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made from phenolics, poly
esle rs and epoxies , applying Ihe 
resin 10 Ihe aliglled reinforee
OleO! in dilule solulion. The 
solvenl is evaporalod all. giv-

Explosives Es[-ablislunen[- 0jJen , day 
reveals an 'arsenal' of polYlner 
and allied develojJlnentJ 

~ ; I 
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ing " 'prc-preg' which. ii Ihe 
resin is selecled wilh Ihis in 
mind) can be slored for sevcral 
weeks. 

The ';-,alerial can fina lly be 
n1l1ulued and cured under pres
sure in n moulu. the best results 
being ohlaincu whell only a 
very slight e,xcess of resin is 
pres~l\t. 

Figures qUllleu for Ihermo
~cl resin co mposites. wilh 
ditTerelll Iypes of fihre, are. 
for tlexural slrenglh and 
Oexural modulus re ~ peclively: 
a ~beSlos!resin, up 10 125 x 
10"psi and liP 10 14.5 x'IO ' psi; 
carbon (type I )/ resin. up 10 100 
and lip 10 25; an<l silicon car' 
bide /resin (which is slill only 
in Ihe early slages of devel op
melll), 200-300 and 30-40. 

THE Ministry of Technology opened the doors of 
its Explosives Research and Development Estab
lishment at Waltham Abbey last month, literally 
'with a bang, and revealed that as well as explo
sives and rocket propellants it also has a minor 
arsenal of polymer developments to talk about. 

Stemming in many cases from military research, but 
now reaching a point of more general industrial interest, 
'these developments include advanced work on fibre 
reinforcements for plastics. a new approach to synthesising ' 
tailor-made polymers. a ' new conductive natural rubber 
compound and ~em(! int~resting ' ideas oil iriter4.'i1angea ble: 
mould cavities and steel-filled epoxy injection , moulding 
t o ols. 

W0rk on p ol)' m,~,r s now /--;;;-;;- fibrc in Iho Ihormo!,laslic ' 
conslltlll"S some 30 ;'0 of Ihe matrix _ anu il is Ihis prob-
t v t,,1 cllort at Waltham !em which E RDE now cl a ims 
.A. bb"y, ancl thc most IInpor~ ' 11 has solvcu wJlh I t ~ grauII'g 
tant ar"" is th :1l of r"inforcc-· , pr<>coss. ' ., 
I11cnt. where ER DE has been An olher fac la r is. nalurally, 
investigaling aSb"SloS. glass. Ihe ohilill' (If Ihe resi n 10 wcl 
carbon fibre and ··silicon· Ihe libre (which inOucnces Ihe 
based 'whiskers'. all-imparlan\ fibre/r~s in b?nd), ' 

E/rort has been canc"nlraled and E RDE IS lackling Ihls on 
on proc"ssing Ih"se fihres 10 twa I" vels - , pr"lrealm.enl of 
renuer Ihem more suilable for Ihe fI.hre anu Ihe addJllon of , 
reinforcemenl of plaslics, and s p.ecllle rcaCIl VC groups to ~cr-
ERDE has ' now come up wilh tall' po I YJ11~rs 10 Iry to Im- ' 
a prOC~5S for grading or align· pro ve adheSIOn. 
ing libres la give beller di stri· Results so far show Ihal 
bUlion, o ri en lalioll or 'pack- breaking slrenglhs of Ihcrmo· 
ing' ill plaslics CIlmposiles. plaslic mOllldings can be in· 

The de velopmenl programme creased from 100 % 10 200% 
has shown Ihal Ihe lenglhl alld Ocxural modllllls by up 10 
diameler rali o 01 Ihe libre is 500% by IIIe incorporalion of , 
importanl in delamining Ihe aboul 30 % by weighl of i · 
d ~grcc o f rcinforccllll.!lll obtain- asbes tos. 
able. The longesl fibres arc In polypropylene, for ex-
used in thcrm osclt ing resins ample, flc xural modulus is in-
a nd Ihe shorter OIlCS in Ihermo- creascu from 0.15 IInflll ed 10 
plaslics and li ghl allo\,s . 0,77 (psi x 10") by Ihe addilion 

On grounds of cos t and of 40 ';~ asbestos. and te nsi le 
p<)(enlial general usefu lness . slrellglh fr om 4.400 psi 10 
EI<DE has singled 0111 asbestos G.SOOpsi. Wi,h nylon (,C, (where 
i n r sp\!cial atte nt ion as a rein- a direct comparison with COOl· 
f"reemelll and poll'propylcne mert'ially-availahle glass-fi lled 
,I') a host ma trix , grades is j111 ss ihld. Ocxu ral and 

This is 11 0 t in il~ l.! lf neW , klls ilc figure s nrc quoted as 
si nt'c Ihere arc conllnCl"ci"I 0,3 a lld I) .000 (IIn/illeul. ri sing 
gr:.des of a,he,,'os reinforced 10 0.8 and I H-24.000 (glass-
pp in Ih e USA. where Ihey lilled) ond 1.3 and 19.000psi 
hav..: rccclllly been enjo yin g (30 /~ a~hcslos·nllcd). 
:-'IHHr..! jlopularity for 011110· 
Jlh)hik c\)mp,lllcnls, :,nd it i!i 
1I1l<krs tood Ihal aUK prodll
('~r will bc introducing an 
" ,hc,tos-fillcd gr:.de ollicially 
); dcr 011 Ih is Yl.!ilr, 

,\·l(lr~\l\'cr. a t th l.! rC Io..'C 11 I 
P; .. 'l , i,,·.; In''ltittJtl.! l'OIlfl..'rlo..'lh .. ·C Oil 
r .. i, Il,I j' ... ·Io..·d p/ ;l"It i .. :s (PI{ \V May 
: h G, L. Wicker, of Turner 
lh .ls. s;,w the fUlure lying 
-,I.'\Hlgly wiih thl.:rm()plaSlic~, 
\\i:h ;1~bl.!"I i,)\ as a major rein 
f l/I ... :ing l ih r..: . 

1'"'' in jlr,,,'liI'u ~fl fnr. 11 
loIl1 )lI! I'1 ' "il l~ 11I 1111 ,1 h~ulI it) 
\)hlai n illl CY\.'1l di~lrilHltl(l1l of 

STIffNESS 
In COmpilrlson ' with glass 

libre - Ihe ma ill fibrous rein
rorl'clllcllt [or thcrllwplastics 
ill presc llt - a sbestos gives n 
hi~hcr ... tilrn .:ss hut a lowcr 11.:11-
s ill! stre ngth . hut it is argth':u 
111 :\1, ror a large Illajllrily o f 
injection mo ulding applica
tioll~ , Sl i/Tnc ('s rathcr than t':l1-
silc strcngth is till!' morl! desir-
1II,Ie 1'!'lIl'cny, 

WII~l'u III I~ 1I Ihu ~'II~U It 'll 
pIl,slhlc Ihat n Ihlnnc r scctlon 

could be emplo ye d, Ihereby 
cconomising on matcri al, but 
the reol argul11enl rUI forward 
by EI{DE (wltich has no par· 
ticulnr ",e 10 grind) is Ihat 
graded asbc~loS , al an esli
maled 2s 10 3s a Ib, is cheaper 
Ihan glass fibre al Js 10 4s a lb. 

From experience so far, .he 
EHDE team finds that most of 
the wide range of thermo· 
plastics it hus ~o far rein· 

fon'cd with ""hestos can be 
processed sati.<f"ctorily on 
CUIl\'cntional screw illjeclion 
UlOlIlding mOlchincs. 

The e"ceplion is slyrene' 
based malerials (which can gi ve I' 
moduli up 10 6 x 10"psi). 
which have 10 be moulded by 

, rnm injection or compression 
techniques. Wea r and lear on I 
the machine is said 10 be ' 
negligible after 18 monlhs' I 
tri als. 

Fo r Ihermosell ing resin 
reinforcemenl, ERDE has 
developeu alignmenl processes', 
to orienlale Ihe fibres and paek 
the maxi mum amount inlo a 
composile. 

DISPERSION 
Bolh processes depend on 

dispersion of Ihe fibre in a 
carrier (which may be a vis· 
cous aqueous solulion of 
ammonium aligniltc in water, 
or may' be glycerine). alignmenl 
and removal of the carrier. The 
basie lechnique for alignmenl 

, is Ihe use of viscous drag in 

cxtrus,oi{ throu gh an orifice 
or slit. 

Thesl! h:chniqllcs can be used 
10 prl)du~~ a li gn..:d rc i n fo rc~
ment in Ihl! Corm of Cl)mrO
s ite shcet (l'l)[ bars, tub..:s olnd 
shopes pruduceu in hoaled 
prcss.:s for high perfo rmance 
structural applil.'alilllls)' Ihin 
cOlllposile sheel (5- 1 Olholl Ihick 
fo r hO Il~ ycom b s tructures 
where weighl is il11)lort:lIl1l, anu 
thin n" rroW COIHilllWUS com" 
pos ile slrip ([or windin'g lech
niques (or tanks. tubes and 
similar regular-shapeu items). 

Palenls covering Ihe ERDE 
fibre preporalion pr,)cesses arc 
being filed anu, ii all goes well, 

licence$ will be m"de avail oble 
10 indllstry. 

Applicalil1ns for Ihese com-
posi les could illclll,le rocket 
mOlor components such as 
ca SeS. exhaust tubes "nu 
no zzles and airlramc ~ lrll Cl ll rcs 
wh\!r..: light wciJ:;llI bill high 
strellgth, hjgh still"n..:ss and 
po.~s ibly ahlalion resistance arc 
lIeedod. If Ihe full pfClperlies 
of silicon carbide whiskers can 
be developed in resi n COl11po· 
siles, adus ER DE, Ihe y would 
give ',llC llighesl properties, for x 

11x: f.'\osl cxaClillg applicalions 
- but al correspondingly 
grealer cos I. A lelll a live price 
for silicon carbiue whiskers is " 
20s to 40s a lb . 

1f16fJ ilEA T 
Incorporation llf nsbcSI,,)S 

fibres into rubher cClmpollnds 
is also being C:\ill1liIlCd. hut at 
presenl Ihis app,'HS 10 be of 
inleresl onl y in hi~h heat
resist ant synlh":lilo.' ruho\..·rs. 

In the nd.hcr "il'l'tiOIl at 
\\'allh illll Ahlll..' \', hO\\CH' r, an 
illll'rc,"I,in,:: ph,'~' c of rail-out 
frfllll lIIililar\' Irullhll' ·!rIhuot .. 
illJ.: i"i Ih,,· d;'n.'loIHHl' lIi (If n 
l'untllll·lh·c lIillllral ruhhcr 
"ompouu" fur allli·stalil' pur
pO.\l',"i. 

De,ignated f:RI)[ Ilallll"ol 
rllhoer , slandard L 7 170, I he 
compo und CllIlIa in s 70 parts of 
aecI)'lcnc hlack per 100 of 
rubb\.!r. This wa s "'"lI11P;UCU 
wilh a ran ~c of olher rubbers 
contaillill~ th..: sallle loading of 
oeelylenc black and le sled at a 
c<lIl1 acI pressure of 15p,i. 

Results frolll Ihis Icsl gave 
an clectricnl r('~istal1(c of only 
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iTHESE are the low cost interchangeable cavity plate injection moulds for producing standard specimens whicll : 
' have been developed by the Explosives Research and Development Establishment. The bolster set and cavity plates ' 
I were designed by ERDE's polymer development and application group. ~ 

! 

6(>h",s lor Ihe ERDE NR cam' 
" pound. compared wilh 10'ohms 
; for a standard solid lyre rub· 

her. 3600hms for Hypalon, 
900hms for a commercial con· 
ducling rubber. 300hms for 
neoprene and 13uhms fo r bUlyl. 
Lower rcsis tanccs were ob· 
lained fro III aerylale (40hms), 
eis·IA·pol ybuladiene (3), cis· 

, polyis"prcne (2,5). fluorinated ' 
' rubber (O,G) and polysulphidc 

(0 ,5), 
Laler lests' with IWO special 

' furnace blacks gave lower 
, r,,,is tivities Ihan acelylene black 

wilh similar loadings. bUI Ihe 
incorporalion of fibrous fillers 
such as carbon wool and alu-

: minium staple gave rubbers of 
poor conductivity. 

• In Ihe course of lests, the 
I efl'e~t of repeated fle,ing under 

compression and under lension 
· was s tudied, showing thal afler 
: flexing ior ' Ihe equivalenl of 

rUlining a lyre for 1.000 miles 
, Ihe resi sta nce of compound 
, L7170 was slill well within Ihe 
conducting ran ge. 

Frnm lesls on Ihe Akron 
abrader and Goodrich fle,o' 
meter. ERDE now concludes " 
Ihal Ihe compound has ' beller 
abrasion resistance and a lower 
heal build· up Ihan eilher of 

, Ihe cOlllmercially available 
· solid ' lyre compounds. and is 
I comparable with slan<.lard 
pnellmatic lyre tread com
pounds, A full·scale evalua· 
lion in vehicle solid lyres is 
now in hand, 

I Al so in hand in Ihe rubber 
' applicalions labora lory is a 
developmenl programme on 
proofed fabrics. Inilially 
direcled lowards Ihe develop· 

' ment of large flexible storage 

invariably by a linking rcac· 
tion, ralher th :-m a polymerisa
lion slep invo lving addilion of 
more vinyl monomer, 

This Iheory is supported by 
cvi<.lcnec from nuclear mag
nelie reso na nce which gives 
aliphalic la aromalic hydrogen 
ralios in close accord with 
Ihose prcdicled by Ihe Iheore· 
lical equalions. ' 

A la rge nnmber of regular 
copo lymers has been prepared 
usi ns monolllers such as sly
rene, bUladiene and isoprene,' 

containers for liquids (in 
which a considerable amounl 
of work was done on the design 
and strength of joinls for 
Oracones and large pillow 
tank s), Ihe programme is now 
aimed at obtaining ba sic en· 
gineering dala on rubber· 
proofed n}'lon fabrics in an 
attempt 10 e1ucidale some of 
Ihe fa ilures Ihat have occurred 
in Hovercrafl skirts, Al so 
under investigation arc high
strength proored fabric tapes 
[or use in aircraft arrester 
gear. 

Linked 10 bolh Ihe plaslies 
nnd ruhhcr flpplkalions 
devclopment is a pnlymcr 
chcmislry scclioll, in nhit'h a 
novel mClhod of lailor-making 
polymcrs 10 spcdfif..' rccluirc ot 

IIIcnt."i hy suilahle SCll'c,ion of 
cOllllJUncnls is currcn,ly being 
uncloped. 

\

., wilh many linking agenls. and 
. !he seclion is currenlly evalual ' 
Ins whal il believes 10 be . a 

, melhod \l'ilh very wide syn" , 
Ihelie possibililies. as il appears ' 

LINKED 
Gencrally. copolymers have 

chains consi sting of two dif
ferellt Ill onomcr units linkeu 
logclher in random order. The 
relalive proportions of the 1\1'0 
componcnls in Ihe chains arc 
li~ed by the propertics of Ihe 
spccics involved and cannot 
be syslemalically varied over a 
wide rang.:, but the neW 
method. by judil'ions choice of 
ingrcdh:nts. is claimcu to en
able varying proportions of Ihe 
CO-lllonOlllers to be iIH:orpor
ated, 

The mel hod rclies on Ihe 
reaction of a vinyl 1ll0nUIller 
wilh an alkali melal in Ihe 
presence of a calculaled 
amounl of linking agenl suc!~, 

as a dihalide or diepo,ide . · A 
strong calion solvaling solvent 
such as tetrahydrofuran is 
lleCC ~Si\fy . as also is the ab!icncc 
of inlerfering species SIIl'h as 
o~ygen or walcr, 

For example. copol ymers of 
slyrene and mClhylene in 

various predclermined ralia. 
have been prepared by reacting 
slyrene with lithium in the pre· 
sence of Ihe a.w·dihalide Br 
(CH,). Br, where n ca n be sys· 
le m a licall yvaried. Adimerisa· 
li o n re aclion occurs which 
oppcars 10 be followed almosl 

10 make il possible la produce 
regular copolymers casily nnd 
in quanlilY, The facI Ihal ' 
diene monolllers can also be 
used suggesls Ihal rubbcrs can 

, also be preparcd wilh closely 
dclincd slruclures. 

AI Ihe olhcr cnd of Ihc ,ca le. 
for processing trials. EltOE 
has IWo smallish injcclion 
moulding machines which . as · 
well as producing lest pieces 
for evalualing Ihe flew compo' 
site Ihermoplaslics. has pro· 
duced some pOl e nlially useful 
fall ·oul in lerms of loolin~ for 
injection moulding, 

Like many another rand d 
departmenl, ERDE has la 
walch Ihe pennies. and Ihis has 
given rise 10 investigation of 
ways la minimi se Ihe COSI of 
loo ls, 

Onc parCirular oll'cume ha~ 
hecn the iufrollucliulI of 
illtcrcliallgcahlc mould rl\"j· 
tics, hy (I raliullali .";ltioll CIf the 
vnriou."i lIIoHld inj.! require
mcnts of the departmcllt. 

EVALUATION 
To n certain (:~tclIl, this ex

perience Illay be kss rckvant 
10 industry Ihan sClme 01 Ihe 
olhcr work of E It DE, because 
lhc mouldings concerned iUC 
nil ~ifllilar nnu arc proulIccu 
nol for conHllerdal USe bUI for 
evalualion purp"ses, 

Thus il has pro\,ed possible 
10 design cavity plales for 
some (ell bar. di sc, dum hell 
and pla'llfe n,.,ulding' which 
can all be Ifsed in the same 
basic 1001 , while three IYpcs of 
gcar Wheel, 2.', in dia. 3.'I.in 
dia, and Ihe IWO siles togelher 
Can 011 be produced from the 
onc ha sic 1II0uld, 

1 _ '-

Nenrlheless, Ihe f:lel Ih:l' 
Ihis hlls ~eell dOlle allu Ihe 
w"y it has beell lackled III:1Y 
he of interest (0 many com
IIlercinl nwuldcrs. 

Of perhaps more general in
lerest. however. is anolhcr cos I· 
saving exercise in which ER DE 
has becn \l'orkins wilh slccl
fillcd epoxy compounds la pro· 
duce injeclion moulding lools 

. for. developmenl runs, 

i 

Using Ihis lechnique. Ihe 
researchers have (ound Ih:.I , 
(or perhaps (20·£50 Ihey can 
'produce ' a devcll1pmcnl tool 
which would no rmally cos I 
some pounds. The lechnique , 
is familiar 10 pallcrnmakcrs 
and mosl moulders. and Ihe I 
material currently being uscd . 
is eilher formulaled by Wal· 
tham Abbey or bough I oUlside 
ready·made, An addili6nal 
advanlage. apart (ram Ihe low 
inilial cosl. is Ih a t Ihe lools 
lIIade in epoxy/slccl can readily 
be modi lied. hy CUllinS and 
filling, allo\l'ing changes in 
componenl shape or galcins" . i 

i 
PllO TO 1 YPE ! 

ERDE reckons Ihis tCl'h
nique I which has been worked 
oul in consultation wilh a cam' 
mcrcial moulder) is of cencral 
value for pro tnl l' pe 100ling. I 

allowing up 10 ahoul 100 
mouldings to be produccd. be' 
fore going 10. say. Kirksite for 
~.:mi-pr('ldllctilHl funs and only 
Ihen 10 Ihe lin." steel looling 
when all Ihc bugs ha\'e becn 
ironeu Ollt. 

The 'I\I'o open da)'s at Wal
tham Abbey were held in 
nccoHJ'H1CC with clIrr.:nt Min
lech policy of stren glhening ils I 
conlacls \l'ith indusl ry and I 
,hnlVill~ indllstry as mllch of I 
its work as it can . , 

This aspect was stressed by ,t 
Ihe direclor of EltDE. Or L. 
J. Bellam\' . who pointcd aliI i 
the facililies al Waltham Abbey : 
whirh arc available la indust ry I 
I'M ~el1eral advi,e and conslll' : 
t"titlll. or spl:(itic sluJics and ' 
dcvdopnWlll projects , · either ; 
free of charge or on 0 fee' , 
paY,illg hasi s. as ap~;rl)IHiatc. ; 
sllh,cel 10 Ihe availabililY of i 
capaclly , f 

'Afler all' , he said. 'it's Ihe I 
firs.t lime in . 400 )'C,ars that 
wc vc lel Olll"ders III - ond I 
onc hopes Ihey w01l'1 leave it I 
ollother 4001 


