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doudt ycu've beoome scquainted with scme of the lesding rolee it plxys ia
engineering and day-to-day life. It 48 the material of the toothpasts tube yomu
in

through “soiid state” physics is the practical generation of electric powar directe
1y from heat by simple thermoelectric generators. They are simpls in that they
bave 20 moving parts. They produce an emdless flow of current o long 88 the hot
Junction s kept bot and the ccld exds of the p and p elazents are kept cald. This
makes 8 thermoelectiric generstor sound like a thermocouple or a trensistor. It is
sctually both! If the device 15 sizple, the theory behind it 12 mot. It dnvclves
relative mobility of electrons in the crystal lattice and the mobility of the
"holes.® As & practical matter, the best materiale for such a rele are about half
way between being excellent conductors of heat and slectricity and very poor
conductors (insulating materials). One material that f£ills sll these specifice-
tions and appears to be a likely large-scale power source of the future is the
intermetallic campound leed telluride.

It i» worth noting that if currenst is forced to flow through such an elsment,
& corresponding flow of heat i3 set up. Thus one end becanes hot and the other
oold. The effect is now being used in mmall refrigerstion devices.

#Presented at the N¥eark College of Enginesring
367 High Street, Newark 2, N.J. on Peb. 27, 19&3
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As practicing enginesrs you will usually have & convenient source of electrie
power without resorting to solid state physics and themoelectricity. There are
situations even today, however, shere that advantages of thermoelectris power are
sufficient to carry the still-high prics tag. Military dnstallstions like sub-
marines are likely candidates for it and may in fact be using it now, The RAP I
(secondary ruclear awdliary power) scurce makes uve of a muclear host source and
lead trllurive. One such unit 48 now in orbit in the Transit satellites. Transit
IV bas been opersting continoualy aince July 1961 and, barring contingeosiss like
meteor damage, prozises another five yewars of power st design specifications.
Beduced power will be available fram it for decades to come. Power reduction, of
oourse, hinges on the isotope hest source choice. Other SXAP powsr sources reted
in Klowstts and tens of kilowvatts also probably use it, though the detalls cannct
be lnown yet bDecause of security classification.

To bring the focus a little closer to hooe, we might look st an installation
of the thermoelectric power sources along the pipeline of the Northern Illinois Geas
Pipelines Cocpany. Its engineers had the prodblen of protecting the pipe against
corrosion. Ome effective method, as you know, is the use of cathodic ispressed
current. Cost studies, however, indicated that the running of power lines along
the route would be too wopensive. hhat the erginesrs did have available ws s
cheap source of heat by burming gas frao their ovn pipeline. Their sclution, of
course, was obvious. An interesting point is that the thermoelectric generators
(100 v each) cost about the sa>e as current rectifiers would have — thus the
initial cost saving of the power line installsation was pure credit. kortherm
TNlincis Ges was the first to use this scheme. There are now many more such unite

throughout the gasfisld aressof the United States.

On the debit side of the ledger is the present poor sfficiency of the thermo-
electric gensrstor - about $ per cent. Theoretical studies indicate that X per
cent may be realized one day. This would put the generster in at least a carpetitive
class with conventional power generstion schemes and far ahead of actual performance
for scme mmall units.

Even 5 par cent efficiency 1s spls to Justify the power source for many
applications involving waste heat. Low recovery is of not much account when the
Btu's are going up the stack anyway. On this basis, hooe power units are now reedy
for the market. They provide snough power from waste heat in the home furnace flus
to drive water puzps in the hot water hesting system or fans for hot air,

Plezoelectric corenmics == If you don't happen to be familiar with the jawdbreaker
"piezoelectric,” it is as si=ple as the principle of zany phonograph pickupe.
Piletoslectric materials are crystals or cerazics which produce & voltage when they
are mechanically stressed. Conversely, they changs shape or exsrt & force to do 0
when a voltage is applied scross them, Thus, if you have & phonogreph with g
erystal or cerazic plckup cartridge the oscillation of the needle is converted to
voltage by a plesoelectric material. A common one in many recent stereo sets 1s
lead zircomate titanate, or Fil.
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The phanogreph use is an odviocus one. 30 is its use in Sonar — the sams b
ceraxic array being used as a sound transmitter erd as a microphone. It is a bit 3
pusiling, at firet, to learn that PIT is tumning wp in gasoline engine ignition 3
systezs, fiash guns, spesiamsters, sutomatic weighing equipment, elsctrostatis
air filters, and & variety of other seeingly unrelated uses,

Those of you who have gotten greasy under the hood of a car know the layout
of a typical ignition system. Power fron the dattery or generator is converted
to high woltage by a coil (high woltage step-up transforper) and circuit bresker,
The points of the breaker are subject to severe arcing end 3 condenser 1s added
to the circult to supprese this. Konetheless, the "tune Wp" you just had probably
involved a new set of points as well as a new set of plugs. BKow, the ignition
gten of one manufacturer'e mall engines has been replaced by a new set of oo~
ponents including a PoT ®spark puep.” There are no points, condensers, “coils,”
or magnetos. A cam in the existing shafting of the engine literally puts the
pressure on two FIT elecents about half an inch locg and a Quarter of an inch in
dianeter. The result is a hot 20,000 wolt spark, Theory to the comtrary, the
spark on start-up with a canventicnal syviens $s not 8o "hot” as 4t is in pormal
running. It is in the vam up period when most spsriplug foulirg occurs., Tests
to date indicate that the use of the * pEp® 4gnition system extends sparkplug
14fe (even betwoan clesaning and gar;irg) by a facior of five. Thers are, of course,
no points in the system. Purtler, tizing of the enline stays fixed. In place of &
tune wp, such an engine would get only a carburetor adjustment,

So much for FZT in povar lawm mowers, outboards, sarine angines, and, perhape
one day soon, autamobiles.

By adlusting the woltage output and sensitivity of the plezoelsctric system
to fit the needs, it has Leen possible to puwp W enough air pressure with a mall
rubber bulb to fire a flasisun when trigrered. Ues understand that & light weight
lifetize strobe light is under developoent for camers fans. The power will oome
from the muscles in their hands.

Righ voltage for an electroetatic precipitstor in home alir conditioning unite
is being genersted with no more equipnent than s cam on the fan shaft and & blook
of FZT.

Perhaps the saniest develoroent involves "Zashion technology® if we prosais
engineers dare enter the realn of Dior., Cne novelty now being offered the fashion
field 15 a FIT elwment built into the heal of a lady's shos and connected to flash
& sall neon bulb at her toe with each step. let's hope tlat the manufacturer
doesn't skirp on his insulation or peon toe lights will go out == permanently ==
on the first riny day.
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The other sids of the plesosleciric coin — motion or foroes &irectly from
woltage changs — eploys xost of the PCT used today. In addition to its use thus
as & "loudspsalert! in Sonar, it is the electro-mechanical transdiosr in witrasonis
washers &nd sound power units. The wachers, now emplcyed in deburring fine metal
staxpings such as elactric rasor heads, and in degreasing, soouwring, snd pickling
industrially, are basically Just s tank with PZT f; other) electric-to-soxnd
powsr conversion units coupled to their undersides, The Nother® wnits are usually
lead stabilised bariun titanate ceranic or nickel mapmtostriction devices. P22
has the advuntage of higher conversion sfficiency &d higher power loading per
wnit of surfece than eitber of the others. I also tolerstes higher opsrsting
temperstures than the barim titanste wnitse.

The cleaning-soouring-emulsifying action takes place at the face of sny hard
salid object suspendsd in the bath. In a small wnit of about 3 gallon beth
capacity, about 100 to 200 watts of sound power &t high frequency evpplies the
ensrgy for cleaning. Because the sound waves inpirge on the surface at betwem
(typically) 25,000 and 40,000 times per secona, the accelerstion of the bath liquid
is very high., It pulls asay froa the surface lsaving 8 bubhle of
and crashes back on the retum wave fromt wdth intecse force., It wAll remove lipe
stick from & &rinking glass in about 2 to 10 ssconds (and does o
and restaurents every day).

Two other charecteristics of ultrasonic clsaing are worth noting. Pirst, the
cavitation action described above is "focussed® into cremmies and
ultrascnic cleaning is most efficiert at precisely ths point where
ing methods fail. Second, the sourd energy is so intense wnder normal opersting
oonditions that it shatters most of the zizroscopic life co=only fowd on dishes,
biological laborstory equimmert, or surgical instruemts. It is row stendard for
clearing surgical instrunents in sany hospitals. IV aay one day be a standard ia
overy woll-equipped home kitchen, toc.

Today, it 1s safe %o say that PZT i3 the best msterial knownn for such ssrvice.
While this dossn't mean that better materials wdll not be developed, it does give
this ceramic an edge in the field of ultrasonics. And even though the optimistie
visions and clairs of the 193C's hate not been nearly fulfilled, ultresonic pover
still soezs to have a magic and irteresting fiture ahsad.

.l Yehicles — The only thing new sbout bsitery powered wehicles
is the set of econoxic facts of the post war boom. Battery powered cars and trucks
ware sericus contendsrs to the Locomobils and cther early gas buggies. They weat
ot of fashion because of their limited range snd the problea of cbtaining fairly
siseable mnzts of electric powsr to chargs them.

Today, with every new hame equipped with 60 or 100-amp wiring, high curremt
drains are the acocepted norm. Purther, electric powsr is comparstively chesp ==
especially when the comparison is made with a high-compression, high-performence,
high-powered automobile or truck engine that spends most of its time thresding
through city traffic or stopping for door-to-door deliveries on & city milk route.
As & matter of fact, L to 5 miles per gallon is the sverage for milk delivery
trucks. And such driving also lesds to high maintenance for these motors. The
cost of this maintenance has risen, in the post war boom, faster than eny other
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cost of opersting a car or truck. Finallr, the wery trucks that are piling wp
these high costs are opersting over routes of X to 5C miles & &,

Bven in the modest quantitiss they are being produced in today, eleciric
trucks are found to be far less expensive to operste by dalriss, baksriss, dry-
claming and lamdry firas, and others who must send truzks throngh eity traffie
over limited runs., With smortization figured as 14 years (average actual life of
a gas truck) and sverags power and maintenance costs, the slectric truck bresks swea
with the gas truck in the fourth year and pays 8 &ividend in lower costs in each
sucoesding year. The real lifs of &1 elactric is nod wery wll known. There are
70 of them in operstion for United Parcel Service in Manhattan -~ the last of thess
built around 1530, Two weleran lh~-tom slactrics are still hauling paper for a

pablisher in Philadelphia, though their nameplstes bear the dste 19121

Battery power has becoms well established for industrial trucks (1ift trucks)
because of this performance. Ite cost reccrd is the reason that electrics are
pow showing up as golf carts and passenger cars.

i s atration cotrol — The cotrol of sownd and vidratica has always been
of scoe irportance in special cases. The proverbial boller factory, for exmmle,
worriss industrial hygienists and inrirsnce oxpany actuaries — and has worried
them for soms ywars past. Intense noise such as that from sooe industrial opsra-
tiocs is & hazard to health and well being. Todsy, howver, two emsrging factors
have broadened the s>ope of noise control as practical wdertalkding by a factor

of psrhars & hundrod., Ons of these i3 an increasing dspendence on mechanical
power and gadgets that maie noise. Does your haoe have a radio, telephoms, TV,
dishasher, washer-drier? All of these mars noise whether it is enough to Aistwd
a neighbor or ocnly enough to distwt your resding or clsep. The secnd factor is
the econaxic paring of all sorts of products to the inimm srount of msterial,
Typical exaxples here are the use of lighter gmuges of metal, the use of "&y wall®
enstruction instead of plaster, elc. 4s our hames &nd cars and even gadgets
beccos less massive, they lose their abllity to sto; noise fram resching our ears.

Lesd possesses precisly the right propertiss to0 stop the tranmission of
sourd. It has high density. It has low stiffness. Beczause of its mass it is wery
arficult for sound waves 1o set & lead &aphrasn in motion. Becauss it is
acoustically “lizp™ the lead disphraga w1l not resonste or ring. In practice this
means that 1/15 inch of lead has the saxe sound stopping power as 2 inches of sand
plaster. A well-built plastered wall 4 inches thick affcrds no more privacy than
that achieved by 1/8 inch of lead. With cost per square foot of floor space
increasing, these figures interest architects and designers.

Sheet lead, laminsted to other building msterials (wood, gypsm lath, ete.)
49 being used in critical sound aress liks broadcasiing studics, Sheet lsad is
being arplied to remedy bad sound transsission situstions

Amcrg the rewer naterials for sound cartrol are the leaded plastice, Hare
the mass of powdered lead is combined with the limness of sheet vinyl, for exaple,
to achieve excellent sound storping power in mintery volume and provide an sttrao~
tive and easily worksd material. At the pressure rediction station of one large
888 pipeline here in New Jersey, upstrem pressure of 150 pai is cut to 3, 5, 15,
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25, 30, or 50 psi (depending on service requirements) by throttling control valves,
In effect this arrengenent is something like a glant factory whistle which must
operste round the clock. Sound levels of over 130 decibels were recorded near the
equipment. Industrial hyglenists have set 120 decibels at the danger mark for smy~
thing more than very short short temm exposure. Ry wrapping thess pipes and valves
with 1 1/2 inch fine filament glass wool bats and oovering the glass with a single
lzyer of leaded vinyl weighing less than one pound per square foot, the noise level
had been dropped to about 80 to 100 decibels and far lower in ths dangsrous high-
er frequencies. In other words, the reduction shed had been a place that workers
avoided before this treatmant. The noise was literally nerve wracking., Today it
is just one more tuilding in the plant. A bit noisy, but not so bad that a conver-
sation can't be held without shouting. It is no longer & hmith hazard.

Leaded plastics also provide a great deal of dazxing for structures that do
tend to resonate or ring. Even a light coating of about 2 cunces per square foot
of finely powdered lead or lsad ore in a soft plastic can be spplied 1like paint to
sheet steel s0 that it's ™doinggz" is deadened, Heavier coatings, trowelled or cast
on, or cenented on like tile, campletaly deaden it.

there more intense vibrations are encountered = machinery mounts and btuilding
foundations, for example — pads made of layers of asbestos and iead have been
serving successfully for half a century. Bulildings such as the new Pailharmonic
Hall at Lincoln Center rest on these pads so that vibretion from city subways can-
not interfere with performances. Buildirgs in Canada, Boston, Texas, Buffalo,
Meow York and other cities have been naking use of the pais and the practice is be-
cacing moro widespread,

As this is being written, the N, S, Savanrah is voyagirg round the world,
Five buxired and thirty odd tons of lead keep the atonic energy of the Savanmnah
confined to her boilers and propulsion systen. Eids have been sclicited for a
sizilar vessel for Germany.

Reocently anocther 350 tons of leai were laid as a lubricating seal for the
concrete wvalls of two water conduits of the liagara Power Project. These conduits,
or tunnels, are each over four riles long. They are sixty feet high; forty feet
wide. And their massive cast concrete walls rust seal tightly to the concrete
supporting floor yet be free to "give" or slide slightly under earth shock or set-
tling. How would you achieve that sort of seal? The designers did by laying a
1/16-inch sheet of lead two feet wide and casting the walls on top of 4his,

Thousends of tons of lead are being used in shipping containers for redicis~
otopes and spent fuels. It is ecployed as shielding in "hot” laboratories and in
instruments with redicactive sources used in many industries. It encases delicate
instruments in space rockets,

Lead compounds are the basis of the best porcelain enasels developed for
aluminum. This s 8 new product that is gaining repid acceptance for bullding
facades, sizns, subvay cars and use on ships. The trend is also to lower
tocperstures in percelain enameling steel and many of these lower tespersture
enaxels also contain lead,
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oolored glased bricks are becoxing popular with architects for modem
decorstive constructions, Lead campounds have been found to be importamt ingred-
ients of the glazes best suited to this purpose. Other new architecturel products
are color-backed glass blocks and flat glass »a'l panels. The ocolor ensmel applied

to both of these products contains s high percesntage of lsad capounds,

Izpressed current non-sacrificial lead anodes are being used on both ccemercial
and naval ships. Lead's properties as 8 superconductor are being employed in scme
of the most modern computing devices.

Free-aschining lsaded steels have been faxiliar to industry for some tine but
now this oaterial is available for forginzs and in shest, plate and tubular form,
More than twenty companies are now marketing leaded steels.

A lead-base dreting alloy for low tepersture metal to glass bonds has recent-
1y been developed and 4s finding cammercial applications. A receat pateat covers
the use of lead in producing high purity titanium,

Special pearlescert lsad pignents are finding wide and greatly wvaried com~
mercial spplication. For exacple, they are used oz theater movie screens ad
screens for hoos projection to irprove the quality of the projected izages. Other
applications irnvolved reprocduction of the effect of pearl or mother-of-pearl on
such items as buttons, costuce Jewelry, artificial flowars, cigarette baxes, tollet
seats, and custon finishes for sutomobliles. Xew lead pigments for genersl
use on both wood and metal are also recert develoymets that zake available the
sdvantages of lead at lower cost.

A low loss ceranic insulator body has been developed and patented which
contains a high lead glass prase. Eigh perfommance capacitors for use up to 500
deg. T. include 17 por cent of lead titanate. Lead-bdearing glass capacitors for
operstion up to 300 deg. C. are said to be suitable for missziles and aircreft,

lany more new develomnents in lead ocould be cited, but these certainly suffice
to deconstrate that lead is & twentieth century engineering material. These are
Just & fow waazples of the exciting future possibilities of lesd. They are by mo
means all. MNow to get to the more mundane but a highly important part of the stary
of lead, its production, fabrication and uses.

Almost 60 per cent of the lead consumed sach year in Aberics is used in its
setallic form, either pure or &s a princinal alloying ingredient with a variety
of other metals, How it 1s used and where it goss in industry are descrided
briefly below,
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csl Bac -~ Because of the ease of reduction froa its ores, lead was
one of the first metals used by man., lead pipe mamufactared by curving sheet lead
1 together and soldering the seam wes used by the early Romans for conducting drink-
3 ing water, Architecturally, lead served ss a roofing material for publie bulldings
and churches. The faoous dame of St, Sopala in Istanbul is lesd covered. The :
floors of the Hanging Gardens of Babylon were lead coversd to retain the sciesture
necessary for the vegetation. Lead was used in the construction ef the first cco- 1
mercial sulphuric scid chambers plamt bulit 4n 1746 in England.

i Production — leed is mined primarily av the sulphide (Salena), the bulk of the
domestic ore coming from southeastern Missouri and the Korthwestern States. lead,
sinc and silver ores are usually fourd in the saze deposits. After xining, the ore
mixture is crushed and ground to fine powder and ssparated by the flotation process,

Lead is recovered by smelting 4in a blast furnace. A lead blast furnace is
si=ilar to an iron blast furnace but constructed on a scaller scale and, of ocourse,
operates at lower tesperatures. Ore, coke and limestone constitute the normal
furnace charge. Oxygen—eariched blast is cns of the latest developnents in leed
smelting

»

Lesad bullion or unrefined lead containing other metallic comstituents is

noraally "fire refined,” that s, it is heated in large ketiles under controlled

. conditions to remove and usuilly recover silver, gold, copper, tinc and scoe other
petals. For exazple, gold and silver are recoversd bty taing advantage of the fazt
that these two metals have a greater affinity for zinc than for lesd. By deliber-
ately adding zinc to lead Bulllon containing gold and silver, thess two valuable
eleoents form a tinc-ellver-gold zixture wiich subsequently floats to the top of the
bath and is removed by skimzing. Any gine remaizing in the lead is recoved by
creating & vacuum over the molien =etal po that the zinc waporizes and condenses
as crystals on the cold top of the vacuum doze, The latter technigue has bean
recently perfected and is known as the Vacuun Dexincing Process,

mtanhiiinitialy

1 Collapsidble tubes for toothpaste, ataving cream, colors-in-oil, etc. are often
made of lead. They are formed by a process known as impact extruaion in shich a
button contalning enough material for one tudbe is struck and forced to flow around

8 tube-shaped die. By using & button baving a thin layer of tin on ons side, & leed
{ tube can be produced with one side tin coated. This system is used wvhere bright

3 appsarance or corrosion resistance is required.

Because of its low melting point, lead is relatively sasy to join by welding.
For this process, oxyhydrogen 1s used with & very soall burner tip. Joining lead
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1y ¢ nisnomer, the lsad is not buwned but merely Zfused together. i

Saldsring 4s & process faxiliar to everyons and sclders of the tin-lsad allay
systems oconstitite the largest portion of all solders in use. They are used
for joining most metals. As given 4in ASDM Specification B-32-5S8T ~ Solder Metal,"
the alloys rege all the way from 1 psr cesrt to 70 per cent tin, the balance leed,

sack designed for areas of specific applications. An $mportant property of these
soldors is the so-callsd pasty renge usefil in smyy spplicstions. This pasty renge
is that ares bestween the solidus and liquidus and varies with the allay. For exmpls,
the

has & pasty rangs of roughly 175 deg. F.

sutectic alloy £2 tin, 38 lead, bas no pasty rmngs whils the 20 tin, 80 lead
area

Common spplicsticnis in wbich this pasty rengs or in
be worked is irportart are in the spplication of automobiles body
20 per cert tin, balance lsad) to fill joints an
Joints (35 or &0 per cent tin, balance lsad) in cable and in lesd pipe.

The termary alloy, tin, sntimony-lead, is useful in many spplications and axy
normally be used for the sade s;plications as the binary alloy with ths exception
that their use is not recamrwndsd on aluzinm or
a8 galvaniszed fron. The addition of atimory up to 6 per cemt of the tin contend
increases the mochaical properiiss of the rolder with but alight iapairmsat to the
soldering charecteristics.

[ nd:stry — lead has played an importest role in
the chexmi industry since the time whan chemical ring wes practiced by the
alchezist. The chief reason for its use 1is lsad's (1) excellent ocorrosion resiste
ance, especially to sulphuric g2id from Sllute up to 96 per cent acid. In
to sulphuric acid, lead is noted for its resistance to phosphoric,
tydroflucric acids, and salts of most of these chamicals ss well as eulpbur
and other corrosive gases.

Ancther reason for lesd's use in the chemical industry is its (2) low eost
coxpared to other corrosion resictant msterials. Adding to its econoxic advart age
1s that (3) it can be salvaged easily and (4) has & high screp value (s much as
75 par cart of the original cost). Onoe installed (5) the ease with which lsad
may be repaired also adds to its sppeal.

Bow Lesd is Used Ae A Materisl of Chemicsl Constryction — Lead s naturally soft
and although cccasionally used alone, more often it is supported by s external
frawwork of wood or stesel. Prequently, steel or woden vessels are lined wi
loose sheet lsad fastened st intervals with lead covered steel strape.

&

A relatively newer method of joining vessels with lead is to band the lead
directly to the ahall of the steel vessel. This is known as bonded lead lining
or lead cladding. The bond may be accoxplished by means of a very thin solder
between the lsad and the stesl, or by bonding the lssd directly to the steel.

3

The direct bond is usually scoomplished by first preparing the surface of
the steel vessel by shot bdlasting or pickling, and then fluxing with molten sino=
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amoniw cloride, stermous chloride or certain propristary flums., The lead is
then malted and bonded to the steel by hand using lead burning bars and torches o
it is poured on in large sheets at & tize., Xxoess metal mgy be scraped off or
“ashe ™ off with broom-like torches. Whiils scmevhat more expensive 3s & result

of the labor involved, bonded 1sad 1ined vessels are finding wider acceptance in
indust:y today because by this method, the corrosion resistance of lesd can be
oonbined with the grester physical strength of the steel thell. High vacum

and higher opersting temperstures which are more prevalent in industry todsy require
this type of lining.

In many prooesses, lead pipe coils inside the vessel are used for oooling
and occasionally for hesting wvith steam or hot water. For use with steam pressures
exceeding 50 and up to 150 1b, stesn pressure, lead coveresd oopper coils are prefer=
red. Rere again, as in a bonded lining, the greater strength and heat trensfer
characteristics of copper are canbined with the corrosion resistance of lead.

lead pipe and conduite are used widely for conducting corrosive liquids and
Nmes, Where tho lead pipe ie suspended, it is common practice either to lxy 1t
in & trough or use lead lined cast iron or stedl pips. The lstiter oonsists of
ordinary pipe in which is placed & lead pips expanded by hydraulic presswre to fit

losd in Plybing — Lead for many years bas been used in housohold and industrial
pmbing. It is used to condict drinking water from the cast iron weter mains in
the street to the house, Inside the house, it 1s used in the form of pipe for

wastes, lead traps beneath basine, tubs and showers, lead bends on water cloeets
;doccuimd.l;unn&pd.po. In practically all cases, the 1sad pipe is Joined

A surprisingly large amowrrt of lead 1s also used in conjunction with cast
iron weter mairs and s0ll pips stiich are used to conduct waste to the swwer or
for venting purposos. Here it serves as & callirg material to form a water-tight
seal between the sections of pipe. Usually the lead is melted and poured into the
Joirt and then calked with special tools, Sooetimes if it is irpractical to use
mlten lesd, as undsr very moist conditions, 1sad wool is used instesd. Becsuse
of its self-weldability, lesd wool 1s easily consclidated or calked irte & solid
waterprool mess.

Aushitecture Aoilictlions —~ Architecturally, lead alsc sees considersdble service,
mot pronently as 8 roofing and flashing material. Here, its corrosion resist-
ance, pleasing gray color snd the non~staining feature of rm-off waters are the
chief acvantages. It is also used for gutters, chirrwy caps, planting box linings,
ststues, spancrels, laaded glass windows and other ornamental devices, lesd costed
copper is oocasionally used for roofing and flashing purposes.

Lead is used for snchoring objects to masonry. Leasd snchor bolts are avall-
able which have cast 1sad plugs s em Litegral part. When the balt s tightened,
it expands the lsad insids the masonry and thereby forms & sscure anchor.

?ﬂ_mgm-lmdxrofob)octnm costed with lead containing less than

per cent tin, plus some silver and antimony by the process known as "hot d&ipping®.
This is samewhat similar to hot dip galvanising. Terne plate 1s used quite exten-

sively in industry. It is made in the seme manner as tin plate except that instesd
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of pure tin, an alloy of lesd and 15 to 25 per oent of tin is used. large quanti-
tiss of sheet steel are terme plateld and used in making paint cans, gasoline tanks
1 for automobiles and other motallic cortainers requiring corrosion resistance.

3 Cbjecte made by Gesp-drawing sheet steel use terme plste decause leadts lubricating
characteristics facilitate the dramving operstion.

In salt water service, lsad and lead-tin alloys are used for resistance to
both static and fast-flowing sersted sea water. In the lstier case, alloys oontaine
] ing increaxirg maounts of tin with the maximm at 40 psr cent afford satisfactory
protection. For example, &s applied by hot dipping or wiping, lead-tin ocoatings
are used as protection for coppsr in shipboard circulating systems. In hot dipping,
becauss of alloying with oopper, the resultant alloy or costing is cathodie to
copper and sttack by electrochemical and galvanic action may be sncountered st pin-
holes. In wiped cocatings, alloying occurs but it inwvolves only & thin layer which
4s covered by a damss anodic lsad-tin layer.

Rt oatacis

Lesd may aleo be applied by plating when justifishle cost—rdoe. Where large
bulld-up is required, for instance, this technique beoces feasible.

Elecirical Apolicgtions — In the elsctrical industry, the chief use for lead and
aleo the grestast consumer of lsad s the storags battery., Storage batteriss
cortain on the average, 25 1b, of recoverabls lead. This includes both the lead
alloy used for makirg grids as well as the lead cxides used on the batiery plates.

. Also in the top third of the lead conmning industries is the mmufacture of
cable sheathing. A sheath for cable, whethe: telephons or power, must be (1) cor
roeion resistant and impervicus to the a‘mosphers and soil wster, (2) flexible
enough to be coiled on reels and dravn through conduits and (3) it must be able to
be extruded to form a continous sheath around the wires in a cabls.

In certain aprlications, copper wire is costed vith load before being covered ]
with niber insulation becaise the suilphur compounds in some rubbers attadk
and vice versa, copper affects scaw insulating malerials adversely. The presence
-of 8 1sad costing eliminates ay reacticn betwsen the copper snd rubber,

Although by no means large, unheraldsd electronic festures dcoout for lead's
use in intrinsic sexi-conductors such as lead tellurids. In scae cases, this
saterial i3 modified by the addition of elemsutal lsad for improved conduction.

n the Mat &piry — In the plating industry, particularly
ehrosium, copper and nickel plating, lead s used as & tank 1lin material, as a0
anode, and for heating colls. It is used for two reasons hsre, (1) because lead
is normally resistant to attack from the acid electrolytes used in plating these
mstals and (2) because any corrosion products thst might be formed do not affect
the plating operstion or the final appearance of the plate. A more recent
mart in this industry is the anodizing process in which a cold sulphuric acid
electralyte is used. Lead or lead covered copper coils Are used to coal the

snodizing solutions by msans of circulsting brine or freon and the tanks themsslves
are lsad lined.

1

i

. Hext Tresting Baths — Lesd is used in many stesl hesat treating operstions inetead
of molten salts becsuse (1) it can be operated at higher temparstures without fum-

-k
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ing (up to sbout 1300 deg. P.), (2) 4t does not abeord moisture, (3) 4t doss not
erods the metal being trested, and (L) it has good heat transfer characteristics.

Bearinzs — Most freight cars v on be s oonsisting of a lxyer of lead-time
atizory alloy supported by a bronze shell (80 copper— 10 tin- 10 lesd).

1sad base bearing metale cffer high resistance to compression yet are soft
enough to prevert wear of the more costly and hard to replace axie. They pessesd
tho plastiicity necessary to absord foreign particles which normally would score the
shaft. When the bearings have served thoir useful liks, their high scrap value
makes for ecommic replacsmont. lesd base bearing metale almso ¢onform and adjust
atomatically to slight irregularitiss in the machining and aligmuent of the shaft.

Copper-lead bearings are used in automobiles. Composite bearings consisting
of thin lead badbbitt on a matrix of copper &:d nickel powdsrs sintered on a steel
backing have been used in sutomotiles. An sverages of 2 to 4 per cemt lead powdsr
is used in sintored metal powder bearings of the self-lubricating typs.

RBatigticn Protectiog — lead i3 used wniversally for protecting pstisnts and
oparstiig persormel Srom hamful exposure to x-rays and ga=ma rays exitted by
Coolidg. tubes, betatrons, and radium, as well as cobalt &0, tantalwm 182, snd
other radioisctopes. Lead itself does not becoos radicactive on exposure to thess
rays and henco can be used as long as required and moved to other locations without
fear of radicactive contaxination,

Por very large steric energy installstions, particularly those being desigred
from the ground up, shislding is accozplished by using thick concrets walls often
sandwiched with relatively thin sheets of lsad. Probably the bulk of the lead used
for protection against siomic redistion is in the form of cast lead shipping
containers and bricks about the sigs of cormm bullding bricks. Using lead bricks,
barriers can be constructed in practically sy locstion and to protect against
any degree of radistion.

Qther Uscs — Becauss of its excellant thermodnamic propertiss, lead in the fused
state is used in stomic reactor heat exchange systems, In addition, fused lead and
laad alloys are used as suspension fluids for ultra-sensitive gyros,

Bow Much Jead £9 Used — How many tons of lead are sctually conmmed by American
Industry in a year? In 1959, this figure wes just over 1,000,000 tons, slightly
below average. The averass consuz-tion for the five years prior to 1959 was about
1,150,000 tons. In 1958 we produced frum our own xines about 250,000 tons and
roughly 480,000 tcns were recovered from secondary sources such as ald storage
batteries and catle sheathing. From this it is obvious that this courtry conmmes
more lead each year than it produces. To account for this, 310,000 tons were
imsorted from the rect of the world with the bulk of these imports ooxing from
Mexico, Canada and South America, with sbout a third coming from overseas sources.
The difference between consuption and production is made up of changes in stook

and goverraemnt stocipiling.

Yhere Doon It Go — The bigzest consucers are the manufacturers of storage batteries.
Next are the ranufacturers of tetrasthyl lead, Third and fourth are cable sheathing
and oonstruction,
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' Bws Olock — Depite prodictions mde twerty years ago thet we would have oo
ad today, lead 1s still plentifid and its contimuing supply 4s assured for many
] years to coms. New mines haw been opencd and most of the cld cnes have not as yet
hit bottom,

Lead is fortunste mmong the metals in that the bulk of its uses are recurring
that is, after being used, it can be salvaged and retumed to the market as second~
ary metal ready for reuse. Storage batteries and cable shesthing, two of the largsr
oonsumers of lesd are typical exsmples of recurring uses.

4d» an engineering msterial, lead's charecteristics are s diverse that as
old uses dimish, pew ones such as thoss described earlier are developed. In
addition, new alloys having improved properties have enhanced the use of lead for
many old applications and have fostered the dsvelopment of mery new spplications,

lesd Industries Associstion is always willing to cooperste wdthout obligstiom in
the solution of problems involvirg lsad. Inquiries show’d be addressed to
292 Madison Averus, New York 17, New York




