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Physical and Corrosien Characteristics
of Lead in the Chemical Industry*

By KEMPTON H. ROLL

STUDY OF the corrosion charactersescs of lead

without including sts physical charactensiss as
well mosld repreacnt only a partial consederatas of
the role of Jcad o the chemxal industry. From i
furmatyon in the Ales of the Lead Industnes Aseaa-
Los, and through the cooperstion of s memicrs
who rejrescat btk prodocers asd comvurmers of lead
this paper Ras bees prepared in aa efact 1o evaloale
the periarmance of bead and the service o renders W
the chemical industry in terms of its physical and its
carromon charactenistaca. It is important so the lead
mdustry s well as the chemual industry that wsers
and potential weers of kead be fully aware of what
they can aad cansct expect from it

Ohrmical Properties

The broad wwe of tead as 3 material for kewpung
cramaine chemicals ander comtrol s aatwrsl snce
st succeseully repeis the attack of 20 many corruuve
chrmuals The protecting afforded by brad s s bieved
 moat instances by the formatum of & thaa pdherent
surisce him of axsdes or malts mhxh form when the
Wrad v exposed 10 corroncves. 1t 13 thes him, serving
s & pruitextom to the metal beneath, whah prves
brad its corromon resstance.

Lrad penerally has gra o resistance to nrwtral sole-
tnee where Iead carbowate and posubly onde are
aarouca pridocts, and far resistance o afahine
sduivms in whack these are solable Expenence has
abwun that lrad i commercally resistant to chwom,
soliwre. sulfurons and pheaphor sovds; that 1t s
ssbrect 1o Corrimnm Bt anencwhat higher rates by
hrdrablune and bydeoflonw acids. aod that ot »
ronrptible 1o brng stroagly corroded by acetc,
hamx and atrc acxda Alwo, mitrate saht sclwtions
are puderately corrumve mberras cartenate snletons
are nont

Coarrosion Rete Inmterpertaticn

It ve mpuwtant 1 dinc wening cortorom That 3 we-
fem system of dreigratun be wsed such 3% wxbes
jurretratnm pot mwmth of yesr of mill grame per
wpuare decimeter pet dav Nut erither of these sye
trame con be womewhat munleading 18 the case of
Tea! hecaser the crunmon tendency o ta judge beot
petiamance co the tauis oo the lomret corrranm rate
Th « methwst foile Sos 1obo 10t comosderatum the fact
that lead weed 1 (hemucal equipenent s emally

B¢ oot Prantant o e Pnb Sowvel (vorwweres V6 8 o
P eesnt tBan Spvs T4 41 t0se

oy s Vo s ks miomed 00 Mecheter'y oo
Parec s m Fot 00wy bt B 0SB @ Bcnd GRREL L]
Seiopact mases ste u wabriog bor b
®one's doprae 0 Pelpsachen ngmevn, eustipn

3/16-inch thick or more. Otber metals also wsed in
chemical equipment seldom apjeoach the thicknese
of bead 1t can be secn 1hat even 12 those cases where
bead has 8 higher corruawn rate thas asother metal
of alluy, it sull cowld owtlast the other metal in
service becawse of this difference in thuckness.

Designating corvosicn rate accardiag o weight
loss as mulligrams per square deameter pes day is-
stead of volume hms 2 inches penctraton per month
 also munleading in the case of Jead because ead
has the highest demity of asy cummanly ewed con
rosson-reaistant matenal This means that what might
affear to be 88 €xceasne curTosxm Fate expressed
1w weight foss of bead actually could be 8 very posw:
nal rate of corruosron in terms of voluree losa,

When compansas are being made between vark:
VB CurTuRNn Temstant materuale gt follows that an
wnderstanding and appeccatum of the alswe will
lend mach 10 the proper interjretatnn of corrasion
rate data.

Effect of Concentration

The concentratron of 3 corruosive chemcal and ity
co-nfloence, temperature, tvsth are impurtant com
srderatrons in decdhing whethet lead <can or cannot
he recommended for use with the cortinne. Apparemt
comiradicinmns in fead's behavue at different concesn.
trations are beot liustrated and in part explained by
example. Solfurc acrd and mitne ac:d are typwal es-
amples. It 1 well knwa that divie ssliane mvd
fiams 3 fim of ineofubie sulfates whxh socceed
posulying the surface of the lead Hemever, as the
comcenttatin of the acrd appriaches @ percent, W
dinwdves thie protecting Alem at a meve tagad rate,
thereliy papoming the Wead to increased reactum with
the acid Fea thie reason benf may te weed safely with
ary Commentratum of sulfuene aood as g av 01 diare
nA enceed W percont M Peem fempetature An es
amiple od 1ypeal seraice 1o shimn in Frigure 14 The
tead hnings in the chambrra od this 2ord glant alter
47 yoars od setr e showed s grvrage hme in thick:

s od oty 1 EIR Inch (s, gaprerseed ia whes prwe-
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tnatxm per month, 14 = 10 Lead satinfactonily re-
wets bt acrd of all sirengths wp 1o 88 percent with
temperatures wp to 220°C. (42%° F).* This case
tyjunes the rraction of kead with mosl corrouves te-
cuding chromec acid, sulfurous scid, phosphoric ac
1up to RS percent), snd others

Inlute miine acid, on the other hand, alw teacts
with lead to form lead nitrate, ut the salt in the
care v puo-adherent and sumewhat soluble 18 the
acid and therefuee ofiers Litle protection 10 the metal
from further reaction. Concentrated mitric acvd
the rarge of 32 10 70 peivent Ly weight has hittle
eflect on bead at roumn trmperaines presumably be:
cawve the slubahity of the nitraie decreares with in-
creasing acsd concentratin. (See Figure T) Acetic
and hydrofu i acide and sxhium Ineuliate paraliel
mitrx 801d 1n their teaction wath lead’

Effect of Temperature of Corrosive

Sence chemual feaction rates are geometrwally
peogaartunal 1o temperature, it follows that an in
ctrace in the temperature of the ciqroaive, concen
tratum herng maintained constant, almaoat invatiakly
mcreases the ¢riomion tate The rate of cotronsn m
wehes penetratum per month of dead exjumed 10 8
montuee of difute sulfuri acvd and ssbium chhwrde at
thorrseng temperature os shown an bagure 3 Ke
gartivas ol & oale comeemifateom range, 1t s imjeaiant
tabiay sp@cifying lead {10 uee with & ¢intinive that
the 1om wratwre of 1he cotonive bar hncwn and taben
1810 cunpderating,
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PHYMC AL AND CORRBMIN CRARACTTRISTICS OF LIAD 3

YN T RSADR, B /el § frrential i expansine rates which largely accounts
L] T 50 for the easesl cracking of lead dve 1o buckhing
PETCT OF OXYGEN ON Adequate and prider strajjung serves purhu"y‘ to

20} — COLEOSION RATE OF LEAD ——4—. »0 eliminate of mimmize thas etfect. Other facton which
Deoraws 170 13°C. 18 occanenafly contnibute to fatgue cunditiona include
vihration such av that transmutted Ly nearby mae-

30 0 chinery, stirnny equipment, etc. and sirain induced
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Efiect of Mized and Lnpurs Corrosives

As 3 groenal rule it may be stated that in mixteres
of corromives 1he vae. “ms constituents will react with
lead as they would mrmaly in the samixed state.
Figure 4 shows the currusion .2 wad b, wmised -al-
fur and hydrochlone acxds * The corrosion wate de-
cteases as the percentage of the sulfunc a0d in the
mixture increases mnce tead is mofe resistant 1o this
acid than it is to hydrochlorc.

Currosives cuntaining cuenparatively small pee
centapes of other cumctrturnts occamonally can be
deictenous to lead Of these, fsquids contuning die-
wlved gasen, partcularly oaygea, are the most im-
juetant Figure $ shows the effect of oxygen un the
atimson o lead swbmerped in distilled water st
num temperataret

Table | illustrates the effect of seration and apite-
toon o0 bead 10 3 weak acety acid anlotion at rieen
temperature.’

Tests were rum for 3 100 howe period

sans
tad ——rt v 8 a i.O‘ Inchre/momh
Seoay N
Aersied v . °

Tests with phosphane scid Bave broaght owt the
fact that impure acrd e batier resisted by lead than
e the pure aisd The impunty in this case 1 pn-
manly sulflurs acsd carted over from the converson
of superphonphate.

In cme contact suifurse acod plant 8 cortovve o
21 a temperatore of $2° C (125° F) satwrated with
swlfor dinrde and cemtsining m additnm Y08 g fer
| sutfuric 84, 19 g per | chlonne and 41 g per d
fertoms 1reen plus sccaswmal t1ac0a 1d Ausine hae tren
Randicd sn lead equigment with hittle 1@ ho evmdence
of cotronsm {ur e than ten yearat

Patigoe and $trees Corteslon
Pecause bead has a telatively hgh Linear cre fucent
of thetmal eupansum (208 10 % jor degree (, 17 1o
U €0 cr appennimately three times that of steel)
W undergres ronudecalle tacnement when sulyocied
1o wevere (pudn tempwratuse changes It 1o thie A

as a rule by madequate supju st of hanging sheet Jead
Fracturing cawsed by regrated bending is hastened
by simultancwe Sxjvenre to CToaive condibons,
thus resnitong v 3 form of strews Crvcoewm The nor-
mal fatigue fracture of lead is interery stalline and in
A cortumive environment fresh cryetal surfaces of
metallc lead conslantly are being exposed unuil the
full dejth of the metal 1s penctrated “Thus, sndication
of stress corromon 30 bead is evidenced by more of
less severe antercrystalline eiching, sametimes to the
poant of {racture if the stress conditcs are not re-
mored oo madibed Cracks from fatigoe failores ie
Jead pipe often are transserse and weux'ly at the
outude of 3 bead
There ary two approaches tmard elrminstion of
dificnitrs brought about by 1he above cunditions:
1 Reonne the svmrrr of stvees
& Tiwe may br dome by sulativg e oqmpment From
vihoat @ s,
A Sperelag ent the hosting cyche ar,
¢ Liwerag the prad Semperstwre poseble
2 U the srarvy conm 4 be removed. commteract the effect by
a lwu-;mmum-mn—‘

o,
b U'er 8 bam grocgds lvaded kad howmyg S sosmter-
Bt wvety eycix Semprraterr Chadges o,
€ Frosect Do irad suchasucally and thermally wwd 8
brul by or,
4 Ues tharbor load to reduce bbey strves
Fatigue characiennstacs may vary with defferent
altoys of ead Chemsal tead alhned with 004 10008
fer-ent teltwhum s amenable 1o work-hardening, 88
efiect mhch pormally takes place duting the sheet
tlbing cperatin The proguerty of wiak hardeuing
compled with the lact that the jrevence of teliurinm
in chemical lead acte a8 3 grain griomth anhilntue,
rarees the fatixue reustance of telluriom lead above
that +f wnalloyed chemucal ead

Galvanic Corrosion

Cotroneon sesocated with the current of 3 galvame
cell made up o disumilar ehectrindes ie dehined as gal
vanw ciaroewm Thie alen 1o hnowm as “cowple -
tem 7 Calvanx corrimmm generally o wnderstaod
10 commst of the sum tidal cettrmnm, whxh com-
prises the noemal crarimum that meuld (ccwr on
metal exjreed alne ploe the sdditumal amunt due
to comtact with the mooe nedile metal Since all metab
are electrcally crmductive, the pussibihity of galvan
Contimrn tahing place when two of moer diaamilsr
metale coone n contact an the ame electndytn
medium 1a aimont slways present Hhavever, in memt
chemcal tnatatlatuns neng lead in 8 cetrimine elec
trodytr, gatvans crdpienn usually 1o of htle comee
quence and redinanily ae igered The him wheh
feame vn tead ae a tesnlt of edinary chemical reae
1, 10 msed smaiances pite Bo an electiyal nenletie
This ie trwe repecially in on'iung and exjunnre, lead
1wifate leng ptactitally mon conductive
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Lesd Specilications
Chemicdd Lred
The chemcal prupertses of fead are coupled with
s cumponition, hence, the selection of the pruper
grade of lead for 8 chemical mstallatuun cannot be

4

left to chance. Juet a¢ with mamt metals, the presence

of very semall perventages of uther metalhe comste:
teents may alter matenally the chemxal behavus
uf lead Fxpenments with pure iead allned with
very small percentages of some wiher metals reveal
that its serface reactivity is markedly increaced by
the jwesence of theee uther metale. Thie means, b
practcal purgames, that when fead so alloyed 1o weed
with a cirrosnve, 1t developn 3 corfunuon reustant
Glm more rapedly than pure kad and alus une wheme
charactenstice sk A8 Cobeswn and alsawem re-
sstance may be altered * This 1s peubably anothet
reaum why chemual lead, the grade most cummanly
weed by the chemwal mdustry and comtaining 004
10 QUK percent copper and O UL 1o 0.020 percent ml-
ver® is prefcrted 1o the puter curruding lead as »
euteral fir chemual cimetroction, in addition o
the fact that the presence of such fractnmal percent:
ages o socalled “impunt.es™ mathedly increases
lead's creep and fatigue scrength Any increase 1o
strength maturally kmers the tendency bor movement
ol the metal 6 rupture the prutective hilm Higher
percentages of other cometituents, depending upem
1he clement, increase the rate of salt furmaium to a
detrimental degree 8 18 wame instances alier the
cohesmn and sltacwn trastance of the bim, leading
m cithe? cawe 10 Jurdt antiCirtomeon characteratne

Astimnial | cod

Antimenial o “hard™ lead 10 woed in place of
chemucal Jead when greaier mechanical strength sa
drsited Antimomial lead e weed by the chemical
ntuatry wewally comeista of (hemscal bead allived
with froem 4 80 12 percemt antimimy W hile ot 1o deee
tesittant e Mwmt ¢eftineven, it e Lam g wuee
ngvd inetallatum lecaver it hao gresier strengih at
semperatures lelow 1207 C (240° | ) and csneequently
Nae 3 boner tendenay W creep and warp at Lowm tom
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peratures™ Also large quantities of antimonial bead
are weed in pumps, valves and pipe becanse it offers
greater strength and resintance 10 Bow alwasion thas
does chemical lead,

Physical Propertes

lead's performance in the chemical indwetry tasth
phy scally and chemncally has been well documented
Saflicrent performance records are availalde tu make
ponailile a descnpiua of the behavior of bead as a cur-
rusive handhing materal frum the viewpoint of it
phyvical as well as its chemical charactensica Phys-
cal and merhansal properties cannot te orerempha-
sired 1a the cave of kead | 1 many instances they are
o greater significance 10 the plant enpineer than
chemal propertes

The physcal characienstics of any metal destined
b wee n the chemcal industry determine three
important factan:

L Houw ot wil act o2 voarows Wmjetaiores and pres-

e
2 1n what fem the metal may be fobncoted dewt

3 The evununnt sapects of momirnance and re-
Plac rement
The many ways in which lead’s physcal character-

dstres infloence ite valwe to the chemual induetry a0
a matenal for handiing and cuntridling crerosives
are descniled berewith 1o guide thane whene respem:
sinhiies imvalve specifying such materiala,

Temperature Limty

Lead's mecfulness at elevried tempetatures is him-
ned Vecause of 1te metting pant. Lead melte at 377
Cotndi* Fy 1t may b weed safely at temperatures
wp o 2307 C (45 F) 1 the abeence of strees cor-
Bomivg Conditumna Ablxsne this temjerature, cedhnbm
teciatance and strengph decrease to & degree maling
peactical wee queciranable The same sale wewbing
liemste appty ae well Lo telinrium chemical lead *

Artrmemial o hard” lead contamning 6 pwtient
antimumy can lw recommended b wee omly wp 10
urat 1200 ¢ (240° F), alihmgh H han 3 sedodue at
L2 C e ¥y A temperatutes higher than JAX (',
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6 percent antimenial lead actually is lese effective
than chemical kead because it softens rapidly and
wsually corrodes more readily.
1t s pusaible, in some typer of equipement 0 oper-
ate 1 cxcevs of the above temperatures by inselating
e shiclding the bead iaternally with acid-resintanmt
beuh o conding the bead cﬂmuily with water speays.
The kead in all Malle-I"ackard sulfunc acid chambers
is ket cund by water fowing domn the sloping mdes
A typecal installation is shown in Figure 6 Reanding
directly to the shell 3¢ 1a homegencous hinings
alwo permite oferatun 8t higher temjperature ranges

Presewre Limits

Steel and wresden tanks (requenth are lined with
bead 10 prinide cirTimumn resistance. The tanks them-
schies shamld te deuigned to retain the hydrostatc
pressure of any tther pressures bailt wp during oper-
aton of the vessel

In deep tanke, becawee of the high density of lead
{0410 e per cubic inch) karne binings must be
strapped pragerly to overcome the effect of gravity.
The manuimum height of 3 wniformly crime-sectioned
kane kead hning supierted only fren the tp the-
oretwally 18 40 feet at a (rnetant temperatwre of
X7 C 16 F). The mazimem herght of an wnatragped
fcad Lining at a conetant temperature of 1507 C (302°
F) theoretuatly ia 16 feet  In practice the nptimem
height of a Liune lead hined vease! without the bene-
ft «d any suppear fram strapgnng rarely exceede 8
feet, depending wpem the weicht of lead

When lead 1o veed 1o handie steam o water under
pressore the marimum allmable boogs oof bhre strees
of chemical and tellunium dead 1o 210 e at riem
temperatute (27 C 1R F]); the maximem allow-
able hle atreee at 1807 C 1302 ¥) 10 MO s 'se of
lead wndet preseure st higher temjeratures s mnt
recomme nded *

Antimamia! lead (6 grrcentt, Toing stronger than
st ead, Rae & manimum allownalde Alee sirese of
&D gros a1 em tempetotute, hut hecause U has o
hemet melting juant the alhewable Mlag sirese o imly

PHYMTAL AND (ORBOSRION CHARACTIRISTICN OF LY AD 1)

S0 pri at 1U* C (24° F).** Figure 7 shows the maxie
mum allowable Glwe stress fur chemical and 6 pere
cent antimonial lead at various temperatures®
Lead-lined vessels often are wsed pnder vacvum
One process for recovenng and conceatrating siudge
acids successfully wses bck-lined sheet bead wnder
vacuum as Jow as 0.25 inches of mercury. Just as
under pressure, it is imperative that the ahell of the
vesse! be suffliciently strung to resist collapse due to
stmwnpheric pressure, \When beat transfer o im-
portant, bumogenevusly bonded lead ahould be waed

Efect of Rote of Flow

Hecause bead is comparatively aoft it is sesceytible
to ersiom by fast-Bowing biquids we bqusde comtzin-
ing abrasives. Table 1] ahows the effect of increasing
the velucity of 20 percent selfenc acid at 28° € (75°
F1 acrues the surface of lead®

1ant 0
Vebwity of Scluting

Acroes Lead Sorfare Rate ~ Cowrvveinn
1 /omim. n fmanch 4 38

ae 3

< 17

158 "

300 [

The rates appear to fall mith initial incrense in ve-
hacity, but increase markedly at a vebxaty of 300 feet
per minute. The ervmion of ead puje may be retarded
by designing the system tu reduce Bom ate fnctum
s much a3 promailie, ¢ g eliminste sharp bende, uewe
larger peje, or dath lrad pipe is especially weelfel
when a high rate f B is desired becanve it cas
be cunved and assembled without extra fitungs, and
because extruded ad offers a minimuem f surface
{nctum. The relatine surface smsthness of lead prye
sccording to the “Chemical Engincer’s Handbadk,™
‘s clansifird in the .ame categnry as glase ™

Pabricstion and Equipment

Anather very impurtant physical characteristac of
a metal destined fur anti-Grrisive wee is its amens-
tality to varsous methods of fabncatiom. Here bead
enjoys a rather wnique frxmitem insofsr 3v e of ity
chiel adrantages iner mther metale is peeduated oo
the number and varwty of ways in which ot may be
falrrcated. Sheet lead may be welded 0 “burned”
W furm a continwss hming . 1t may lwe luoded &
rectly to anher metal; it may be cast, die cast 0
pressure malded; it may be extruded wnto prpe and
avanety +f shapes: and it may te fastened by weld:
ing, Rangng, bedting or soblering Once installed,
fead chemucal equipment |s canly regaired with a
welding teech and requites no arnealing «f solne-
yuenl heat treatments.

Saldering oad Heldiag

Ia chemucal appinatume, at leasl where cixtinne
o & factie, siddering i of hitle valoe becanee of the
telative rase with mhch the tin lead ewteciic in al-
tacked, plus the fact that tin sulmtantially kmere
lead's melung mant Lead welding, crommonly called

A
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tead “burning,” is a simpler and moch mare satis-
factory method of joiming lead to bead without intro-
ducing any foreign metals. The ease with which this
is accomphithed when an experienced lead welder is
weed has contnbuted much 1o the widesjread use of
kead hiongs. Lead welding pesmits the falicatum
ol continuus impervastis hinings i vessels con-
structed of metals sironger than lead but without
its coxrimion resiniance Figure 8 shows lead welders
wmorbang on B typical sheet lead instatlation. Many
chemical planmta ojerating with considerabie lead
equipment train sad maintain thesr onn lead wmelden
fe making mineg repars, When installing o build-
ing mew equipment, they generally bring in more ex-
penenced bead welding contracton who are speaalists.

Sheet Lead Linings

Sheet lead (or bining all types, shapes and sizes of
chemial equipment ssually comes in rolls ranping
from 8 10 12 feet wade and wp 1o 60 feet Jung, depend-
ing on the thickness of the aheet. Tuenty leet s gen-
erally 3 standard roll Thickness vanes from )/FO-
inch 10 2 inches, of measured in the parlance pecshar
to the lead industry—~3{-1b. to 120-1b. lead As an
apperoximate rule of thumb, one square foot of icad
1 04 inch thick weighs alxsut one pound and is catled
1-1b. Wead: 3§ inch bead is called 160D et Mowt
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wow npht u vm d_:—- veldng by srepeng
sheet Jead is urdered cut to the size that will be wsed
slumately by the cunsemer. In sume special applica-
nons, such as in the walls of Mills-I"ackard sulfunc
84 chambers, a sungle sheet may be rolled with
scveral different thickneasce
From the constrwction view puant, the most jm-
prertant asject of eflective sheet Jead bining i the
provinon of adequate and projet suppurt, wswally by
strapgang. Specificabions (g dead hininge depend va
soch [actirs as mze of equipment, mze of weight snd
grade of kead, temperature, currusine condituma, 1ype
of sheil (woxad oo steel), tyfe and kuatum of strap-
g, and othern Detailed discgenson of sach spearh-
catwmns warrants a speaial pajer of ity omn Gen-
erally speaking. suffiient strajgang shoald be wsed
n the nght places te nsure reasonable service pees
foemance and minimBm stress corfinion, assuming of
comrse, that the lead it knumn 1o e resistant 1o the
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wrrinive under the same cunditions of cuncentration,
temjerature and antation to be encosntered in that
partcular service. Figures 9 and 10 show an example
ol god strappang practxe. The top strapping ia
Figure 10 which must suppart the weight of the
sheet lead is placed at chncr mnternals than the twat.
tam strapping whch simply holde the bead in place,
it wright being supparicd by the steel shell of the
ank.

A care on recaed illustrates the importance of ade-
quate strappung. The peucess 18 an especally severe
one {ie 8 Yead hining: vhe manufacture of alum by
reacting sulfurc acid with alumina in a steam ap-
tated lead-lined steel tank. By remanng the onyinal
16-1b lead bining which was verikally strapjped every
four feet and installing 221k, bead with the distance
Letwecn straps reduced to two leet the service life

ol the vessel mas tipled ™

Hoozomtal strapping in hen of vertcal strappng
weldom is weed, particularly when under-hand weld.
mg 1o mvolved Oceaswmally in tanks more than 10
feet decp one of two hewaziatal strape are weed in
compuncivn with the wsmal vertwal strapping 1o
belp suppurt the werght of lead **

Heomeycacons Linings

Under severe tempetature conditions, partiwlarly
when mude Auctuatirms are necessanly used iner a
shoet perrod of ime such e an batch precessing and
varwme (yche reactume, twao diflerent methode may
te adgied to prevent wodue shegiening od the Yead's
mumal setvace hife The merhod moat ufien used and
one which Rav prrformed very well in servsce 4s 1o
tund the lead 10 the sirel ahell ol the equipment,
fitmwing what s termed 2 hmogrneunly bonded

LIAQGIZ2S

Lining For high temperature service (up to 320° C.
[4507 F.1) lead is bonded directly 1o the ateel; at
lawer temperatures the lead may be joined to the
strel with the 21d of 8 thin lead-hn solder film. While
this method of Lining wath Jead i3 more expensive. the
€xtra coal as gsually more than compensated for by
a sulntantial increase in the Life of the equipment,

Houmogeneous Yead Linings always shemld be em-
plused for jacketed vessels where heat transfer in
imporiant Lecause any air space between the leod
lining and the abell uf the veser! results in a reduc
tion in the efioency of heat conduction. Many lat-
tum-jacheied reaction tanks are leaddined on the
sides and Lended on the bottoms,

Acd-Brich Limings

A secend methad of protecting Jead lined veasels
from temperatures chme to lead's saltening range or
frum eromun eflects id to cover the lead with an inner
lining of special acid-resistant brick. A natural ques-
Bon s I the beicke are arid-revistant, why mse 3
lead hinirg? Unfortenately practically all bricks will
spall or crack after repeated heating and cuvling and
eventually, even after operation at continvous tem-

© perature, Liny cracks will develop in the brick hning

permitting the corrosises 1o secp through to the owt-
side. Bricks also will spall whea they absorb sate-
rated solutions which crystallue oa cooling. As &
matter of {act, no cemented conglomerate such as
brick can be as impervious to hquids as & metal.
With nothing to protect it, the supporting shel! of
the vessel will be attacked by the secping corrosive
and eventmally require expensive repairs and prob-
ably replacement. The Jead acts as insurance against
this uccurrence. Any seepage will be retained Ly the
lead unul the brnck haing cas be tepaired.

A large by-peoduct sulluric acid plant has been
vung a bLrck-ining over lead in its humidifying
(hamler fur hanting oarrane sulfur dsoxide and
sulfur trioxide at 290° C. (354° F.). The hmings con-
sist of 20-1b lead with three courses of brick va the
botton ving a total thichkness of 9 inches and a
smngle 12-inch course over 10-1b. lead un the knwer
sides thinning 1o 3 9-inch course abiove. The thicker
12:inch Lining s umply 1o provide extra support for
the brick abrve. Thas eguipment has been in wee fie
cleven yearn® .

l.cod ond lcod liard Pipe

Lead i extruded readily into various shapes and
large quantitres of extruded lead pipe ate uved by the
chemual industey. Sares are hmited only by extresion
equipment and may include s large number of com-
Dinatene of wall thicknese and (mtude diameter ae
well as ahajes of crine cectom An advantage of tead
prpve be that st is peadily bent to confiem to intrcate
deuign specificatumas Figure 11 llustirates 8 comples
Inpe and valve aystem made up entvrely -f fead Re
cauee of leat's weight, 1t 1o frequently advicable to
enpievt i arther by otrap hangere (4 contingous sup
ot such ae laying o in steel channete Thie fe mhy
bead Lined strel 1o cavt om prpe (requently is weed
when the cortimion tenstance of lead s demanded,
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bet when the temperature i high and the expense
of sepporting the pipe is dinprigonicaate. Steel of
won popes wath lead hiningy inside are made Ly one
of two methads: extruded lead pipe hydrauhcally
expanded innde an irom of sicel pipe, of homogene-
venly bonded to it

Lead Heating Cols

Lead pupe has found wide acceplance for vee as
heating or conding conls. Figure 12 shoms the fead
steam corls weed fur beating a large beich -lined s eseed
with a rounded buttom Note the cast lead form weed
to suppest the conls. Mauimum steam pressute and
crresjending temperature himits for difierent upe
mres are shown in Table 111

Cogper cunls covered with bunded lead have been
develuged for greater thermal conducuinity and
strengih at hipher steam pressures without sacrifice
Ing crmunon resstance. Sach culs are uperated up
1o 150 pounds steam pressuse.

One of the latest developments illsatrated ia Fige
wres 13 and 14 consists of waing two lead pupes, one
within the oiber, resuliing in 8 duuble action best-
ing and couling beat enchanger, The inmde pipe is
extruded with its cTues-sexbion ia the shape of a six
puinted star with & roend hole in the cenier. In thes
manner the cruma-secinmal area of the space between
the two ppes very nearly equals the croas-sectional
area of the inude «f the inner pipe. The ponts of
the star abo serve tu heep the two pipes concentnc,
With this arrangement 1t is pussible to permit comn-
tercurrent heating ia one pipe while cooling in the
otber,

Ribbed and finned lead pupe are wsed in many sy»-
tems requinng greater surface area lead sheathed
eleciric heating devices have been wsed succenstully
1 place of stcam heated couls in some installations
where raising steam v dificult or hazardums of
where eleciricity is inexjensire.

Costings ond 1'drvs
Large quantities of tead are veed by the chemical
industry in the foam «f castings. Ordimary chemical
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lead, wemally too soft for this purpose, is alloyed with
vanous percentages of antimony Lead hardened
thie manner 15 cast into pumps and valves as well
as many specual shapes and fttinge A typrcal prece
o cast lead chemucal equipment shown v Figure 18
b an evajusatnr fit comcentrating titanmium sulfate
wivtion. It is made entirely o wparate castings of
A percent antimemial lead totted Ligether anto one
writ measuring 44, feet in duameter and 7 feet high
Aot 35000 perunde i metal were required to make
the castings ™ Fven larger caet bead evajuwatore sin
fert 10 erght feet in diameter are quite common (Cast
tead plate and frame hlter presses and (aor lead
roaary vacwum Alters sre built in ol sizee

Tasd valves frequemily are equipged with pluge
and seate made of alvacumn resiotant materis’s such
o Lwcite, Rakeliie, 1lasteliog and others, thus wiix
g the wear un thaes parte,

5575 CRARACTERIITICN OF LEAD

Economic Aspects

The economic sspects of maintenance and replace-
meat hinge on both the metal's physical character-
istice and its salvage vaioe. Lead suffers very little
{rom chat e in weght of structure due 1o corrosion |
thus at can be maintained at low cost of salvaged at
2 Ligh vatue,

Falrication eosts are Jow in the case of Jead Ires-
ert prices show that the pig lead of rew material
tepresents aa much 84 RO percent of the cost of fabn.
caiesl pheet and pipe

Screp lead is easily remelied and refined and
voiorze lovacs uader most cofrusive conditions are
2o o1 7ht that as 2 result Jead has an snusually high
salvage valve which may run a» high as 75 percent
of the original ccat of pew sheet and jape, depending
wixm market cond:itions,

Summary and Conclusions

A study of the suctessinl performance of Jead
eqmpment ia the chemical indutry shows that such
periormance s intimately assaciated with lead's
physical charactenistics as well as its chemxcal or
cntonun charactenistics. Licts of chemicals with
cumments and data descnilnng their reaction with
lead, such as appeared in the December, 1946 jssue
of Cossoniox, are available.’® rad compames and {ab-
ncators and the Lead Industnes Asxiatum may be
cunsulted. Inaamuch as advice can a1 best be only 8
predction based on past performance, the st prace
tical perucedure 13 1o test a sample of the lead under
conditins 38 close a8 possible to acinal service.

No sct rule can be stated governing the reaction
of lead with 3l carrosves Comparative corrosioa
tate data hased oo voleme boss (0 weight boas can te
musleading in the case of bead snudar ae it i thher
and meae dense than other crermion resistant mate-
riale Generally, the cortosun fate increases with
increase in tempecature. The effcct od concentratwn
varies with the corromive. Chemicals comtaining dis-
sclved any gen usually lomer lead's resstance. Fatigwe
accompanied by cofromion primites strees Coffoanm,
a conditron which may be cuntrolled by remuring the
satce of stress of counteracting its efiect. Galvanie
corramion in the case of lead is seldom encountered
because an insulating crating normally develope
which prevents o minimizes crmple action.

While lead hae certain physcal himnlatuns as 8
construction materal, they wenally can be overcome
by proper installation. The matiwem aflowable fibee
strees fue chemical lead is 200 per at 100m tempers-
tore . antimonial lead, being sitinger, has 3 manimem
allomatle flire strees of 400 pu a1 the same tem-
perature. Chemical Sead’s weelulnesa at high tem-
petatures is hmited 0 about 2X° € (457 F) while
antimimal Yead (6% Sh), becased of i1 Jower mel-
ing geant. is himited 10 about 17 C (2487 F) The
eremin of tead by fast Bowing of attamve hquide
may Le retarded by proger design

1234 can be falincsted eanly 1o mert sperial con
ditions Sheet Jead lined vevuete nenally are supgnated
by vertial strapiang. the type and kaation of which
W very impurtant. {ondions sk ar temperature
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foctustion, hxgb pressure of vacoarn, or heat trans-
fot can be met with bomogenecns Lininss of, except-
ing beat transler, by s brick Lining over the lead.
Lead pipe, heating coils, castings and valves can be
made 1o cope with a vancty of special conditions.

Becaose of the manner in which lead corrodes
coupled with its smelting characienistics lead in al)
forms can be reclaimed and sold as salvage at a
high retura.

Therelure, if lead’s mechanical and physical prop-
erties are recognized o makung instaliations, it is
widely favored as & matenal of chemical conatrac:
on because chemicaly it is hitle affected by so many
carvosives.
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