


Eriorities - Service
1. So important that in the event of delay, staff and reseurces should be withirawn
from projects in lower classes,

2, Important, on which staff snd resources mesessary to mest agreed forucast dntes
should be deploved. '

3, Resources after meeting 1 mnd 2 to go on these.
k. Risk of not meeting agreed dates may first be taken on thesa,

Prioritics - Research
A. As for Service Priority 1.
B. As for Servioe Priority 2,
€. As for Service Prierity 3.

Definitions: (See under "Code" in "Effort" gelusn of this H. & D. Programms)

A, Ttems so fully staffed that progress would not be scoslersted by any increase.
B. Sufficient staff has besn sllocated to the items to ensure satisfactery progress.
€., Progress on this item ia retarded by 1sok of specialist staff.

D. Work to which staff is allocated when work of higher priority is held up for
ressons unconneated with staff.

E. No staff oan be made available for this item at presont. :
F. Staff are allocsted for short torm jobs ss the needs snd priorities of the moment demand.

fffort is shown as the number in Seientifie Officer (5.0.) and Experimental officer (E.0.)
cadres sngaged on the items or group of sub-items ms ruled off horisontally in the (et
R. & D, Programme, The steff engsged are shown,as a total, at the head of easch such divialon.
Totals are taken to the noarest rm year (equivalent to three months' work by one Iﬂ}i

Obvieusly they may undergo change during the course of the ywar.

Extraural Research
For items under oxtra-oural resesfch contract, the sontract nusber and loostion are
shown in Hemarks solumn.

Deployment Retwrns; Costing
Gosting of the Establishment's work is dependent an quarterly returna of the deploysent of
White Paper staff on the thirty-odd "Objectives” given in the third column of this
. & D, Programme, The Objeotives are grouped under eleven "Fields of Work", three of
which, los, 5, 7 and B, are not brokon down inte separate Objectives.

spearal Programses of Other B Bl I
"

These references sppear in the “Romsrka® column, .y, %y, ARDE 2,2% and indicste the
parsgreph in the partioular ontablishment's seotion of the War Office M.G.0. Reasarch
Programme 1960/61,
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Friority EfTort HDE
Field of Work b jentive Investigating WPE - SFanch Lemariis
garvioe |Resch | Code| B.0.| E.0,
S =
ROCKET FROFELIANT |.1 Colleidal | M |seRin
DEVELOPMENT Extruded
{H} Frovlens in manufacture of platonissd B B

sompositions,

{b) Suitability of varisus celliluses for B B ¥+ a1 (a)
gordite manufact {1l Y

(8} Betrusion techniques for solventless, B 2 Vs ARIE 2,2
muiltiperforated aharges [?'ra.va.llt.-:i.: Charge
Gun and Complex Shapes (Briftar))

(d) Prepellants for muxilinry cartridges B r V. ARDE 2.3
(8) Propellant for Seat Ejector ¥ Gontract with Meszerz. Martin Baker
{f] Gun assisted rocket chnrge L ¥

(£] TInhibiting coatings, Post destien masistancs
and assessment of sltersntive saterials
inoluding polyeater resines and f11lers far
ethyl cellulose

«2° Cast Double £ 2% |sPRInn
Hase
{a} Investigation of case bonding and easting B B
of composite modified propellants
(b) Co-operation with I.0.I, Ardeer and A A E.M.B. Contraot No. 6/Gen/154L
Summerfield
(o) Application of press eutter in production l B F
f (#) Propessing probless of modified coating B B
powdars |
T |
«3 Composite, 1 2 |S8PRI
Flaetia
{a) Improvements in menufeeturing prosessess 1 B
new methods of wixing; alternative methipda af
preparation for mlxing: remote gontrol
(b} Study of pew oompositions; effect of 2 B Effort also covers 1.5
particle size; modification of binder and off
high energy ingredionts
— ———
b Composite, [ | 5 |SFRI m
Elastomeric
(Pelyurethans) (8) Prossssing snd evaluyation of polyurethane BO| B Sea nlao 3.2 (e)
conpositions
(¥) Design and mealing up fer larger scale plang B | B | Ses 5,3 (b)
r ¥ |- [l | I
T —" S
In the avent of E.H.D.E. becoming directly invelved in BLUE WATER Mk. 2,
-8 Progrumme Tiuma 1.4 (0) and (b)) together with the relevunt pru.-:.r:mrm
. OF the six sub-items of Ttem 2, Item 9,3 (b) and (o) {(part) Tt
SECHIT Lggrogated ffar the purpobe of Coesting the Projoct. (Iteme 5.1 \T),
LIy ¢
So2 (o) and 9,1 (o) will NOT be inoluded.)
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| ot | - S e vt
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| DEVELOPMENT Trials | i s
| (eontd, ) | (2] Provision of plaotle propellant for | = i . | h i e i "'"rE“"'.r"{ R oFshis
i . various boost apd sustnlper notiors far meided | | Progranme u'JFera inr.u]u-q'l.-t thu._:ﬂ for
i | WEApOTE " | I Cuckes, Gosling II and 1V, Linnat,
| Lobaster, Haven, Ssoky Jog, 5% LAP,
| ' | J6* Test Vehinles, VR 7285
|
| |
‘ (b} Orénance foara Programmes for Smaoky Jos, 2 ] o PR e
Gosling IV, foxhound, Walkara, Megpie, | BPRILL| wa 2uk (o)
| | 2-ineh rocket, Wl and W2 ¥oters |
| ' . I
* |
|
2 {ROCKE? PROPELLAM |1 Defuct ' | 1 |serux|
| EVALUATTON | Detection ! | |
{ | (a) ZX-ray Inspention, Aooeptance standacds fae| B B |
| double<baze and camposite propellants, | |
Asmesamont using imepe intensifier I !
| i
J {b) irltrasenie and alt rnative tochndgues for B B | | J
casg-bonded churgos, Perforoanse of new
If transducers in Mk.IIT set for T.0.0.8 ato. 1
i ! T
|+2 Calorimetry 5 |seRit |
and Ballistios i
Culerisetry: strand bup ing rates: rocket aooter A B
ballistics; cloaed veassl wessuroments | Iq'
| 1
! [+3 Cheaieal . L | & |28
Analysis | | {
[ (2} General arslsticnl work for S.R.0.E, A Al
|
(b) Development ef analytioal methods for A A | | il
exprerinental eo positiond ocontalning ni | 1, f
| lngredients | o I
f I
of Blability; % | 2 | 1
Compatibilitys l |
Climatis Testinge : )
imatio Testing (&) Develapmont of thermsl ahenioal) netits | i " A% !
i | of stability nesesssent, a af 3
| | etabilization ‘ I
| | /
| (b) Olimatie Erinls, compatibility -and stabilige | A A | -
| | astudies in aid of Bl D.E. progreandé liems
| | (o) THLmeatie trialeg asssciatod with the Ordnansy | B B | " Sea 1.5 ()
I | Board's programme
| i (A} Stabi] Lty of hipgh vnergy compasitiona | A B "
| | |
(4) Pactars invelved in eraokling af solloldal | | 1 " |SPRITI | |
Fropellants | !
| EBCTET
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W EXPLOSIVES RESEARCH AND
DEVELOPMENT ESTABLISHMERNT

WALTHAM ABBEY

The Materials Eranches at ialtham Abbey

M.R. I (under Mr. H. iarburton Hall)

The Materials Group at /altham Abbey was originally set up to provide
leboratory facilities for D.M.X.R.D, It became an integral part of L.E.D.E.
about 3 years ago. It was needed because the Land Service side of the then
M. of S. hed no organisation at all for the basic study of materisls. BDecause
of this, and because the Air side was already served by D. Mat. and
R.A.E.(Chemistry) the work was - and to some extent still is - heavily biased
in favour of Land Service interests, ZIven now, almost all the 'ad hoo' problems
which come to us do so from the ijar Office, and zbout half the staff are fully
employed on work of this kind. Interdepartmental committees approve the programme
of work and arrange liaison. Additionally, R.A.E.D.E.'s and W.E.X.E.'s
representatives have formal meetings with M.R, I every six months, Typical
of this work is the development of specisl adhesives for the 'dracones'
which will transport oil by sea-towing of large collapsible barges., The N.R.D.C.
are directly concerned and they provide some financial support to us because
of the potentiel civil uses; the military requirements of M.E.X.E. for
trensportable fuel tanks raise similar materials problems,

The remsinder of the staff are engaged on longer term work which we hope
will anticipate future problems and provide the knowledge vhich will ensble us
to deal with them. For example, there are the studies on the measurement of the
'cure' of polymers and on the effects of solvents upon the physical properties
of rubbers and plastics., This last work inveolves the study of interchain forces
and of the effects of polymer orientation, but it should lead to better
understanding of such prectical matters as the swelling and embrittlement of
gaskets ete. when exposed to liquids,

Since the branch was incorporated within the M., of A,, we have made an
effort to reorient their research more in the direction of Aviation interests,
but this has hzd to be done without detriment to the facilities we provide
for the Land Service, vherever we have had & choice of research topics we
have therefore selected those of potential use to both sides, and nearly all
the basic research items in our programme are of this kind, The work on “he
physical properties of polymers under high rates of strain is, for instance,
useful in the missile field but has many other military design applications.
Similarly the new work on the prevention of atmospheric oxidation of pelymers
is of very general interest and could also have important ecivil applications
(from which, indeed, it hed its origin).

We have organised a small group to work on high temperature polymers
which is primarily a M. of A. interest, We are studying the nature of thermal
and other degradive processes on differsnt types of chemical bonds. In this
way we hope to acquire knowledge of the factors which determine the bond
strengths formed between different elements under various moleeculer conditiens,
This should ultimaetely enable us to select those elements and linkages in
polymers which are most likely to give us the properties required. This topie
has been chosen, partly becsuse it covers an important area in which very little
systematic knowledge is available, but also because it is complementary to
the synthetic work undertaken by R.A.E, and by numerous E.M.E, contractors,

/MNene ,,,




None of the mctivities outlined sbove overlaps with the work of H.A.E.
and good liaison is maintsined at working levels. There is e general

oversight of the work of both establishments through the Materials working party
under D. Met.'s chairmanship.

M.R, II (under Mr., J.E. Gordon)

The introduction of a new meterials branch at [altham Abbey provides an
opportunity for us to make a more direct contribution to Aviation problems, and
to extend the spectrum of interesting chemical elements. The group is small and
it will concentrate, in the first instance,.on the further exploration of the
production and applications of non-metallic whiskers. The potentialities of
this work have already been dealt with in detail in the correspondence about this
branch snd they will not be enlarged on here. &S a result of enquiries within
the M, of A. it would seem that the most likely immediate outlets for reinforced
whisker materials lie in the directions of high temperature resistance turbine
blades and inr aising the working temperature of aluminiuam. fiork has started
on the first of these in close collaboration with N.G.T.E. However, it does
not seem to us sound to base a new branch entirely on a single type of problem,
however important it may be, and we would like to zee some small element of
diversification introduced at once. The fact Lhat this group hes specialised
knowledge on the crystal growth of inorganic materials suggests that it ecould
make s valuable contribution in su port of the current effort at R.2Z.Z. (and
elsewhere) on msterials used in solid state physics and we hope to see it
expand in this direction. As g first step we have recruited an §5,5,0. with
specialised experience of the vapour phase growth of inorganic crystels. He
is working on the thermodynamics of the chemical reactions leading to the
deposition of germanium from the vapour. e have also allocated an 5.5.0.
for exploratory studies in lasers. At this stage the work is centred on
spectroscopy (Dr. Bellamy) but in the event that anything of resl promise
turns up it would clearly be logical to transfer it to the new branch., Under
this heading the possibilities are being explored of organic chemical lasers,
gnd of similar meterial for which a chemical background is required, so that
this also will supplement rather than duplicate the effort at H.R.E,

We would also expect that as this branch grows it will provide a gtimulus
for our Chemical Engineering branch in the bulk production of specialised
materisls. The chemical engineering is aligned almost wholly behind the work on
propellants and explosives and we would like to see it more broadly based, The
new brench should provide an important link between them and Lstablishments
such as R.E.E., with whom they have at present no direct contact.

Waltham Abbey.
21st September, 1962,



EIPLQSI?EE REEELEGE AND
DEVELOPMENT EST ABLISHMENT

WALTHAM ABBEY

Present Status of "Whisker! Work

ijautivaa

Discussions within the M, of A, have suggested two areas in which the
application of whisker techniques might pay substantial Cividends. These
are in raising the working temperature of aluminium and in improving the high
temperature properties of turbine blades. The second seems the simpler of the
two and we are initially concentrating on this in close collaboration with N.G.T.E.
The aim is to incorporate refractory whiskers in an alloy matrix and initially we
have studied the incorporation of silicon nitride in nickel. e shell later go
on to more refractory matrices,

Work Done

We have coneentrated on silicon nitride whiskers as these seen likely to be
suitable and we now have a good deal of background information sbout them,
Improvements in methods of growth now allow us to make batches of up to 60 gms which
is sufficient for experimental work of this kind. Some 'production' problems
still resist solution, The whiskers are incurparated by mixing under water with
the powdered metal followed by pressing at 1100°C in refractory dies. The initial
results with nickel are promising in that the samples are clearly tough and strang
and on removal of the nickel with acid the whiskers are recovered in en undamaged
conditicn, A test rig suitable for high temperature studies is nearly completed,
and this, together with detailed hot testing by N.G.T.E. should enable us to
meke at least semi-guantitative assessment of the results,

The difficulties encountered are (ag some porosity, which may be overcome by
improvements in pressing methods, and (b) a tendency tovards instability at high
temperatures due probably to oxidation of the nickel and subsequent attack upon
the whiskers. More resistant meteriels should be achieved by the use of nickel
alloys, and we have also made a few specimens using Ni-Al and Ni-Cr which

are a good deal better. However it is not possible to attack the Ni-Cr alloy
with acid to examine the state of the whiskers, .e shall be in a very much better
position to assess all this shortly when quantitative data becomes evailable,

A small amount of work is also in progress on fibre conversion as an
alternative to whiskers. R,A.E, have shown that thin metallic wire reinforcement
of matrices gives a useful enhancement of physical properties, We have therefore
looked at the possibility of converting thin wires of elements such as Ti and
Zr into their nitrides which could be used in similar fashion with the advantage
of ability to sustain much higher temperatures, Silicon carbide prepared from
carbon fibres has been studied and is quite promising. Although these mategials
lack the great strength of whiskers their possibly more ready availability
mekes them worthy of study,

1t

VWalthem Abbey,
20th September, 1962,
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Work contemplated at E.R.D.E, in connection with Optical Lacers

We have considered how far the chemical and spectroscopic resources of
E.R.D.E. might usefully assist the optical laser programmé. Chemical work
could help in the improvement of existing materials or in the development
of new cnes. Both possibilities are being explored in & limited way.

(1) Existing Materials

(e) Crystals.

Tmprovements in ruby lasers will come through improvements in the
homogeneity of the crystals themselves, The present methods of growth almost
always result in inhomogeneities which seriously 1imit the performance.
Isothermal growth would give crystals with less strain and We shall therefore
look into the poasibilities of vapour growth through chemical reacticn. The
1imitation here will probably be 1n the size of the erystals which can be
made in this way, but this can only be found by experiment.

(v) Altﬂrggians_iﬂﬂzhﬁ Host Lattice.

e ——

Conventional masers in elumina etc. rely on the matrix to keep the
sctive chromium atoms apart. 1t is possible that this could pe done by
chemical chelation whereby each active atom would be surrounded by organiec
chemical groups — a5 for exemple in the phthalocyanines. There have been
suggestions from the U.S.4. that liquid masers could be obtained in this way
and preliminary evidence suggests that this may be dene by the use of chelated

terbium ions. The pusaibilities will be gxamined.

(2) New Materials. Organics.

T+ is conceivable, but perhaps not very 1likely, that organic materials
can be made to lase. If so the wayelength would be adjustable over guite a
wide range by small alterations in chemical composition. ALlthough the chances
are perhaps small the rewards would be high and this field should at least be
studied in 2 preliminary manner. auitable compounds would be those with
conjugated double bonds, change transfer systems (for which & claim of laser
sction has already been made but largely discrediteﬂ) and compounds with
fluorescent lifetimes comparable with ruby. Little is known of fluorescent
spectra of such compounds in host lettices and in the first instance it will
be necessary to measure the spectra in order to select possible materials for
trial,

(3) Light Sources.

E.R.D,E,, with 1ts explosives jnterests, has already & good deal of
experience with, and facilities for, nandling explosive light sources of

greaet power - i e. the argon bomb ete, We are considering how far this might
usefully be employed in laser work.

Waltham Abbey.
20th September, 1962.
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The Technical Organisation

Director
C.H. Johnson

Prineipal Sdgarintan&ent
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Dr. G.H.S, Young is in general charge of 'development' and of the South Site where most of that kind of work is carried
on, Dr, L.J. Bellamy, an individual-merit D.C.S5.0. (all holders of individual-merit posts are marked with an asterisk)
prosecutes his researches in infra-red spectroscopy, acts as adviser to the A.S. and Mats. I and IT branches, and is
responsible for supervising the Establishment's recruitment of Seientific 0fficer grades. Mr. G.K. Adams, likewise an
individual-merit D.C.8.0., doing theoretical work on detonation phenomena, keeps an eye on the 'explosives!' activities,
assists Dr., Bellamy in recruitment and is Chairman of the Library committee., Thus, between these two and Dr. Young,

\ the entire E. & D. programme is kept constantlv stirred.

The tendency will be to bring all "propellant' work (R. as well as D.) under ocne or other of the Propellant Development
branches I and IT (until recently called Propellants Research III and T respectively). The Propellants Research branch has for
some time given increasing attention to the scientific investigation of explosive hazards and to the problems of energy transfer
in detonation. A more sccurate description of much of the work of this branch would be ‘axﬁlosivea physics', a counterpart

h

to that of the Explosives and Intermediates branch (a title originating in pre-war Woolwich) which could be expressed
succinctly as 'explosives chemistry' since its mein business is with the preparation and basic chemistry of explosive

substences generally.
' 1962,
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| The E.E:D.E, Research Progresse

!hlﬁk'xﬁu for showing me the winute from Nr. Brewin dated
Lith September, .1 have retained the second Copy of the list that Mr. Brewi
enclosed,

In regard to items 1 and 2, I‘.heu&imall‘ﬂaﬂypm of our prograsase
&nd will continue with the maximum effort that we can reasonably afford,
In the case of itenm 3, the pain difficulty here is to recruit & suitably
qualified scientist. As far as I know at present there is no-one at
E«R.D.E. who is competent in this field and sttempts in the past to
recruit people for this type of work, or to interest somecne in the
University in our problems have been largely unsuccessful,

Item 4 is, I an afraid, rether a 'dead duck'. The improvements
expected by continuous production of plastic propellant do not seem to
be achievable without the expénditure of very considerable effort. A
more likely line of attack, on which me a&re already working, is to
improve the Present batch wixing process, It Seems that we may be able to
cut down the mixing time quite appreciably by the use of more powerful
Smachines, and also I think we could now safely increase the size of the
batches from about 200 1bs to around 500 or 1,000 lbs., This would, of
Course, be guite adequate for the present rather limited propellant
production at R.0.F, Bridgwater,

Item 5 seems a likely line of development and I intend teo g2t some
work started on this in the fairly near future, Iteg € is already being
investigated but in my opinion is not &n altogether desirable development
for plastic propellant,

Iten 7 largely depends on our &5s5o0ciation with R.P.E. Westcott,
At the present time the only meteorological rocket is Called Bantam spd
this does not seem to be waking very good progress.

Item B, Some work om this type of systeam is already in hand, end the
feasibility of the idea has in fact already been demonstrated, However,
the advantages to be obtained by & Complex system of this sort do not
seea to be very important at the present time,

Item 9, We have in faect several projects with EAR.D.E, in hand
at the present time but, as you know, the team at Fort Halstead is now

Item 10, I consider sufficient work on Pyrotechnics is already
:thmdnndxdnnotthinkunnwld dunif;rinnrmiu;uurlfrﬂﬂuinthi;

Itenm ll. lJ.E-D.l. hl'. ﬂl'.d.? q'uit. a hr'm contract with
Messrs, I.C.I. at Ardeer for this Teguirement and at the present time I
do not think we could Justify entering the field ltriorun];, al
Id.idmﬂtulr.lrninlmthimthticd;htpm:utm
greater part in the technical supervision of the cantract,

Item 12, I understand pr, Lovecy's Branch is already doing i
in this field and obviously §.C.E. will be brought in when likely ,

of extending our uunmnnmnnmmxum-m

have a discussion with Dr, . '#Ll.m.l;hﬂ'-m.'
wm_xboummwnumn-mw-
where aluminized explosives might be very suitable, '
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