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INPLUENCY OF LEAD®S CEARACTERISTICS OX ITS APPLICAT JORS

Lead S8 & fascirmating metal and ame that definitely presents a chullemge
to the engineer and designer, It probally has more waried fields of applistia
than any other metal, and these appliostions depend upon & droader varisty of
properties or charesteristica than {s usually the oass among metals, [or fastanss
stesl 40 uswclly used beceuse of its stroength, copper for its slectriml propore
tios, aluainun and mgnesiun for thoir lightness, but no oo proparty of 1ood san
be singled out as being responaidle for the prepmdioranes of its wenge.

In faet roughly cpo-third of all the lead used 43 in the form of shomioal
empoundse Theso inolude such vurious empounds and applisations as white locd
and rod lood in peint, lithorge and rod load in storsge bittarios, litimrgoe im eil
rofining, ecranles cnd varniehos. loud creunctso in insceticides, tho land ehrae
atos 12 colar pigaonts, totracthyl load im high ocetano pzsclino, load caido 4a
cxplosivos, load siliecto 4n glusocs, cnd locd asctato for icny things, to montiom

cnly same of the more impartant lesd eopounds,

8till larger tomnages of lead are employsd iz metallie form either aleme
or as slloys, In most of theee applications the physical propertiss determine
whether the metal is used, and if so, Just how it 23 empleyod, They govera it
solosticon and distate design,

Aacag the outstanding charaeteristies of lead are wight, deseity, eof't=
ness, malleadility, floxitility, low molting point, low ultimate tonsile and erecp
strongth, low olcstis limit, -an atility to clloy with eertcin other motnls 4m ale
most cny proporticd and am imatility to alley with othors, sclf-lubrisation, low
elsstriosl and heat eontuetivity, relatively Rish coslfiesent of therml mxpaneiom,
end above all, high corrosion rezistance under a wide variety of eonditions, Lead
19 vsually selected for uze Lecause it has one of more of these sharacteristiss,
The desipn of the srodust or installation, however, must alse take into scnsidera~
tion the other properties ‘m many instanses,

Before diseussing these eharaoteristios in detall, & brief gemerel desorip-
tion of the laad industry, where lead eomos fras and wint §t 1s used for, may be
both interesting and helpful,

Historically lead is ane of the oldest known metals. It is menticned 4a
Exodus and slsewhsre in the 0ld Testament, It was used to glase pottery, to make
soldor and ornamental objects in tho days of the Pmroohs., 0Q1d 1sed pipes have
alse been found o Egyrts In anclent India red lsed was used s s sometis and the
metnl was usod for weizhts, purifying silver, and s & aonctcry mediume The floar
of the anging gardems of Bobylon wns 14nod with shoet locd, and 1t was also weed
by the Bzbylericns for salking bolts into msomry,

In 2000 Be Co the Chinese mde thoir first money of lead, and whem silver
eoins sane into wae litor, tho govornmont forbnde working tho lood minoe te stop
sowmterfoiting, It ®ould eortainly oripplo modorm industry 4f the locd mismee step=
pod in ordor to koop o fow 1cad slugs out of slot mohinos, Broase ooinage af
snsiczt Oroced Lnd komo eontainod fram § to 20X of locd,
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The Romns had & well estadlished 1ead pipe manufepturing industry, saking
1t 1n 18 standard sises and standard 10-ft. lengths. Roman Daths were aleo oftem
lined with sheet lead,

A

Load has always Do an impartant article of warfare, Nodera Tullet cores
and ghot were preceded by leaden projsotiles hurled fram ships, and mclten lesd and
great sclid ohunks of lend desesmded upon invoders from the battlments of besisged
oities, Even Romnn gladiators usod lead knuckles to give their punshes mors ane
thority, .

In 8 little lighter veln, 1f you oan say that of lead, Nero 15 8aid to dowe
wern o lead plote en his ohost to proserve his voioe whoa singing, I imgine to res
duoo vitrutions And going to the other extromo, Philotus, a¢ toachor of Ptolemy
Philodolphus, was 30 thin that ho woro load solod shoos to koop from boing blamm
ever, And, in passing, Grock gomblors usod loudelocded diec, Thore 4s nothing new
under the sune -

The United States is ths worldfs grestost producm of lead, In additics
to the biggest xine produstion in the world, we also are produsing about a third of
our needs fram sercp, The tiggest single lead econs.ming Lu ustry 4s the starage
tattery industry amd no othor country Approacues us in the use of autemodiles and
consequently storags batteries, so that is s tig adiitimal lead aine wherein 80%
of the lead usod in the first place is cventumally recovorod as serap ond re-refined,

Briefly the other eountriss whioh are big lead preducers are Mexleo, Camda,
Australia, Peru, the Argentine, cnd certcin Puropecn eountrios such as Silesia and
Turoslavia, In this sountry .lissour!, not ordimrily thought of 23 & mining stuts,
i3 tae biggest produsocr, followed by Idcho cnd Utch,

Sane guide to tho usefulnoss and proportics of load may o glecned from a
brood anzlysis of tho omount used for vorious purposes, Thoso figurcs give you
roughly o emmparison botwocn a wartimo :ad lnst yoor, r. pocectimo yoar. You will
800 that in gosorsl the pocectimo uscs of locd or: 21so tho wirwting uses, with -
somo voriation duc to tho cxtraordiniry doxand for lcd for sueh emphctisally wire
tins cpplicaticns ca casunition ond high cotone gasolino,
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SteelWire
Collapeidble Tubes
Rubber & Hose
Coatings

Brass Manufacsturing
Lead Head Jails
Seals

Porder
Miss. Chamicals
Uneclassified

TZRAL

Bstimatad 14ed Consumptione

1944

297,096
126,945
98,500

. ® 80,855

. 54,870
103,240
2,188

22,675 ..

16,07
5,730
7,3

12580

26768
1760

10, 3.0
4575

16,256

® Sourve = Lead Industriss Asscolatiom
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Now let's exaxine the properties of lead and how they sre applied industrie

slly and the precauticns tiat must be taken to use lead
geiting into pitfalls,

Corrosion resistunec is

probably the mm:ua; shorasteristie of 1ead
00 I bellcve that should bo disoussod first and at sonsidcratle length, 4if you!
pardcd me, Corrosion resistaneo is cither the muin or a swatributing faotor in

aoet advaztagecusly without

fa

the asleotion of lead for such inportant things as eable chocthing, pipe, roofing
end flashing, ocatings an steel end other metals, and, of oourss, ehemical oquip=
wont, Leed 15 resletant to corrosion ty a wids varliety of industrial obaaiesls of
whioh the most impartant is sulphurie mcid, Sulphurie aoid is employwd in almost
overy proosss industry, Consequently lead equipment 1s st least a possibility ia
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alaocst every prooess industry, In general lead resists sulphuris aeid guits well
in ecneentrations up to 925 vold and 85X bolling, Ite resistanee results {rom the
formation on §ts surfece of a highly insocluble eceating of lead sulplate, Tharefore
anything which tends to remove that protective ccating tends to inorease the rate
of oorrosion, ZThus eoid passing through lead pipes at high velooitiss or seid ia
lead reosotion vessole that 45 greetly agitated, inoreasec corrocsion and shortens
the life of the equipment, Likowise sclids in suspensicn in the asld my abrade
the ocoting sand shorton the 14fo of the locd, Load equinest should therofore de
#o0ignod to minimite voloolitios and agitmtion, This is ofton cseanplished by
using largor pipos, for cxamplo, %o givo cquwl voluso at rodusod flow ratos,

Thoso prinoipnls may bo s2id to apply throughout loadts uso as & eorrosiom
rosigtent mtorizsl and not Just to 1ts uso with sulphurie nolde Locd is usod ecwme
moreiclly to handlc, in cddition to sulpharie celd, many othor ocarrosives inelude
ing phospharie aecid, ohramie neid, kydrofluorio aeid, clumimm, eoppor, forris,
forrous cnd niokcl sulpheto and acdium shloride, I bave hare a paper whish des [
sorihes Yesdte coclormernse in soztead wieh some 78 phomice) sampnimic, 35 I WM
take tine now t¢ give you the detalls. Those who are interested may have eopies
of this paper, Sulfive it to say that in gesersl it is the formation of en insalue
ble lead salt, suoh as the sulpimts, phospimte, chromats, and so on, oo the surfese
of the lead which protects it against ecrrosicm. (0O the othes hand Af a relctively
soluble lecd salt is farnod, it doos not protest tho load and eorrosion my pro=
oved ropidly, A good example 1s tho rcpid corrosicn o load by mitrie asid, lead
vitrate boing soludle.

In designing locd choniecl equipmont its othor proportios, partisularly ite
low croop strongth, must bo ocnsidarod, Conscquontly load 4s raroly used alomo,
but §s moro cfton o lining for stocl, wood, saparoto or samo othor struotural mae
sorinle -

Thoro aro sovercl mcthods of instclling load limings dcponding upon somdie
tions, In shallow tenks ond ot acrml toperaturcs looeo linings aro uswclly sct=
iafaotary. In thosc the lood 1s uswlly turnod ovor tho ria of tho tank st the top
end given no other support,

In deep tanks or at hirher teperatures, & series of vertisel supparts are
advissble, These ususlly consist of steel straps om 18 to 36 in, esuters balted
through the leed to the supparting shell of the tank, T.ose stesl straps are ia
turn eovered with etrips of lead welded to the load liniuz on eash side,

For extremely high teaperaturss or wide tcupersture fluctuations, asid
briek linings inside tho load linings are often used, Those sorve tho dusl purpose
of helping to support the load end insulating the lomd ageinst the high tumporstures.
They clso protost arainat mochanleal damgo to tho load, Anothor mothod wod for
cxtromo oonditions is to uso load hamoganoously bondod to stool so that it is sup=
portod at cll points, This zlee improvos hoot transfor 4f thnt 4s a faotor,

In tho dosign of piping for proooss industrios tho tomporzturo ond prossure
has to bo tukon into ascount in sloulating proper wall thicknoes, Tho uswal fope
mula is prossuro oquals tro times tho cllowablo fibro stross multipliod by tho wld
thicknoss dividod by tho insido dizmotcr, Tho cllow=blo fibro stross dosrocsos o
tomporcturo inorcasoss For ohomiscl Joad 4% 4s takon as 200 1b, par sg, ine at
rooa tomporaturc cnd drops to 80 1b, por sge in, at cbout 000 P,
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Borisemtal lead pipes are preferadly supperted sontimucuslyy vertieal
pipes wvery fow foet, In pressures above 50 1b, stean pressure lead lined irem
or lead ooversd ecpper should be weed,

Fhen partiscularly carrosive soluticns are Deing handled in lead pipe it 1s
alwnys advisable to allow a Jittle extrs wall thickness %o scmpansate for scrrosions
The same &3 true of sheet lesd linings in corrosion resistant equipment, lead
weighing less than 8 1b, per aqe ft. rarely deing used for that purposs, and oftes
the lead is muoh heaviere Lead pipe is wewclly desigmtod by 1ts ce inside
diametor and either ite wnll thiciness or weight por foot, 5hest lead is uswmlly
designated by its thickness in fresticns of an ineh or $ts weight per square foot,
Bheat 1oad weizhs 1 1b, per sq. ft. for sush 1/64 1n. of thiskness wp %0 sbout
30=1by lecd, which 1» iz, thiske

The moin points to eonsider in tho use of load for ehaaieal equipmont are,
flrst, 1s it adogquato fram & eorrosim rosistont angle? Mare oftom ting mot, 4%
25 Wt Snh K5 Wl W Le ewsiduwrvd lndvpwndeniiye Wowrv lourv asv ne ese
histarics of similsr instollcotions os o guido, tosts on sisplos andor operuting
eanditicns aro advisadlo 4f poesible, Scoond, orc oporoting eonditions 1iko agle
wtion, high mlooity or impuritios 4z tho sclutiszs suoh 28 to aocclorato tho
norml oorrosion that mizht bo axpoetod?! Third, high tomporaturcs metoriclly lowee
the strongth of locd, roquiring ofthor spueizl suppart or protooticn or tho weo of
saa0 othor motari:l ofton at a szerifiec in carrosion rosistenec, Fourth, lxd is
sasily dumped megshanioally, requiring protective liners Af the lead is 1liadle te
be struck ty hard articles or abreded by s0lids suspended ia sclutioms,

Oftsn lead $2 suleoted for use for various purposes becauss 1t {» highly
resistant to eorrosicn 4in tMe air, 7Th!s is partisularly true of industrial stmacse
pberes where ap reciatle amounts of sulphur empounds are generslly found, It is
also resistart to salt atmospheres, Under such ecnditicns ths life of lead L
virtually interninatle, Witness loed roofs many hundreds of years old snd the wee
of lecd as flashings 4n ship ccrstruotion,

lecd is likwwise resistuct to eorrosion by proetiezlly oll kinds of wters
which leads to its sxtonsive use for water pipes, inoluding pipes te eanduet sals
wmtere A word of ecutipn is advis:tlo here, Llacd pipe sh,uld not be smployed te
ecnduet drinking witer tint s vory soft, not dooauso it will be cttcokod to the
oxtont af shortening its 1ife, but Dboezusc very soft wator will disscive more load
thon 43 gomorally considoroed sufo for huxn eomswmption. Fowover, such wetars will
also dissolvo eopper or brass onouch to eauso groon witcr and iron omough to saueo
rod wntor and rust slopging, Tho cosvar 48 to troct tho wtor to givo it suffisiomt
hardnoss #o tiat it my bo senduotud eafcly in locd pipos, which 48 oasily demo,

Rosistaneo to sorrosion by moat soils is cnothor eharcotoristie of load
that rosults in wido wsape for shonthing on undcrground olostrisal and samsumisce
tions sablo os woll o8 pipess In gomornl solls Lro carrosivo to load in tho fole
lowing ordor = muok, eindors, #:nd and olay, musk Boing most oorrosivu,
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One general] warning should be given in commestion with 1eadts eorresiom
resistanss, It 1» rupidly attasked by free lime in new omiont, ooncrets or mape=
tar 4in the presense of molsture and oxygan, This aetion disappesrs when the
ement besamer sartomted from the air in tine, Therofore when using lesd ia
eonstructian, 4t should mot be plaeod 4n sontaot with new eoment unless §t is
ecatod with ssplaltua whish protecte 1t until the oment {s earbomated, A good
sxanple of this 4s the uss of load as safe pans under shower stall Cloors, IV
$s standerd preetiso o spoeify thot such lead pans be ecctod with asphaltum,

Another outstanding eharcoteristio of lond 1s §ts woight < the heuviset
of 9w exmoan metals, Lowd woighs about C.41 lbs, por eu, in, o cbout Y07 1b,
Por sue ft, and oy & epoeifie gravity of 11,37 thorcfore it must uswlly bo oxe
oluded from eonsideraticn whare lightness is reguired unless soma other sharee~
teristio of load makes 1ts selestion esither Smperative or desiratle, 1a other
words lead's weight 4o often a disedvantage, particularly oo motile equipnent,
For inatarnes 1ead 18 not usumlly desired in airoraft. You woulda®t think of
veing lead in a plane If aluminim ~r marmesiun ar etrinless stes) wrild 4a o4he
Jobe Yot lemd storege battories are used 4 plines becauso no othor battery has
She desired oharuetoristies and you just have to put up with lead®s weight to
got tham,

Gn the other hand there are inetances where scme other sharscteristies
of lead make 1t possitle astually to reduse the weight of equipmsnt in whish it
i3 used despite lead?®s hich spesaifio pravity, Severasl exaxjles oould de oited,
lead costings oo eertain sircmaft equimeant have soetimes roduced total weight
sinse they need not te s thick s3 ocatings of some lighter materials to get
oqual protestion bovause of load?s hish earrosion resistanes, Load Xeray rom
linings sre lighter than ecasretc nrotectivo walls of oqual insulating valuo bee
sause of loadts groat ability to stop mrmful reys. Lead soil pipe is lighter
than east iron soil Pipe boecuse it eun be ured with thimrcr walls, load roafe
ing 43 lightor tmn slate or tilc roofirn; bosiuse 4t is thinner, Lead ecuntars
btalaneos mey roduse woight boszuso thc woight ecn Bo couccuntratoad wt tho poim
wharo it hos the most cffoet,

Although 10ad oftcn mmst bu exoludod from eonsidor-tion whore 1ight
woight 48 importont, thoro aro muny sppile.tions, suoh as woighte 2nd eountere
belanoos, whoro lond must got econsidarotian sololy or lorgoly bosauso of its woight.

In such usage, the higher coet of lead 33 balanced against 1ts ability
0 sav® spaos a8 eompared with naterisls of lower specifiec gravity. Ancther edme
Sideration is the low melting point and casy orsting of lead maling it possidle
to it lead weights into irregular and out-cf-the-wny spscos, 1Is seleoting lead
for such work, its softness and low strength must ecustimes be oonsidered 1f the
woelght 18 subjeoted to msolmniocal abuse, In such instances, the lead weight 4s
often enolosed in & oast irca or stesl shell,

The high density of lead, 11,37 pae Por 0.9., results {n its selestiom
for & nunber of purposes, Notable amecng those 18 X~rsy protestiom, for the deta
And gaamn ray stopping powsr of & substunos is proparticmal to dumsity, Thus for
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Xersy machines of erdimary powsr, or where spsos is the oontrolling faetor, lesd
is wually mployed as the protective mediun, However, with high powered mae
ochines, the thicknesses of lead required sre expensive, so that if spase and
weight are not too importart, ccicrete, often in combination with lead, is gem=
arelly employed, As a matiter of fuot, leading Xeray sxperts now reoommond using
lead in combination with controts whenover eccerets is mployed dDecause load re=
Guecs senttered rediation,

The low strength of lead aguin sust be takon into ecosiderntion 4ia de=
aizzing load X-ray protection booause tho load §s pot self=supporting and cay
supperts frustmod through tho lead must bo so eoverod cs to prevont the ceecpo
of rcys through tho fustonings, 1n tho exso of eoilings of X-ruy rooms, it is
wswlly ccalor to ley tho shoot locd on tho floor above oxtanding out suffie
sixatly boyund the walls so that thore 45 no diroet muth for tho Xerc)ys t¢ fule
low botwoon tho top of tho wlls czd the floer chovo, .

Bodlme S0 elos widsly LAl L lvwd prvieviive deviees ior e cemd
Teasons that it 1s used for X-ray protestian and atonmie fission is meturelly
opsning up an entirely new field about whioh not muoh san be said at the momeat,

The thiclkness of lead te use i X-ray protostios has been well worked
out through experisnce and test and depends not only upon the power of the mae
okine but also upon the distunos fram the target aud time of exposure, Thess
footors have all boon eansidered n eharts worked out by George Singer tnd Ceorge
lcwronos of the U, §. Bureau of Stundcrds, Vasiington end the Rotiorel Resecreh
Counoll of Conadc rospootivelye Their findings hovo boaa ecrrolatod, with tho
samixcreisl thioknosscvs of lcad, on o ohart whish wo hevo proparoed eﬁ whieh I
will bo glcd te sond to anyono roquosting ite

iocd 38 oo of tho softost actcla, its hordnoss on Moh's seaxlo boing
18, which 1s cbout tho s:mo s tin wnd lces taan cay of tho othor eamaon actals.
Tho Brimcll nuabor, using a 1 exmtinotar bull for 30 soeoxnds ot 100 kilogrea
locd, 15 3,2 to 4,5 for comon locd =nd 4,5 to 8,0 for ehmincl locd,

Softness {s & charsoteristie of lead whish ascounts for its use 4n scae
instances or makes it necessary to take preeauticns in ¢ .wers, Zor example, the
softness of leed 18 largely responsitls for 1ts eaploymeut a8 a galking matsrial,
This property makes it possible to ealk losd to £111 the joint eaxpletely, Saofte
Dess aocounts, at least in part, for other uses such as in bearing metals, gase
keta, washers, lead hecded pails and the like,

0o the other land, softness often mkes 1t Decessiry to taks certain pree
sautions in tho use of load, 1In pipe lines, for exnaplo, high volooitios my ree
sult in ercsion. 4As 1 huve alroandy pointed out, this 1s samotimcs olimimatod by
inoreasing the 8150 o lines to roduse veloeity or by imcransing tho wull thiske
noss to emponscto for orosiom lossos,
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Likewise, the softness and tendency af lead to ecld flow ralses prodlems
in emnection with the use of lead gasikets an? washers, The load whigh a lead
gasket oan oarry without exosssive flow is dependent upon seversl faetors whish
include the thickness of the metal, the roughness or sacot'mess ¢f the surfeneses
betwson whish the gasket 4s placed and the temporsture, 1In partieular 4t should
be remacdored that the thimnor the gaaket can be made the grester will be the
load 4t ean take and the les: will be its tendonoy to flov, Also, the smocothar
the aurfaee betwsen whish it is plaoed and the higher the texpersture the greater
will be the tendensy of the lead pasket to flow,

A an exaxple of the mallesbility of lsad we bave 4te atility to b rolled
to thin foll whioh is an important ocmercial applisation of lead, It 45 quite
eanionly rolled to thiekness of 0,0006" and sometimes to evem about half that
thisknees, :

The oharssteristie flexibllity of lead s an important ecntributing fase
A SSommmy e At uror, TEllly Ak Riet wotlic wawapie is in wae wee of
lecd for cabdle sheathing which peraits the sable to be eciled and boxt as doe
sired, Tho sams may de said of l«d pipo in mny epplioctions, pertisularly im
woter servioe pipo 1inos whero it is possidlo, without mutizg joints, to bend
goossnocks integrclly imto tho pipe and to dend tho pipo cround ocbstcelos, Other
usos whish dopond t0 o large axtant on flcxitility cro the uso @ lead as o mold
far rubbor hoso cnd 130d eollopsiblo tubos lor puint eolers, gluo amd ethor plase
tis or saui-plastis ocorpounds, Eoover, too mush libarty should not bo tokun
with loodts sharvotcristie of floxiMlity os locd rcpoatodly floxod will oventicle
1y i,

1oad has ano of tho lowost molting points of the ecamom notals, the molte
ing point boing 327,4° C, or &1° P. This proporty of locd, =nd purticul:rly of
i1ts clloys, rosults in its uec for m-ny purposcs zuoh cs soldor cnd fusiblo cle
loyse 1t comtributcs to mcny othors suoh 28 ezstins cnd typo mctol by aciing
the moufasturc and uso oxsy. It is often & dis cv.ntigo, o8 in ehcuionl oquipe
aent, whers lead must be confined to use in roiativoly low tenperature cpersticmse
Rowever, in the latter oese, the disedvantaze may be uitipted to saae extent by
properly supporting lead with other materials or setally bonding 1t to stesl for
Supporte

The fast that lead has doth a low ultiuate tensile streagth and low ereep
strongth must alaost alwuys be considercd in aprlying lead eaxercially. J¥ot ale
ways does this property make any differonse, tut morc oftca {t docs, Even shem
strength 1s a fuctor, however, the low strangth of locd doos not necessarily pre=
slude its use, lead products oen be desizned so that lead will reinforee itaelf,
or inserts or supparts of other uaterials ean be provided, Alloring with esrtain
other metals, notadly antiscay, is a camon method of stromgthening lead, But
in moet uses of lead, adequate su;port should always be kopt in mind, Shus horie
sontal lead pipes are usually continususly supported and vertical pipes at free
quent intervals, as I have said, Sheet lead linings in decp tanks are supported
by frequent lead acvered stesl strupe,

» >
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The ultimate Sensile strength of comon lead §s 1400 to 1700 1lb. per aq,
in, and of chszioal lead 38 2300 to 2800 1b, per ag. in, Ou the other hand, the
ultimate tensile strength of & 7K antimony-lsad alloy is in the neighborhood of
7207 1Y, per 8g. in, However, the strength of the antimocnial lead alloys fulls
of f more repidly as tesperature increases so that at high tanpsratures the antie
monial lead alloys havs little or mo advantege over lead, Creep strength howe
over is oven more irporternt than ultisate tonsilo stremgth. 200 1b, per age in,
4» usually eonsidered & proper value to we for tho erecp strangth of lead 4n
Most camasroial applicaticns at normcl tamporntures.

The fact that lead has good self-lubrieating proparties results ina
pumber of eamiercial applicaticos. AS 8 ooatins on wire, it lubrioctes drow.ng
dies, and as o eccting on cheet metcl $t clso cots as 2 drewing lubricant. Used
in powder or wire forn it lends proper lubriecating properties to friction materie
6ls liks brake linings, and as o powder it is sxploved in hecvy duty lubrisating
groases and in pipe jolnt eampounds,

The relatively hirh coafficieat of thermal expansion of lesd is another
property which must be Sept 4in nind in many of leadta wes, The linear coeffi-
oient ol expansicn 4s 0,0000283 per ©C. $he 4norease in volums fram 20° C. to
the 1liguid at the melting point is 6,15 and tho shrinage of easting as taken in
practios as 7/64° to 5/1€° per ft. Tho linear oxpansion 1s more than 50% greater
than that of ocpper and more thms twioe that of iron. This high expansion rete
paturally crsates prodleas, For instunoe, in pips lines subjeet to wide tempere=~
ture variactions provision must be made for freo expunsicn, In roofing the lend
has to De used in relcotively smll sheots which aro locse looked cnd not soldored
togothor 90 as to limit the expansicn to cny ono shoet and provent a gumulative
sf'foete

0o the other hand lead has relatively low electricsl and heat conduotivity,
The relative electriocal eanductance of lead is 7,82 when eopper 4s talkmn as 100
and the relative therm) oocaductivity 1s 8,2 when silver is taken as 100, The low
elestrival eonduotivity may sometiaes have advantages, For instance, lead pipes
baried in the ground are less apt to te eleotroljtically carroded by stray eur=
rexts sinoe the poor ooncducting lead 1s mot apt to pick up these stray currents
80 reedily as better conducting metals, The low heat oonluctivity, ca the other
hand, my sonotimes be a disadvantage particularly in chemaloal equipmsnt where
lead 48 used in hoat exchange ocolls, This is a minor dissivantage however as it
merely affects the 4niticl rete of heating =nd eooling und ims little effeat after
the desired tempernturs has becn recched, )

I mentioned leadf?s atility to alloy with esrtain other metals 4n almost
any proportion and its imbdiiity to alloy with others. Antimony and tin are the
most coqacnly eaployed elloying metals, Antimany is generilly employed to give
greater hardness and strencth as in storage batiery plates, sheet, pipe and essts
ings. Tin also incromses nardoess and strength but the lead-tin alloys are most
oammonly used for their welting chareweteristios as in solder, Tin in this ease
and in terns metal and other lead alloy ooatings also imparts the ability ¢o dond
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with metale l1ike steel and ecoper, whioh lead elono possesses omly in & mmall
degres, Z%in and sntimeny both also inprove the casting qualities of lead, BRae
mith 48 often alloyod with lead to obtain, wuelly with tin too, ths extremely
low nolting alloys. Although lesd does not alloy roadily with popper, it is eomm
bined in rathor high peroontages with eopper in oertain boaring aliieys, ani is
freguently used in smaller porcontages in brouzos exnd fres meohining lrasses,
Likoriss, thoush lead is d4iffioult to nlloy with stosl, it 1s omployod 4in free=
tiaral porecatagos in froe meehining stecl, Caleiun, mognosiun and sodium in
fractiomal peroentages are sometines alloyed with lead iz special bearing alleje
and ocable sheathing., Cadalua additions to lead have Deen found helpful in coate
ing ocopper wires with lead, 1In general, lead usually alloys quits readily with
most of the white motals, and despite the prester diffieulty of alloying with
eopper and stesl, it 4s freguaatly used with those metals,

A more detailed discussicn of these alloys would virtmally sonstitute o .
subjest in Stsolf sinee the varicty of eaapositions used is tremendous. The moad
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tin ocontent of sclders considerably and soclders emtaining 20 ar 30X tin oenly
were widely exployed and in nost oazes suecessfully, However, in genarsl there
bas been a return to the higher tin ocontant solders becauss they are easisr to
mndle partioularly in hand soldering operaticns, In maehine socldering opers~
tions, howover, suoh as in the sanning industry the lower tin ccctent solders ap=
posr to have worked satisfuctorily aftor adjusting producticn acthods to tho
highor temparsturss and wider plastio ranges that the: hundle. Eomo soldors oome
tataing up to a oouple purcent silvor, with a smnll porcantage, or no tin, have
beon usod, They have the advantage of additionsl strsostis Lut the disadvantage

of fairly high scldering tegperatures,

There is one relatively new field of aplioation of lesd on whish I would
like to spend & 1ittls tize, which has to do with {ts alloying ability, That is
the use of oertain lead allioys for protootive ewatinge om irom and stesl. The
soarcit; of tin, zino ani cadmium for cocting during the war led to a considers
sble amouxt of cxperimentcl werk on lead as o preteective eccating, Attempts to
use pure lead wore not satisfuotory beeszuse of lendls poor ability to wet and ale
loy with tho stool ao. It wos found, howover, thet highly satisfaotory ecate
ings sould bo tppliod if tho locd wero ulo)od with only rclativoly smll amounts
ef tin or tin and antimony and as & rosult o ecwidorcblo cmount of load alley
ecatod stool wos usod for sush purposcs as polo line hordwro ond radio ohossis,
Currently the most popular alloys being used, aside froa the conventiocma) terne
Plate whigh has been Xnown for mny yoars and rhich containms fras 12 te 20X tia,
are; lead plus 7X tin and losd plus 2-2-1/2% tin and 2-2-1/2% antimony with somse
tines a fruotion of a peroent of silver., S5Seversl manufasturers are using these
ulloys to eoat products such as rocfing hardwure, tutomobile gunsolins tank spoute
end for samll artioles, Sever:zl plants have been set up to do hot dip lead alloy
scating on the jodbing brsis hr others,
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Ons doterrent to the adoption of lead or lead alloy ecatings 4 sarlier
yoars was the prevelence of pin holes in these ocmtings, Eowsver, work done .
during the war dsconstrated tiat usiag the proper fluxes and alley the pin heles
oould be mininized and that such pin holes as there were in ths oosting did pot
affeet 1ts 1ife, While thero may be somo initial rusting of lead occated stecl as
a result of these pin holes 4t has beon found that the pin heles are self-scaling
ard rusting does not prooocd beyond tho initial stngo, the rusty appoarunes aee
tuslly disaproaring in tiso, In othor words, lond coatod stocl tict 48 exposod
to tho stmosphoro or to salt spray tests looks better after a poriod of exposure
than it coes in tho initial stagus of cxposurs,

To get equal protectice with lead alloy ecatings as compared with scae
other kind of metallieo socuting, it is generally agreed that a lighter ecating
may be ured and the ocating has seversl cther advantazes, For instanse, & lead
ecating provides an 1deal mse for paint without any l'roobJ prepuration sther
than t0 rexove oil or greass fram the surfuos. lead ocut ' steol articles my
be recdily soldered or weldod. 1 peracnally lank finm a~ -hm-A evpmneton 4= he
use of lead alloy ecutings as the 2othods of amlicctiou and thoir virtues dee
oame better known,

e -




