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Fine Structure of Explosives and Allied
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High Bxplosive Ingred

Initiators
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Oxygen Plants
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SECRET

INTRODUCT TON

Rrviot,

. . 5 - - : rdoT
The format of the E.R.D.E, Research Programme has beon rocast 1n @

o incroase its clarity and (it is hoped) its usefulness.

The text is in tebular form, Arbitrary refercnce nurbers arc given 11
§hc first column, the clements of which refer to the divisions and sub-
Svisions indicated by the titles in the sccond and third columns. The
formation in the fifth and sixth columns amplifies that in the third.

The main scctions of the Roscarch Programme have been choscn S0 &8 to
leorrospond with the individual responsibilitics of' the four Superintendents
nd tlic head of the Home Office Laboratory, Tva of the main sgctions covel
Mnvestipgations which closely concern two Supcrintendents jointly.

ERICRITIES,

The projects listed herein are exclusively thosc on which work will be
carricd out during the yecar April 1951 to liarch 1952, It may be takon for
granted, therefore, that a high degrec of tpriority' is attachcd to at lcast

nincty five per cent of them, but owing to the fact that the yz'i.rmzjir functions

of ©.7.13.F. are aimed basic rescarch and development = not ‘weapons® or
bproductiont - official Figures of Importance can only rarely be quoted, ',:.I-:

T+ should also be borne in mind that official priority classifications are !
difficult to determine since individual items in the Research EW ] )
bear upon scveral applications simultaneously. Columns 4 and 3 1l

notcd in conjunction, Ttems regarded by us as of very partict
lor significnnce arc merked with an asterisk () in column L,

Btal'fing,

No satisfactory method has been found by vhich the =
%Ye indicated on the Resecarch Programme, Attempts to do s0
leading, capecially as, in the large majority of cases, sma
the individunls! time arc involved., The situation must
inferred as far as possible fom the statements in colur
with the fact cmphasised above that active projects anly

The 'White Paper' strength deployed on thi
‘1951, ineluding the Superintondents, was appl
‘and 90 Experimental Officcrs, '



12, LIQUID PROFELIANT INGREDIENT'S (conti nued)

— e — T ——

Main Investigation

Hydrazine
12, 3.1, Production
(cont, }

Bearing :=md/?r
of Woxk.

Origin

Sub=-Divisiens Friority

Hemarks

i

12, 3. .2,

Fisons Ltd,

I
:
|
i
hydrate (EIR). i
I
1

Dehydration of
hydrazine
Future rocket fuel and
12.3.1.3. Reactions of for liquid propellant pgun.
hydrazine and Hp radicals

in liquid amronia (EMR).

12.3.1.4, Gas phase
catalytic synthesis,

N

Prof, Evans, University
of Manchesier,

Experimental check on previous
work with very short contact times.

12.3.2, SBtability.

0f hydrazine

Larger scale tests, samples of
about 1 gallon,

7711l be measured as reguired,
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Yain Investization

-

Sub-Divisions

Priority

————

High-Temperature
Stability.

e ——

1%.8.1, Tests on

| monopropellantsa,
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E lmprovement ol | 91.5.1. Non-cracking equi val ent /1 l '
: t -1 Propertics ¢ /K G2 tor
' HeNANLCol Propertics Ol ._:I_f.L . |
{ and Jidening ol ! LT
Cperatiling = -11_ S— —
Temperaturec hHange i
21, 3.2. Plasticiser to conlcr |
jmproved low-temporaturc |
propertics
e | e =
|
21e5: 3+ Extrudiblc high-NC C.E.A.D. l
compositions composit .




5 S s Bearing end/or Origin o
ilain Investigation Sub=Iivisions { Priority A Wil Remarks
22.2.2, Ammonium 99 .9 9 1. Ammonium picrate # To replace inferior dispolene |RD.2302, 2304 and 2306 being checked
perchlorate/ moderant composition for boost motors |[in 5 inch motors in ccllaboration waith
polyiscbutylene R.A.E./R.P.D. for selection of one for
compositions larper scale trial
22,2,2.2, Oxamide moderant * Sustainer motors for RD. 2320, 2321 to be checked in
D.G.W.R. D, 12.5 inch motors in collaboration with
R.A.E./R.P,D.
22,2.2.3. Melemine, picrite amd General ballistic examination
other moderants I of substances which moderate
l rate of burning
; t-a’ to j_mreaﬁal Poagible C.E ,A.D. application |Chromic oxide, manganese dioxide,
PP , g :
to small unguided rockets with|potassiwn perchlorate, bentonite ete.
high accelerations
| 22.2.3. Alternative * E.R.D.E, Preliminary formulation and
oxidanbe temperature cycling
:.!??'.25 "J“' ) I'_'J_ﬁ&:na__tive {E.R.D.E, The supply of British polyiscbutylene
IR ek B e 1 also under consideration.

T .

/22,3



23, COLIOTDAI, GUN PROPELLANTS,

1ain Investigation

Sub-Divisions Priority

Bearing and/or origin T

'|_|. Tq ]:-.‘r.-

el 8 —

Developne nt of
Charges for lew
Cans,

23,1:1 Haval Service

- e —

Yoz 1.3.1. 33" g for |
| coastal craft,

23,1.1.2, 3"/70 cal.

A s S —— - i ——

' 23.1,1.3. 5" lark N1, A.10

T ¥

1
1
Requirements for improved | In coll
5oLl dby
L]
|
|

laborat
weapons spocified by ' A
Servicc Departments,

e m e ————

23,1.2 lLand Service
A.A,

: 2}?1-2*1- Iu-ﬁ-ﬁ. Bofors
Q.F.40 L. 70. A .10+

S

SRR SR

i ———

— -

i
|




23, COLLOID.]. CUN PROPELLINTS (contirmecd).

e —— | B = 5
5 lnin Investization Sub=-Divisions i Priority | Bearing and/or Origi Rerarks
I b | O,
—— -— 1 e -
Charges for 23.35.1. Propellant eff'ccts ! v Inmcrease of jum lifc, in col I CuS.ie e ond
| Porformancc Guns, in pun crosion, | | perticvlarly for new high-| U
f performance, hi '_'--#r- te-
| of-firc :ii..., Weapons,
2%.3,2, Aittnck of metal ! Chemistry of gun crosl wof, o Ubbelol c, Qucen's
surfnces by froc radicals | miversity, Belfast,
J_ @@- i i
23.3.3. Formmulation of : Incrensced performancc
O‘Ptm erﬂﬂtﬂ. 1 QF f‘-- :H "‘I,J'Ili "r-:"rT "?J':]il‘-
— - - ; 1
i
I 5 of' .'2} "l'!lb W flashless : A0+ | To facilitate cbzerv- In collaboration with C.SCATES
_Stno !: _ ants for tank guns, E ation of point of
i astrike . !
: . AT
for Naval ; j ;
@ |
#

N

Relief of difficulties

at proof ranges and fill-

ing factories, Heduction
of differential ballistic |
errors, .

In collaboration with C.SCATRS
C.C.I.. D.O.F(X].

1 Contirol by specification.

l

In collaboration with L‘-
and 1.,C,1I, Ltd, {Hubell




oy T Tl e uHT DAL AT VRS A Ae Ty

Main Investigation Sub-Divisions Priority Bearing and/or Nrigin Romarks
of York
1
= ! = = |
! 2,,1,2.6, Dlechanically Collaboration with :
! nitrated N,C, fustralia, |
: T = = 5 5 b %
© 2:.1,2,7., Pulp-boiled N.C. : Pulp-boiling reduces timo C-“"T-“‘-'f_"f'-»’ stic trials
i of' stabilisation, also involved,
| 2.1.2.8, Alternative | U.S. and Swedish
cellulose supplics, celluloses.
aﬁll-}- ﬂliﬂ'ﬂtiﬂ 1 'ﬁf-l;-,!l]-.' :?rQ‘ _— imlihitca l :_l‘im] 1*:“- ‘r+r'|- 5" iIElt.-’lI'.
| and elimatic~ball~ | rocket charges,
istic trials - , —
{usasan;m_t of safe 2,.1.3.2. Rocket charges Climatie trinls on sunples;
and/or -qfi'@ntive for 2", 3" and 5" weapons. Climrtic-ballistic trinls on
lives of pmpgl}nntg)_.. s ; finishcd charccs or cartridges.
: b2, 1.2.0., rower ca Collaboration with
D.Amm. D, and industry,

"Round robin",




SUTCTNG /1D TESTING OF EIPLOSIVES {cont::mm').

] linin Investigation ; Sub-Divisions Priority Bearing cnd/or Origin Remarks
1 of York
T ' y 1
lo 2.3, Climtic | 2.2.3.1. AC. bomb doton- | Pollaboration with C.8. LR,
trinls. ! ntors. i :
T e | |
b t T
t 2,.2,3.2, Correlation of | ! :
1 { chemical deferioration with l [
1 | effective life. i
> = : l i ‘_:__ = g
2,.2.4. Anolyticel | 24.2.4.1. Tetrazone. : Sontrol by specifiention. | Prescnt mothods unsatisfectory.
problems, ! ! 1
2. 2.4.2, Substitutes for H

Composition &

2“!}- 2-1-3‘1‘

_t_.—-— —
Compatibility.

2*‘.'! 3114 ; Empﬁll-
onts and H,E, with
various moterials.

Sealing nnd jointing of
frenpons,

L

Prevention of dermntitis

nl'llc L.BP, mincs.
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Sub=-viviaions

—

Main Investigation

.-

rYrinamme (eont i_]‘ﬁ'ﬂ:d.}

- b = = =

! 2.4.1,5, Methods for plant
L]

., oontrol,

e

|
[ X |
242, G0, Yame~! 2.4,2,1. Composition of
f'acture, atmosphers over casting

Wt

—;.:z.a_. Stability of ocast-
| ing 1iquids,

Gonoml Ghemistry, | Zhs5ide Firos in APV,
B

e i—— i i
l.i rioT)
s e e e e
]
i
i
¥ L]
L
o e ——e e cs—
' 1K
; & 5
%3
H i T
o e d—— . — — —— A — e —
el S———— ——— ——
T
b
COTLA L
M ==
Baf'oty of Stor

e ————. i ——— e ————

o e o e —

oo IvVioo




95, AMUNITION SEALING

LMP PROTECTION (Continued)

Main Investigation

gub-Divisions

Priority

Besaring and/or Origin
of Tiork

Remarks

25,1,2. Development
of new sealing
materials

25.1.2.1. Luting serviceable
over whole Bervice
temperature range (-80%0
+167°F)

25l1 e |‘-‘E- Ii’ﬂl}rﬂfﬁﬂ nomn-—
‘solvent self-setting cements

25-1 -3- Eﬂnling hF
"gocooning" and
sheathing processes

25.1,3.1. Plastic shcaths
for fuzes

.2, Wax dipping of

Miscellaneous preblems on all
types of ammunition, referred
by Services, 0.B. and other
branches of E.R.D.E. Often
in conjunction with C.5.4.R.

Longer range than, and applicable %o
mony items in 25.1.1.

As possible

Related to formulation of sensitive
azides

Handicapped by staff chortage

Rubber gaskets

gce 29.1 10




25, AMMUNITION SRALING AND PROTECTION {{'Eontinuf.]]

= i S ___ Rearing and/or Origir e
Main Investigation Sub=Divisions Prigrity of Tork R
1 — 5 "
05,2,%.2. Adhesives Miscellansous problems on alll A few special applications
types of ammnition, re ferred el
L hp by Services, 0,B. and other
95.2.%.3, Plastics branches of E.R.,D.E., 0Often
in conjunction with C.S.A.R.
95,2.4, Proofing, 25.2kee1 e Textiles and felts As possible and &8 Ie quired.
ineluding rot ¥ Handicapped by staff shortage.
proofing of
cellulose and 25,2.4.2, Paper
allied materials =
35.2.1!'--3-1- m
25,2,5, Iubricants | 25.2.5.1. Fuze 208 0.B. trials procecding .
As required c.g. phoryl resins

As required.
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hy. §26.1.1.1. Initintors: Lead : | Properti rs. . - - r dotail of
26,1.1, Determin- !stﬂﬂmntc oot ' -. Picoues ol ."'. prse nd ‘T—i‘om.s
| ation of crystal : : lend styphnatc mononyarasc.
! structurc, : I .
E 26,1,1,2. Oxamido, : ¢ Flat .'Im: ; 00 4 by Hollordith computing
-. -. { progella | instellntion (EIR armngod By
| . | : ' D.W.R.(D))
. - P — | & - -+ e e e
l 26[1'1.}' Mt‘u Wﬂﬂ. ! : linch 18m q T t P o . & ™ -~ :ﬂt
1 | of this by-product * m oo 1™ ,
3 ; ! contimaou o %! l
——— - — —{—-r-n——--- —— B ST ——— ——— ——

26,1.2, Crystall=- | hm lond dinitro- linmuf' neturc r . O rol of production
| ogrnphic cxamm reso  and derivativos. : (M 1337 ote. : ool

mt% Y N . I ‘n

R 4 i a— == i —————
. nitmtc s Intermodintcs in m ‘ rurnidine

L

L

factura of

—-l.-u1p- - -

Plastic propellont, [ Interprotation of vork

1 Les or REL

- -

Crystnllisntion

in pﬂmﬂ f4llin ,

on thorerl

|
~1 forturce in crystaliDETepg:
T baing studlcd further.
y othol scetions, .
: - £

W, H, Spmll, Und
rdnghnm,




1 Hain Investl atlion ub={)ivisions l ! 2 =
| e T e o L
1 1.4k, 2. lieasurements ol ! | 1 ratory rcsults
| mtes of burning of selected l ) molket
| solid propellants. ‘ |
...... __i. e — 1 %=
L 3 W A Flastic 3.4.2.1, Effect of particle i. 1 Ballistid
| Propellant, sizes and their dis stribution, 1 » l ropell:
— l- ——————— e —— e e ———— e ——
}1,1;.2.2. Im’litiﬂn and burm- ! s tion botyrei 5 rce
| ing studics. $ sae T produced.
31.4.2.3, Thormal docom- =2 e = = —
! . I E In 'Y
l position of inorganic per- reningl j ey
| { chloratecs (EIRt).
i | s l

I ———

i 31,3, Colloidal 3.4, 5,1, Extonsion of ¢xiat-1 Experimental o

l Rocket Propollants, | ing facilitics and provision and control ' _ l

: of strurd burner manuf'acturc. l

i }10"!'_- .5:.2; Bﬂ'lﬂt of Pl!.t-ﬂn— . Forrmlation of ©com - K l-_ G =

:r : imm’- itions. !

1- [l ] 'u . il T 1 i

i;‘m ;ﬂpﬂﬁ:-’;ﬂﬂl 31-&#’1. Effect of orystal : ! Recommendatior ' 'h C.S.A

1 . . 1 tn. _-l optimm cryst

| i amtus at B.RD.E.

, University ok




PHD]E'FIIM TNEGRED ]}WE

—

Yimin Investigation

Bub=Divisions

Priority

Bearing and/or Drigin
of Tlork

Remarics

e

Picrite Processes,

41.1.1, The thio- 41.1.1.1, laterials balanrce, Efficicney of conversion of CS2 to
cyanate process guanidine,
for wgm To provide an assess-
41.1.1,2, Direet conversion mznt {’f ?lécfljm?f‘ir Prof, C.VW. Shoppce and Dr. Sykes,
of HoS to C Sth s A GL Ly sine University College, Swansea,
£ e developrent, R i £
[ T o o rect conversion Prof'. D.l. Newitt, Imperial College
of HpS to CB E!'.T?:). of Scicnce and chhnolﬂgy, University
of London,
41,1,2, Direct 41,1,2,1, MNaterials balance.
o gﬁ ﬁclm Fundamental data for large—-scale
J nitmL bt 41,1.2, 3. Small-scale batch To improve yicld of pilot plant,
to give L process. picrite from nitrolim

nitrate,

J4'1..3.,. ﬁitmtim

or calcium cyanamide,

Reduction of sulphuric
acid usage.

Large pilot plant %o be erccted
and opcrated,

Prof, Cvyn Williams, Royal Hel
College, University of' LOng




L2, HIGH EXFLOSIVE INCGREDIENTS,

-— =

Main Investigation

Sub=Divisions

Friority

and/or
VWO rk.

Bearing
of’

Oripin

Romarks,

R.D.X. Mamufacture,

1 oy [ O
form fo

Control of crystal
¢ RDLXT T,

R.D.X /PWX and nipolit.

—— i —— .

To improve mamufacture,
filling and functioning of
R.D.X,-rich explosives,

In collaboration with C.S5. AR,

R.D.%. (B) Maru-
facture,

1,2.2,1, Witrator design.
L42,2,2, Control of HIX
polymorphs,

42.2.3. Dilution of

nitration liquor.

Application of pierite nitration.

To assecss safcty of procoss.

To climinate dilution,

| jicthods of

*_gynthesis

and Structurnl
Factors Influcncing

artics of

Prof’, R,D. Hatorth, University
of Shefficld,




52, CORROSION OF METALS BY CONCENTRATED NITRIC LCID.

R Tt 8 s o Bearing and/or Origin 7
Wo. Main Investigaticn Sub-Divisions Priority 5 '-.-'.'13{ " B vl

52.1 m osition and # D.G.W.R.D.
Rorrosion in gealed
Tubes

52.2. | Closcd Vesscl
Storagc Tcsts




54. DESIGN PROJECTS

AD ADVISORY SERVICES.

Bearing and/or Origin

yain Investigation Sub-Divisions Priority =f Work Remarks
¢.D.B. Plant 54.1+1. Design of 24 inch = GCollaboration with S.P.R.I.
plant at E.R.D.E.
drazine Production 54.2.1., By ammonolysis of % Collaboration with s.P.R.IIL.
"i1ot jlant hydrazine sulphate
War Offiice Advisory
£ Engineering services of Advisory

E.R.D.E.




HOME OFFICE LABORATORY.

W

70. '

1. INDUSTRIAL EXPLOSIVIES.

+ ' o ) ey e Bearing and/or Origin ==
-‘ Main Investigation | Sub-Division Priority of 1 Ioék Remarks
Examination of " | 71.,1.1. Control of As required
Explosives. manufacturcrs
71.1.2. Suitability and

classification of new
compositions

pemitted explosives

e —










| Experirental
| Asscssment,
L
11,5 | lionopropellnnts,
i
]
]

- —

' 11.1,2. Thermochem
fluorohydrocnrbons,

11.2.1. Nitriec acid with
scleected fucls,

11.2.2, Effect of phosphoric|
acid in nitric acid on
combustion cfficieney,

kerosine,

8 . So— =.fﬁ -
11,3.1. The combustion | | Particulsr sttontion to the
process in rocket motors, | . A frctor in cc;uﬂ}uati,an of mon
: e propellents,
! 'lionopropellants for A,T,0, .
: I b
11.3,2. Ethyl nitrate. i lirin effort in monopropells
b i
11.3.3, Dithckite, ! E.R.D.E, i e
propellant to assess import
mixing proccss in combustic
—————— I I
=, 2

\—
li Determinntion of m
| pressure for gatis
P T e, T T

r b =
o S T
T R e

Seaslug.




Main Investigntion Sub-Divisions

| Complction of work ot E.R
- arrongement of trinls at

Prof, W.F.K, Wym&-Jancs;

12.1,1, Stability. | 12,1.1.1. Bulk storage 1
under tropicnl conditions. |

12.1.1.2. liechanism of

stebilisation by tin com—
pounds, porticularliy

King's Collcge, Universit

sodium stonnote., (EMR)

12,1.2. Compat- "Red Shoes"nnd Admiralty, Loporte Chemicels Lid.
ibility. (EIR)
i
12.1.5 Physieal Prof', LF.E, Wymne=Joncs
Chcmistry of College, University of D
] - r
H-errg ren Po roxide |
Solutions. (BIR) |
o M. | M . - 4 i =
T e et Yo Al 1 ¥ tability, # Ecrﬁ_sluﬂ_ licchanlam I]f‘&ﬂﬂﬂﬂ??ﬁjti
12.2 —arrie oo Rt St T vapour ~nd liquid phosce
| . . P —_— —_——=
:]._2.. 5 [ i.:--'.'-i-ll?'-:i-.-i";- . y y 3
: 12,3, 1 Productio 12,3,1.1, Ammonolysis Future rocket fuel and Pilot plant is being des
b | of ﬁ:;rrhv'-.:i};e sulphate. for liquid propellant gun.




¥ain Investigation

Sub=Divisions

Remarks

! 13.1.1, Attemuation,| 13.1.1.1. Solid and | ) 3
+ | licuid propellants in motors. : % band (3.0 om.)
VT ; - e = N Guidance of miassile. —
| 13.1.1.2, Fundamental t K band (1.3 em,)
: | study of eff'cet of propellant : . i
| cons ?'Jﬁnt: and ruthuﬂﬂ of’ ! Q band (0.8 em,)
| suppressing attemmtion,
3.31.2, In conncetion vith Application of linc rowve
Tompoeratun nttenuntion and heat mothods to rockot jets.
COSUreme . tranaf'er vork,
1 ‘L. 2 ] - 1 i I .
o e} o . 4 X t motors.,
|II xct] A e ) . . ", __ L N I
| g e
{I | %} F Jﬂ
i | { :r 1|
i 1 . '

Combustion of

oo LIANTG . )

| 13,3.1, Bpectroscopic

Preperction ol tebulatet
colouwlntion of convocti

trensfor in rocket moto:

____*._ﬂ—

. Vahtve L F



Sub-Divisions

New Formulations

rocket propellant

21.1.1. High-pressure infantry

Final production trials p

] in collaboration with R.O

1 Bishopton.

ater range
and 1u‘thalitﬁr -bhau Mﬂm

21.1.2. Composition with rate
of burning intermediate
between F565/14/K and
FA78/148/K.

._

8.4 inch otar contred charge
for Scaslug boost unit

Must be readily oxtrudib
this large siza.

with low flame temp I”'~1 nre for
liguid propellant e jectlion
: i
L‘.;_;L P;I

21ele3. Slow=burning compositia

Liquid propellant sustaniner
motor for Seaslug octc.

Compositions F4/3 and FE
produced arc ballistical
sntisfnctory but moehan
need adjustment. 1.C.I.
Division) Ltd. (Contrac

ed 6/Gen/1307/C.F.9.a.)

.-J. I'J.LJFH'JCI" |-.|f [: E ﬂ-D-
applications similar to the
2 inch air/air rockct.




Main Investigation

Sub=Divisions

Methods of Producing
Marpgcs of large

SlECs

el.4.1. By extrusion

21.4.1.1. The cconomies of
operation ol largc prosscs

N

Remarks

German "Mammoth" press in
eollaboration with H.N.P.

21.4.1.2. The back-pressure
tecchnique ard/or the French
long-parallel die.

The possibility of extruding
charges of a gize beyond the
capacity of a press eylinder
ie.ce multi-shot cxtrusion.

-

Compositing must be avoid
large rocket charges.

91.4.2. Segmented

21.4.2.1. Test of principle

01.443: 2« Modifications of
technique on 6 inch plant

| for app cation to £l

charge in 5 inch motor
-
21.4.2.2. Guest for pourable
¢lastamer
2lede Casting powdcr arec G.W. boost motor
21.4.3. Cast 01.4.3«1. Casting powdcr, Large G
doublc-basc vasti liguid and restrictive
propellant tainer pruparation

Full scale plant tu:_: _bc_ :
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