From: Dr, C.H, Johnson, C,B.E., Director,

wic/29/020(CHI/162) WALTHAM ABBEY,
ESSEX,

22nd March, 1963.

pr. B.F. ¥ullins,

fHead of Chemistry, Physics, and
Eetallurgy Departament,

Ministry of Aviatiom,

Royal Aircraft Establishment,

Fernborough, Hants,

Dear Nullins,
Pensl on Non-Hetallle Meteriels

Herewith my two bits of homework.

1) feble 2, Column 1, 4.2 CERANIC «.... Should read CERAMICS
i) nmmwﬁniaum'u-; the R.I.P, %0
mc#uhm artificial

read or
MMW‘MMW.

114) m,ummﬁun-nds.m)lanum
goforence is made %0 ".eeee fusl elements of muclesr resctors”.

with kind ‘”' i e
Yours M“I




It will be seen from Column (4) of Table 1 thet out of a total of 34 Work
fstas sustained intresurally by R.4.E, or E.R.D.E,, or jointly by both the
establishoents, only in 7 instences does the "Present Lffort" exceed 2§ WPG
(ice. two 38, a4, 05, 86, 87, and a 13). The teen of 4 constitutes J.T.2.U.,
Austrelis. The only substantial concentration of effort is to be found in the
15 WPC on "Synthesis of new and model polymers”, 1.5(a) G & 5, since mot only
is such work an essentisl foundstion for the advancement of materials as &
whole but aemunt smust be taken of the necessity to supplement it by extensive
charecterisation of the products, as was explained in section 5.2,5., The 7 on
Degradation (embracing a wide range of important work, meinly long temm) is
made up of 4 ot E.,R.D.E, and 5 at R.A.E, The 6 appearing egainst Ceramies and
Refractories, 4.2(b) G & 5, represent the entire present strength of the second
Materials branch at L,R,D,E, of which the nucleus was recruited from 7.1, Ltd.
last Spring, It seems unnecessary to comment on the remaining groups which
are in excoss of 2§ WPG; they are readily identified by reference to Table 1,
Fo fewer than 9 one-man teams exist, snd 8 consisting of & half-man which
together cover half the totel number of intrssural Work Areas. It must not
be concluded that these represent wasteful dispersion of effort sinoce each
sain Class of msterisl is sub-divided into seversl Work iress snd therefore the
individual WPG freguently has to divide his time between two or more of them,
In other words, & WPC is in most instances a composite man. An interesting
feature of Table 3 is its suggestion of a division of labour bdetween the two
establishments concerned with Materisls research, Thus R, AE, have Fibres and
Lubricents & Hydreulic Fluids to themselves; E,R.0.E, are alone concermed with
Adhesives. In the Polymer field the greater part of the effort on Thermosstting
Plastics is at R.A.E.; on Thermoplastics at E.R.D.E, This situation is %o

_nmmmdtdmu-ma_m;u-mmu

being mede to exploit it, when possible, in the H.0.A, interest. Thedh lines
of demarcation ceannot have sny degree of permsnency sinee it is often very
desireble thet closel; releted work should be carried out in parallel or even



It is suggested that the following statement should continue it
o from the end of the existing paregreh on page 25 which ends *... small
specialist groups is essential®, -

It will be seen from Column (4) of Table 1 that ocut of & total of 34 Work
fAtes sustained intramurelly by R.A.E. or E,R,D.F,, or jointly by both the
establishwents, only in 7 instences does the "Present iffort" exceed 2§ WPG 4
(40, two 33, a4, a5, 06,87, and a 13), The tesnm of 4 constitutes J.T.R.U,,
dustrelis, The only substantial concentretion of effort is to be found in the |
13 ¥PC on "Synthesis of new and model polymers”, 1.5(a) G & &, sines mot only
is such work an essential foundation for the sdvancement of materials as &

whole but sccmunt sust be taken of the necessity to supplement it by extensive
charecterisation of the products, as wos explained in section 5.2,5. The 7 om
Degredation (embrecing a wide renge of importent work, mainly long term) is
made up of 4 st E,R,D.E, and 35 at R,A.E, The 6 appesring sgainst Cersmics and
Refractories, 4.2(b) € & 5, represent the entire present strength of the second
Naterials branch at E.R.D.E. of which the nucleus was recruited from T.I. Ltd,
last Spring. It seems unnecessary to comment on the remaining groups which
are in excess of 2§ WPG; they are readily idemtified by reference to Teble 1,
Ko fewer than 9 one-man teams exist, and 8 consisting of a half-man which
together cover half the totel mumber of imtremurel Work Areas. It must not :
be concludeé that these represent wasteful dispersion of effort since each
sain Class of meterial is sub-divided into several Work Aress snd therefore the
individual WPC freguently has to divide his tise between two or more of them,
In other words, a WP is in most instances & composite man. An interesting

feature of Tuble 5 is its suggestion of & division of labour between the two
establishwents concerned with Materisls research, Thus R,A.E, have Fibres and
Lubricants & Hydraulic Fluids to themselves; E,R,D.E, are alone concermed with
Adhesives. In the Polymer field the greater part of the effort on Thermosstting .
Plastics is at H.A.E.; on Thermoplasticas at E.R.D.E, This situation is %o -
some extent the result of secidsntal eircumstsnces but & conscious effort is
being made to exploit it, when possidle, in the ¥,0,A, interest, Thews lines b3
of demarcation cannot have any degree of permsnency sinee it is often very

desirsble that closely relsted work should be carried out in parallel or even
competitively.
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be best left to Slipe-in the reser's wind from o general apprecietion of
section 5 of the report. (See, for example, section 5.3 on Adhesives) . JH6
& : '



The refersnces in column 2 are to items in Departmenta] wi'

H}. means work at ERLE

BB, extramural work d by ERDE Chem,2/62 dated Se
G mass werk o4 RAD, GO, Tepurit (aibars. vy (i S8 PropUnS TGOS
M, means extramural work plaged by D.at.

The references in the last column are to Werk Arees in Taple 1e

Y "_'n* 3 [ l) .
Thlmholl(I&G)mﬂ(ﬂ&&}ﬂﬂmmnmuhm“s' L3
_____ LOCATION S
REF, NO, RESEARCH INVESTIGATIONS PROCEEDING EXTERIAL W,P,G, Cost |
TERIAL £1000
M&C) - 5.0
¥.2.11 1) Epoxide resins for transparencies - :;::Lm'mﬂ“
- 2
Mo3.12 (2) Mecheriesl properties of laminates - Yarsley Research 6
at eleveted temperatures Leborsteries . 2.7
M. 34 (3) Fatigue end creep charscteristics of - Bristol Alrersft
glass reinforced lsminates Ltd, £ 1.4
M.,3.8 (i) Fatigue strengths of glass reinforced - ::iﬂtl herojot
plestic pressure vessels .
H.3,15 (5) Shert end long-term behsviour of -  Bristel Airoraft - 541
structursl plastics Ltd, 5.
3,16 (6) Short and leng-temm behavicur of - Bristel Aircraft - .
high tempersture resisting materials Ltd,
for radomes
Cio5 (7) Hot temsile strength tests on glass RAR - ¥ i
laminstes
M.3,17 (8) Glass fibre reinforced laminates; =  lMierocell Ltd. - 8.t
stress/tine/environment relationship
Cc.l (9) Rate of loeding tests on plasties AR - ¥ "
C.uhi ok Elﬂ Fatigue investigations RAE - 2 -
c.3.1 11) Winding of glass filament tubes EAR - 2 -
and pressure vessels
c.3.2 (12 ) Eveluation of meterials for tube RAB -
winding
G&s)
C.h.3 1) Determination of oure of epexy resins EAR - 1 -
by measurement of insulatiom
resistance
E (2) Resin euring investigations of glasa ERDE - 3 -
3) fibre lamineting resins
u.8.21 3) Investigation of the glass/fibre - RAPRA, , Shawbuzry e ,
) interfece in glass reinforeed plastics -
M.8.23 L) Investigation of glass fini resin - Russell House & 2,
aystem by inocerporation of gless in
partiele form Leboratories
{% &C)
E ensile, shear, cempression, creep EEDE “ 1 2
end other engineering preperties
M. 2) Development and eveluation ef -
oy {]nnlml.irﬂ.lw.mm-tu-.:ma.uunrmnlJl m“"‘“ﬂ" - 10,
& 8)
E s physiocal snd physico- EHDR
chemical properties im relation to - 2k -
@) molecular structure
EE.17 2) Feotors affeoting the physical -
properties of polymers M' versity of - 2



'ERTAL | RMP, NO.,  RESEARCH INVESTIGATIONS PROCEEDING o

e
H.11.5 ort and long-term behaviour of
rubbers for cireraft deor & windew

seals
.8.2(a) 2} Non-dexmatitic rubbers for face masks & RAE - I3 -
EE.21 1) Stress-relaxation of eleastomera and - RAPRA, , Shewbury - 1.0
its relation to ageing
C.B.3 (2) Stress-relexation researches over e RAE - 2 -
wide temperature range
4 (3) Deformation behaviour under dymemie ERDE - 1 -
and steady loads, Effeects of
enviroment
FE.,22 (&) Structure breakdown of filler loaded - RAFRA,,Shavbury = 1.5
vulearizates by small deformations
E (5) Basio studies of solvent/elastomer ERIE - & -
intersotions, swelling and
permaability
M.11.2 (6) Coerrelation of dynamie properties - J Jialker Ltd, » 5.0
with ability to funetien as oil
sealing materials,
M,11 %7; Beheviour of rubbers in sireraft fluids - RAPRA, ,Shavbury = 2.0
¥.11.6 (B) Cross-linking of fluorinated rubbers - ILI-:;JJJ Ressarch - 3.0
-1
C.8,1 (9) Improved eroas-linking of high RAE - 2 'y
temperature resistant rubbers
M&C) % @
Celle3, Degradation of textile meterials st RAE -
13.,2, high temperatures
13! . -
C.A3.,4 (2) =ffeet of sctinio light on physical RAE - ¥
preperties
(i &g) 3 -
E 1) Meghanical properties of materials ERDE %
for projectile driving bands and
other ammunition compoments, . 24
EE L (2) Assessmemt of pelymers for film forming - Yarsley Resesre!
properties for electronie spplications Labs. $ -
E (3) Evaluation of physieal properties ef- ERDE =
nateriels -for & Establishments for ¢
nn-}unitim pment dsvelopments,
&3 S 1
C.l.2 1) Syntheais of new or medel compounds RAE | Vardous .\ (T A
and pelymers ERDE . (see Delo¥)).
L) Com -
¥,1.8 (a) ﬁﬁtﬂ,pn compounds and lﬂ'ﬁmw - 5
polycondensates oontainming B-0-C limks - MJ‘" -
M,1,31 (b) Pelymers from beron isogyanate - M‘
Coll,Sei.
Teohneloy | B
M,1.32 (0) Polymers based en substituted - W"
rechnelosy - 9.0
M,1.40 (d) Pelymers based en borascls - :u-llﬂ’. Labs.



M.1.15
M.1.17
W.1.24
1,35

M.1,39

Cedal

EE.6
M.1.17
M.l.A4d
C.1.2(e)

|

M.1l.1
¥.1.2
M.1l.5
H.l.6
M.1.21
M.1.22
M,1.,26
C.1.2(d)

C.l.2(f)

EE.5
¥,1,21

M,1.23

M,1,28
¥.1.29

polymers based en inorganio
elements .

b) Sil-methylenes and sil-phenylenss

;:i Phesphorus-containing silicones,

d) Cage compounds centaining silieon
and mitregen or oexygen,

(e) Cyanosilocones

(f) Silexane-metalloxane derivatives

(g) Organo-siloxane moncmers and
polymers

¢, C 8
a) Polymers conteiming phesphorus
carbon linkages,
(b) Phosphorus-conteining silicones

(see silicons - above)

(e) Phosphorus exynitride

(d) Phosphorus-nitrogen compounds
conteining fluerineted groups,
(see slso fluerine - balow)

(e) Systems eonteining phosphonitrilie
fluorcalkoxides and phosphimidazolene
rings

D) C nt
a) Fluorocarbon monomers and polymers
b, ketal complexes of fluorocearbons
¢) Fluorinated polymers conteaining

C=NeorC -8 linkages
(d) Perfluorealkyl silicon compounds

(e) Compounds conteining the = N:CF group
(see other ewmpounds - below)
(f) Perfluereclefin oxides snd pelymers
therefronm
(g) Telemeriszation and polymerization of
fluorecarbons by gamma irradistion,
(h) Compounds centaining fluoroaremaiic

groups
(i) Compounds eonteining flueresliphstit
groups

E) Other

& and pelymeric compounds
of phospherus, arsenic, antimony and
bismuth

(v) Sylthoﬂ..l of heat resistant polymers

(e) Compounds conteining the - N:CF -
groups (see fluorine - above)

(d) Effect of eleotric discharges on
compounds centeining various
elements,

(o) Polymers derived frem eyano-
derivetives of elefines

(f) Polymers derived frem nitrogen
oarben-oxygen campounds

uorine

College,
Londeon

ICI.Ltd, ,Ardeer, -

ICI.Ltd, Ardeer -
Birkbeek College,-

Londen,
Man,Coll,Sei,
& Te
Brit . Resin
Produets Ltd,
Barry,

Man Coll  Sed.,
& Technology
I.C.I,Ltd,,
Ardeer
Artrite Resins
Ltd,

o
e
1k
9.6

6.5

3.8
1,6
3a3
2.1

2.0

T4

3.7
b



L REF, RO, | RESEARCH INVESTIGATIONS PROCEEDILG
RAL E) Other com (contd) _
) M,1.30 g, lietal-carbon polymers - Hen,Coll, Sef, .
l &
M,1,36 (h) Heterocyclie polymers (see - lllan.ﬂnll.xu: < l 2
Col.2.(e) below) & Technology, |
C.1.2(e) (i) Pelymers contsining heterccyclic RAE = s .
rings (see M,1,36 sbove)
C.1.2(b) i,jj‘ Polymers containing aromatie nuolei RAE » % ;
B k) Synthetis work in support of ERDE 2 2 ;
(=7 | 5
EE, (1) Pelymsriec orgeuic semi-conductors - University of x 2,
ey ; Hottinghsn
2) C.2.3 2 (2) Physiesl properties of experimental RAR & 2 .
‘ polymers
EE, (3) Theorstical study of bond strengths - Univ.Coll, - 1.
of vsrious inorganic links of Londen,
interest in the polymer field,
EE, (4) Experimental comperisen of bond - Univ,Coll, - 2,
strengths of various inorganic links London,
of interest in the high polymer
field,
EE 22 (5) Effect of erystalline strueture on - University of - 5
the properties of high pelymers. BEristel,
EE,13 (6) Permesbility of polymer films to water, - Imperiel College! = 1
EE 1k (7) Adserption of water by pelymers - University of - 0.
Heeding 2
E (€) Fractionation of pelymers SRDE - ¥ .
3 (9) Degradstien by hest, redistion, atonis  ERDE - b -
particles, chemicsl agencies (e.s.
( exygen) or olimatie enviromuents 2 =
Ce2.1 10) Thermel degredstieon studies Al ol =
EE o3 (111I Irredietion of ERFIDELYes ¢NL 60 - ABRE,, Fentage Gl
meterials used in explosive stores 24 %
4 (12 ) Dependence of meochsnical properties on ERDE -
time-undsr-stress and tesperstiure;
influence of surrounding medium shasburyl = 1.0
EE,19 (13) Dynemie properties of rubbers =nd - RiFRies !
plestios - oL
EE, (1%) Relationship between dynemie properties - Lgniru-::ﬁ_ of
and meleculsr strueture of high polymers N
vver & wide Lemperature sna [roquenty -
range 'H.B.Mll - 2.5
EE.1 (15, Effect of teuperstures, rete of -
deformation and other varisbles on the
physical properties of fibre-forming 1 -
polymers ] -
L (16) HF'!lQF%;Ft of test methods, ineluding SRl
tests foP ministure specimsns, for
research and for obteining design & 1.6
 (8ege Oreep) data PTIR
Mell.3 (17) uiereevalustion of new plestomers and N

elaziomers

CONFIDENTLAL
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& C)

EE, Adhesion of cured rubber surfaces - RAPRA , ,Shawbury ~
E 2) Rubber te fabrics and paints to GRIE 3 5 I| D;S
substrates | |
E (3) Seeling of ammunition components BRDE - & -
G&8)
E Fectors in adhesive strength ) - 1 =
EE,12 2) Heats of wetting of liquids to seolids - University of - 1.5
Nottinghem
EE,10 (3) Study of electrostatic aspects of - University of * 1.0
adhesion Nettinghsm
EE.9 (4) Influence of design on the strength - Royal College of = 1.0
of & lap=jeint Science & Tech-
nology,Glasgew,
EE, 11 (5) Planning of experiments and - University of - 0.1
mathematical interpretation of results Glasgow
of /investigations of joints
M&C)
¥,5,10 1) Greases with improved temperature range - Esso Research Ltd, - L.
M 1.A5 2) Synthesis of thermally stebles fluids, - Monsanto Ltd, - 22.5
Arylethers and esters derived from
silioon tetrachleride
G&8) : =
C.1l0.1 1) Lubriecation behaviour of molybdemum RAR -
disulphide systems : 1.5
£.10,2 (2) Lubrieation in controlled enviromments LE University of
&M, Cambridge.
M & C) 1 -
€.7.1, 7.2 (1) Gless=-fibre insulstien LE o P 6.6
N,.2.13 2) Long-term temperature tests - iiﬁﬂ Sefoty [gr yrie
Mo2 A (3) Thermel shock-resisting gless = | - i o
M,.8,18 (4) Glasa fibres of high Young's medulus - Il:;ﬂ”' i o3
M,2.1 (5) i;ﬂ'zncth properties of hest-trestsd o :ﬁﬁ“ Safety 8.0
I -
M.2.1, (6) 3ilicons K type interlayer for - Triplex i
leminated glass Glass
P
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0. RESEARCH INVESTIGATIONS PROCEEDING -
INTERNAL |
EXTERNAL 't’iin ﬁlli Pely 0 1
— | £1000
> & } | '
(1) Strength properties of glass in bulk - Universi I
and fibre fom Cardiff ty College, - 1.5 b1
X &C) -
7 Sasll nose cones for test purposss = o PN | |
B5) (2 Special graphites for rocket noszzles RAE “{ e - 1.3 ko2
and fusl elsuents of nuelear resctors 5 -  he2
¢ &S) .
1) Strength and registance to cred#p at ERDE . )
high temperatures
(2) New reinforeing materials; whiskers BRDE & 6
(silicon mitrids, and refractory x b.2(
fibres (titenium nitride); multi=-
phase systeams involving these
11 | (3) Meechanicsl snd slsotricel properties - Morgan Crueible e 1.5 a2t
of cersmics Co. £y
10 (&) Dlﬂlﬁpmﬁm.‘of zethods for :aamant - Flessey Co, - 9.9 4.2(
of dielectric properties at high .
temporalures
9 (5) High temperaturs properties of - Plessey Co, - .
ke ) carbides end nitrides L ba2(
30 (6) EKineticas of nitridation of silicen - BCRA - 2.0 5.2(
ks ) 4
31 (7) Silicon nitride and silicon carbide - BCRA - 5.8 4.2(
t‘} -
3 (8) Sintered slumina - University of - 1.0 L.2(
|t.} Leeds
Ly (9) Physieel state of coramics used - lanchester College = 5.0 bo2(
in machining processes Selence and
Technology
¥ &C) :
1.1 1) Tests on sub-sonic whirling arm RAE ” i ' 5(a
1.2 ﬂ’ci,l Tests on SUpersonic whirling amm RAZ JJ 1 - g a
1.3 (3) Supersonic tests et Pendine RAE o a
& () Meohanisn of rein erosion -  University of - 1.2 5(a
Gmbﬁﬂgc.
i.l ) 2 o
o2 ) (5) iblstien studies relating te high-speed RS - 5(v)
)03 g vehicles end rocket nozzles
™ - 1
2.1{e) (6) Development of white pigments of high RAE 2 - 5(e)
refrective index : i
12,1(e) ET Photochemiecal materials to protect crew LAE i 1 - 5(e)
16 .2 E$ Messursment of thermel emissivity of ivia
seinted surfaces for high speed pdroraft o [ > 5(4a)
E (9) Climstic protectien EEFJ}E :I
¢&8) L - ¥ - 5(a)
E 1) Breskdown of paints due teo glimatioc or ERIE
artificial enviromments studied by s 24
detaohed film technique } m,,fw - 5(»)
5,10 (2) Mobility of ions in peint films =

CONFLDENTIA
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Notes: 1.

/ 2
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SOBSIMENT OF RESEARCH LNVASIdbdalil

Assessments in the two sub-columns of column 3 ere indicat
and 0 the lowest (szero markings are te under "I
Priorities in column 5 are indicated b .
D slso indicetes probsble completion Wit

(1)

CLASS CF MATERIAL
end

(2)

WORK AREA

(4 & C) Research undertaken in _
connection with defined militery '
or eivil spplications

Eroad Objectives P
» (¢ & 8) %ﬁum}r to build up ¥
scientific and technelogiecal i
capitel for ultimate spplication, .
(W) For the Wer Office, <
1. POLYMERIC TYPES /T & ¢)
/" (a) lew transparencies 3
1.1 THERMCSETTING B (b) lechanicel snd physiesl 3
PLASTICS DIo es of laminstes,
(e¢) Glass-reinforoed wound tubes, 2
Airereft structures; rocket
bodies and components; (G & 8)
redomes; opticel transparencies; (a) Studies of the cure of resins, 2
ssmunition and weapon components (b) Interfacial studies of glass/ 2

(W) boats, vehiclea and
pontoons ()

1.2 THERAOPLASTICS

Opticel and electriocsl
transperencies

Components of ammunition

and wespons (W)

1,3 RUBBERS

Areraft end missile components

for use et high and low

operctionel temperstures;

flexible oil storage

conteiners end transporters (¥); (¢ & 8)

vehicle cemponents (W);
fece masks,

1., FIERES

Parsschutes; errester

resin aystems,

e — =

{L’s 4 E]

4_’_/ (2) Tensile, sheer, compression, 2
creep and other "engineering"”
properties,

(v) Foamed meterials, 2
(G & 8)
(&) Thermodynemie, physiesl and 2
physico-chemical properties.
fu & c)
e (e) Aireraft and window sesls (Short 3
snd long-term behaviour)
Eh} lion-dermetitio rubbers, 3
o, hgeing (W) 2

(b) Deformstion behaviour under
dynemic and steady loads,
Effect of enviromments,

(e) Basic studies of solvent 2
elastomer interactions, .
swelling and permeability,

() Cross-linicing of fluerinated 5
rubbers,

& ¢C)
ﬂmﬁmurﬂmlnm T
pers

{ag Stress-relexstion phenomens 2 or
2 )

gosr; inflatsble equipment; (b) Effect of sctinie light en 1 ,\J

clothing; towed targets,




(1) (2)
WORK AREA

(N & C) Research undertaken in L
CLASS OF MATERIAL connection with defined military

and or civil spplications
Proad Objectives

| (6 & 8) Supperting Resesrch to build up
seientific end technological
eapitsl for ultimate epplication,

(w) For the War (ffice.

1.5 POLYMERS (GENERAL (M&cC)
INVESTIGATIONS ), (a) Mechanical and electricel
properties. (W) |
New and improved plastics, (b) Eveluation of new nateriels 3
rubbers end fibres, in fron industry (W)
psrticular to withstand high
and low temperstures and (W) (6 & 8)
high mechenical stresses, €.f. (e) Synthesis of new end model 3
driving bands. polymers,.
(b) Chemiesl snd physiesl charae- 3
terizetion of new polymers.
(e) Holecular snd morphologiesl 3
structure, ¢ strueture-
depencent sroperties.
(d) Fractionation of polymers, 1
(e) Degredstion by heat, radiation, 3
atomie particles, ehemical
agencies (e.5. DEJ' or
elimstie environuents.
(f) Dependence of mechsaniesl 3
preperties on time-under-siress
and temperatured; influence of
the surrounding hedium,
(g) Development of test methods for 2
research, end for cbtaining
design data,

LT

2, ADHESIVES AND SEALANTS (M & C)

(2) Adhesion of cured rubber 3
Case-bonding of rockst surfaces (W).
cherges; collepsible (b) Rubbers to fabries (W) and 3
rubberized tanks end paints to substrates
trensporters (W); emsmunition (o) Sesling of smmunition 2
geelents (W) components (W)

(¢ & 8)
E-} Factors in adhesive strength é
b, Distribution of stress in 2
jeints, theoretical and
experimental (W)

3, LUBRICANTS AND HYDRAULIC (Mac) 1 l
FLULLS (e) Gresses with improved .
temperature range . !

Adrereft end missile spplicetions,  (b) Synthesis of ! 3
perticularly st high tenpersture; stable fluids, ;
instrument lubrication,

| (6 & 8)

, 2lg]znuiuutiuu by sclids 2

- (b) Lubrication in controlled | 3

: enviroments :

- —-—-_-—"h-




CLASS OF MATERIAL
and
Broad Objectives

WORK AREA

—

(4 & C) Research undertaken in
sonnection with defined militery
or civil spplications

(¢ & 8) Supporting Qessarch to build up
soientific and technologicel
] espital for ultimate application,

| (w) Por the War Office.

L. INORGANIC NON-METALLIC Hé&C)
MATERIALS a) Pibrous thermel insulstion 3 3

b) High temperature testing of SR 0

kol GLASSES — sheet 1
&n High strength glasses G 1
Reinfereed structures for d; Eveluation of industrial 3 2
girereft ond missiles; | materials,
optieel transparencies; (¢ & 8)
insulatien, (a) Factors affecting strength of 3 2
glass in bulk and fibtre fomm
|
4.2 CERANICS AND (M &c) |
EEFRACTURIES En% Forming techniques, T 2
b) Specisl graphites. > 2
Redomes; high tempersature
spplications sueh as turbine (& & 8) .
bledes, rocket nozsles; | {a) Investigations on preparation 5 | 2
miclear energy applicetions, and propertids. ;

(b) Strength end resistance to ereep 3 | 3
at high temperature; new -
reinforeing materials; whiakers '
(silicon nitride) end refractory ]
fibres (titenium nitride); multi- l
phase systems invelving these,

(e) Determinetion of mechanicel and 3] 2
electrical properties at high |
temperatures |

5, PROTECTIVES AND PROTECTIVE (M & ¢) -
AGENCIES ' a) Rain erosion 3 | C
(These usuelly invelve h§ Ablation 3 | 0
more then one of the sbove (e) Radistion and thermal protection, % 1 0
classes of materisls) d) Climatic protection 2 2

Radomes and leading edges; (¢ &8)

roeket nozzles; ageinst | (&) Breskdown of paints due to 2 1

nuelesr redistion and . climatic or artifieisl

climstic exposure, -_ environments, studied by

| detailed film technique, |
l (b) Mobility of iens in paint 1 1




Erograme of Research 1961/62
Colum 1, Ne, 11

Column 2, JMaterials Non-ietallie
Colum 5« Basie Research

Colwm 4, Investigation

(a) Chemical and Physical Structure Studies
Fo rs

(i) Model Polymers

& series of model polymers,
both 1iquid and solid, based on '
the polyethers are being prepared .
to study the correlation between
molecular structure and physical
mropertiea, A wide range of
prorverties will be measured, e,.g,
glass transition and melting pin
temreratures, specific hect and
heat of fusion, coefficients of
expansion and comrressibility,
eryatallinity ctec. Some of the
model polymers have nov been o
symthesized, '

'i
(ii) Mechenism of Cure -

The investigation of the
puring mechenism of polyesters
contimues with a study of the
kKineties of the resetiom betieen
purified plyeol and dibasiec acids,
The reactions are being followed “
by detersdnations of bulk
viscosity, water evolution and
composition of diztillates,

-

(1ii) Molesular Forces | J

A theoretical study of Van
der Taal's forces betveen the
molesoules of polymers based on |
the measured values of polymer 4,
dieleotric constant £t roomm !
temperature, the polarisability i
and density, is being apnlied o

polythene, A technical note has I
been drafted and the work will be 28
extended to other nelymers, '

Similarly an attempt is
being made to develop a semi- '
empirical theory correlating the .
macroscopic room temperature pro-
perties of polynmers (such as y|
internal pressure, bulk medulus !
and Young's modulus) with the y
properties of the individual '
molecules, This is being

E aprplied in the first instance to Lo
polythene and a note is being L r‘r
drafted, { | &

/Following i




the novel phenomena of immact
resulting in electrification of the
erea of plastic yicld of an impacted
specimen of polimer, further worle is
underway for observing the time of
dmpacts The dymomic modulus obtadned
by this method iz %o be compared with
volues obtained ith another novel
method viz, from the free vibration
of edvoularly clamped sheets of
polymer,

(iv) Compressibility and Thernl
Exponsion

The work of building up data
an the megnitude of intemoleculsy
forees of polymers by measuring
canpressibilities at constant [
temperature and volwie thermal
expansicn ot cmatant preassure for !
solids and liquids i= {o be con-
tinued, Besides woviding basic
date for o better understonding of !
the carrelation belween molecular
and mecroscopde forees it is hoped
thiz will help in predieting solvont-
olid interactions e.g. fucls amd
lubrieatins oils ith mubber gaskets,

(v) Adhesion

Work will be contdinusd to
develop apparctus to study adhesives
in pure shear by using an aomular
Jointed "lmepldn ring" specinen.
Tae problems $o be solved are the
elimination of stzess eoncontrations
end the yariation of arymrent shear
etrepptha with Joint dimensions,

A prelimipery sthady off the
pessibility of applying the methods
of . medsurine electirical oontaot
poventials betoecen solids to the
case of & polymer Film on o metal
substrate has been canpleted,

This ohes promise snd a note han

bean prepaved.  An E.JLR. hss neyw ;
been arranged ith Nottinghem
Undversity to emmtime thiz study I

as a meins to contribute basic
Imovledpe of adhesion, Sunporting
studies of adhesion aye being
parsued by EJLR.'s &t the Joyal
Colleze Glasgow and the Universities
of Nottingham and Glasgov,

Vil & )
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(vi) Rate of Stressng

A further progreme of work 4s
underway to etudy the effects of
time of mechunic:l stresaing and
stiress=strain behaviour of Polymers
both ot very hish rates and {'or very
long times wnder ocmiatant load,

The former to Sive infornetion an
the trensition frem tough ductile
behaviour to weal: britile behaviaur
end the lotter to investipate the
loas of strencth vith time under load
Apparetus fopr a Pplving medium rates
of streasing is being constructed in
crder to complets 4he spectrun of
rates of streesing, Fhatoolnstio
apparatus is being used for Legyg
siressing time atudics or rolymera,

A sumporting study is boiar Tursued
extigaurally on the behaviair of
fibres at hizh rates of stressing

rﬁl

fvii'] Mechanism of Vapour Fermeabilit '

The work af studjing the '
mechaniasn of ate r-vapour PeIrmes— |
bility of polymers by measuring Lol
sorption and permesbility of l
polyier Pilme 45 bBe i progressed ;ﬂ
at Imperial Colleze, Lonwlon, and !
by using other teclmiques at
Heading Undversity. jiir

Similarly on improved method
to stwdy the charapteristics of
solvent (e.g. hydrocarben limuids)
transmission throuch elssbomer Fl

materials is being developed

e - |
(viid) Cryatalline Structure

(ix) BJLR. Contrects
T
| Supporting studies being !
TUZSuch extramurally are: -
() Pilm formin: propertics of
newr hish polyners,
(b) Investigetion of molssular
croas=linlding of polymers,
/(2) seens
i
{il
i
| .
-:' )
| “
3 - j — ';




(e) The dynamde propertics of Rubber amd
Plnation,

(@) The sarbm black=rubber structure
bmhl'ﬂﬂim ua. lm.{.l..-‘s]. ;"I.lbbtll*ﬂ.

(e) Tho stress reloxction methois 28 a
research technique and f'ér rubber
ageing inveatipation,

(f) Inveatigatiem of B¢ lyolefine Oxides -
thelir t'nur:m'i;r urle aspoots = and as
weana of investligating factars
influenecing the loyv wrperature
behaviair of rubbors,

b) Polymer Degradation ctas b

(1) To study the vorious molecular foc-
tors influencing the stability of nolymers
te heat, nlbewiclet

roadintions eto, , modoel

exisi a8, oT &re
l|'.:]_'],|--'_'-':” i.':_,1' F ':I!.Jl
prepoied oy c

ol ‘...:;:_—i';" stabi ] Iy

:..,;-;- of I'u..‘.' sarbon
Siniler J-L the ':_""I."-Fi.'- 5t H tilar i
ioim mechaniam ond the inilucnee of =5
aoleculer prouning on it is being mar-

sucd with same of tho model compourds {
already prevared, 4Also a further pro- l~
gramme has bean atarted on high energy -
irradiotion effects on polymere and
ela t:cu:.-hu. Oollaborative facilities

+o =srist in thiz study ore baelng prp- :
wided by en EvheT vith AB.Hal i
4

Studiens of ©
reduoing oneT
cf eellulos
Ty the appli
(5.0 0y 001 b g 144

o' the beeal=

(¢) Hew Polymors

The folloging E,ILR.'s are being I
santinued in the scareh for new high
rpers having dmproved stability et
the izher '.'mr]c’i.,.___ temrerabuyce now
required in ney *;r.e:"!__-.-f- of Serviee
gquipment,

(1) silicone polymers - symthesis
and study of properties ond
faotors influencing heat stability.
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