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vigorously growing
st its feet. Trus, we have been dealt & mmber of setbacks; intrscampetition has
m;unom,butmsmlan'tmddwunummwx There i»
80 much to be learned adout plastics in general, 90 marxy new types of polymere
to be discoversd, 8o many new vays ¢0 upgrade present plastics have yet to be trisd,
80 many manufacturing and prooeesing technigques have yst to be perfected or invented.

Let's take & lock and see how this “wooder® child has growa (Pigure 1). 4s yom
can see by these figures for the production of synthetic plastics and resin materi-
sls, the growih his been phencoenal. Back in 1922, the total production wasn't
quite six million pounds - the industry was producing only two major products —
phenclic (or "Sekelite”) and cellulose nitrate. The development of the vinyls im
1927 started the push toward the discovery af other plastice — urss-formaldetyyds,
scrylics, cellnlose acetate, nylon, melscine, Seran — until the total
smounted to scme 428 =41lion pounds in 151, n:onryuumthodﬂdmd
sams of the Lmportant plastics of today =~ polyethylens, polyester, and
carbons =~ all for the war effort. hmumuz.mo:mummpmu
195, The first billion pound mark was made 4n 1%7, and the growith has been alight-
1y more than terrific sver since.

nzm,mwmorp:uuuummmuumamm
— the increase over 1961 1s almost equal the total production for the year
1947. The industry 1s expected to show & growth of at least 10L 4n 1963 to a total
production of more than 8.5 billion pounds. (It =ight you
unuuavommuthummu.qunlmzowvnunmmdwt) A
total production of 10 billion pounds should be reached by 196S.

Conmuzption has paced this production very clossly, ranging from sbout 93
almost 100% or over, in same cases, becsuse of Lmports. (Pigure 2).
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WEAT ARE PLASTIOS?

In thie brief introduction, I have been throwing oxt g varisty of tecws such
as polysthylene, polyester, acrylie, ste, Since I will be using these tarme mcre
and more throughout this talk, I think I shculd digress here & little and give o
short wxplanstion of Just what the important plastics are, where are thay ueed, snd
wy they are important (Figure 3).

Here is another chart that tells what the various types of plastics are end in
whst volumes they are being produced. I have projected the figures to 1965 to show
you which ones are oonsidsred to have the greatsst growtd potential. 4s you oan
900, palyethylene — g war baby with & fantastie growth record «- leads the list,
This is the plastic that you are all faxiliar with, as it is used t0o make film,

Boecause they are naturally hard, rigid materials, virnyls have to be ocompounded with

Plasticisers to increess thelr workability and impart flexibility and other desiredls
properties. The wiplasticised vinyls produce strong, rigid mstarials that are today
sttracting much attemtion.

The third major growp caxprises the styrenes. This faxily consists ef & nmber
ef polysers, copolyners, and terpolycers, a1l designed to hardle specific jobe.
General-purpess palystyrens 1s & camnon matarial for toys, decorative jewelry boxmss,
bousewares, wall tile, ard refrigersted food containers. The copolymers are used
for TV and redio bousings, and the terpolymer based on styrene-ecrylomitrile-
butadiens is & cammonly used plastic in appliances and autombolies (generslly
astallised, 90 that most poople don't even know it's & plastic).

These three types of plastics you are familiar with becsuse they are ccmmoa
household items. As you can ses, thare are a variety of other ones that, evemn
though used in lesser amounts, are equally important. Of particular interest gre:

Phenclire — versatile liguid resins that are used to make moldings (the
faxiliar “Bakalite®) when oczbined with fillers such as wood flour, chopped fabrics,
asbestos, and glass fibers; adheaives; paper and cloth lminstions (*Tormica® and
"Hicarta®); and glass fadric moldings (reinforced plastics) for rockets and miseiles.

Alkydy — liquid resins for use in oostings and molding electrical parts.

Yelamine and ures forraldetydey — similarly used in costings; molding
parts, knobs and haxdles; dimnermre; adhesives; and "Formice® couwrtertups.

Polyesters — liquid reeins for castings or for use with glass fabrice to meke
reinforced plastic boats, car bodies, luggage, and building companmsts.

Polypropylene — aldn to polysthylens, but having same ixproved propertise.
Uoduw-mmunm,w,mnw.mm
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Drethanes — hard, abrasive ocatings such s those found on bowling pins., Ure~
thane foam is cauaing minor revcluticns in the furniture and building fields.

4 Acrylics — clear plastics used for housings, signs, shest goods, ecotact
lenses, ocstings, halr sprays, and {rdustria) parte. Familiar as "Locite® and
*Flaxiglas.” About 200 million pounds in 1965,

1

] Celluloeiss — clear plastics derived from calluloss mstarial (ocotton or wood),
E Paxdiliar uses include playing cards, stesring whesls, telspbhone housings, eysglase

4 franes, pens, pencils, and tool bandles. About 170 million pounds of thees materials
w1l be produced im 1965.

Epoxies, willcones, and dially] phthylates — liguid resins for costings, rein-
forced plastics, electrical and slectronic inmdstion. The epaxies produce partio-
f ularly strong adhesives for bonding all types of materials.

Bvlons, acetals, flucrocarbans, gnd polycasbonstes — engineering plastics
having scoe properties approaching those of petals. These materials are finding use
in & variety of applications that were once the exclusive property of brass, zinec,
e;&um 1965 production of these materials is expected to be four times the
bt figures.

Now that I have ovendialned you with all these facts and figares about plastics,
'. I sa sure that zarny of you feel that you are in the wvrong businesse. Don't be dis-
heartened, because I haven't told you the ixportant half of the story yst — the part
where you are needed by the plastics industry.

As you may have noticed in my discussions of the various types of plastics, s
muber of different materials — paper, glass, cotton — play a very important role
in their use. In fact, the list of materials that are nescted by the plastics industry
is more ixpressive than any listing of plastics. Why? Because, there is hardly a
plastic on the market that is worth anything in its 100X pure form. PFor strength,
they need to be reinforced with paper, glass, and cloth, Because may of them will
degrade in the presence of light and/or heat, they need stabilisers and ultraviclet
light absorbers. Others are too rigid, and they need plasticizers to loosen them
up & bit, And they all use pigoents. Other ingredients used in plastics range from
powdered motals to waxss and lubricants, solvents, exd flame retardant additives,

And these are not the only aress where plastics are used {n conjunction with
other materials. Today, plastics are giving more ocmon-place materials a nev lease
on life. Costings and laminations of film on metals have put a mmber of steel pro-
’ ducers right into the plasties processing business. The plywood industry, working

vary closely with & meder of plastics producers, 4s caming up with low-price, quality
products that are attracting much interest in the construction field., In a&iitiom,
there's un swful 1ot of steal and other metals going into the machinery, molds, and
dies that are used to manufecture both the rew material and the finished plastis

- ) Frerkly, the plastiss industry needs people are
belrg used by the industry in & variety of wys .
m-, pigzeuts, and fillars, just to a fow. As I vill point out $n &ie=

ik i
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nKoe
of these various uses, there are some ixportant areas whare you're going te
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oot pone stiff oompetition from other non-plastic metesials., This fast-growing

cs industry can be pretty fickls, and it's going to xxy the osn
do a better job more cheaply. Up to now, much of the research has been dons by the
plastics producer, Much more can be acoozplished in the ressarch labs of companies
swupplying materials to the plastics industry,

WHERE LEAD IS USED IN PLASTICS

A variety of lead ocupounds as wall as scme forms ©f mstallic lead are used in
plastics. In decreesing order, these lesd applicetions are:

1. Stabilisere
2. Pligaencts

3. Catalysts
&. Mllexe

STARTLIZERS

The largest use for lead is as stadiliser oampounds in poalyviryl chloride and
other chlorine-contaiming polymers such as "Saran® (polyvinyiidene chloride). Under
sxposure to heat and/or light, these plastics tend to release chloride
leaving a weak spot in the polymer chain susceptible 0 attack by oxygea. This
attack csuses degradation and embrittlecent of the product. The sdditiom of certais
earpounds, such as lead carbonate or sulfats, in concentrstions of 3 to 10f vl
prevent such breakdowns undsr normel usags.

The incorporation of stabilisers is necessary to meet the requirements of s
application as well as those posed by processing and storsge. During processing,
a vinyl resin may be heated to rather high tecperatures ssveral times: it has to
be firet cocpounded with plasticisers, pignents, fillers, ete., before it can be
molded, extruded, or calendered -- processes which have to be performed under high
heat conditions,

The sxact mechanim of the stadilising effect is not exactly kmown. It 4s
thought that the stabiliszer sbecrbe ary mall amounts of hydrogem chloride formed
ard prevents the development of an acid oondition in the resin — which would cause
further degredation. In the case of ultraviolet attack, a material is needed to
block out or absord the UV rays. To qualify as a stabiliser, a material must sasily
abeord the HCl without detrecting from the wter resistance of the compounds.

Vinyl stabilizers can be divided imto five main groups:

Lead salts or sospe

Barium, cadzium, sinc, and calcium salts or soepe
Or‘m-t%nw )

Organic (epoxiss amd phosphites

Nixed stadbilisars

W p

At the preseat time, lcad compounds compriss sbout 355 of the total amount of
stabilizers used. They are lowest in ocost and have macy good propertiss. The other
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% types gernsrally are more axpensive; however, for a mmber of opliocstions, stabiliser
oost is not a major factor and they do become very caopetitive with the lead materials.

The lead stedilisers offer good all-arcund properties; they are beet in eleo-
trical propertiss and very effective in blocking out clitreviclet light. Disadvan~
tages are that they cannot De used wbere optical clarity is sssential, or shere

E sulfide-staining presents a prodlem.

1 This problam of sulfide—staining, you will find, is beccming increesingly im- 1
portart. lMaxy of ths wp-ad-—coaming vimyl applications are in conmuer areas where 3
plastics have "to wear their best dress.” Staining from industrial fumes, sulfur-
heavy water, or other sources, such as fungicides or bactericetsts added to the
virgl compounds, cannot be tolerated.

Used alone, the barium, cadsium, calcium, and sinc mstarials do not give all
the properties that are obtained with the lead stabilisers. Therefore, qxite 8
techrology has been developed 4in regard to the use of complex formulations of these
paterials. For exa=ple, Ba-Cd gives satisfactory electrical and clarity propertise;
Ba-Cd-Zn is good for sulfids stain resistance, and Zn-Ca is FhA-approved for food
peckaging uses. The Ba-Cd cocplaxss are the most widely used,

Jore expensive are the organo-tins. They are considered best for rigid and
’ clear vimyl products. The organics are not generally used alone, but in conyunction
with other stabilisers. In the organie group are the epaxidicted coils and esters
wtich offer scce heat and light stadility. The phosphite stabilisers adnimise color
development ard inhibit cloud formation.

As spplications for plastics becone more and more varied, there is & trecd
toward developing materials tailored for specific applications. Thersfore, mdxed .
stabilizer systacs are becocirg increasingly ocamon. For exarple, & coxplete
stabilisation system may often contain a bariua cocpound, s cadium compound, a xine
compound, & phosphite, an anti-gxidart, an epcxy, and an ultraviclet absorber,

The most widely used lead stabilisers are lead carbonste, lead silicate, leed
sulfate, and a silicate—sulfate complex. KNext are the dibaxic lesd phthalate amd
phosphite. Other lead stabilizsers are chlorosilicate ocamplexes, fatty acid salts,
salicylate, and maleate. Their particular forms and properties are listed in this
chart.

Pixgare §
L-AD STABILIZER PEROPRTIES

Basic lead Good, all-around; low-cost Eectrical, plasticised ex-
carvonate A2l gas at high texperstures trusions, same rigid where
processing temperstures are

not too high

Tribasic lsad Righ hest stability; works Dectrical, plasticised and
sulfste well with most plasticisers; rigid extrusions and moldings

disperses esay in powder mix-
ing operstions

R, = o
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LEAD STABILIZER
Basic lead

silicate-
sulfate

Dibasic lead
pithalate

pbosphite

Low specific grevity, good
electrical properties, good

- moisture repellency, difficult

to disperse in powier mixing

Good light fastness, exseallent

heat stability

Ultraviclet screening, anmti~

oxidant, good heat stabllising,
dispersion properties

good
Gives good translucency,
abeorbs exndates

Low cost, good electricals

Low specific gravity, good
electricals

Ultraviciet light stabiliser,
prevents develogment of blue
color (becsuse of irom im~
purities) in asbestos-filled
formulations

Ludricating propertise
Ludbricamt, heat and light
stabilizing

Heat stadiliging

High heet stabilising, UV
screening

and sheeting, same fomm
Plastiecls, organoeols,

Translucent film, sheeting
and wpholstery stook

Costabiliser for extruded
calendered, and molded

Phonozraph records, oo~
stabiliser in inmlation

Kectrical grede plasti-
sols, phonogreph records,
high tegperature insulation

Heat stable ocompounds,
translucent stock .
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You can see from this brief description of the various types of lead stadili-
sars svallsble to the vinyl pecple that electrical insulation pressats the biggest
market, with phonograph records second, and floor coverings, fila and sheet, and
protective coatings running a close thind,

I have broken down the PYC use into those arees of interest with an attampt

" to give scme ides of the mmount of lead going into esch use (Pigure 5). This hes

been a pretty hard thirg to do, My discussicns with the various manufacturers of

vinyl compounds brought out scoe rather coaflicting information 4n many areas of

uss. The amount of 2ead stabilisers being used in & particular application depends
on whom you're talking to. One cozpany says they don't use any, viile another says
they use quite a bit, About the only area, where there was ary agreemsnt, ws in
the wire insulstion fiald,

Lsad stadbilizers are very important here beczuse of their very desirable alec~
trical properties. Besides flexible insulations and tapes, they are finding use in
rigid vinyl conduit snd molded and extruded electrical devices. All 1965 figures
in Figure 5 are based on pres«st usage axd an anticipated rete of growth. At the
present tine, they are balieved to be relisble estimates besed on today's trends
ard the growth of the national econasy. However, if you listen to the polyetiylens
poople, vinyl i3 in for some stiff coopetition, particularly in electrical wire in-
sulation. They point to the fact that the rresent price of vimyl resin (about lig
per pound) i3 about the lowest it can get. This resin price reflects an electrical
insulation cocpound price of about 15¢ per pound. The oost that ooculd happen in
the next few ysars would be & drop of about 2¢ per pound for coopound. At 16¢, the
price of a cubic inch of virnyl compound would be 0.7¢. Now, comventional polyethy-
lene, wiich currently costs 21.5 to 25.5¢ per pound, could easily drop to 13 - 15¢.
At these prices, a cubic inch of polyethylens would
than the vinyl. Of course, there are scme areas vhere convertiomal polyethylene
will pever rerlace vimyl such as in bulldirg wire wtere flane retardance is a factor.
But these same people point out that & new form of polyethylens — cross-linked
polysthylens — has recsived UL approval and nakes a very good building wire. At
an expected future price of 18.5¢ per pound, it would still cost lsss on & volume
basis than the lowest possibly priced virgl. Scome authorities predict that even s
much higher-priced croas-linked polyethylens will reduce the vinyl building wvire
usage at least a third by 1965.

This price picture not only concerns the vinyl insulation business,but quite
a bit of the cther arecas where vinyl is now the leader. That is one reason wy
the vinyl producers have recently concemtrated their research and developmsnt on &
higher-priced engineering version —- the rigid vinyls. At the present tine, rigid
viryl 1s causing quite a bit of excitenent in the intustry ss it is expected to
really pave the way for the use of &1l plastics in the construction field. These
rigid vinyl materials are bedng used for such applications as pipe, dPuilding penels,
guiters and downspounts, stom windows and doors, siding, weather-stripping, non-
breaksble windows and skylights, and roofing. At the present time, about 40 million
pounds of rigid vinyl are being produced. By 1965, the volume could range annhere
from 100 to 300 million pounds, and go wp to 500 xillion pounds by 1967.

Since the rigids are being aimed at & mucber of outdoor or high hest sppli-
cations, much emphasis is being placed on the proper use of stadbilisers. Rigid
vinyl pipe, which amounts to alaost 20 million pounds, is finding such use in non=
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potable applications such ss condult and drein-saste pipe vhere lead stabllisers
are of value. At the present time, these apnlications coprise sbout 205 of the
total rigid vinyl pipe produced, Nevertheless, there seexs to be a hesitancy on
ths part of vinyl procducers to use any lead at all in pipe compourds for they fear
the posuibility that as the market grows there will be the danger of lead-stabilised
pipe accidently being used for potadle water. Several producers, however, don't
believe that this is really a problen. They point out that almost 755 of the rigid
vinyl pipe produced in Eurcpe contains lead -- & fact that leads them to beliews
that it 43 safe to use potable water pipe stabilised with lead in this oountry.
They're willing to produce such stabilised materials, but they're not going out and
secure approval to do so. It's going to be up to you people to make the push to-
ward investigating this application in this ocountry, and securing necessary spproval.

You're going to have to exhibit scne more lsadership, too, if you wvamt to
capture a sizable part of the market for rigid PVC going into outdoor spplications.
It 43 this ares that makes the future for rigids so attractive. At the present tiss,
the thirking 1s that lead can only be used in the mamufacture of opaque, industrial-
type products where there are no probless of toxicity amd sulfide stainming. There-
fore, you'll find that Ba-Cd 4s claiming the lion's share of the market. Ba-Cd
systezs have to include a phosphite stabilizer, an ultraviolet absorber, ard an
epoxy to be really effective, but they do produce highly stable products (both clear
ard opague). There are leads today that produce suitable translucent products with
both heat ard light stadility equal to or beiter than the Ba-{d systems., If you can
beat this problez of color control and sulfide staining, you wvdll find unlimited
opportunities in this nev and exciting field,

Of course, this big "if" is jJust as applicable to the other vimyl spplicstions.
Tloor tile was once a big user of lead stadiliszers. The mdtch to light-colored,
high-style vinyl flooring has caused a trend awvay from lead during the past few
years. The main objection here is that the sulfur in rudbber shoe heels causes
staining which pretty much restricis lead's use to dark-colored flooring. It is
estimated that less than 10% of all typee of flooring now uses lead. The market
EAy open Up agaln with the developoment and increased use of other materials for
shoe heels and ecles — lead stabilized vinyl being ocne such material.

Foam, which at one time looked particularly proxising for 1sad (ths stadiliser
helps to proxote the foaxing reaction), is also moving imto bigh-style areas such
a3 wter-wear clething. The best estimation is that about only 5% of the vinyl foem
today uses lead (seversl years ago, lead vas almost exclusively used); however,
there is noO reason why the usage couldn't incresse in the next few years. The sulfur-
staining problea can bs easily eliminated through the use of stain-resistant sidns.
Competition here 4is from the Ba-Cd and Ba-Cd-ln systems.

Vinyl protective coatings offer a particularly good market. On the industrial
side, lead-stabilised pastisols are finding such good chenical-resistant applications
&8 lining tanks and coating electroplating recks, Fluidised bed ocating — an in-
creasing popular method consisting of applying dry powdered coatings on metal — will
boost the use of vinyls. Here again, lead stabilisers can be used, but the choloe
depends upon the application — pary of the fluidized bed coating applications in-
clude such non-lesd usages as food-hardling equipment, decerative furniture, outdoor

btuilding ocmponents, and distwasher and refrigerator components.




L

¢ —_ ——— s+ ———— L it «

”o.v.w B o Lead in Plastice —

With the present trend to high-style, decorator oclors, it is pretty hard te
predict what's going to happan in the field of plastics coloring. However, thare
mmmnd.mmwmmmomw.mdm
of the greens (bronse and pirtachio, for example). This shouid oertainly belp the
cause for same of the lesd campounds used as pigmente in plastice.

With lead pigeentation, of course,we are faced with the cld prodlem of sulfide~
staining — a problem, pigment peopls have run into 4o aress other than plastics,
Nevertheless, severasl lead pigoents are widely used in applicstions where this is
not & feotor.

The most commonly used 1ead pigments are chrome yellows and cranges (basic lead
chromate and lead chromates) and molybdate orarge (s coprecipitated mixture of lesd
chronate, lead sulfate, and load molybdats). Both of these are used in the viryls
because of their competibility with lead stadbiliszers, Other plastics for which
they are suitable include post of the thermosets —- phsmalic, melacine, urea, poly-
ester, alkyd, polyurethane, and epcxy. Use in other plastics such as polyethylene,
polypropylens, and polystyrene is limited — the pigaents can be vary incompatible
in certain applications of these resins,

Molybdate orange is oconsidered to be urique smong the inorganic pigaents as it
possesses good brightness and high coloring strength. It is often used with red
pipgrents to produce relatively low-cost, bright red colors. The chrome orange pig-
monts are particularly susceptible to sulfide-staining, and therefore, they are
being replaced by blends of chrome yellow and molyblate crunge. Competitiom, in
these areas, is fraa the cadmiwn sulfide yellows, yellow titardum pignents, ceramis
yellows (antimory, titanium-chrome oxide), and the cadmimm mercury and cadmium
sulfo-selenide oranges,

thite leed 48 chiefly used in the viryls to give stabilisation, in addition teo
coloring. This material is s good, white pigment with moderate tinctorial strength.
However, most of the white pigment used in othser plastics is titaniu: toxide; some
sinc oxide and tinc syifide are used for specific applicetions.

An interesting group of lead pignents are the light-etadle, synthetic pearlee-
cents. About 3OO to LOO tons of lead are used a ysar for pearlescent pigmentation,
the majority of which is in conjunction with plastics materials. They can be dip-
persed in plastic-base lacquers or enamels for application on both plastic and noo-
plastic substrates. They are mixed with casting resins, such as polyesters and
acrylics, to produce attractive sheeting, jewelry, buttons, compacts, and krdfe
handles. Becsuse of their high heat stability, they are essily incorporsted into
molding and extruding cccpounds — polystyrene, polyethylens, polypropylens, csllulose
acetate, acrylic, and vinyl — to prodrce & wide rangs of attrective products.

Scme of these mmthetic nacrecus pignents can be compounded ard used to give an
interesting play of colors in plastics. In the form of thin, platalike crystals
that behave like conventiondl psarl pigments, these materials have twin inherest
tolors — one being cbserved by reflectod 1ight while the other ia sesn by trensaite
ted 1ight. Incorporated in transparent plastic film or sheet, they produce inter-
memdtmomummuumummmmmm
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CATALYSTS AND CURDIG AGENTS

A mmber of elastomerio polymecs, namaly polysulfide rubdber, nesoprens, chloro-
sulfonated polyethylens and urethane, are cured with the aid of lead cxides or or-

salts. In soms cases, lead 15 used because it alone will give the degres of
cure needed for most applications, UWith other alastomers, the tse of lead curing
agents produce materials having other irproved properties, such as moisture resistance.

Polysulfide rubbers are cured almost axclusively with leed dicxide, and ecnsums
approxisstely 200,000 pourds of this material each year. The lead msterial is the
only ccomon chexical that provides the type and degree of cross-linking reqired for
such polysulfide uses as nmon-hardening caullcing materials and belting. The poly- :
sulfides are important meterials to plastics processing, too, as they are widely used ‘
for maiking plastic oolds and dies. The 1952 production of polysulfide rubbers 3
ancunted to 7.0 mlllions pounds; 4t is expected to reach 9.0 million by 1945. i

Liks palysulfide, necprens rubbers can be vulcardsed by metallic oxides and
organic salts. It has been fouxd, however, that Litharge or red lead gives produote
having much ixproved moisture resistance. ihen cured wiih non-leed chemicals,
pecprene swells 205 on exposure to water. Cured with litharge, the swelling is 4a
the range of 0.1£. A red lesd cured zaterial is capable of withstanding intermit-
tent sea vater irmersion and intense sunlipght for years without ary loss of tough-
pess or soft sealing properties. Present production of neoprene smounts to about
270 million pourxs per ysar. lLosing out to s of the pewer materials in many ap-
plications, it isn't expected to show zuch of a production growth over the next fiwe
yoars — only about 10 million pourds increase by 1967. Lajor applications include:
tire and tire products, wire and cable jacketing, mechanical goods, adhenives, amd
shoe heels.

Chlorosulfonsted polysthylens, better knovn as "Hypelon,® is frequently cured
with tribasic leed zaleste or tetrsbasic lead furmarste to arrive at the highly
stable properties for stiich 4t is moted: Tresistance to axidation by sunlight,
westher, chexicals, high tecperstures or otome. Having unlimited coloring ability,
as well a3 high resistance to abrasion and cospression set, it is a good material
for cadle Jacketing, seals and gaskets, floor tils, calendering rolls, shoe heels,
corrosion-resistant hoss, roofing, and coatings. Production in 1962 amounted to
some 13 million pounds. Some predict a bright future with close to 80 aillica
pounds being produced by 1967.

NETALLIC LEAD FILLERS

Mary of the plastios can take advantage of metallic lesd's unigue properties
to produce somé rather interesting and wmusual products. In spite of the higher -
denxity, Jead powders blend more sasily with liquid plastics than other metals do,
and & greater volume percentage can be introduced into the forwmulations, For @
given viscosity starting with the sane liquid resin base, a greater volune of lead
can be incorporsted than with other metals such as iron, oopper, or aluminmm.

Plastios can make grest use of the radlatica shislding properties of lesd. Por
«xarple, lead-loaded viryl sheet is a most convenient material for X-ray aprons,
gloves, and radiation suits. Lead-filled epaxies, polysthylenes, siliconss, urethanse,
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and polyestars represent good materials for formlating shielding msterisls. Cast
1sad-£1lled radistion shields are more economical than machined or fadricated struo-
tures, or other structures surfaced with lead. As an waxple, a ocsbinetion redis~
tion shiald recently developed by the AIL uses powdered lead mixsd with parsaffin
polysthylene waxss. The lead particles distridbuted homogensously throughout the
wx matrix block the propagation of gsmza and X-rays. KNeutrons are sbsorbed bty the
1light atoms of the organic materisl. The mixture is easily cast like metal at &
low tesperature of 260°F. It makes little difference if alemantal
form of a maszive, monolithio ahield or distriduted &3 & {inely divided powder in s
plastic matrix — what is iwmportant is the mmber of lead atoas in the psth of the
guma rediation, Lesd-filled silicone rubbers produce flexible redistion shislds
suitable for service at teperature extremss of -90° to +600°7,

Another big area is the use of lead/plastic or leed/rubber mixtures for ncise
contral. Calena (1eed sulfide)-loaded urethanes ard lsad-viryl combinations sre
vory effective in scaling up sowrd. They are applied directly to sutfaces thet
would othendass rediste noise, I balieve you have witnessed the saucellent demon-
strations of thess acoustical materials at mm&b&t-mmbymhm
These materials are specified on certain naval installstions, in helicopters and
Jot aircraft, and for covering molsy pipes and machinery. Leaded plastic curtaine
are very effective flexidle sxrd barriers, and troweling compounds reduce vibrutiom
in partitions, ductwork, mstal panals, and machinery meubers. At the present time,
there are about ten suppliers of lead-loaded viryl or rudbber shest materials, four
manufacturers of leaded viryl or rubber coated fabrics, and an additionsl four mamm~
facturers of load-filled casting or trowaling capouncs based on either spoxy,
urethane, or silicone materials. Ancther spplication of leed-filled plastice is in
the production of denss cast products useful as ballasts or in small fiyvheals where
usss must be concentrated on the outside periphery.
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Leaded epoxy can be used in much ths same way as alumimm or iron filled for-
eulations for making precision dies used by both the plastics and noo-plastics in~
Qustries. Lead pordar of very suall particls size is xixed with the resin and cest
into & block from which dies are formed by sculpting, grinding, amd polishing by
hand. The lead particles act as chip-breakers within the plastic and prevent goug~
ing by abresives, In final polishing, the lead smears out te a mirror-like surface,
which is essential for good reproduction from the die, However, such lead-based
dies are pretty unique items froa & plestice tooling standpoint., They produce tools
that ary heavy; heat tranafer is poor oampared to the use of other metals; and thay
can only be used for low volume production because of thedr lower strength. Almxdi-
mm, iron or steel filled epoxies make nuch better tooling meterials for most ap-
plications, Ths one major sdvantage of using lead ~ softer surfaces — can be
scoamplished by varying the epoxy formulstion when using other metals.

As you can see, all these gpplications for metallic lsad £illers are unique,
In some cases, competition from other metals or materials s high, I wouldn't
attempt to give forth with axy ideas on the future in any of thess aress, but I
would say that 4f you want to capture your deserved ahare of these markets, you're
going to have to continue your fine promotional progreas to convince the plastios
peopls that there’s a need and a future for lesd-filled products.
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SOME EKLUE-SXY THINKING ABOUT TME FUTURE

Throughout this paper, I have tried to be as realistic as is possidle depict~
ing vhat the future of the plastics industry holds for leed. IA certain areas, I
have had to present scoevhat of a pessimistic picture —— such as the future of vinyl
for electrical insulation. As I said then, there is a good possibility that other
plastic materials could capture much of the insulation business may from the vinyls.
ihether or not it will happen is anyone's gusss. The way things are happening today
in the plastics industry it 1sn't hard for ons material to become obsolste overnight.
&:thoumbuin,novdmlomﬂinmoldorphﬁicttnﬁymlﬂnsﬂypn
this material back on top — and pew developments involving both oid and new plastice
are hagpening everyday.

Generally speaking, it's cbvious that as more and more irto oco~
sumer items, lead 1s guing to take a beating, amd it s other types of applications ==
industrial and defense - where lead because of some of its umique properties can
aid plastics in capturing more of ths market. It is in this realm t I
to do some blue-sky thinking about possidilities of developing new lead/plastic
aaterials. I may be wvay-off-base wdth thase ideas,but I hope they will provide
food for thought.

One real hot phase of the plasiics industry 4s that of reinforced plastics. In
1962, it was estimated that over 280 xillion pounds of reinforced plastics were pro-
duced; predictions put 1963 sales at 300 million pounds., Total consumption oould
easily Su=p to 500 xillion pounds by 1965. Of these weight figures, you can roughly
estimate that LCX is glass. JNow, a8 far as I know, there are no leed glass fibers
being used for reinforced plastics., For cxs thirg, ths specific grevity is higher,
softening point 1s lower, and tensile strength is less than that of the ocamonly
used borosilicate glass. Bul, lead glass does offer the distinct sdvantages of some
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tain industrial and defense areas.

At the present time, the strength-to-weight properties are wtat make reinforced
plastics so attractive, and that is vy most applications are as structural msterials
in boats, rockets, cars, construction, pipe, aircraft, and electrical spparstus. I
can foresee future use in ruperous areas wvhere the designer 1s willing to sacrifice
scoe strength properties for, say, X-ray shielding or increased dislectric constant.
Who knows? Perhaps, more research on lsad glasses will produce a range of products
that could offer a mumber of additional advantages.

Along this same line is the possibility of producing lead csrsmic fibere for
reinforcing plastics. One cocpany has already developed sirconis fibers that pro-
nise o0 becoms irportant reinforcements for rocket nosrles. In the future, these
sans fibers are expected to invade industrial reinforced plastice where their t:i&—
tampersture properties can be used to advantage. It's possible that some of the
dead ceramice could produce comparsble or better materials,

A third interesting possibility is the development of a lead polymer. At the
present time, there is much activity in the field of metallic or inorganic polymers.
It L8 generslly acknondedged that the Russians are way ahead of us in this field,
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_ leveling off for the next 10 to 20 years. In fact, with the development of new
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and that thelr inorganic polymer developments have snabled them to perform some of
their more spectacular spece fests.

The purpose behiind this work is to came up with practical plestic matarials
having incressed high-temperature stabllity over today's organis polymers., ™
basic types of metallic polymers currently being investigated are: 1) those
have no carbon-carbon bonds in their backbone, but have them in their side chains;
axd 2) those which contsin no carbon—carbon bonds whatscever. (Pigure 6). Thess,
of courve, differ from the conveniional plastice which have carbon-carbon boeds in
thedr backboos.

The first classificstion is not particularly new, as the silicones fall into
this category. Ruch of the work being done by both us and the Russians is simed ot
developing similar polymsers where elther part of, or all of, the silicon stoms are
replaced with other alements. Other work is dovoted to producing sizilar polymers
based on elemmants closely related to silicom and caygen in chexical functioming.

So far, attexpts to maks practicsl, non-carbon polymers have not been success-
ful. Hhile thermally stable at tecperatures considered saximm for commercial “high-
tapersture® organic polymers, thess materials, based on such compounds as borom
nitride and phosphordtrilic chloride, generally lack resistance to moisture snd
oxidation,

As you can se¢ by some of the types of polymers slready developed, the fiald
is wide open for metals. Aluximm, boron, tin, arsenic, berrllim, and chromium
are represented in work currently deing dooe, and, as far as I icww, lead hasn't
been considered as @ possibility at all. You won't know what kind of & polymer it
could produce until it's been tried!

CONCLUSTONS

The plastics market is oertainly a good one for the producers of non-plastis
materials to latch onto. It has had s tremendous growth that shows no signs of
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ixproved plastics, the overall growth of the industry could reech quite fantastis
proportions

Oversll, I would say that the future for leed in plastice is good,
presant trends indicate its growth will not be as great as it should be. This is

dus mainly to the fuct that leaded plastics are being replaced by other plastice
in which leed oompounds are not needed,

I would alwo say that you have a good opportunity to develop nev uses for leed
particularly in ecme of the higher voluxe plastics that are not using your materials
at ths present time. In the next ten years, new markets for plastics are not
to Just happen as has been the case 80 many tines in the past. They're going
painstaicingly developed by plastice producers. The markets for lesd and leed
rials in plastics will have to be developed in a similar, concentrated fashion.

-
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