‘
2. Problems connected with larg: web-sizes S,P.R.I i B
I
Eng study of self-heating, ! . ' 1
b) reduction of gas evolution and I l i
eracking on storage, in | : !
particular study of the effect [ I|
of stabilisers alteruative to | N
: carbaite,
5. Study of stability and decomposition | S.P.R.I B ‘E.M.R, contracts with Dr. J.W, I
of nitric esters, ‘Leeds University and Prof. A,J.A
London University, =
1. Testing of new compositions and new S.F.R.I B 'Carrivd oul as
Processes to ensure acceptable ]uaiatﬂnne-.
insensitivencss to impact, friction ete,
during both manufacture and use,
| £+ Study of attack by srall nrms and E.Fa BT B Carried
{fragments. (See XIIa). with 0.1,




FROGRAMME (OF RESEARCH FOR E.R,D,E. FOR 1249/50

AFPENDIX A

Internal

g’“ General Programme Detailed Investigations Groups Staffing Feme.rics
¥ Concerned |Fosition
ITI(J)|Manufacture of constituent 1, Mechanical nitration of cellulose. S.B. L c Plant awaited from Gemmany.
materials, Australia is investigating in relation
to wood celluloase,
2, Stabilisation of nitrocellulose. S.E.I, B Mnstralia is investigating in relation
to nitrocellulose derived from wood.
E.M.R. contract with Dr., S.M. Neale,
Manch. College of Techy,
3« Direct nitmtion of wood. 3,E.I. B Experiments to check German experience,
S5.C.E,
4, Polyvinyl nitrute. Work being carried out by Cannda,
Extensive work in U,5.A, on new polymers
and other new propellant ingredients.
II1(k) s, calorimetry and 1. Analytical, calorimetric snd genernl S.F.R.I B As required,
general chemistry. ohemical services,
2, Climatic trials, in particular of S.P.RI A In parallel with ballistic trials by

cordite mnde in Australin and in the
curtailed-bolling prngrame,

AR.E,




Objective Requirements;

PROGRA ME (i RE

TR A

SEARCH FOR E,R.D, B, FOR 19L5/50

Fart IV,

AFFENDTY A

Cordites for Ordnance

Research on cordites

General Programme

i

Istud:,r of 1=
Reduction of gun-erosion:

development of eonl propellants

- of maximum force/flame
temperature ratio,

Suppression of flash sng
smoke

1. Relation betwe

2. Relation betwaen pro
composition gnd -~
3« Formulation tror
temperature,

4. Bffect of free radicles,

Je Effect of

en flame temperature and

pellant gas
rosion,

maximum foree/flame

1. Compositions of high nitrogen content.
2, Ultra-conl compositions,

Primers and igniters:
Smokeless fillings,

Venting position in cartridges,

and/or smoke
regularity and stabilit
Y in manufacture ang use,

on firing,

for ordnance with Particular reference to:-

reduction of gun-erosion.
elimination of flash
improvement of the

¥y of ballisties
inerease of safet 2 ?

Staff ing
Poaition

e

smoky in Serviee

Trials ecarried out in collaboration wit

A R.E, Conf'irmatory trials in
collaboration with U, S. A,

E.M.R, contract with Prof. 4. R, Ubbelohde
t

Queen's University, Belfas

1 and 2 should require less potassium ¢
ensure flashlessness and so be leas
charges,

sl g,

S
.:'_--‘-. -
R
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AFPENDIX A
Ttem r Internal | ps i
N General Programme Detailed Investigations Groups |=oral 1hE Remarks
. Concerned [PGSitLQEJ‘
IV(e) | Reduction of temperature 1. Basic study of erosion of cordites, S.P.R.I : N
coefficient of ballisties. 2. Cordite erosion as a factor in the e M B :
temperature coefficient of ballistics. i
3« Composition, shape and physical S.F.R.1 c i) In collaboration with A.R.E,
properties of cordites in relation to i
erosive burning and temperature !
coefficient,
Iv(a) | Ignition 1. Ignition of cool propellants. S.F.R. 1 A In collaboration with A.R.E.
2, Means of obtaining a smooth pressure/ | =5,P,R.I B " " ' "
time relation in burning of cartridges.
3« Development of cordite-walled igniters }S.FP.R.I A
4. Development of smokeless primers. 30 = 0 B
5. Pundamental studies of ipnition BB T g
IV(e) | Pactors controlling rate of 1. Ballistic trials of a ranged cordites | S.F.R.I A In collaboration with C.5.R. and AR.E.
burning. made from picrite of various grists, k.
2. Surface-moderation for low-pressure, 8.,F.R. I c
' high-velocity guns. e e e A
3. Behaviour on burning: tests in the 5.F.R.1 B Apparatus being cons d
Closed Vessel, Partial Burner and Extensive work in
Strand Burner. | the mechanism of
i Bristol Univer:
. s« Substitutes for carbanite which do BaFaReX A
Sy | I not form a complex with picrite. 8.E. L.
& il — I %
u gulari ~ Eluoidation of reasons for variation |8.P.R.I A T
& Sy ™ of A,C.W. during bulle-production, S0 SUl
ey AN TR o
i l! I"L. B




IVig)

V(h)

V(1)

technique.

General Programme

AFFRNDIX 4

Chemical and ballistic stabilitg. 1, Climatic-chemical triale to establish

Safety in manufacture and use.

Manufacture and manufacturing

intern
Detailed Investipgations Sroure
Concerned

safe life of cordites,

| 2, Climatic-ballistic trials to establi=h S.FP.R.I
| regularity life,
{ 3+ Changes in the amount and distribution S.ELRI
| of volatiles in scaled and unsealed

containers,

1. Testing of new compositions and new S.P.R. I
Frocesses to ensure insensitivensse to

impact, friction ete, durdng buth

manufacture and use. (See XII{a)).

2, Reduction of liability to cordite S.RI
fires in tanks, '

3. "Habitability" trials of cordite | 8,P,R.I
containing DEGN,

1. Manufacture of new.compositions, | BaPsR. 1
especially cool cordites, and assesament

of new ingredients of cordite,

| 2. New processes of manufacture (see S.FP.R.1
l also III(f)1, 2).
. 3« Mechanics of rolling cordite (see S.P.R.I
+ also III(f)3),
L. Fundarentals of éic design and S.PRI
rheology of cordite doughs (see also |
III(£)5) '
5. Improvement of loadability of cordite. | S,P.R.I
| 6. Speeial methods of attaining high | 8.P.R1

density of loading,

t

A

ik

Fage Ho.14
ing| Fennrks
ion

Will include trials of justralian
{cordites mede from mechanically-nitrated
wood cellulose, and cordites from N/C

& &Y Vv | — 1 5 »
cur --rd-'-':-:"'ﬁr_-...'...r-t_ PIrOEIAIme ,

In collaboration with C,5.K. and A RE

|Carried out as required, with the
asaistance of A R.E,

i In eollaboration with F,V.D.E.

In collaboration with Admiralty and M.R.C.
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AFPENDIX A
| Internal | .-__ TN K 1 i
Item General Programme Detailed InvestigAtions Groups | Staffing Remarks
No. - puncemeh Fosition
V(i) [Manufacture and mamfacturing | 7o Assessment of the behaviour of picrite | 5,7,8.1 B
(contd )Y techmique (Cont*d) of very fine grist during manufacture
and performance of cordite,
3 IV(J) |Manufacture of constituent 1. Mechanical nitration of cellulose 5. L c Plant zwaited from Cermany. Work in
materials, (see also TII{Jj)1). | | progress in Avstralia,
£, Stabilisation of nitrocellulose (see¢ | 3,E.I. _ B Work in progiess in Australia. E.M.R.
| alse IIT(3)2). | Cortract with Dr.5 M.} p danchy Coll, vof Tech,
3+ Direet nitration of wood (see also W e B
: ITI(J3)3) | | |
. 4, Polyvinyl nitrate (see also ITI(J)4). | | | Work in progresa in Canada,
: 5. New explosive plasticisers. | S B Work in progress in Canads and U, 5.4,
' 6, Hipgh nitrogen compounds. | B.E.I. B Work in progress in U.S.A.
| 7. Alternative routes to pierite | 8,E.I. A Canada 1s working on two routes not
| ; dealt with by E.R.D.E,
‘ E.M,R, contract with Prof, D,M,Newltt,
Imperial College, London University
under consideratiom.
8. Preparation of pierite of very fine 8.E. 1 oo
w’t- l
= 5 T
1'

1. Amalytical, calorimetric and chemical | 5,P,R.I
aervices,
2, m:;—m trials (see also IV(g) 1 SePuRul
and 2).

5. mmmn of ool cordites. S.P.R.I |

S35
5
: .[!;_n i

I.'—-"—_
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AFFENDIE A

PART V, HIGH EXFLOSIVES

Objective Requirements: A, Hesearch on the synthesis and marmfacture of high explosives apd of
intermediates used in their preparation,

B. Research te devise explosives for stranded line charges for minefield dlearance,

Item | General Programme Detajled Investigations Internal I Staffin- | Remarks
| No. | | Groupa | Position
! | conce rned |
Study of:- !

V(a) Manuf'acturing processes for | '
explosives and ingredients with | |
a view to more cconomic use of

strategic material, better yields,

Canada has agreed to be respeonaible
for further development of the
[ || acetic anhydride process for R.D.X.

increased safety ete, |
V(b) Synthesis of new explosives. : ' C No particular syntheacs are envisaged
in this category. Extensive work
is in progress in U,5,A, and some in
5‘ | Canada,
|
V(e) Study of kinetics of nitration Study of kinetics of nitration, E.M.H. contract with Prof.Gwyn Williams,
reactions. in particular the investigation Royal Holloway College; work is now
of the ective nitrating species preceeding on nitroguanidine.
in mixed acids in which the

Hz0: Hp80, molar ratio is greater
than L

-
s

il '_h_.-uhu'.-‘s-‘.
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APFEINDTY A

f .
UNCTR

b

W

R
e,

Fage No.2l

No.

Gereral Programme

Detailed Investigations

' Internal
Groups

| Staffing

' Position

concernad

Remarks

v(a)

Vie)

v(r)

v(e)

Correlation of molecular structure
and energetics with explosive
propertiss.

Nitramines.

explosives.

Explosives for stranded line
charges

Methnds of synthasis and structurall
factors influencing preperties

Explosives of the "Nipolit" type:

1, Development of mamufscturing
technique.

2, Mpdification to use RIX
instead of FEIN.

B,P.R.1

3. F.R.1I

E.M.R, contract with Dr, A,D, Springail,
Manchester University.

E.M,R, contract with Prof, R.D, Hzwerth,
Sheffield University,

E.M.R. contract with Dr, L.W.H, Small,
Bimmingham University.

In collaboration with A RE,
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FROCRAIME OF RESEARCH FCR E.H.D.E,

“OR 1949 /50

AFPENDIX A

Fart VT, Initiators

h on the synthesis and marmufacture of in

in detecnators, caps and delay systems,

itiators required for use

Item
No,

General Programme !

i VI(a)

vI(b)

VI(e)

Improvements in methods of

manufacture of known initiating
and delay substances, and evolu-
tion of processes for the manu-
facture of new materials aimed
at better perfarmance and safety.

Study of;- IJI
|

Pure chemical substances for
use as delays,

Colloids for the attainment of
desired physical properties,
e.g modification of flowing
and burning properties, prod-
uction of non-segregating
mixtures,

Internal
A Staffing o
Detailed Investigatione :C;rnﬂgﬁcri Position Hemaris

1. Development of production of lead 8.E 1. B
azide of modif'ied properties c.g. com=
patibil ity with copper, improved ipgnit-
Ibil ity and improved binding properties,
2. Development of a polymorphic form of 8.E. I, B
lead styphnate less liable to static
electrification and to mass-inflammation
of large caps.

5.E, I, C
l, Effect of co=-precipitation with 8.5 L B
colloids.
2. Use of surface-active substances 5.5 L B
far modifying erystal form and size
and, hence, the burning properties of
initiating substances.
3. Surface treatment of initiatars to S.E. L B

improve flash and/ar electrical ignit-
ibility and flowing properties.
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APPENDIX A

Popa No, 2%

Ite Internal | 5
N » General Programme Detailed Investigations Group Staffing Remarks
B o, Concerned | Fosition
VI(d) | Lesd azide substitutes 1. Research on the preparation of silver | S E. T A
campatible with copper. azide in a suitable physical form
] 2. Research on the preparation and prop- 3.E, I. c
' erties of lead and thallium salts of
3 nitro-tetrazole, diazo-amino-tetrazole,
tetrasolyl azide and nitro-hydroxytriazocle
Vi(e) | Analysis. Estimation of constituents in freshly | S.P.R.T B
manufactured and aged mixtures,
VI(f) | stability. 1. Kinetic studics of thermal decom- S.P.R,I B
position of initiators.
2 Climatic trials. PRI B
ity with non- See item X(d)L S.P,R. I B :
Se¢ Part XIL S.P.R.I
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AFPENDIX A Page No. 24

S —

Fart VII. Propellants for Mortars

There is no staff available at E.R.D.E. to carry out regearch on propellants o mortars, Arrangements have been
made for certain research to.be undertaken by Australis and Canada.

Fart VIII. Propellants for Small jprms

Objective requirements: Research on the preparation of propellants for small arme, in partioular for
new weapons now under development,

I | Intermal | coing |
. General Programme Detailed Investigations | Group asaliged Remarks
g A%, | Congermed i)
VIIT New llants for exist '
{n} mpmam ; s Being done by Mastralia.
VIII(b) |Propellants for new weapons. 1, Gramlar nitrocellulosze propellants E.M. R. contract with L C.I. L&d.,
{ ) ¥ far the 0.270", 0.280" and 0. jﬂfﬂﬂ Ardeer, in collabaration with
calibre weapons, LR.E, ;
2. Granular nitrocellulose propellants E.M.R. contract with 1.C.I. Ltd.,
for the 30 mm. gun "Aden" and far the Ardeer, in collaboration with
20 mm, pun "pden”, AR.BE,
VIII(c) | Propellants for higher S.P.R. I c Under discussion with I.C. L
ballistio performance. Ltd. , Ardeer. It may be
possible for E.R.D.E. to prepare
soma experimental s es if
astaff becomes e in the




TROGHAIME OF RESEARCH FOR E.R.D.E.

FOR_1949/50

APFENDIX A

Part L Unorthodox Propellant Systems

Objective Requirement: Research an unorthodox propellant systems for use in rockets, guns, mortars ete.

- Internal | i
IH:IH i General Programme Detailed Investigationa Groups | Sta:_E‘fing Remnarkes
Positiom |
Concerned |
Study of:- i |
IX(a) The application of liguid 1. Study of rates of burning of mono- 8.P.R, I1 B In oollaboration with A.R.E.
propellants to guns of high propellants at gun pressures.
muszle velocity and high rate 2. Effect of viecogity of mono- 8.P.R.II A
of fire, propellants.
3. Ignition aystems B PR.R. 1 B
(b) |  The application of plastic Trials of external extrusicn S.P.R. IT B
| propellants extruded "in situ". | apparatus for inserting a plastic

charge in the breech of a gun.
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AFTENDIE A,

PART X,

MATERTATS

Page lo. 26

The application of materials of Cebrication, sealing and protection in explosive munitions.

HRemarks

Itﬂ;l ! | Internal Staffing
No. General Programme ! Deteiled Investigations Groups Positiaon|

| concernad |

i 2 : 1 an 1

X(=2) I Sealing Materials = lutings, ! 1, Lutings: Development of | S 8 T | B [
|

X(b)

cemente etc,

Protective materiels =
special lacquers, varnishes
and paints,

compositions retalning plasticity
(and therefore satisfactory
sealing effect) over increased
temperature ranges.

2, Cements; Development of improved
solventless, self-setting cements.

1. Lacquers: Development of inert,
highly moisture. impermeable lacquers,
particularly for use on azide-filled
detonators,

2, Varnishes: Development of highly

resiatant varniashes from materials other |

than tung oil, including an "wmwetiable"
varnish for mortar bombs, to decrecase
loss in range caused by adherent T D

arops.

o ]
8.P.R.I

S. PRI

Arctic end tropical temperature
extremes range from -80°F, to

+ 180°F.; for use with liquid
oxygen, tomperatures down to = 180°F,
are irmwvolved, The most promising
materiels so far encountered are the
proprietary "Flaso" woxes.

Sclvent cements dry to porous masses,
generally =lightly permesble to
moisture,

Recent difficulties in handling
corroded fuzses have been ascribed to
the formation of copper aszide by acecess
of moisturce and consequent liberation
of hydrazoic acid from lead agzide,
particularly in presence of shellac,

An improved lacquer, based on a stable,
inert, filmforming material diaselved
in strongly hydrophobic splvents, is an
urgent requirement.




PROGRALE 07 MSWRGH FOR E.R.D.E. FOR

APPERDTY A

General Progress

Detailed Investigation

Internal
Groups
concernad

| Staffing |
| Position

Protective materials =
special lacguers, varnishes
and paints,

Puper and textile components.

Je Gensral: Use of corrosion —
inhibiting adjuncts in varnishcs and
paimts of all types; study of the
mechaniam of corrosion inhibiticn,

1. Rolled-paper components; development
of improved adhesives to impart water-
resistance and moisture-impermeshility
to spirally-wound paper ammmnition
containers; inter-layering with
i:q:ﬂnmahlu foils,

2. Textilec components: treatments of
viscose fabriecs to render them
acceptable alternatives to wool and
silk for cartridge bags, igniter bags
etec,

1. OChemical and physical compatibilitiss
of materials intended for contact with
and proximity to explosives,

2. Btudy of the suitability of materials
I'or omhr-::t with rocket propulsive

_' Ahmin:l.m allnys with nitric .acid,
Enﬁ-m#ﬂlia materials with nitric

f‘a} ﬂatm and non-metallie materials
with H,7.P,

S.F.R.I

S.P.H.T,

- 5 2 L

5 S [ Y

S.C.E.

Se.F.H.I

In collaboration with Industry

and Inter-Serviecas Packaging
Fanel,

Considerable progress has becn
madc in developing o rayon
(viscose) substitute for silk
for cartridge b@, and a

Corr:

material is now '&i:qg m
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FROGRAITE OF RESEARCH FOR E.B,D,i. FOR 1949/50 :
Pape No,29
APPENDIX A
= Part XI, Chemical Engineering
Objective Requirement: Research on chemical enginvering melernf in esnncction with the mamifoeture of
peids, interrediates, exrlssives and rrocllants and on chemieal engincering
Im:blma connecterd _’lth the use of liquid propellants.
Item | Internal .
> General Programme Detailed Investigations | “Groups  |Staffing el
i - e | Conecerncd Poaition
-K'If'u} Basic chemical engineering 1, Theory ano practice of drying. 2.C.E. G The Chemical Enginvering scetion is in
research in connection with process of recruitment,
plant used in explosives 2., Theory of mixing. 5.0.E. c
and propellants technology.
3+ Theory of diffusion and its chemieal 2.6.E. C
engineering implications in comparison .
with distillation, f
4. Theory of =caling as applied to S.C.E, s
chemical manufacture.
{
5« Compilation of basic chemical S.C,E, i B
engineering design methods and data, |
Development of plant-for alternative |[S.C.E. | 4
picrite symtheses., : %
1. Application of automatitc cantrol to 3.C.E, C T
explosives mamifacturing processes.
) R e i (2, Methods of metering and proportioning | S.C.i. c
*":i'_“'r R - -muﬂu-nwarpmsaure
L [8 _'.I:I N n-‘l_ll! » ..:l- L______:__I_ I
| ¥a 5 of construction. | Selection of metale resicstant to 984 8.0, 4, 4 O ad
4 g nitric acid. R N -
Y _ \ ot ) A
| Btudies of the concentrating of nitric | 8., b S

L1



Item

Genceral Propgramme

cenerzl engineering services
to the Establishment.

PROGRAMME OF RES

PR O R,

rﬁﬂ 1E.i‘{:_| LK 4";,,

Investigations

| 1. Design and development of plant

and instruments,

2, General services as required.

flglig g

Internal
Groups

Concerned

o

taffing

| Position

e P

e by Ly

5.0 B

A

4k

SESR=HAER

Remarks




ROCRANTE OF RESSARCH FOR ER.DE FR 1949/50

* APPRIDIX A

Fart XIV. Home Off'ice Investigations on Fxplosives,

Objective Requirements: Research and investigntim in connectisn with explosives submitted by H.M. Chief

Inspectar of Expl-sives, including devel apment of methods of cxamination and
assessment,

e ]

{  Internal Staffs
Wn General Programme Detailed Invostigations | Groups p a.t;ng i
AT, Concerned | © 251tion

|
|

Remarks

X1v(a) Camercial explosives. 1, Contral of manufacturers, )
B 2. Buitability and classification of )
new compositions, )
3. Definition of new permitted H. 0. A
! i
)
)
)
)
)
)

Carried out as required.
explogives.

4., Examination of materials from
explogsives accidents and eoal-mine
explosions.

XTV(b) | Legal aspects, 1. Examination of eamples submitted
' in connection with offences ngainst
the Explosives Act.

2. Examination of materials =ub-
mitted in comnection with Police
prosecutions.

XIV(e){ Stability methods. | Investigation into relisbility of H. 0,
) N A, new methods for estimating stability

figure a= applied to industrial

| explosive cumpositions.

H. 0.




Xvie) Friction senaitlvenoss.



Page No.
FROGRAMEE OF RESEARCH FOR E.B=D.E. FOR 1943/50

APFENDIX A

Part XV, Home Office Investigations on Acctylene

Objective Reguirements: Research to develop safety methods appliecable to scetylene plant and equipment
used for chemical synthesis and metallurgical processcs both at normal industrial
and at high pressures

Investigation of the causes of explosions in acetylene eguipment.

— e

AN T TSR e L sl e =
1 Internal ' :
I;gm General Programme Detailed Investigations | Groups ,Et"ffmg Remarks
il Concerned |Fosition
P I

Xv(a) High pressure acetylene: Explosion charagteristics following ; (i) "aA" staffing dependent on

saf'ety requirements. ignition of acetylene with sthoer reactants supply of suitable staff in 1949.
at pressures up to 21 atuos., involviag H. 0. A (ii) Effect of addition of speci-

measurements of peak cxplosion pressures fied reactants over range of temp-
and wvelocities of detonation. erature to 250°C - carried out in
apeoial high pressure vessel in
course of construction,

b Wolding gascs: design of 1, Measurement of peak explosion pressures. (1) "A" staffing dependent on
S safety apparatus 2. Measurenent of velocities of detonation. H A A supply of suitable staff in 13949,
b : (ii) Mixtures with oxygen and air
. to be investigated over explosive |

Imuj wh
1ved acetylene eylinders: 1. Investigation of initiation of acetylene H.0. A Continuaticn of
¥¥{e) 2;:?:3 in uﬂfy decomposition within eylinder, in specially ¢
vessel on po

dissolved s

2. Shock sensitivencss of acetylene in H.0.
D. A oylinders,

Flucidation of causes H. 0,
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APENDIX B

i 3 5 -
co the work of tix Fxplosives Ruscarch and Dovelopment Eatablishuent

R

Ixtra-morel Pescarcl: Contracts relatine Fam: Ho L

i , Internal 3
Locaticn Supervisor Group Remarks
J Concerned

L 7/Chen/58 Physic=chemigal (a) Decomposition of Bristol University |Prof. W,E, Garner 5.E.I.
(b) Pundamental theory S.P.R.TT
of mucleation g
(¢) Constitution and
synthesis of lecithin
(d) Thermal decomposition
and vapour-phase burning
B ; of liguid explosives,
E including nitric eﬂters. 4

287/Cheny/12 | Crystallegraphic (2) Crystal structure studies Birmingham Dr. L.W.H, Small S.E.I, '
work on explosives Ic;t‘i high explosives such as| University '

(b) Investigations on the
a anomalons thermal

) properties of TNT at
Ll ™ temperatures near the
melting point,

Fundamental physico-chemical | Roynl Holloway Prof. Gwyn Williams
research on the kinetics of | College

Beference Title Subject

Study by electro-kinetic College of Dr, S.,M, Necle
; ds of the sulphuric Technology,
mt of nitrocellulose | Manchester,




AFFENDIX B

Extra-mural Research Contricts Rolating to the work of the Explosives Resecrchi and Development Establishreat

Prre Hog2

In‘tu':.'nr:;l

Rer~rks

File
Heference Title Sub ject Location | Supervisor Group
e : | \ s I:‘.D;]s:r:rned
7/Chen/16 | Methods of synthesis and|A study of the decomposition [Sheffield | Prof. R, D, Haworth S.E.I.
structural factors of primary nitramines in Undversity
influencing the proper- |alkaline solution and of
ties of nitromines synthetical approaches for
primary nitramines.
7/Chem/€0 | Thermal decomposition |A study of the thermal Birmingham | Dr. L.L. Bircumshew S.P.R.II
of inorganic perchlorstes |reactions pecourring during |University !
the burming of plastic
propellants containing
inorganic perchlorates.
Tfﬂhﬂmff}? Physico-chemical -'Imres‘tigation of some King's Collegs,| Prof, W.F. K Wynne=Jcnes 5.P.RJIT
rties of physical, electrical and Durham
concentrated hydrogen J magnetic properties of' University
peroxide concentrated hydrogen
peroxide.
7/Chem/1). | Effects of structure A study of the effects of |Leeds
on the stability of structural and emgirommental| Univeraity Dr, J.W, Baker 3.P.RL
organic nitrates features on the mechanism
and the velooity of hydro- I'
lysis of organic nitrates
in homogenecus media.
7/Chem/60 | The production of An investigation to explore |Cambridge Prof. R.G.W, Norrish S5,P,R.I0
the possibilities of the University

hydrogen peroxide
brﬁ:utodnmimmﬁnﬂl

tion of hydrogen
peromide by photochemical
nﬂthﬂasi
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AFPENDIX B
Fare N 3

-

Extra-mural Hesearch Conmtracts relating to the work of the Explosives Research amd Dovel nmrant Zotoblishant

¥ File Intcrnal
1 Reference Title Subject Looation Supervisor Groups Hemarics
concerncd
7/Chemf18 |Photolysis of nitric csters King's College, Prof, AJ. Allmand S.F.R.I
and nitro bodies | London University
6/Chery/562 |Research on hydrogen (a) Mamufacture of HTP Laporte Chemicals S.P.R.JIT.
peroxide of highest attainable |Ltd,, Luton
purity,
(b) Compatibility and
corrvsion of materials
in contact with HTP.
7/Chen/21 Free radicles in the Investigation of .the Queen's University] Prof. A.R., Ubbelohde S3,P.R. T

attack of metal surfaces|influence of appreciable |[Belfast
concentrations of free
radicles in the ambient
@88 in chemical attacic on
metal surfaces.

Advising on the design of |British Oxygen = 3
a plant to yield Co. Ltd,, B

Research leading to the | I.C.I, Ltd, %
‘development of ballist- (Explosives n:'mr.},1
' Ardeer




AFPENDIX B

-L_-‘ i e £|.
Fxtro~mursl Besenrch Controcts relating to the work of the Explesives Rescarch and Devslopment Tstablishent
File l_ I nternal
Reference Title ' Sub ject Location | Supervisor Group ! Remsriem
i | concerned
7/Bxplve/22 | Gramilar powlers for | Devising ballistically |I.C.I, Ltd., f - M.X.2
30 m.m, and 20/30 m,m, | suitable granular (Explosives Div.),
aircraft guns powders for the Ardeer
propellont loads of the
aircraft guns.
7/Bxplve/23| Molecular structure Investigation of the Manchester University |Dr, A.D, Springall S,E,I.
and energetics moleclar structure and S. P HJIL
investigation molecul ar emrgat:.cs
of certain organic
compounds, including
nitro-compounds, f
fluorinated mrﬂmc:a.t‘lmm,
metallic alkyls and
hydrazinc dirivatives,
7/Cheny/25 Oxygen production Development of ancillary |Power Jets (R & D) & 30
items, Consultation and |Ltd,, London.
design of equipment.
- Fundamental problems To make a fundamental Capbridge University |Dr. C. Kemball 3,P,R,II | Under consideration,
in adhesion study of adhesion to To be controlled by
metals. DiSII'R-
- Fundemental factors Development of improved |Cambridge University Dr, F.P. Bowden 5.P.R,II | Under consideration.
affecting adhesion adhesives for Service :
purposes . o8




File : Internal
llzference Title Sub ject Location Supervisor Group Remarks
concerned
Senaitiveness of Increase of fundementel | Cambridge University| Dr, F.FP, Bowden S.P.R,I | Under consideration
- explosives to friction [knowledge of the
and impact sensitiveness of
explosives to friction
and impact,
- The conversion of Investigation of the Imperial College, Prof, D.M, Newitt S.E.I, Under consideration.

hydrogen sulphide to
carbon disulphide

hydrogen sulphide to
carbon disulphide
reaction in order to
promote the thiocyamate
process for picrite.

London University.
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