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In this series of progr2~es Norman Dahl visits each week a specialised 

centre of research in Britain. Today we go to Wal them .. \bbey, Essex 

to the Zxplosiv~Research and Development Establishment. 
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The site of the Explos"io':8s
o 

::.esea.:!:.'chano.. ,De~lopm~tlt 
Establishment at Vial tham .Abbey near London l1.as been connected 
wi th e::plosi ves for hundreds of years. The first official 
recora of a gun?owder factory there dates back to 1561, but 
it had certainly been going bef'Jre then. Du.ring the 
Napoleonic Wars they produced 25,000 1,)arrels of gunpowder a 
year, and during both the World Wers they were a major 
}Jroducer of cordite 8,nd high explosives. Tod~:>!" the site is 
J.argely quiet woodlands, dotted vIi tll small, e!npty huts set in 
earth bunkers,bec2,use it is no longer Cl. plc::.ce vlhere explosives 
are made in bulk. It's now become an experi:nentnl station 
with only pilot plant production fa~ilities. 'Zxplosives! of 
course, is a.."Yl emotional word conjuring up im2.ges of W2.r 2.Yld 
death. This isn't entirely fair, b~..;cause they 2..re no mere 
than concentr2.ted stores of enormous energy, that can be 
released for good purposes as well as 1)ad. High Explosives 
are used in mining and quarrying; rocket propellants operate 
ejector s~ats and Ilfe-s.s.ving l~ockets as \",oell ' a.s L1issiles. 
Nevertheless, ths Explosive Rese.:irch emu DeveloIJI!!e~.t 
Establishment's biggest customer is the military. The title 
is not/particularly accurate one now, because the Establishment 
does a great number of other things besides. : ... bout 20~~ of the 
total effort goes on explosives. ~s the Directorj,Dr. L.J. 
Bellamy explained to me, the reason is ths,t there is no longer 
any need to look for more powerful explosives. 

Vie h[-tvG no obj ectives to produce more pm"lerful eX!Jlosi ves; 
we are only concerned with saf~r ex~losives, core reliable 
explosives G.1ld special needs for special :!.Jurposes like low'er 
costing explosives which are extremely cheap and :ToU generate 
them on the site. These are becomi!1g industrially im?ortant 
in mining and they nay "'fell have !:lili tary us es and we move 
into this a::::'ea and. do some work into this field to see how 
cheap and effectiYc we c['.n make them. 

About half the laboratory's research effort is ~evoted to solid 
rocke 'c propellants. Cor:c:i te, the propellant us ea in guns, has 
been used for rockets, but it h8.s a nUIilber of dis8.dvantages. 
Chicf among these is its brittle nE',turc. :Fut in a rocket 
case, it will contract and expand under changes of tcm::;eratur'e 
at a different rQte to the case itself. This cculd well cause 
it to cre.ck, which woulc. be d.isastrous fo::::, the ::::'ockct 'when 
it's ft~ed, and also p::::'obably for the person fir~ng it. The 
head of one of the EstablishI!lent I s two pro:Dell2.....~t divisions, 
~tt. P.rt. Freeman, describes th8 solution to this yrob18~. 

This me22ls, in effect, that \-:e need rocket ::,ro:pe2:1c..nts which 
arc extremely deformable: either rubbers or stiffnasts rather 
similar to modelling clay. This type of IJro-pell2.nt is 

. norm:111y obtained by using a pcl::meric liquid or :!:'ubber and 
mixing with t:::tis liquid OY rubber 2~fficient oxic.izing :::aterial­
and the r.lost powerful oxio.izing material we have come 8.cross 

. which can be used is 2.r::LTTIonium ciichlol.'ate :nixing sufficient of 
this oxidizing material to get co~plet2 cocbustion of the 
~olymer. ~o get complete combustion, somet~ing ~lose ~o 90% 
by weig~lt of ammonium dichlorate is necessr:.ry 2.!l:i this :lakes 
it very difficult indeed. °r,o retain physical ; pro:p8:::::,ties ','/hich 
are characteristic of the liquid fuel component, in other word.s 
the plastic or rubbery characteristics. 0 

To make a rubber stay rubbery when it is filled ',ii th so :::uch 



DAHL: solid filler is a -very :LLnc chemico.l achievement, and one likely 
to have an import~t application in struightforwnrd rubb er 
techno:::'ogy. A great cL82.1 of the work done at ~.'ial thaI"l .\bbcy, 
even wh0n directly cOI!'.J:lissioned bj:- the military, has at least 
potenti:.l value in industry. . E::·:::;)losi ves, aft (~r all, arc only 
chemicc~ls - VIi th lillusual and c1nncs:;'10us pro:;.Ji~rties, to be sure, 

. 

but chemicals none the less. The laboratory is very conscious 
of th·::: contributions it can and cloe.s !l1s'l:e to industry. About 
a third of the laboratory's work has nothing to do with 
explosives at all. It's mostly concerned with various forms 
of material, ancl incluc..os some fund2:lJent2.1 r '3sec.rch work that 
is either too dangerous or unsuitable for e university to 
undertake. : Dr. David Richards \-Iorks on polymers - the long­
chain molecules that 8.re the bg,sis of rubb '3rs 2nd plastics. 
His resea.rch beg9-11 several yea.rs ago on Cl. post-doctoral 
fellowship under Professor Schwartz in the United States, and 
he's now Q\... velOI)ed. Kays of me.king a whole new range:: of iJlo.stic 
materials. Dr. Richards • 

RICHARDS: The technique which Schwartz developed is knovm as the' J.i ving 
polymer'techniqu·3 and this is an org2.no-me Gallic proc c"ss r-tnd 
thorefore the whole field which we src dcveloping is in the 
field of organo-m8tallic che!llistry. By counting out certain 
adaptations of this basic tocmlique of the living polywGr 
system, we are able to arrange the polymer mole~ule in a 
specific m2,nIler, in other words we able to meJce ",hat is known 
as regula r copolymers. Onc example of this would be 
polystyrene,: a hard,brittl c material and polythene, 2. 
soft IDs..teri2,1. And you may w2.nt to make 8. material which 
has some of the properties of both these separate polymers. 
You can f t do it by mixing becc:msc they don't like each other 
and they woulc, separate in diffeI'Emt Jhascs and whole syst em 
crack, and. therefore you have to build in the two com~}onents 
st;yrene and etr..ylene , and in this case, you haye to build 
these two components into the one chain chemically. A technique 
which we have . developed enable us to do just that, and 
therefore we o.rG c:ble to prod.uce materials which have prol') erties 
which vary bGtwoen these two extremes. 

D1....HL·: .A.nd Dr. Richards h2.s found , more or less by accid.ent, t.h'::-l.t his 
work can also be applied to the smaller molecules of ordinQry 
chemistry. 

RICH.A:mS: We I ve inadvc:rtentl;? co·.2c 2..cross D. 8etho d. for C2.rrylng out the 
rec,ction which is well-knOl'ffi in strc,ight cilenistry- the Gric:ri.ard 
reaction ; and if 2.....'1.ybod.J~ has ever workec:. in chGmistry, t hey 
will h ave learned about this technique. It's a metho~ which 
was d eveloped at the turn of the c entury and is a two-st0Ge 
process. In other words, wh3.t you io is, you ll1akG ~irst of all 
what is knovm as 2. Gri""nard rec:gent nnd then uSe th:;.t Grigri.a:td 
reag2nt tc react to the second ingredient to pro~uce the product 
you require. Well, we were Gxperi~enting in 2 ~iffer e~t field 
e.nd we CD.m.e across a one- st2.g8 process for carl7ing out this 
particular 8.ction, so th;:-..t now yon can tal<:e the reactants, 
carry out the specific reaction with them and the pro::~ucts fall 
out at the other end. So you have a one-st2..ge process as 
against a two-stage process. Also it turns out fortun::lt81y 
that the yield~ of the ~roducts you get are in the majo=ity 
of cases quite lot superior to that ~iven by the conventional 
G:i{!n'lrd process. 
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D1JHL: This brand new development could be very interesting to~ for 

example the pharmaceutical inciustry to produce higher alcohols 
at a fr~ction of their former price. Another very active 
field of mg.to~cials research is composite materials - where 
fibres of/very strong material are bound together ,in a matrix 
of metal or resin t,o give a final result better than the two 
components separately. Glass-fibre reinforced plastic is an 
everyday example, and the immensely strong carbon- fibre 
material developed by Rolls-Royce is another. Ordinary carbon, 
fibre material is made with long fibres, but the approach at 
Waltham Lbboy is diffeTent; they're interested in short 
fibres - needle-like crystals of ceramic materials such as 
silicon carbide or silicon ' nitride, known as whiskers.- or 
other short fibres. Mr .• Hans Ziebland is in charge of this 
work. 

ZIEBL.~: One of the essential prerequisites of using whiskers for 
instance,is that the fibres can be graded and it's perhaps 
less well-known that in order to utilize whiskers or any 

, fibrous materials for reinforcement effectively, a minimum 
IGngth to diameter rLtio is needed,which varies of course 
withtE type of matrix which is employed. In general, the 
useful. whiskers belZin at about an aspect ratio of between 
20 and 50 for met~ls and they go as high as 500 for plastic 
materials. Now processes for this type of sorting and 
gra1ing have been developed, 'and they were absolutely essential. 

, Of course it w=.Snecessary or rather ' un essential consequenoe 
to look around and see where else such urocesses would be 
useful. ,- - After,all nature ho.s given us not only whiskers 
which we have to grow ourselves, of course, from complicated 
processes, but also of course a lot of mineral material 
which appca:cs in natur.e as a whisker-like mineral such as 
asbestos. It was natural, of course, that one went a step 
further and looked for the ultra-strong' fibres,that is to 
say the carbon fibres,which have received so much publicity. 
And etl though carbon fibres al?e '. nowrtdays produc ed by a 
continuous process, we went the other way, we ohopped them, 

, we chopped the~ into short-length fibres of one to two 
millineters total length,and aligned these fibres and 
f;1ade composites out of these fibTes to prove that composites 
made from short·fibres give us approximately 90% of the 
modulus and between 70 and 80% of the maximum tens::ile strengths 
that is obtainable from continuous fibre composites. 

D.hl-'ili: ,The problems of developing short fi b;r::-e composite materials are 
indeed 1ormidable. The growing of ceramic whiskers is still 
not fully understood; the fibres, whatever they are, ~ave 
to be graded, as I'1r. Ziebland explained. And. then they have 
to be lined up in the composite so ns to give strength in the 
direction it' s needec~, and the laboratory has produced a pilot 
plant that CQn do this, and even line up the fibres in curves 
or circles if this is necessary. The remarkable feat~re about 
these composites, apart from their strength and lightneSS, 
is th2t they're c~isotropic -that is, they behave diff8rently 
d.epending on the direction of the stress. Wood. is 2.nisotropic, 
because it has a grain; steel, on the other hand, is isotropic. 
As Hr. Ziebland says, ·this opens up a whole new world for the 
design engineer. 

ZIEBLAIID: ",Te are at the beginning of what I think is a kind. of 
material.~ revolution. We have in the past been concerned 
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ZIEBL~~~: with isotropic materials engineering and construotion. I 

forget ~onveniently about wood of course which was one of the 
earlier materials 1:-ihich engip.eers used, but since then of 
course we h~ve used almost exclusively isotropic materials. 
If one uses high strength r.mtcria ls, reinforced 
fer instance, the entire production tecrillology will h~ve 
to ch~~ge. One does not neec high strength material 
where there :is no high stress. ,And in consequence, of course, 
reinforcement could be confined to those areas where high 

'stress exists, where we know it exists, and the rest can be 
filled with some inexpensive material. It could be glass 
fibre, it could be asbestos. 

DAlffi: Essentially, then the E~plosive$ Research and Development 
Est2.blis1lIDe1lt is one of Britain's most advcmced applied 
chemistry laboratories; with some valuable fundamental ,vlOrk 
thro'tm in ,for good measure. But by the n2.ture of their work, 
they hc:.ndle every clay highly dange:cous materials and do 

. experiment s th.s,t could literally blow up in their faces. I 
, ~sked the Director, Dr. Bellamy, about sAfety. 

BELLAMY: If you knoi'/ what you're doing, it's a remC'.rk.s,bly safe 
occupation, and ' the safety record is a lot better than 
genero..l chemical industry as a whole. When working on 
& new explosive, the material is first assessed for its 
explosive power and is then put in a cupboard with a limit 
of weight v;hich is allowed in the cupboart... If that whole 
weight explodes, it will stay inside the Qupboard. So as long 
as you observe the rules and as long as you remaLl slightly 
scared, you'll remain safe. .And to ensure people remain 
,,,lightly scc~red, we lay oni: ") regular demonstrations of 
8xplosions 2nd flying gl2.sS and things of this sort to make 
quite sure people are aware of the hazards. 

DAHL: And in conclusion, I asked Dr. Richards, ,.,hose polymer work 
also invol V8S dange'rous chemicals, if the laboratory's , 
experienc e with such things was ' hel')fUl in his work, whi ch ::_3 
nothing to do ~ith explosives as s~~h. 

RICR".u.'UlS: Yes, I think it's an adv2.n,tage in a wider sense thp.n this 
bec::?use h ere I 8.m allowed to' do what one could c2.11 long-term 
r Gsearch,. that is research w11ich may take a period of six 
conths a year or even two or three years to re ,"]'ch a conclusion. 
":~"1d thct i~ conclusion could well be Clll unsuccessful 

• c. 

cO!lclusion as well as a successft..l one, but I think tr ... -:-,t the 
~Ctin arNantage is in this fact that I am c.llowed to relax c~d. 
think up ideA,S which have not got to be ir::uncdiately tr::msferred 
into product. ~U1d it's a very, very relaxing atmosphere and 
I think a very fertile atmosphere to work iL • 
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