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Lead Industries Association, Inc.

202 Madieon Averue ¢ Now York, N. Y, 10017 v Telephone: (211) 679-6030

Octoder 5, 1972

SUNTECT: KEPRINT - "LEAD A MODERN MATERIAL"

T0 THE MDCEERS OF THE LEAD IXDUSTRIXS ASSOCIATION, DiC.

Enclosed 1s the latest editiocn of our publication “LEAD A MODERX MATERIAL®,
Written for design engineers and upper level engineering sand materials
students, 1t describes the multitule of applications of the metal and ita
nurerous forms. Coomonly referred to phywicsl properties sre also listed.

If you would like to have additional coples of this booklet for distribtutiom
to your staff or customers, plesse 40 not hesitate to contact us.

Yery truly yours,
LEAD INDUSTRIES ASSOCIATION, INC.
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8 LEAD OFFERS THESE OUTSTANDING PROPERTIES...

corrosion resistance . . . Lead is 3 permanent mets! under
varying condtons of westher, sxposurs to most types of
soil, maring and industrial environmaents, and action of
corrosive chemicals.

radistion resistance . . . The most impervious of afl com-
mon metafs 10 X-ray and gamme radation, lead is the
asccepted standard of reference. ft oCCupses minimum
$pace and #dds the least weght.

vidration control . . . Matsive without being stfY, lead is 8
poor conductor of vibration. s abteiity to effectivety block
wibration makes it 3 popular materal for use under burks-
ngs and machinery.

sound contred . . . In products ranging from home sppli-
ances 10 submannes. lead and leaded matensis act %o
desden ringing vibration and insulste against sirborne
noise.

W TO BENEFIT THESE INDUSTRIES

olectrical  Storage batteries. thermoelectric generators,
paroelectric elements, soider, cable sheathing, ceramics

transportation  Storage batteries, solder, sound and vidra-
ton proofing, shielding for mobrle reactors, bearings, anti-
hnock compounds, marine anodes

manvfacturing  Free machining leaded steels, brazses and
bronzes, terne plate, solder, coatings, castings, machinery,
nose control

bubricity . . . Few metals have the low cosfficient of triction
of lead and lead slioys under sissing losds. This festurs is
used to advantage m tiny beanngs as well as under the
massive supporting slabs of the Nagara Power Project
condurts.

solid state properties . . . In the field of sold state physics,
lead shows outstanding promise. Lead teliunde is used
commercially in 2 thermoelectnc power generator; lead
irconate trianate 3 highly effiet 83 3 prazoeiectrx ma-
terial in both uftrasomcs and electrical energy generation.

other wnique propecties . . . The most dense common metal
... low metting point . . . sasily fabricated . . . wide range
of forms labie . . . easily slioyed.

chemical Tanks, resctor vessels, process equipment and
piping. valves, chemical compounds snd intermediates,
scrubbers, precipdators

conslruction  Sound-proofing, vibration-proofing. and
water-proofing, flashing. roofing. piping. Calking, ceram-
ics, paints, bearing plates, costings

nuclesr Gamma ray shwelding for shipping containers,
reactors. laboratorws. plants, industrial and medicsl radio-
graphy, non destructive testing instruments
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LEAD/FORMS AVAILABLE

sheet and foil Because of its malleability, lasd can be
rolled to sy Gesired thickness down to 0.0078 wn. Foils can
be reachily rolled to 0.0005 in. Sheets are produced n
standard wndths up to 8 ft, with larger sizes avartabie for
specia! requirements.

extrusions Lead 15 easily extruded in the form of pipe.
rod, ware of practically any desired cross section. Com-
maercially available extrusions range in s2e from 12 .
pepe down to soider wire 0.010 in. diameter.

castings  Lead 15 one of the simplest metals to cast. Type-
metal, renowned for its abiity to reproduce minyte detad,
and battery grids are examples of common lead castings.
Small dwe castings are produced with wail thickness a3 low
23 0.05 in. and ‘a3 cast™ dimensions are reproducible to
0.001.

faminations Onginally developed for X-ray protection, s
Large family of lead laminates is now used for no«se control.
TyprCat examples inciude tead-piywood, tead-gypsum board,
lead-cinder block, leaded plastic and glass fiber com-
binations.

bonded shesth Lead in thicknesses from 1§ in. to a foot
or more may be bonded to other metals to impart special
quaiihes. For example, iead may be combuned with steel,
copper or aluminum tor corrosion resistance and strength
or for gamma shwiding and heat transter,

powder Particles and flakes of lead from & micron di-
ameter up, impart specisl properties when asdded to
greases, paints and pipe joint compounds. Powdered lead
is 8ls0 used a3 » constituent of bearings. brake and clutch
facings.

shot  Produced in abundance in this form, over 30,000
tons of lead each year go into shotgun smmundion in sizes
ranging from 0.04 to 0.44 in. Easily handied, shot is also
useful for packing when mass or shielding is required
inside sn irregular enclosure,

wool By passing molten lead through a fine sieve and
sliowing it to solidify in the air, a loose rope of fibers is
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““Lead is mere readity and Inexpensively ~ 7
fabricated into a greater variely of usetul
form.s than almost any other common matal.
These readily available forms, combined with
lead's interesting variety of propertics—high

ST ... as a modern design material

density, low melting point, corrosion
resistance, maileabifity, tubrnicity, unusual
electrical properties, and ability to form
useful alloys and chemical compounds—
pravide a unique material for the solution of
a wide range of design problems.

produced, weighing about 0.4 tbs. per fool. When this is
drrven under pressure into a8 Crevce, the hbers are cold
weided into 8 homogeneous mass forming » solid metal
seal. Thes jonting procedure 13 especially usefil whers
temperature or explosion hazards prohibd other methods
which require hest.

stioys The extremely wide range of lead alloys permds
only imrded Coverage here. Scores of fusnible alloys and
soiders are available with melting temperatures from 117
to 588°F. A number of bearing alioys—the most famitisr
ol which is babbdt—make use of lead. Small quantities
of antimony and arsenic sre frequently added to lead for
hardening and strengtheming such products as type metal.
Calcium has also been alioyed with lead for use in bettery
plates and roofing.

compounds Tetraothyl fead controls the flame propags-
tion rate in internal combustion engines resulting in greater
efhciency and even combustion. Litharge (PbO) is used in
storage batteries, crystal glass (and leaded glass radistion
shickding windows), in pigments. snd to vulcanize rubber.
Newer chemica! denvativei of lesd with the same basic
action—are also being used. Other lead components stabil-
ire modern plastcs. Lead oxide (Pb,0.,) is the ubiquitous
red lead valued for its corrosion resistance, and lesd
chromates—yeliow, orange. and red—ers similar pig.
ments. Lead carbonate is the familiar white ead tor house
paint and racreous coatings; lesd azide is & standard ex.
plosive detonator; lead arsenste is an insecticide and
herbicide; lesd silicates are peint pigmants and enameling
frts.

mirtures  Lead powder and pacaffin mixtuces bine the
gamma shielding abilty of lead with the neutron capturing
Quality of an organic to produce 8 removable shisid with
2 melting point of about 200°F. Many lesd organic mixtures
are similarly used. Lead plastic mixtures show unususl
sound sttenuation properties. A mixture of lesd and
polyethylens has been used to mold precision parts with
substantial mass, and lead shot in neoprene forms » com.
bination acoustical, sntifouling, sntiturbulence coating for
submarines.
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Coatings of lead and feed alioyt Over steel and other motsis
are available In thicknesses from 8 few thousandths of sn
inch to severs! inches. Terne (159, tin/859%, lead), other
hot dipped coatings, electroplate, flame tprayed lead and
solder, are some of the common forms. Terne is »n e3pe-
cially versatile matenal. The TV chassis shown is made
from terne because, 1) die life is sxtended by the costing’s
lubricity. 2) terne sliminates the nead for additionsl cor-
rosion peotective messures, 3) R is essily soldered and
Joined,

apphcations: sutomotive gat tanks, sir Aters, distridutor
head tubes, ol fiters, imstruments, od pang, redutor perts,
veive rockec aTm covera, gashets, O heeters, weshens,
vacuum sctustors

sir hondling and heeting 0 stoves ond heeters, Rurnaces,
Bit Cloaners, radiotors, e condtioners

8 3R anode

tn an impressed Cutrent system the electncal powes is
esxpended to force the corrosive acton to take place largely
3 the anode. Under these conditions. lead has been per-
ticulady successiul as an anode matensi. inrtial penetration
of the tead 13 stopped by the formation of 3 heavy fiim of
lead peroxide which offers good electrical conductaty
without permitting comresive penetraton to the lesd. Suc-
cessful applications have been made on salt water ships and
piers, in brackish water, and in several types of sou. High
current density can be sttained wnthout sacnficing anode
life.

Leed ia first in materisis to be considersd in sny design for
X.ray or gamma cadation shueiding. When other materiats
sre conpidersd, “'cOmperisons are Uually expressed in
terms of lead because # represents the best practicat
psmma shield matenal for most sppications.” (Quoted
from AEC's authortatve “Reactor Sheiding Design
Manuat™) .

Athough tead’s primary Quality is massveness, the use
of lead in shweiding simost invarably saves weght and
space. its jow cost, density, and the sase with whach # Cawi
be cast, extruded, rolied, machined of otherwnse formed,
combine to make 1t one of tha Mmost efficret of shielding

Lead's corros:on resistance is an important factor in its
usefuiness. The statue will suffer no weathering, sven in
the corrosve atmosphers of the city. Corrosion resistance
enables the pipes to carry many thousands of galions of
concentrated sulphunc acid dunng the many years that
they will be in service. This excellent resistance to cor-
rosives accounts for sbout 60 percent of the metalic lead
used in the Unted States. Appications include cable
shesthing, battery grid metal, corrosion resstant linings in
chemical process equipment and rooting for city buildings.

POLLUTION CONTROL

Again, tead's outstanding resistance to SO,, H,50,, end
H, SO, makes it 3 wise chosCs as 8 lining material for electro-
static and scid mist precipitstors and gas scrubbers. A
unique passivating layer of insoluble leed sulphate serves
to protect the lead trom the corrosive action of these
chemicals and others yielding tonger equipment life and
more efficient operation,

SO, — the gas generated by roasting sulphur bearing ores
at high tempersture — can be a critical problem in the
non-ferrous Maetals industry, both In sir poliution and
corrosion. Control of SO, is usually channetied into pro-
duction of Sulphuric Acid, an important industria{ sotvent
and one to which lead stands up especielly well.
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Noise and Vibration Contrel
Today lead and leaded materisis are being used in office
equipment, transportation, shyscrapers, and industry to
control noise. In typewriters and sound movie Camerss
leaded damping materials are modifying the character of
the noise produced. In jet siriners, miitary helicopters,
and turtune-powersd marine craft. sheet lead, sheet lead
composdes, and isaded plastic shests sre bloching out
anNgine noise.

Leed. by virtue of its high internal damping. is one of the
most efficient noise sttenustors known. No other materisls
i 3 ecoNOMK fange stop Nose per pound or per inch of
thickness. Leaded plastcs wn sheel. tile, Of Castings are
offective in blocking awrbome noise as well as damping
the ringing of metal structures — from small stamped
metal panels of an ordinary typewriter t0 stesl dechng
of special railroad cars.

e A
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head for acoustxcal impuiation.

Passengers on today's kxuricus sirfiners are well pro-
tected trom the 150 db roar of the engines, thanks to lead,
On passenger aircraft and szecutrve sircraft os well, leaded
vinyl Is sandwnched in the fuselage to effectively insulste
the caben intenor,

The Golden Gate Ferries, o3 depicted here, are driven by
three sircraft type gas turbenes end Jscuzzi water jets.
Sheet lead, 2-1b/ft" has been specified for engine room
noise trestment.

In industry, harmtul noise levels are stopped by lesd sound
barriers. Leaded viny! curtaing can block as much as 25 db
of noise, if nat more. Velcro fasteners ensure 8 tlight, *“noise.
proof”’ seal. Available in & variety of densdies, colorns, and
finishes, lesded vinyl noisa barmers can be specified for
peactically any instatiation requinng a fexible, durable,
movable pertdion.

Lsad and ssbestos anti-vibration pads can also be used to
cut noise and vidraton from intense sources. Accepting
static loads up to and above 1000 psi, snti-vibration peds
block the structural path by which vibration can get to
radiating surfaces where #t appears s noise.
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The power 10 Getect. sense, and drive tomorrow’s slectrical
ond elecironic products will come, in many cases, from
sourtes which utiiize some of fead’s inhersnt characteristics
— thermoetectnc sctivity of lead slioy semi-metsls, piazo
electnic activity of lead ceramics, or from the reliable leed
acid storage battery.

A large power source empioys lead telluride in place of
thermocouples i thermosiectric generators. Lesd tellunide
13 selected because & generstes 80 much power from the
heat source that no smplification of secondary power sOuUTce
s needed 1o drive controls. it has been a critical powes
acurcy for tunar exploraton.

Lesd nconsteitanste Cennmics demonstrate remarkable
efiCrency n producing Ultrasonic vibrations Of i generet:
g high outputs of eiecincty when mechaniCally stressed.
Completely sealed ledd-acxd battenies reQuinng no main-
tenance-—not even the 83310n of water—are avadadie m
8 varty of swes representing an efficient POwer S0LICE IR
» compect pechage.
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Lesd-tin alloys Numerous sokienng slloys of lead are
ava.dable for pimott any mets! jorring purpose. The most
wiely used soiders are the lead tin slioys. Many of these
beg:n to meit st 361 F. Lead-Lin soider 13 compatible for
use wth nearly all bese metal Clasners and fluzes, and
heating methods.

Other Load Soiders Lead tinantimony afioys are fre-
quently used where greater mechanical strength and higher
operating temperatutes ate necossary. Lesd sihver alioys
are surtabie 100 ApPICaton temperatures up to 350°F. Minor
a3d.0ns Of Lin (less than 1. 5% ) sre sometimes made to
the piver 30iders 10 reduce COTOS:0n SuUSCePUibuinty,

The Fusible Alloys These generally comamn a combsng:
1on of tead, tin. bamuth, and cadmium of ndium. To
aCteve Detter propertes minor addmons o certam
othetr elements are somet:mes made. One group of these
#'ioys i Dased On the ternary eutectc contaming 1559
tn 325% bamuth. and 312% lead. Wood's and Lipo
witz'y slioys are tyDwcal of the Quaternary eutectc, con
taning tead. tin, ismuth and cadmium. Thess melt sround
158 F Tensle strengths for the funible alioys range fiom
4.000 to mote than 13.000 1 8q ¢ however. mechanecal
propertwes Of Most tend {0 change over 8 perxd of time
273G ¢are shouid be taken w1 thert selection.

Desgn Conderations The desgner must tanor each
$00er point 10 meed the 10eCMiC reQuirements of hus spph-
aton it he wnsnes 10 tuily viriuze soder's vertabidy os a
pering material He must consder chosce of afoy, base
metais. fiun and fiux remove!. and josrd geometry. The
Latter sncludes tatung advantage of the mechancal strength
of the basa metal rather than reiydng soiely 0n the soider's
strangth.

Pasle Soiders Powdered soiders blended with fuxes and
neuiral suspending agents are termed “peasie solders™.
They can save time and money sn that fluxing and solder
placement are catred out 1n one step. Precise amounts of
soider metal can be melered out by sutomatc dispensery
and nearly any 8lioy or fiux can be incorporsted into the

ty B T i I IR
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Load glasses with their inherent high volume resistivity,
high Gwelectne constamt and fow loss factor as weil a8
sxceliont lowtemperature working properties are very
wmportamt for electincat and electronc applications w
glares and enamels for insulator bodies. as filament
supports for incandescent buibs, for high-tempersture
ceramic costed wnre, and 8% B glare costing for sperk
plugs. Simple leed sicate glasses have been used suc-
cotstully as extrema high temperature jubcicants st sld-
ing veloCtes greater than 1000 . minute in supersonic
aircraft snginet and the ke, Frnction coefficents of 0.0%
to 0.08 »t temperatures adove 1200°F are doubtiess due
to formation of 8 lead Oxde glaze in the siging rone.
Of course, hgh densty lewd glasses {often BOY, or more
lesd cortent) Rave iradrtionally been used in radistion-
protectrve wandows becsuse they retan theu oxcellent
tractparency while effectively shasiding the viewer nearly
a3 weil a3 3hoet Jad would do. Lead’s etectroceramic ang
magnetoceram appicationy are of special nterest to
ongineets aiso. Banum fermte permanent ceramec mag-
nets modifed with jead sddtions. and paazoelecting
ceramcy based on the lesd zirconste-leed transte sys-
temn are beng vsed incraatingly for thair better desgn
characternstcs—and often lower in-the-product costs.
Lead-lacthanum Jirconate trianate has a remarkabie image
stonng capecity which may everitually make the water-them
television & reaidy.

Fuel level seniing devices depend on a perfect sesl betweon
tube and cover plate Paste soider provwdes the solrtion.

Pt iAgs e
gt e Sl it

Pracinon in joining is a fore-
most requirement in industry,
Solder is the hey for ciose

Avtomotive apptcations 1of mechansed patte soider oper
atons srg many Here an oil hiler tube On & power steering
3 assembly receves Saste s0ider stnpe Pror 1o soldenng with
ja s a gas Rame the automotive mdustry. toterances.

Automatc  rotary soldenng
machines help t0 meet high
producton tequitements n
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