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ABSTRACTY

! The pixysical and corresion characteristics of lead particularly
with respect to 4its ure 4in the chemical {ndusisy are discussad in datail,
Lend's ehecice)l properiies are descrided and include the effects of concens
tration, te=peratire, kixad and iapure corrorives and proper ¢orresion data
imterrretstinng, Characterirtics such &9 fati=ie, rirezs corrorion and gile
vanio oosTosion are discussed along with specifications for checical and
alloyed lead, Lesd’s prysizal #nd machanical projerties including texpersture
and rreesure linits and eflect of flow rete of fluids are detailed, Yethods
of febrication and recorr ended practices for soldering and wmlding (®urning®),
installing sheet lead, hrozenecus and acid-drick lin‘ng- are descridbed along
with the latest develnyeents in 1¢ad and lead-linsd pije, lead heating coils,
castings and valves, The econcxic sspects of maintenance and reflscapert

i of lead are alno given, It s demrstrated throuchost What the physrical

. charscteristics of lesd are of sl irortanee to (tr Gurrosina charsctere

: 1rtice in determining 148 ap 1icability in sorrosion resistant eipment,

et T i v

® Paper for presentsticn at the 1949 Conference of the Mational Azscciation
of Corrosion Engine~re, Cincinnati, Chio,
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Fram €22 &4 resoented (U Ly oominded that gince lead &y highly pecipgiot
Ly ermmmcnse BF PO mEY eherlieils tt s widely fevored ap & material of ensiiecl
conmirur L ion partdoularly 4f 112 pouvsical and mechanissl &harscteristics are
roeogiced,y .

»

A ettty of e sortorian chrrocteristics of lead without mh&u
its prymical sharacteristics a3 vmll wnld represomt only 8 partial conzild: roa
LUen of the rule of 1sad 4a the chmical indertry. Pron tnformation in o
. f11ee of (ko Jacd Industries Aszuciaticn, end throuwsh the eocpertiies of its
peubers who re;reswit both producers and conrumers of lesd, this peper has
bosn prepared in an effort to evaluste the parfarmance of lead and the serviee
1t renders to the chenxical industry in terms of its physical and 1ts corvoxion
charactaristics, It 1# faportest to the lead industry as well a9 tha chemical
mm.-m-dpohmdumofludhhuymofqum‘“
Q@ and camet expect from it, -

. QML POPeRTITS

k e broed wse of lead as & aaterisl for keeping torrosive chamicals
wnder tomtrol 19 nstural, since 1t ruccerrfully repele tha attack of so mary
correrive cha:icals, The protection afferded by lesd is achlieved in most
instances by the fornation of a thin sdherent surface film of exider or salte

T I e s o e 35

. remrae v St

which fors wben th: lead 18 exposed to corrusives, IL {5 this fila, serving

a8 8 protection to the metal baneath, which gives lesd 1ts corrosion resistancs, Z

E Lead gwnerslly has good resistance to neutral solutions where leed i
sarbonate and possibly oxide are corrosior. products, and falr resistance to l
alkaline solstions in which these are soludle, Experience has shown that lead
12 comacretially resistant to chroric, sulfuric, solfurous and phowptarie seids)

e that 1t 19 edjeet to corroeion st somewhat higher rates by Nydrochloris and

it v o pm—
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hyé¢roflnoric acids; and that 1% 15 susceptible to buing strongly corroded Yy

ststic, formic snd mitric acide, Also, nimu salt solstions sre -d-ﬂuly
sorrosive wharsas carbonsts solwtions are mt.

- mnum]“

It is important in éiscussing corrocion that a uniforn eysiss ef
dasicnotion be used, such 89 inches penctration per month or pear ar zilligrass
mmmmmmvmumummm»mz
Rislesding in the sase of 1ead insofar as the conmon tendency 18 to Jedgs best
porformance oa the basis ef the lowest corrosion retes This sethod falls
% take into considerstion the fact that lead used in chexical equipment 19
pormally 315 inch thick or rore, Other metals also used in chemical equip-
sent seldom aprroach the thickmess of lead, It can be seen that evesn in thoee
cases where 1224 has & Righer corrosion rete than srother metal or alloy, 1%
sold still owtlast the other metal in servica becsuse of this ¢ifference ia
thickness,

‘Designating corrosion rate sccording to weight loss as milligrsas
por sQquare decineter per day instred of volume lose a8 inches penciration per
sonth 18 also xmisloading in the case of lead sinco lead bas the highest density
of any commonly used corrosion resistant materfial, This neans that what might
sppear to be an extessive torrosion rats expressed in weight loss ef lead oould
Mbhcnqwnmotum-wnuumofn{mhm

When cosparisons Are baing made between various corrosioca resistamt
saterials 1t follows that an understanding and aprrecistion of the sdove will
lend much to e proper interpretetion of ocorrosjon rate dats,

.
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Pftect ef Corcentration

The concentration of & corrosive chanical and {ts oo-influense,
Sespersture, are both iaportant eoneiderstiens {n deciding whether lead oea
or cannol be recerc.aded for use with the eesTosive, Apparent sentradictions
s mw-nmnmm“mzmmi»mmmmu
| pert «Tlsioed by szemple, Sulfuric seld sod xitric scid are typical exmmplzs,
It 49 wsll krown that dilute sulfuris acid forms 8 filn of inmlwdle sulfates
wixich suoceed in pessifying the surface of the leed, Bowever, 59 the concens
tration of the acid approaches 96 per eent, {t &issolves this protective
fils st & more rapid rate, therody egesing the Jesd Lo incressed resction
with the acid, Por this reason lead may be safely used with ey concentrstion :
of sulfuric acid as long s it des not excesd 96 per cent at room temperature, ’
() An example of typical service 1s shows 1a Figwro 1. The lead 1inings 1a the »
chambers of this acid plant after 47 years of service showed an averags lees
; j in thicknces of only 1/128 inch er, exzrcssed 1in inches pentrstion per
‘ month, 1&:10'6. Load satisfactorily resists hot acid of all strengtds wp
o 8 por cont with tomperstures wp to 220° € (L28° 7). iy case ypifice
the reaction of 1cad with sost corrosives including ehromic acid, sulfurcms
acid, phosphoric acid (up to 85 per cent), and others,

Dilute nitric scid, on the other hand, also reects with lead to form
1oad nitrste, but the salt 1o this case 18 ronesdhorvnt and scoevhat soluble ia
the ecid and tharefore offers 1ittle pretection to the netal from farther reace
tica, Concentrated nitrie scid in the range of 52 to 70 per sent by woight has
1ittle offect on lead st rocm tmporstare prenmsbly becsuse the solubility
of the nitrate docreases with inereasing acid concentrstion, (B¢co Plgwre 2,)

9 Acario and hydrofluorie scids and sodium bisulfate parallel nitris noid Ln their

a e e o e
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27 fect of Tewserature of Corrosive

$ince chaxisil resction retes are geosstrisally proportionsl te
teaperaturs, $t follows that aa increcses in ths tespersture of the corrusive,
sopsntretion boing minteined constart, Alaost thvarisbly increesss ths correrl s
rete, D refa of sorrosion in inches panetrstion per sosth of leed s=ymzed
to & mixture of éllute sulfuric acid and sodimm chloride ot incroseing toporis
tere 1o shoan in Pigure )1 Regardless of a safe concantration rangs, 1t is
isportant before specifying 1eed for wse with a particular corrosive that the
texpersture of the corrosive be known snd taken imte considerstion,

Effoct of Nixed and Tmpure Corrosives

AP a general rule it may be stated that ia mixtures of corrosives
the various constituents will resct with lead as they wald rormally in the
waixed state, Figure b shows the corrovsion of lead by mixed sulfurio and
Rydrochloric awids,} e sorrosion rate Gecreases as the percentage af the
sulfurie acid in the mixture incresses since lesd 45 more resistmnt to this
acid than 4t is to Rydroechlorise,

Corrosives containing comparatively meall percentages of stder
constituents can occasionally be deletorious to lead, Of thess, 1iquids
containiag dissolved gases, particularly oxygen, are the most isportant,
Figure § shows the effect of oxygen on the corrosion of lead swbmerged ia
dirtilled watar at roce t«anum.u

Table I 11lustratss the effset of serstion and sgitation on lesd
in 2 weak acetic acid solution st room u-poraun.l Teots were -un for &
100=hour period,

+——
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Tests with prosshorio acid have Brought out the fast thet impure
acid 43 Detter resisted by lead than is the pure stid, The irjrity {n this
sass 19 prisarily mlfuric acid cerried over froa the conversion of superw
phosphates

In one contact sulferic acid plat & corrosive 1i-mor st & texpere
tare of S22 € (125° 7) saturated with sulfur dioxide and containing in sddition
6,5 go por 1o sulfuric scid, 1.9 g. por 1, chlorine, and L.l g. per 1. ferroue
Wﬂummw“unwdmmbmththdeﬁ

14ttls or m evidence of corrosion for more than tea yun.‘

Patigue and Stress Corrosion

8ince 1eed has 8 relstively high linesr cosfficient of thermal
expasion (29 x 107 per © C, 17 to 190° C,2 or approxisatcly three times that
of stedl) it undergoes consideratle movencnt when subjected to severe cyclie
tenperature changess It is this difforential in expension rstes mhich largely
stoounts for the cocasional cracking of 190d due to duckling. Adeguats sad
proper strapping Scrves practically to elizinate or minimize this offect, Other
factors which ooossionally contribute to fatigue eonditions include vibration
such 89 hat tranawitied by neardy mschinery, stirring equipmont, ete, and
strain induood a3 & rule by insdoquate suprort of hanging shaet Jeads

Fraciuring osused by repeated dending 49 hastrned by simultaneous
sxposure Lo corrorive conditions, thus resulting 10 8 fors of strase corvorione
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 exposed until the full depth of the mtal i penstrated, s, indivetSsn
N ©f stress sorrosion 18 lead 19 evidinced by more or 1008 Severe istercrystallice
otching, soastings to the pairt of fracture if the #tross conditions are not
removed or modified, Oracics fren fetigwe failures in lead pips are often
; “ trangverse and weually st the outeide of a bend,
S Thare are tw syprosches toward the elinination of ¢ifficulties
brought sbout by the abtove senditionss
: 1. Remove the sowrce of stress,
4 8e Txis may be dooe by insulating the equipment frem
' - vidration or,
Be Bpresding out the heating-cooling eyele or,
Ge lowering the poak tamperature if possidle,
‘ 2, 1f the source cannot be rowved, comtsrsct the offect by,
8 Providing sdequste strarping to relieve strens coused by
. hanging of, x
, Be Use & homogeneously-bondod 1sad 1ining to countersct
severe cyclic tesporsture changes or,
8a Protect the lesd mochanically and thermally with ]
] 8 brick lining or, C
ds Use thicker load to roduce fidee stress,

Patigue oharacteristice may vary with differcat alloys of lesd,
Chemical 10ad alloyod with 0,0l to 0405 per ecnt tallurium is asemable to
wri-hardening, s effect which normally tekees place during the shest roliing
operstions The property of work-hardening couplod with the faet thatl the
provenco of tellurium in ehamioal 1eed scts a3 & graia growih taniditor, raises
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the fatigue resistance of tellurium 1oed sbove that of willoysd ehomioal lesd

Galvanic Oorrovion

: Oomuuumumwowmtotlmvmemmn
of dissinilar eloctrodes is defincd as galvinis corrction., 7Thie 48 slso
known as wmw." Calvanic ocorrosion 19 generally wnderstocd to
esnmist of the sum total corrosion, whichacpriscs the normal ooarrosion that
would ocour on & metal wposod aluvme plus tho sdditional amrumt &ue o
sontect with tho more noble metal, Binse a1l metals are clectrieally condostive,
the possidbility of galvanie corresion taking place when tio or mors dissimilar
metals como in contast 4n the same electrolytic mediua §5 Almost always prosent.
_ Nowcver, in most chomieal install,tisne uwsing lead in 8 corrosive clectrolyts,
@ galvanie correzion usually is of 1ittle comsequence and s ordinarily ignored,.
The fila which forms on lead a3 & rosult of erdinary chemical resction, ia
moet instancos, 8cts o8 an clectrioal insulstor, This is especially true in
sulfurie acid exposure, lead sulfate being practically non-conductive,

s s

LTAD SPECIFICATIONS
Chmical lead

The chadcal propertics of 1ead are ooupled with its composition;
hence, tho seloction of tho proper grado of lead for a chexical installatien

i - p———— v ———

cannot bo left to chance, Just a2 with most metals, the presence of very
small poreentages of other metallic constituents may materially altor the
chamical behavior of lesd, Experimonts with pure 1esd Alloyed with very
tmall peroontagcs of some othor motals roveal that iLs surface reactivity

19 markedly increascd by the presonte of thesc other sotils, This means, for
prectical purposcs, that when lead 0o alloyod s weed with 8 corrosive, 14
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Wooe eharactariciies cuch as oocdesfon and abresion rosistance mey bo alteres,’
Tais 49 preially axpihor resson Wiy chamical lead, the grade most eomaorniy wiu!
Ty Lie cheoal fndutry snd centeining Colh to 008 per semt coppor £ G727
umprmm”ummuummmw;: 8 ELoriel
of ehenical soniiustics, in adiition to the feot thet the preszra2 of sud
frestionsl porcentages of se-cilled "impurities?® merkrdly incresses losd's
cresp snd fatigne strength, Any incrcesc ia streanth aaturally lesscrs the
tondency for movemcnt of the metal to ruptarc the protective fila, Righer
percantages of other constitucnts, depeniing wpod the element, incroase the
zute of salt formation to 3 detrisentsl degree or in some instenses slter tiae
¢ sohesion and sdresica resistance of the fila, lesding in either ssse %0 poer

. 0 smti-corrosion charscteristics,

' i ' Antimontal Lesd k
Antimondal of "hard® lesd is wsed fn place of chantcal lead whea ‘
grester mechanical strength (s desired, Amtimcnial lesd 83 wsed by the
chemieal 1ndustry wsually consists of chemical lesd slloyed with from & te
12 per cent antimony, While Lt is less reeistant 0: most corrotives, it doe
fors s sore rigid installaticn becaase 1t has grester strength st tamperstares
below 320° € (208 P) and consequentiy has & lower tendency o Cresp and warp
at low temperstures.’ A1so large quantitises of mtisonial 1064 are used in

e

panps, valves and pipe becsuse 1t offers grester strength and resistance teo
flow sdbresion than dose chemical leed,

Q PHTRICAL PROPRTITES

L1eed's perfornance in the chamical tndustry both pryeisally snd
shenically has beon well dooumented, Sulficisat performanse recerds are

e A o ey

i o s
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snallsile te be shle 4o deceribe the behuvior of load a9 & sorroeives handling
mzterial from the viewpolint of it phirsicel ae wmll as tts shexical charec-
teristion. Frovicsl end socheniezl fropariles ctzmod Be sverubasioed in
9 ocse of 156d) I8 BAYy footeness iy & af grester significanse to the
plant enzipee> then chemical projeariisse -
7 mmmmwmezwmmmmuoum‘
shenical industry determise arse ixportast facters ‘

(1) Bow 4t will act st variows t@mxperstures and pressures,

(2) 1n vhat form the metal may best be fadricsted or construsted

40 noet the requiremsnts densaded in kb, 1,

(3) The econcaic aspects of maintenmnce and replacemsnt,
‘ ! The nary ways in wrich 19ad's phywical charscteristics influence
© 1ts v7lus to the chemics] industry as & ssterial for handling and controlling
corrosives are descrided herewith to guide those whose responsidilities
iavolve specifying such materials,

E . Tespersture Lirits

Lead's usefulness at elevated tumperrteres 15 linited because of its
melting point, Llasd selts at 327° € (621° 7). It may Do uwsed safely at
teaperstures wp to 230° € (LSCP 7) 1n the adecnce of siress corrosive oonditions;
shove this tempersture, corrosion resistance and strength decrease {0 & degree

making practical wee questionsble, The same safe working lisits apply as sell
to talluriam shorical lead,?
Antisonial or hard® Jesd sontaining 6 per cent antiscay ¢an be
recomended for use only up to adout 12¢° € (2L8° 7), although 4t has &
é solidus at 2572 C (L8S° 1), At toaperstures higher than 120° C, 6 per cemt
antinonial lasd 4o sctually less affective Lhon chawical 1e0d Deosuse it

[PV SN

sefrere rapdily ond usually sorrodes nere readily,
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It {s posdiDls, in some types of eipaml to operste in exsess

of the abovs temperstures by {nsulsting or shislaing the loed Imarnally with
acid=resistapt Brick eof Coocling the lead sxternilly with water sprays, e
lead in all M1ds=Packard sulfurie ocid chambers 15 kept 0col by water fcwing
domn the sloping #ides. A typicel installstion 1s shows in Pigure 6, Bonting
Mmuwmnuumxwmmmumm
ot higher tamporature recges.

Pressure lisits

”

Steel mad woden tanks are frequently lined with leed te pwovide
sorrosion resistance. mu&u—nmwmhuwumm
the hydroststis pressure or any other preesmres bmilt wp during operstion
of the vessel,

In deep tanks Decause of the high deneity of leed (0,410 1be, per
swbie inch) looee linings must bLe properly strepped to overceas the effect
of grevity, The maximus height of 3 uniforaly cress-sectionsd loose lesd
1ining supported only froa the top theoreticelly 4is MO feel st & eonstant
Scuperstare of 20° € (65° 7), The naximm height of an unetrapped lead lintng
st & constent t experature of 150° G (302° F) theorstically 1s 16 feets Im
proctice the optimur beight of & looss lesd-lined veszel without the benefit
of ary swpport from strapping rarely «xceeds 8 feet depending upon the weight
of loed,

Whea 1084 10 wscd t0 handle steam of watler wnder prespurs the
saxisum allowible hoop or fibre stross of chmical and tallstimm leed 19
200 posuts ot rom temperetore (20° ¢ [3° 1)) the meximen alloweble fibre
stress ot 150° € (3200 7) 19 80 posote Uuozmmmmn:w
W.w«nmm«.‘

P
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Artizonisl lead {£€), being sironger than soft lead, hes & maximm

allowsble fibre stress of LOO pesels 8t room tepersture, but mince 4% Ras &

lower melting roist, the sllewsble fibre stress 49 orly SO pes.i. at

1:0® ¢ (284° 7).8 pigare 7 shows the nexisun allowsble fibre streas for

shacical snd € per eent sntisonisl lead at various tecpereturest?
Lead-lined vessals ary often veed wndor vacuma, One process for

Pecovering and conoonmtrsting sludge acids sudcessfully wsas brick-lincd shert

lesd undar vacuum as low &8 0,25 inches of mercry, Just a8 wnder prespcre,
4t i3 Smperstive that the shell of the vessel be sufficimtly strong to resist
oollapse due to stmospheris pressurs. Mbutmtaruw,
honogensously donded lesd should be usade

Pffect of Rate of Flow

8ince 1oad 13 ocoparatively soft it 1s susceptitls to erosion

by fast-flowing liquide or 1iqazids containing sbrasives, Table IT shows the
cftoctotinatubcthcnloenyd‘&pcrcmmmu&‘c‘ﬁ'n
across the sarface of 1ead,)

Tsblo IT
Velocity of Solution Across Lead Surface Rate of Onrrosinn
°./xin, tn.foonth x 1070
LY 13
” . 17
15§ 16
oo &8

The rates appesr to fall with init{al increase in valosity, bet increass
sarkedly ot a valocity of X0 fect per mirmutes Dhe erosion of 1cad pipe may
be retarded by designing the system so as to redace flov rete friction as mech
88 postidle, e.r. tlinlnate sharp bends, voe larger pipo, or both. lead
rluhumxdl:mtdmahuamnfnuu dosired bessune it oan de
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475 troded 1eed effers & minimn of warfece frictions Por ralative serfese

mmoothnsss ledd pipe aotording to the "Cheeical Engimeerts Rmoddook®, 18
elassified Ln the sams category &8 ;hu.u
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. _' Another very ipertant pryrical sharscteristis of o metal dortined
| for anti-torrosive woe 45 140 soenadility to varicus methode of fadrication,
Rere lood enjoys & rather uxique positica insefar as one of 1its shief ade
ventages over other astals is predicated en the mmber and variety of ways in
which it may be fabricsted, Sheet 1oad may e welded or Durned® 1o form 2
somtirmous liniag; it may Le bonded direstly to anothar metal; 44 sy be cast,
i ﬂoMuwmnlMxitmummnﬁomdamLm.t
shapes; and it may be fasrtemed by mlding, flanging, bolting or scldering.

; @ Onse installed, 10ad chamical equipment is easily repaired with a welding
toreh and requires no ammealing or subsequent heat treatments, ‘ :

Soldering and Welding

- In chemical applisstions, st least where corrosion is a facter,
soldering 10 of 1ittls value because of the relative ease with which the
tin-l1esd eutectic s sttacked plus the fact that tin mbstantially lovers §
lead's melting point, lead wmelding, comwaly called leed ®ouring®, 1s o
sinpler and wmush more satisfactory sethod of Joining lnﬂ to leed without
introducing ary foreign aetals, 7The ssse with vhich this 19 sccomplished
shen an experionced lead welder {2 used has contributed sush to the widespresd
use of lesd linings, Llesd wmlding permits the fadricstion of sontimuous
ixporvisus linings 1n vessels scnstiructed of Betals stronger thaa leee Vwt

- e
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liload 44 exvrericn nzictm;\:. Fieurs § Fiown lead woldars weoking o &
trriead ghro’ loxd imetallaiiorn, kLo chexical plants epereting wish Seaciici«
€.l Jead eozieoeTt trein rad Elrinia Kisie o lead walisrs for oy

LoD rroeivae Loon festellizg oF bRilllog e eguigmet, thoy gononillr
trig I8 ore osriened lesd wswlileg scoirsters oo are epcloiinil,

Lynet Encd 1 ripay

Shoat 12ed for limisg &l types, shapes end sises of ehaxlical eTzips
2t wssally ocaes 1 rells recgine from 8 to 12 feot wide and wp W0 80 food
long, deperciing on the thickness of the sheet, Twenty feet is gmascclly &
standard roll, Thickness varies from 1/80 inch to € inches, or sesrured ia
mmmopuncu;uzmmw-m.uxm-n.xm A ann
spproxinste ruls of thumb, one square foot of lesd 1/6h inch thick weighs
sbout ene pound 8nd 15 called lalb, lead; 1/h inch lead is called 15-1b,, ste,
Nost sheot 1ead 19 ordered cut to the sise that will be weed ultinately by
the consumar, In some specisl spplications, such s» 1a the walls of Millpe
Packard sulfuric scid chamders, 3 singls shoet may be rolled with seversl
aLfferent thicknesses,’

From the construction viewpoint, the most importest sspect of
effective sheet lead lining 18 the provision of sdequate and proper supports
usually by strapringe Specifications for lead linings depend oa such factors
28 sise of equipment, sise or weight and grade of leed, temperature, CorToRive
sorditisng, type of shall (wood or stesl), type and lotation of strapping, snd
others, Detailod Qiscussion of such specifications warrantis s special paper
of its own, Gencrally speaking, sufficient strapping should be ueed in the
right places to insure rossonable servics performance and sinims stress
eorrosion, assuming of course, that the lead i3 krwwn to be resistant o
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Tem o in el g doetyamrio g L, Uiy Wop etmepping
SNSRI LSRRI AUREE SAVESIE SO ISR .51 304 I SCERC ol o N RUNP i S A1
Loon Ehe BElien sLM oLog witeh gl BN tha lend o plieg, fte w0
boong erperie by U stael €227} ¢ Vs e
A e o0 pToomd LU0 ths Wnrdenes of adenTile oLt Tl
Tuo proodss 13 an esorlally 050 €35 £67 8 1ead linless the mdmafict o
¢ slum by reecting sulfuric &2id with slmine in o stemm agitsted lealalingd
slesl tamk, By removing the origingl 14-1b, lead 1ining which was werticsally
strepped every four fest snd inetelling 22u1d>, lead with the &istanse bLii=om
streps redeced 1n half to two feet the service 1ife of the vessel was tripled,)
@ Norisontal strarping 4n 1ien of vertical stramping is saldom used,
partionlarly wtwn under-hand welding is tavolved, Occasionally 4im tanks
pore than 10 feet deep one oF tw horiscatal straps are wied in confunction
with the wrual vertical Strpping to Balp mprort the weight of leed,20

Fesogeneous Linings

Under sevare tempersture conditions, perticularly whem wide _
fisttustions are necessarily used oves a stort periocd of time such as 4n -f
batch processing and variocus ¢yclio resctions, tmo 2ifferert swthods may be
sdopted Lo prevent wnduie shortening of the lead's normal service 1ife,

The wethod noet eften used and one which has perforned wery wll in service

i m e e+ e o Sl St ke A P b . Bl i 5

18 to bond the 1aad (o the steel shell of the eqriment, foraing what is
turwed & homnzensously bonded 1ining, FYor high texperature service (up to

@ 37 ol @&B) 1084 18 bondad dirrotly to the stasly 8t Jemer Lesperatures
} the 1ead may be Joined to Lhe stoel with tha 214 of & thin 1asd-tin solder
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© scst 48 wimally mrre han esmronl izt £r ¥y 8 mioimtisl isorsase tn K1
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e Lecd Lizieg aad 852 531 6f the vesesd FoczifS 48 8 Fedeeilon 45 O
efficiency of Dest Sorssoticn, Erog Bettedejoal3iud resrtied terky are loods
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cid-Drick

A setcnd methed of protecting 1aad-1ined veesels from tempersiares
elose t0 lead's seftening range oF from erosion effects 18 te cowr the lead

O with en inner {ining of special acideresistant bricks A matural questisa isy

If the Brisks are selsmresistaat, hy use & load lining? Unfortwnately
practically all bricks will spal) or crack after repested hesting and cooling
od omtun,r,_ sven after cperstion st contimous tempersture, tiny cracks
will develop in the brick lining psraitiing the corrotives to seep through to
the outside, Bricks will also srell when they sbeord satwrsted solutions
nudemnnﬂ4u«ncunuq,Asa-uuwofnnh:-e-m*dcuuunrﬂa
nxlanbﬂﬂ:unbououwwﬂuut.lﬂmﬂnlll;ﬁd. ¥ith rotaing te
protect it, the supporting shell of the vessel will be sttacked by the seeping
corrosive and eventually require axpansive repairs asd prodably reploceamt,
™o lead 20ts &8 Lneursnce sgainet this cocurrenes, Any seepage will be ..
retained by the leed until the brick lining can be repaired,

A Jarge by-produst sulfurie eoid plact has beea weing 8 briske

C} lining over 1eed in 1ts Imidifying chamber for Maadiing sorrosive mlfuy

¢loxide s0d nlfur trioxtde st 290° ¢ (s54° Ple The Linings sensiet of
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20-1b, load with three courses of brick on the bottom giving & total thiakness
of 9 inches and a singls 12-1nch course over 10=13; lsad on ths lower sides
thinning 1o & Heinch eourse above, The thicker 12einch lining 49 atxply to
provids extrs support for the britk above, This equipment has been in wss f£7
sleven y'm.u

Lead and Irodadtnad Plog

Loed 19 reedily extruded into various shapes end lerpe quantities -
of extruded lead pipe are wsod by the chomicdl indwtsy, 8ises are limited
only by extrusion equirment and may include & lsrge masber of cosbinations ef
wall thickness and outride dimeter a9 wall as shapes of cross-section, An
sdvatage of 1ead pipo 13 that 48 s readily bent to conforn to intrisste

e design specifications, Figure 11 {1llustratcs & complex pipe and valve system
sade wp entircly of lead, Booemsc of 1ead’s weight, it is frequently advissble
to support it either by strep hangers or oontirmous suppert suwch as lgying (¢
ia stoel channels, This is why lead-lined stesal or cast iroa plpe 18
frequently used whon the corrosioca resistance of lead {5 Somanded, Dut when
the tempersture i high and the expense of surporting the pipe is dispreportion-
ate. Btoal or from pipcs with lead linings tnsido are mado by onc of twmo

S g

sethods; extruded lesd pipoe hydraulicaliy expanded insice an irea or steel
pipo, or homogenocously bondud to 1t

s e b i o ey ympenriom

1rad Heating Coils

P e ——

Lead pipe has found wid~ accepiance for wie as hesting eor cooling
00118, Plgure 12 shows the 1ead steam colls uacd for heating & 1argo briske

i M

1incd vossel with & reundcd bottom, Boto the cast load form usrd to suprort
" the colls, !laximm stcam prespurs and eorresponding tamperature ltaits for




LIAC990¢C

C“ elle

dfferent Pive xises ore sbown in Tedls ITI,

Tsble ITT o
. @'?#
Ieriids Borcter G icids Dlwerter Boleht por Pommca Dhig: 1
cornty Irches € jide, Irihes yoot | SRR TR LY
s, Ous,
W 1,008 1 =12 3» &
¥u 14156 -0 W i
¥ L.a2 )-8 S0 &3
b 1,56 i - & X re
) 1.152 - 12 % 27
1 1.0 6 -~ 2 50 28
b3 .47 4 -2 a k4L
! ’ 1 1.059 1T 22 &37
. 1% ¢ 2,012 9 =10 S0 298

. @ - -

Copper 0olls oovered with bend~d 1esd have Do developed for grester

. ] thermal oonductivity and strength st higher stcam [wossures withoet sacrificing

sorrosion rosistancc, Such coils are opcrated uwp $o 150 pound steur pressure,

One of the latest devclopments illustrated 4n Pigures 13 and 1k ‘

consists eof using two lead pipos, one within tha other, rosulting in &

doubls setica hesting and cooling hoat exchanser, The inside pipe 1s extrudod

with {ts ercss~soctiion in the shape of a olix point~d star with 3 round hels

1a the eanter, In this manncr the cross-eectional arca of the space botwoen

the two pipes very mcarly cquals the cross-scotional sroa of the inside of the

inner pipes T points of the star aleo scrve to keep the two plpes eoncontrie,

5 With this arrsngmont 1t {s possiblo to pormit countarcurrent boeting ia one -
Pipe while cooling La the other,

0 Ribbed and fimned 1ead pipe are weod 1a many sysiems requiring
grostor surfaso sros, Lead shasthoed cleciris Deating dovices have Doon weed
moesesfully {n plase of stem hoatod 0olls tn somo Lnatallatiens whore

—— e
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reising st am i3 QLf040n14 or hatrrdouy or mr- Qderiricity i3 incxpensive,

Castir~z gad Vrlves

: | Largo quantities of losd ero used by the chemical ndurtoy in the
form of sastings, Ordinary ehexical losd, uezally too scft for this parpoeo,
15 alloyed with varicus percontazes of antinary, Leed hardenod in ¢ s
aemar 19 etat iote punpe and valves as wcll as many special shepes exd
fittings. A Sypical plooe of rest lead shandcsl equipment showm 4n Figsre 1S
15 8a evaporstor for concemtreting titanimm sulfate selstions It is mede
entirely of scparate castings of 8 per cont antimonisl 1084 bolted togother :
into one unit measuring ki foet {n dlameter and 7 foel Mgh, Abowt 35,000
mtotmlmwubmmcuuapzu Bven larger cast 1eed
evaporstors € foel to 8 feok in dimmetor are quite commous Cast lead plste

e and frame filtor presros snd cast 1sad rotary vaouum fillters arc duilt ia all

, tisesy

) { 'wmmhnmu’uqmwnmmmmuma

sbhrasion-rosistant materisls such as Lucite, Bakclite, Hastoloy and ethars,

] t2us reducing the woar on those parte,

b | ZORONTE ASPRRTS

. The oconomis sspocts of maimtanance and replacament hings on both
he metal ‘s physical charsctoristics and 1ts salvege valwo, Losd suffers
very 1ittle from ohange in weight or strecture Gue to sorrosien; thus it can
be naintained st low cost or salveged ot & high valwo,

} Tabricstion 60ets Are lew ia the case of leed, Present prices ‘
! shew that the pig 1684 or rew materisl Peprescats as mch as 80 por sent
; @ " of the eert of fabricated sheed and pipe.ld
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4 835 of the wes2lul perfornares of loed egairant €2 tis
cirxioal {adupicy € that v perfornezse 4s intinatoly esoosistsd il
1:33's phyeical eharciteristico as well a3 {ts chenical or corrosion cherii.
teristics, lirts of chaicals with comments snd data descridbing their
reaction with lead, such a9 appeared in the Decemder, 19h6 Lssue of
Corrosion®, are -uuabh.u 1sad conpanies and fabricators and the Lead
3 Industiries Associstion nay be consulted, Insssuch as edvice can st best de
i enly & prediction based on past performance, the most practical procedure is
o test 2 pample of the lead under conditiore as close as possible to actual

S A I

service,
: No set rule cen be stated governing the resction of lesd with all

corrosives, Coaparstive corrosion rate dats based on wlme loss or weight
loss can be nisleading in the case of lead insofar ag it is thicker and more
dense than other corrosion resistant aaterials, Oenerally, the corrosion

o A b

rete incresses with incresse (n teapersture, The ¢ffect of concentrstion waries
with the corrosive, Chemicals containing dissclved oxygen vsually lomr

e e s niv s

lead's resistance. Patigue sccomanied Yy oorrosion promotes stress corrosiss,
s condition shich sy be controlled Wy renoving the souwrce of stress or
sounteracting 1ts o.foct, Oalvanis sorrorion in the case of 1sed 18 edldm

0 noountered since an tasuleting costing normally develops which prevemts er
nininises souple action, '
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Exile l2ad hae cerinin prpeizal limitstions & ¢ conttrectimn
sxierial, they csn wsuill? be evercoue Uy froper dnctalicifen, The szwinia
elloeslle fibra 3irese for ¢2fon] 1624 Lr SO0 Posule Bt Focm Secporiigmo:
enimonisy lead Lalre #iruooor has 8 etz allvmile fitre etrss2 of LD
Peb.le Bt the 82 texprratire, Chemicz) 1oa8's preflazsa st Bich te = irue
sEroe 15 1inites S adout 230° € (LS0° 7) watle mxtizantcl dead (<3 £2),
Bozcnoe of 18 locor msiting peist, 18 lisited te absut 107 € (215° 1Y,
mﬂmaotwh_yhsbw.rminnqummyhmb
proper deaign, '

Lesd can Do casily fadricated W moet dpeciz) sonditions, Shest
lead-1ined vessels are wsually supported by vertical strapping, the tyre
and locetion of shich 18 very importanmt, Conditiocns scch as tamperatere
fluctestion, Righ pressure or vscmm, or heat transfer can be et with
honogeneous linings or, excepting hoet trmafer, by 8 brick lining ever the
1osd, lead pipe, heating colls, castings mnd valves can be nadc to Sope
with 8 varisty of srecial conditions,

Bacauso of the samar in which lesd oorrodes coupled wth fts
el ting charsctoristics 1ead in sll forms can be reclained and sold as salvage
st & kigh retumm,

Therefore, 1f 1ead’s mechanieal and physical properties are
recognised in naking installstinng, it 18 widoly favorcd 23 a mater{sl of
chonicsl corstruction bocause shamically it is 1ittle affected by 90 omny
sorresivie,
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Istericr of & lexd-lined sulfric acid chender erigindly pot
ine service 1n 1025, The 6=1b, lesd owed an sverage lest (ot
thiciress of only 0.0078 inches, Patches dad besn erplied to on'y
sbowt 15 per cemt of the area in the interveaisg yeers, This oiuips
mant was later replaced by more efficient Vills-Packard chambers, |

Solubility of lead nitrste (Mo (3),) 1 aitric scid, Parts of
1ead xitrate per 100 parts of solutics are pletted against nitris
acid soncentration in per cent, -

Rfect of temperature on the corrosion rats of laad in a solutioa
of 33.) per cont mulfuric ocid rlue 6.7 por cont sodium chloride,

Corrosion of lead by nixed acide, hydrochloric and rulfuric st
5% € varying in coxcentration froc 0 to 20 per cent,

- e v e+ at e e e

Efect of oxygea {n distilled water st 25° € on the corrosion rste
of 1ead, Percentege of oxygen in the almosphere atove the water is
Plotted against corrosion rate, .Speciams were tested for 18 hours,

»

Mils-Fackard towers $llustratad sbove and wsed in tic marfacture
of slfuric acid by the chasbor process are consiructed entirely
of shevt 10ad pu;Torted 1n & stesl frame. The lesd 15 cosled
axternally by watar flowing dowm the aloving sides,
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Farizam allombhle fire #iTess in chimice) and 6 per cent

" actiz-nial lead st virisus temperatares. FIfty pound satwratoed

stesa lixits sre ot 1% € (50 1),

Velding the sarms f 8 tyrical loocoe sheet Jead-lino” e 7 .
aan ot woer risht 13 pre;iring tha seaze for wlding ¥y ecripicg
the load clean,

Lead-1ined stecl storsge tanks 10} feet in dismeter and X 3/ fo2
longs Interior view, Pigure 10, shows asthod of strasping. Mote
that the overtead strapping which must support the weight of

the lead consists of 10 straps 1 foot 8 inches apart whereas the
bottom half is fastened with only 6 straps 2 feet 9 inches apart,
The vertical end straps are 1 foot 9 inches apart.

A cocplex piping systen for recirculating corrosive alactrolyte
in s nodern plating plant. All pipe and valves are mede pertially

or eatirely of lead,

s
View through the aanhols of 8 brick-1ined reaction vessel 18 feet i
Geep and 8 2/) feet in dliceter used for treating mixtures of
sodium bichronate and swlluric acid at 100° € (212° 1), The
telluriwm-load coils installed 4in 1939 are still deirng used to

hest the choadcal solutions with steem under )0 pound pressure,

Cnooling mater s punpeu throuch the coils after the resctions are
corpleted, Tha strel agitator Lo homogrneously bonded with
chemical l1ead )L inch thick,
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Pige 1)1l Hest ercianger colls consisting of ono lead pire within ancitee
periitiing counlercurrent fizoy of A carrosive cooling, e

ervosepeetinnel view of the emnenzer 6ol in Mgure 1k shoon
the specially shoped extrui=: imnzr pIips 4m pesition, )

nge 15. Seventesston wva;orator made entirely of sest £ por cot
‘ antincrial lead and weed for concentrating titmica sulfste
solutions
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