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ABSTRCTY

The physical and corresion characteristics ef lead particularly
with respect to its ure 4in the chemical {nduzisy are discussed in detail,
lead's checicol propertiess are descrided and include the effecis of concens
tration, te=peratire, nixad and iapure corrorives and proper ¢arrosion datas
interrretstiong Characterirtics such &y fati—ie, Firess corrocion ard gale
vanio cosTosion are discussed along with specifications for cheical and
alloyed lead, Lesd's pysizal #snd machanical properties including teepersture
and rressure linits and eflect of flovw rete of fluids are detzailed, Kethods
of febrication and recorrended practices for soldering snd mlding (®urning®),
installing sheet lead, hroceecus and acid-drick lin‘rg- are des<ridbed along
with the latest develn;eents in lead and lead-lined pije, lead beating coils,
castings and valvez, The econcmic sspects of maintenance and replacepent
of lead sre alno given, It ¢s demrstrated throuchost Whst the physical
charscteristics of lead are of eq:al irfort.nee to Lr Gurrosing cisrsctere
1rtice 4n determining {48 ap 1icability in sorrosion resistant eiment,

® Papar for [resentsticn at the 1919 Conference of the Matiemal Azsceiation
of Corrosion Engine~re, Cincinnati, Ohlo,
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Frum thr &% re-smto; it Ly eoaxlinded that gince lead &9 Righly pecistcs
Lo erEmLTe B B many ehericils (o S9 widely fevored s & materis) of enziecl
conmrerlon partdoularly 4f 112 pryvsical and sechnmisal sharscteristics are
rosogui tedy
.
A ttely of o esrTesion cherocteristics of 1ead without including
its pturical sharacteristics a3 voll wuld represont only & partial consid:rza
Uen of the yle of lead 48 the chmical indettry, Proc informaticn {n tho
. f1lee of txo loed Inlustries Aecuciaticn, end thron:h the coopsrciios of its
members who represwt both producers and conmumers of lesd, this peper bas
Poosn prepared in an effort to evaluate the perfcrmance of lead and the service
41t renders to the chexical i{ndustry in terms of its physical and 1ts corrosion
charactaristics, It 19 fzporteat o the lsad industry as well a9 the chexical
industry that weers and poteatisl wsers ofludb'hu;mnofmwmh

:Q and camet expect from it, i

CH'XICAL PROPRTITS

Do broed use of 1lead a8 & asterial for keeping corrosive chemicals ]
wnder control 19 matural, since it muccensfully repele the attack of so many i
corroeive chazicals, The protection afforded by lesd is achleved in most
instances by the farnation of a thin adherent surface film of exider or salte

e e v gy

which fors wben the lead 1a exposed to corrusives, It {5 this fils, serving
a8 8 protection to the metal Daneath, shich gives leac Lt oorrosion resistance,

bt g ot o

1 Lead gwnerally has good resistancs to ssutral solutions where lesd i
sarbonate and possidly oxide are corrosior. procucts, and falr resistance to
alkaline sclstions in which these are soluble, Experience has shomn that Jesd
18 commcreially resistant to chroric, sulfuric, solfurous and phosptaric aeids)
e that 1t 19 b jert to corrorion st somevhat higher rates by Nydrochloris and
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Q hyé¢rofluoric acids; and that 1t 13 susceptible to buing strongly corroded Yy
atetic, formiec and mitric acids, Almo, m.nu salt solsticns are bdrttdy
sorrosive shareas carbonste solwtions are mt.

¢ - : - mnuw]“

It 15 Lmportant in &lscuszing corrvocion that & uniforn aysiss ef
dasignotion be used, such &9 inches psnstration per month o yesr ar zilligrass
wmmmnm'mumammm»m;
Rislesding in the sase of 10ad insofar as the conaon tendency 1s to Jedge best
{ performance oA the basis of the lowest corrosion rstee This method fails
i %o take into considerstion the fact that lead used in chexical equipment 19

pormally 316 inch thick or more, Other metsls also used in chemical equip=

sent seldom apyroach the thicimess of lead, It can be seen that eves in those
6 cases where 1ead has & higher corrosion rete than amther metal or alloy, 1%

eould still ovtlast the other metal in servica becsuse of this &ifference in
' thickness,

"Designating corrosion rate sccording to weight loss as milligress
per square decincter per day instred of voluma lose 82 inches penciration per
sonth 19 alse xisloading in the case of lead sinco lead has the highest density
of any commonly used corrosion resistant material, This neans that what sight

s

R

sppear o be an excessive corroxion rate expressed in weight loss of lsad eould i
sctually be & very nominal rate of corrosion in torne otvoiuu lose,

When coeparisons are being mado between various corrosioa resistanmt
materials 4t follows that an understanding and apprecistion of the sbove will i
lend much to the proper iaterpretation of corrosion rate data.
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Pffect ¢f Concentrstion

The concentration of 8 corrosive chaxical and {ts oo-influense,
Sespareture, are beth iaportant eontiderstions in deciding shether lead oea
or cannot De recermonded for wee with the eorTosive, Apparent somtradiciions
uw-nmnmm“mtmno&nmmmu
pert enlsined by sxample, Sulfuric acid and xitric acid are typical exa=plics,
It §s well krown thst dilute sulfuris acid forms 8 £iln of insnlwdle sulfates
siich suoceed in pessifying the surface of the leed, Bowever, 58 the concens
tration of the acid approaches 96 per sent, it dissolves this protective
fils st & more rapid rate, therody expesing the 1ead to incressed resctican
with the acid, For this reason lesd may be safely used with any concentrstion
of sulfuric acid as long a8 it does rot exceed 96 per cent st room tempersture,
un-puozmamnrmcumunmx.” The lead linings ia the
chambers of this acid plent after 47 years of service showed an averags lees

tn thicknces of only 1/128 inch er, ex;rcssed {n inches pontrstion per

mooth, L 107, 10ad satisfactorily roststs hot acid of all strengths wp

to 8 por eont with tomperatures up o 220° € (L28° 7).7 ™is case typifice
the reaction of lcad with sost corrosives including ehromie acid, sulfurces

acid, phosthoric ecid (up to 85 per cent), and others,

Dilute nitric acid, on the other hand, also reects with lead to fora
load nitrste, but the salt 1o this case 18 ronmedhorvnt and sodevhat solsble ia
the acid and tharefore offers 1ittle pretection to the metal froa furtder reace
tica, Concentreted mitrie acid in the rangs of 52 to 70 per sent by woight has
1ittle affect on lead st roca tmpcrature premmably beocsuse the solubility
of the nitrate docreases with increasing acid concentretion, (Bco Pigure 2,)
Acetio and hydrofluorie seids and sodium disulfate parallel nitrig ncid Ln their

o o
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resction with 1ead,? i { -

2 fect of Tewderature of Corrnsive ‘

$ince chemicel resction rates are geoestrically proportionsl te
teaperature, 1 follows that an inmcrecse in ths tespersture of the corrusive,
soneentration boing minteined constant, &laost Limarisbly incressss ths corresl s
retes Tha rete of sorrorion {n inches panetration per soath of lesd sxured
to a mixture of dilute sulfuric acid and sodimm chloride et iacrusting torparis
tere 10 show 1n Pipire )1 Regardless of a safe concentration rangs, it is
taportast before specifying 1eed for wse with a particular corrosive that the
tempersture of the corrozive be knosn snd taken imto considerstion.

Effoct of Mixed and Tmpure Corrosives

Ap a general ruls 1t may be stated that is mixtures of oorresives
the various constituents will react with lead a8 they would rormally in the
waixed state, Figure b shows the corrvsion of lead by mixed sulfuric and
hydrochloric acids,d D corrosion rate decreases as the percentage af the
sulfurie acid in the mixture incresses since lead s pore resistant to this
acid than 4t is to Rydrochlorie,

Corrosives containing oosparstively meall percentages of sther
constituents can occasionally be deleterious to lead, Of theses, 1iquids
eontaintig dissolved gases, particularly oxygen, are the most important,
Figure § shows the effect of oxygen on the corrosion of lead submerged in
&intilled wmatar st roos tq-rum.”

Table I 11lustrates the affect of serstion and egitation on leed
in 2 weak acetic acid solution st rocm u-poraun.l Teote were -un for &
100=hour period,

L et
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Tests with phosgboric acid hive brought out the faet thet ispure
acid s botter resisted by lead than is the pure stid, The irjwrity i this
sase 19 prisarily slfuric scid csrried over fron the conversion of supete
phosphate.

In one contact sulfuric acid plmt a corrosive 1i-mor st a tempere~
tare of $2 € (125° 7) saturated with sulfur dioxide and contalning in sddition
£5,.5 go por 1, sulfuric seid, 1.9 g. por 1, chlorine, and k.1 g, per 1. ferroes
wmmmtmuunmummmum«uwmwdd

11tWs or m evidence of corrosion for more than tem m.‘

Patiguc and Stress Corrosion

$ince 1ead has a relstively high linear cosfficient of thermal
expansion (29 x 107
of steel) it undergoes considerable movencnt when subjected to severe cyclie
temporature changese It is this difforential in expension rstes which largaly
scoounts for the cocasional cracking of 19ed due to duckling. Adequate sad

proper strapping scrwes practically to elisminate or minimize this ¢ffect, Other

per © €, 17 to 190° C,2 or approxisately three times thet

factors which oocasionally contributo to fatigue eonditions include vibration
such 89 that trensmitied by neardy sschinery, stirring equipment, eto, and
strain induced a3 a rule by fnadoquate suprort of harging sheet Jleads
Fraciuring esused by repeated bending {9 hastrned by simultaneous
sxposure Lo corrosive conditions, thus resulting in s fors of strase Corvosions
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. . exposed ustil the full depth of the mtal {5 penetrated, Thas, indidetion
N ©f stress eorrosion 18 lead 18 evidinced by mcre of 1908 Severe intercrystilline
etching, scastinge to the pairt of fracture if the etross conditions are not
vemoved or modified, Oracis fron fetigue failures 4in lead pips are often
; “ traneverse and weually st the outseide of a bend,
- There are tw approsches towerd the alininatios of eifficelties
trought sbowt by the sbove esenditiones
’ 1. Remove the source of stress,
1 8¢ Txis may be done by insulating the equipment frem
; o vidbretion or,
. Be BSpresding cut the hoating-oooling eyele or,
G lowering the poak tamporsturs if possidle,
A 2, If the sowrce cannot de revoved, comtsrsct the effect by,
& Providing sdequste strayping to relieve strens caused by
1 oY banging or, x
be Use a homogenecusly-bondod lead 1ining to countersct
severe cyclic tespersture changes or,
Sa Protect the lesd mochanically and thermally with
] 8 brick lining or, t
ds Use thicker lcad to roduce fibee stress,

Patigue oharacteristics aay vary with differeat alloys of lesds
Chemical 10ad alloyod with 0,0L to 0,05 per ecnt tellurium Lis assnadle te
wri-hardening, mn effect which normally tekees place during the sheet rolling
10O operstions The property of work-hardeaing couplod with the £aet that the
T prosenco of tellurium in ehemioal 1esd acts o3 & graia grewih tmhiditor, raises ;
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the fotigus resistance of tallorium loed sbove thet of wealloyed ehemical 1esd,

Galvanic Oorro®ion

. Corrosion associsted with the oxrrent of & gidvamis cell made vp
of dlssimilar eloctrodes is defincd as galvinie corrceion. This 48 slso
known as wmw.“ Calvanic ocorrosion 19 generally wnderstood @0
eonmist of the mm total corrosion, whichaxpriscs the normal oorrosion that
would occur on & metal wposod alune plus tho sdaitiona] smmmt &us to
sontact with the more noble metal, 8inse all metals are cloctrically condustivs,
the possidility of galvanie corrosion taking place when two or more dissimilar
metals oomo in contast in the sme electrolytic medivn is slwost always prosent,
_ Bowcvery in most chanical install,tione using lead in 8 corrosive clectrolyte,
@ galvanie oorresion usually is of 1ittle comsequence and is ordirarily ignored,.
The fila which forms on lesd a3 & rosult of erdinary chemical reaction, i
! 3 moet instancos, scts a2 an clectrical insulstor, This is especially trwe in
’ sulfurie scid exposure, load sulfate being practically non-conductive,

LYAD SPECIFICATIONS

Chemical lead

The chadcal propertics of 1esd are ooupled with its composition;

e - ———— - ———

hence, tho seloction of tho proper grado of lead for s chemical installation
cannot bo left to chance, Just &8 with most metals, the presence of very
mall porcentages of other metallic constituents may materially altor the
chamical behavior of lead, Experimomts with pure 1644 Alloyvd with very
small peroontages of some othor motals reveal that 4s surface reactivity
@ 19 markedly increascd by the presontc of thesc other sotrls, This means, for
practical purposcs, that when 1ead 8o alloyod is wecd with & corrosive, t4
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Woooe eharactericiics such as cchesion and abresion rosistsnce mey do slteret,’
Tais 49 probally aupthor peepon Wiy chemical lead, the greade most éommorty wis!
by Lye oheodl {nduiry and comteining C.Th to 0408 per cent coppor g G727
umurmm”'ummaummomxeum 8 Eioriel
of ehenical somyiiustica, in sdiition te the fect thet the presiraz of st
frestions) porcentagos of se~03lled "imrurillies® markedly incresscs losd's
cresp and fatigne strength, Ay incrcasc in streegth asturelly lescrs the
tondency for movamcnt of the mrtal Lo ruptarc the protoctive flla, Nigher
percantages of othor constitumnts, depending wpoa the elsment, iacroase the
rute of salt formation to & detrimental degree or in sose instinses slter tae

, ooheuion and abresica Tesistance of the f1la, lesding in either ssse %0 poer

4 0 smti-corrosion charsceristics,

' b , ' Antimonial Leed t
Antimontal of "hard® lesd is wsed in place of chemical 1ead whea '
grester nechardical strength {s desired, Amtimconial lead o3 wsed by the
chemieal industry wsually consists of chemical lesd slloyed with from b te
12 per cent antimony, Wnils Lt §s less resistant ﬁ; ROt corTotives, it does
fors s sore rigid installaticn beczase 4t has grester etrength st tamperstures
below 320° € (23° 7) and consequemtiy has a lower tendency 1o Creep mnd warp
at low temperstures.® Also large quantitiss of mtisonial 1064 are wsed ia

——— -

panps, valves and pipe becsuse it offers grester strength and resistance te
flow sdresion than dowe chemical leed,

Q PUTRICAL PROPRTIPS
1eed's performante {n Lhe chemical tndustry both phyeisally ead
shenically has been well dnomented, Suffitisnt performanse records are

e A o ey
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svallsile te Be shle to decoribe the beavior of Load a8 & sorrosives handlirg
moterial fros the viewpoint of {ts phrzicel ae mill as 143 shexical chareo-
teristioe. Fowicel sad scchaniezl fovpariles ozmmod Be sveruagbasised in
tho orse of laad) 40 AaXy froteacss i3y &7 of grester sigrificanse to the
plant ensinesr then chemical propeartiiss,
7 £io pysioal ehrectarinios of &y £atal destined for use in the
shawica) indusiry determine three isportant factersy A

(1) Bow 1t will act st variouws tmxpectstzres and pressures,

(2) 1a whet form the metal may best be fabricsted or constrwsted

%0 Bost the requirements demanded in ko, 1,

(3) The econoaic aspects of maintenance and replacensnt,
! ; The parny ways in wch 190d's phywical charscteristics influence
© 1ts v*lue to the chemicsl 1ndustry as & ssterial for handling and contrelling

corrosives are des:ribed herewith to guide those Whose responsidilities
1 iavolve specifying such materials,

E . Teaperature Lirits

; Lead’s usafulness at elevated tamperrtures is linited becmuse of its
melting pointe Lesd nelts at 327° € (621° F), It may Do used safely at
teaperstures wp 10 230° € (LSCP 7) in the adecnce of stress corrosive conditions;
sbove this tempersture, corrosion resistance and strength decrease to a degree

making practical wee questionsdle, The same safe working limits apply as sell
to tallurium ehemical lead,?
Antisonial or ®hard® lesd eontaining & per cent antiscny can de
recomended for use only uwp to adout 120° € (248° 7), although 4t has &
G solidus at 7527 € (L25° 1), At toaperstures Migher than 120° C, 6 per comt
antinonial lasd {s actually less affective than chamical lead Lecavse it

[ERPUPFRI

seftene rapdily ond urually sorrodes nore rPeadily,
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It is posdidls, in some types of eqaipmml to operste An exsess

of the above temperstures by {insulsting or shislaing the loed Imternally with
acid=resistamt brick er Cooling the lead sxtarmilly with water sprays, e
lead 10 all W 11e=Packard sulfurie acid shasbers 18 kept oool by mater fecwing
domn the sloping Bides. A typical installstion 1s shows in Figsre &, Bonding
uumu:ummnnumxmmmmuumm
st higher tamparature renges.

n

Pressure lizits

Steed mad wecden tanks are frequently lined with lsed to pwovide
sorrosion resistance. mu;a'uu-dmm;ubouwum
the hydroststis pressure or any other pressures built wp during operstisn
of the vessel,

In deep tanks Decsuse of the high deneity of leed (0,410 1bs, per
swbis inch) loose linings must be properly strepped to overceas the effect
of grevity, The maximn height of 2 uniforzly cross-sectionsd loose lesd
1ining supported only froa the top theorstically 1is &0 feel st & eonstant
Seuperstare of 20° € (68° ), The naximm height of an unetrapped lead lintng
st & constent L experature of 150° G (302° 7) theoretically is 16 feete Im
prectice the optimun beight of & looss lead-lined vestel without the bensfit
of any swppart from strapping rarely exceeds 8 feet depending upon the weight
of leed.

Whea 1e0ad 19 uwscd to handle stesm of water wnder pressure the
saxisun allowsble hoop or fibre stross of chmical and tallatimm leed s
200 posete st room tempereture (20° ¢ [3° 7)) t2e maximen alleweble fibre
stress ot 150° € (320° 7) 18 80 pos.te Use .:Mmmmnsw
tmntmuumrmmdrd.‘
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Atizonisl lead (££), being sironger than soft lead, bes & maximun

allowsble fibre stresd of LOO p.seis 8t room tepersture, but mizce 1% has &

lower melting point, the dllewsble fibre stress s only SO pos.i, at

10® ¢ (251° 1.8 pigare 7 shows the nexisun allowsble fibre stresa for

Shomical sad € per eent sminenisl 1ead ot various tecperetures,td
Laad-lined vaesels arv often wsed wndor vacuma, One process for

Tecovering and conontreting sludge acids sudcessfully wsos brickelincd shert

Jesd undor vacuum a3 lov &8 0,25 inches of mercery, Just a8 wnder pressure,
4t 13 Smperstive that the shell of the wessel be sufficimtly stroag to resist
collapse due to stmospheris pressurs. MMMUUM
homopensonsly Donded lesd should de usod,

Pffect of Rate of Flow

8ince lead 18 ooparstively soft it 1s susccptidlis to erosion
by fast=flowing liquide or ligalds containing sbrasives, Tadle II sbows the
.rrmoumuwmmomyuzop«cmmu-euuzs"cm'n
across the sarface of lead,)

Tablo IT
Velocity of Solution Across Lead Surface Rate of Onrrosinn
f./rin,. tn.foorth x 1075
LY 13
” . 17
158 16
oo &8s

The rates sppear to fall with initial increase in valosity, but increase
sarkedly at a velocity of 300 fect per mimutee Ihe erosion of lcad pipe may
be retarded by deeigning the systm so as to redace flov rete frictios as meoh
88 postidle, e.r. tlininate sharp bends, uee larger pipe, or both, leed

pipe 18 eopecially usceful whon 8 high rats of flow §8 écsired Vessase it oan de
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e - gvped -8B BoTESlod Wo LTt @Ird £1U1LI7Y 4n eddition to the foet thEt exw T

troded leed of7ore & mirien of surlese Ifrictions For selative serfece
mmoothness ledd pipe eotordcing to the "Cheeical Engimeer's Randbook®, 18
elassified in the same category a8 ;hu.“

PRy
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prIrTIATION AFY PYTRANT

Amother very Lmmortant pryrical eharscteristis of a metal daetined
for anti-corrosive wee 45 140 smenadility to various methods of fadrication,
Rere lesd onjoys a rather umique positios insefar as one of 1ts shief ade
vantages over other astals is predicated en the mmber and variety of ways in
which it may be fadriceted. Shest 1oad may Do welded or urned® 4o e a
osontirmous lining; it mey bs bonded direstly to another metal; it sy e cast,
die cast or pressure molded; it may be extruded into pipe and 8 Weriety of
shapes; and it may be fastened by milding, flanging, bolting or seldering.
Onse installed, lead chamical oquipment is easily repaired with a welding
toreh and requires no sammsaling or subsequent heat trestasnts, :

Soldering and Welding

In chexical applisstions, st least whers corrosion 1s a factor,
soldering §8 of 1ittle value because of the relative ease with which the
tin-lesd eutectic is stiscked plus the fact that tin swiatantially lowers !
lead's nelting point, leed weliing, commonly called lesd Wurning®, is ¢ :
sinpler and mash more sstisfactory sethod of joining 1ead to lesd withowt
introducing &y foreign aetals, The sese with vhich this 19 sccomplished
shen an experisnced lead welder {2 used has contridbuted sush t0 the widespresd
use of losd linings, Llesé wmlding permits the fadricstion of comtinuous
ixporvisud Uinings 1a versels scnstructed of netals stronger thaa leve wt
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oo §0r cevrerien resfstancs, Flpwe © Fom lebd waldsrs wookiog e &
trriesl shwol laad dpetellstion, kii7 chamricsl plants eperstisg with Bemsiiiic

€00 lead oonlivoeTt trein med BRiTinia €igie ova lead waldaes for muiloy

£Lr7r rrpntivae Lo fesiolllez oF BRilog pee eguigmet, thoy gonirill
g 8 more emariesied lesd selileg ecoimtters oo are spclolinll,

et Inord 10 ripmng

Sboet 1284 for linirg &ll types, shapes end sises of ohexisal et
207t ussally cones 1n rolls reccins from 8 %o 12 feot wide and wp W 80 fod
long, dependting on the thickness of the sheet, Twerty feet is geascclly s
standard roll, Thnickness veries from 1/00 inch to € inches, or mearured is
the parlence peculiar to the lead industry = ¥b-1b, to 120-1b, leads As an
spproxinste rule of thumbd, one equare foot of lead 1/6L ineh thick weighs
sbout ene pound 8nd 45 called 1alb, lead; 1/h inch leed (s called 15-1b,, ete,
Nost sheot 1lead 15 ordered cut to the sise that will be wsed ultinately by
the consumer, In some specisl spplications, such ss 1o the walls of Millse
Packard sulfuric scid charders, 8 singls shoet may bo rolled with seversl
&Lfferent thicknesses,!

From the construction viewpoint, the most importent aspect of
effoctive sheet lead lining is the provision of sdequate and proper supports
usually by etrapringe 8pecifications for lead linings depend on such factors
39 sise of equirment, sise or waight and grade of lesd, temperature, corrosive
sorditinng, type of shall (wood or stesd), type and lotation of strapping, and
others, Dertailod Qisouseion of such specifications warrants s special paper
of 1ts own, Gencrally speaking, sufficient strappring should be ured in the
right places to insure rossonadle servics perfornance and sinimas stress
o rosion, assuming of course, that tho lead is Xnown to be resistant to

B R - o ————- C e e eope Vb e ppp———" S e - o
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W ey tTy wndor e ks €0 Loy Do mievlien, Sevaldtiety Ll
fritetion te te smeomtited 4x 40t o ootilewlas ecrvies, Pieoror € aunn 0
o inel gl ebyrrio cpmo Lig, Uos Wop eteepalnr In Pl L0
SILCL L L EL sl el e s eed e el g e cF Lnl ol
Lhoos €0 BElien s Jolog witeh elnpl B2 ths lend Ao plicg, St w0
b mrpsied by U stael 227 ¢ Vs e
A eece o0 posmd LU0 th Wnenos of adeitite eIl
o procass 18 an eoTrislly S0NiT0 635 £67 8 1ead linlssy the mdsafict oD
¢ wlum by reecting seifuric &2id with slming in o Ftemm spitated lesl-lincd
sleel tank, By removing the origingl 14-1b, lead lining whiich was wverdically
Arepped overy foar fest and instelling 22a1d, lead with the &istanse biizosn
streps redeced in half to tsn feet the service 11fe of the vessel was tripled,)
, @ Boriscontal strarping 4n 1iew of vertioal strarping is sedldom used,
partioulsrly when under-hand welding is iawlved, Occasionally 4im tanks
pore than 10 feet deep one or tw horisontal streps are used in conjnction

with the wsual vertical strpping to belp mprort the weight of leed, 10

Bonogeneous Linings
Under sevare temperature conditions, particularly when wide _
flsttustions are necessarily used oves a stort period of time such as 4n -;
batch processing and various ¢yclio resctions, two differert swthods axy be
sdopted to prevent wndue shorTtening of the lead's normal secvice 1ife,
The wethod noet eften used and one which has performed wery well {n service

e e ¢t o WA« o kA P4 bl .t

10 o bond the 1ead to the steel shell of the eqrifment, forming what is
terwed & homnzensously bonded 1ining, PYor high teperature service (up to

Q F3 7 ol @o’]) 1004 13 bondad dirrotly Lo the stesl) at Jemer Sooperatures
} the 1sad say be Joined to the stoel with the 21d of & this Jasd-tin solder
1
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iz, Tille Wis poticd of Jioiog itk lesd 48 more expensive; e &

© ecet Lo wimally mome han sl nizt £hr By 8 mioimtisl inorsase 4n €39

1400 of S eTulrT T,

CBozooimoas Lond YL o A i b el ey ol
verdsla wioie ket to ol L9 SnTooient besus exy AP e RstToen
¢ lecd 1iotep end 20 €531 6f th0 weses Foctles 4B 8 Fedetloa 45 (e
efficiensy of best sonssrtich, Erog Betteomjosisiof resttied tecky ere dools
1ined on the 81832 ead bonded ca tis biteas,

cid-Oriek

Amm.rmhmmmmw
elove t0 leed’s sefteming range oF from erosion affects 1s te cover the lead
with an inner iining of epecial acideresistant bricks A matural questisa isy
I the brieks are selowresistant, why uee & 1oad lining? Unfortwnately
practically all bricks will spall or ersck after repested hesting and oocling
mmu.ny, sven after operastion st contimous tespersture, tiny cracks ‘
w111 develop 1n the brick 1ining peraitiing the corrosives to seep through to ]
the satside, Bricks will also rpell when they abeord satersted solutions '
which cmull.:uoocuun;.. 4s a matter of fact, no cemented oonglomarste
mumnmuum‘mmumua-.'m. with nothing te
Frotect it, the supporiing shell of the vessel will be attacked by the seeping ;
corrosive and eventually require axpansive repairs and prodably replecemsnt,
e lead 20ts &8 Lreurance againet thie coourrenee, Any seepage will be ..
retained by the 1ead wntil the brick lining can Le repaired,

A Jarge by-produst sulfurie ecid plant has beea weing 8 bricke
lining over 1eed in its midifying chander for handiing sorrosive selfus
€loxide snd mlfur trioxtde st 290 € (SSU° p), The 1inings sensied of
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20-15, 1oad with thres courses of brick on the bottom giving 3 total thickress
of 9 inches and a single 12-inth course over 10=15) lsad on the lowsr side
thiraing 10 a Heinch eourss adove, 7Tne thicker 12-inch lining 45 atzply te
provida extrs aupport for the brick sbove, This equipment has been 4n wss for
sleven yom.u

load and 1reAdinod Pipe

Losd 19 resdily extruded into various shapes end lerge quantities -
of extruded lead pipe are asod by the chomicdl induetry, 8ises are limited
only by «xtrusion equijment and may include & large muber of cmbinations ef
wall thickness and outside ¢imcter a9 well as shepes of cross-settion, Aa
sdvantage of 1ead pipo 15 that §4 s readily bent to conforn to intrisste
design epecifications, Figure 11 illustratcs & complex pipe and valve system
sade wp entiroly of lesd, Boossse of 1ead's weight, 1t is frequently advissble
to support it either by strep hangers or coetimous support such as laying {t
ia stoel chanmels, This 15 why lesd-1ined steel or cast iroa pipe s
froequently used whon the corrosion resistance of lead {5 domanded, bDut when
the temperature i high and the expense of suprorting the pipe is disproportion-
ate, Btoal or from pipcs with lead linings insido are mado by onc of two
sethods; extruded lead pipo hydrsulicaliy expanded insice an iren or steel
pipe, or homogcnoously bondud to ite

Load leating Coils

Lead pipe has found widr acceptance for wie us besting or cooling
soils, Pigure 12 shows the lead steam 00ils uscd for heating 8 largo bricke
lincd vossel with 8 roundcd bottom, Koto the cast load form uerd to suprord
the coils, laximm stcam pressure and eorresponding tomperature ltaits for

[
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difforent pipe xises are sbown in Tedls ITI,

Tablo IIT .
G
Ierids Bozeter Coiclds Dlweter  Boleht pop Borwimca Dhirngs o
copnty, Irtves e jide, Irihes Frod Pro v, el o i
i s, O3,

b3 1,008 1 =12 » &
M 1156 -0 o i
Va La2 b N | S0 &3
1 1,256 i - § x m
) 1.152 - 12 ) 27
b 1.410 6 ~ 2 50 298
b3 .87 § -2 g FeL]
! 1 1859 T &2 237
\ 1% 2,002 9 -0 S0 298

Copper colls covered with bend~d 1eed have Booa Seveloped for grester

. ] thermal oonductivity and strength st higher stcam frossures withowt eacrificing

corrosion rosistencc, Such coils are opcrated wp $0 150 paund steurn pressure,
Ons of the latest devclopments 1llustrated in Pigurces 13 and 1k ‘

consists of using two lead pipes, one within tha other, rosuliing in &

double setion hesting and cooling hoat exchanser, The inside pipe is extrudod

with 1ts eross-ecction &a the shape of a six point~d ster with s round hels

1a the sonter, I this manmncr the cross-eectional arca of the space botwoen

the twm pipes very mcarly cquals the cross-scotional srca of the inside of the

inner pipey e points of the star aleo Scrve to keep the two plpes eoncontris,

; Fith this arTangmont 4t 1s possidlo to pormit countercurrent beeting ia one |

pipe while cooling La the other,

. 0 nwwnmlmmnmuduwmmxm

i grostor surfaso aress Lesd shasthed cleetrie hesting devicos Rave Dooh weed
motessfully in plase of stem hoatod 0oils 1n samo Lnstalletiens whore
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reising st~mm {5 Q1f050u)¢ or hasrrdony oOF where dertricity s incxpentive,

Castin~z gad Velves

. ‘ Largo quantitios af lesd &re usod by the chemical Lndssty fa the
form of sestings, Ordinary ehemical losd, uesally too scft for this purnoes,
18 allayod with various peresntazes of antinary, Lead hardenod 4n (s
aamar 19 etat inte panps and valves as well as many epecial shepss axd
fittings, A Syplcal ploce of mest 1esd shaxcal equipment showa 4n Figzroe 1S
45 an evaporetor for concemtreting titantim sulfato selutions It is mede
eatircly of scparate castings of 8 per cont antimonisl l1ead bolted togother
into one unit seasuring ki feet 1n dlmeter and 7 foel Mgh, Abowt 35,000
poxads of metal were roquirod to meko the castings:l? Bven larger cast 1ead
evaporstors € feet to 8 feok i dlametor are Quite commous Cast lead plate

e and frame filtor presscs snd cast lesd rotary vacuum Dilters arc duilt ta al)

, tises,

! { 'wmmnnmmuqmwnumamum.t

sbrasico-rosistant materials such as Lucite, Bakclite, Hasteloy and ethars,

i t2us reducing the woar oa thoso partss

b . 20ORCWIC ASPRRTS

. The oconcaie aspocts of maimtanance and replacament hinges on beth
the metal's physical charsctoristics and §ts salvege valwo, Losd suffers
very 1ittle from changs ia weight or strecture duo to sorrosien; thus it caa
be matntained st low oot or salveged ot a Righ valwo,

Tadbrication 60ets are low ia the case of leed, Present prices |

Shew that the pig 1684 or rew saterial represents as much as 80 por sent
; @ " o the eent of fabricated sheet and pipe,l)
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& 8.5 of the suoweselul perfornarcs of loed equiront o s
cioxioal {ndusloy €0 thet s perfornesse 4s intinstcly escosintsd «ill.
1232's phyeizal eharcsteristicy as well as {ts chanical or corrosion chariz.
teristics, Lirts of chamicals with comments and dats describing thelr
reaction with lead, such As appeared in the Decemder, 1945 Lissue of
Corrosion®, are nuhbh.u 1s8d companies and fadricators and the Lead
Industries Associetion nay be eonsulted, Insssuch as edvice can at best be
enly & prediction based on peat performance, the most practical procedure is
0 tost 2 sample of the lead undar conditiore as close as possible to actual
services

o set rule can be stated governing the resotion of lesd with all
corrosives, Comparstive corrosion rate dsts Lased on wolume loss or weight
loss can de nisleading in the csse of lead insofar ag it is thicker and more
dense than other corrosion resistant asterials, Oenerally, the corrosion
rste incresses wilh incresse in tempersture, The ¢ffect of concertrstion varies
with the corrosive, Chemicals containing dissclved oxygen usually lomr
1ead's resistance, Mtigue sccomanied by cormsion promotes stress corrosios,
8 condition shich sy be controlled Wy resoving the source of stress or
sounteracting 118 o.foct, Oalvanis eorrorion in the case of 1eed 15 eddom
moountered since an insuleting costing normally develops which prevemts or
niniaises souple aotion,

TGRS W AeCe . Caman e e Tt s e e et v e e SV | e = s
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Exile 1oad hag cerindn phyeical limitstions &2 & corslrectim
ssterisl, they c:d wauilly be evereone Uy prorer dnotallicifon, The exviria
ellomble fibra siresg for ¢ f s} 3628 o 200 Patele Bt Fosa Secpornivmi:
e imonicl lead Lalre iroooe hes 8 etz alismille filve otrss2 of LD

) Pobols Bt the 8i=9 terprralire, Chemicsl 1oa8's vrefulicsa st Bih tomovie
saroe 15 Llimites o adout 2307 € (50° 7) wutle mtizentel lead (<3 £3),
Boccuoe of 118 lewe malting peint, 1s lintted te aiewt 100 € (2357 Iy,
mﬂmaorhuh_ytuhw.rm{n 1iguids oy be reteréed Wy
proper Oesign. '

Lesd can De sasily fadrizated to meet Mpecial sonditions, Sheed
lead-1ined vessels are wsually supported by vertical strapping, the tynre

: and locatica of shich 19 very inportanmt, Conditiocns scch as temperatwre

‘ Q fluctsation, high pressure or vscuum, or beat transfor can be met with

honogeneous linings or, extepting heet trmafer, bty & brick lining evoer the

1esd. lead pipe, hesting coils, castings mnd valves can be madc to cope

with 8 variety of special conditions, _

Bacausc of the mamar in which lesd oorrodes coupled with ite
smelting charactoristics 1esd in 31l forms can be reclained and sold as salvage
at & high returm,

Therefore, 1f lead’s mechanical and phyeical properties are
recognised {n making installstinng, 4t is widoly favorcd as s material of
chemical construction bocause shamically 4t is 1ittle affected by 90 vany
sorresives,
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Captions far Illustraticrs Accoepanying

PRYSISAY ART CTD5I08 CRASALTELINTICS OF LD
Iy T GImiQL DTETY

Isterics of & lezd-lined exlfizic acid chender eriginally put
ine service in 123, The 6=1b, lesd Kowed an sversge lese &
tiiciness of only 0.0078 inches, Matches bad besn arplied to oo’y
sbout 15 per cert of the area in the interveaisg yeurs, his oips
mart was leter replaced by more efficient Fills-Packard chambers,

Solubility of lead nitrste (M5 (MD3),) 12 aitric seid, Parts of
lead xdtrate per 100 parts of scluticn are pletted against nitris
acid eoncectration in per cent. -

Effect of temperature on the corrosisa rata of laad in a sclutica
of 1).) per cont sulfuric ocid rlws 8.7 por cont sodium chloride,

Corrosion of lead by nixed scide, hydrochloric and rulfuric st
25° C varying in cocentration froc 0 to 20 per cent,

- r——— it e e

Iffect of oxygen in &lstilled water st 259 C on the corTosion rste
of lead, Percentage of oxygen in the atsmosphere sbove the water s
Plotted againet corroeien rate, Speciams were tested for 18 hours,

»

Wlls-Fackard towers 1llustrated sbove and used in thc mansfecture
of sulfuric acid by the chaaber process are consiructed entirely
of shevt 1ead pu;Torted 1n 5 stesl freme. The lesd 15 cosled
axternally bty watar flowing dowm the aloving sides,
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0 Plge 7. ¥axisam allowshle fire #1722 in chemica) and 6 per cent
" astissnial lesd st varicus temperatares, Fifty pound satwratod
stesa 1ixits are ot 150 € (39 1),

‘Pige 8¢  VMalding the scams rf & tyrical loooe sheet lead-lim? S+t .
. aan ot woer right {3 prejiring tha seaze for welding 7 ecrzyicg
' the load clean,

Pige 710 Isad-lined stecl storage tanks 10} feet 1n dlameter and 3 3% £oo
long. Interior view, Pigure 10, shows asthod of stra;ping. lote
that the overhead strapping which mast support the weight of

it bt

the lead consists of 10 straps 1 foot 8 inches apart whereas the
bottom half is fastened with only & straps 2 feet § inches apart,
° The vertical end strape are 1 foot 9 inchee apart.

3 Ne. 1 A cocplex piping systea for recirculating corrosive electrolyte
i in s nodern plating plant, All pipe and valves are made pertially
or eatirely of lead,

Y
rg. 12 View through the manhole of & brick-1ine¢ resction vessel 18 feet i
deep and 8 2/3 feet in diinctar uzed for treating mixtures of

sodiun bichronate and sulluric acid at 100° C (212° 7). The

telluriwm-load coils installed in 1929 are still deirg used %o

hest the choaical solutions with steer under )0 pound pressure,
Cooling water is punpeu throuch the coils after the resctions m
corpleted, ha strel apitstor 1 homogrneowsly bonded with
ehmical 1ead 3/ inch: thick,
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Pige 13=lis Heat escianger colls consistirg of ono lead pipe witiin anoliwer

pervitiing countercurrent ficy of A carresive coelitt, The
ervoseoeetionel view of the emipnzsr coil in Meure 1k shoon
the specially shaped extrui~i imnzr pipe ia peition,

nge 15. mmm ovajorstor made eniirely of sest & per cont
‘ antinortial lead and weed for concemtrxting titmiica sulfate
sclution,
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