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Physical and Corrosion Characteristics
of Lead in the Chemical Industry+

By KEMPTON M. AOLL

STUDY OF the corromion characterstscs of lead

without inclwding 115 physical characternsias as
well mosld repreacnt only a partial comsederatron of
the role of Jezd o the chemxal indwstry. From in-
furmation in the Rles of the Lead Industnies Asexas-
Uos, and through the cooperstion of s memicrs
who rejrescnt btk prodocers asd consurmers of bead,
this pager has bees peepared in aa efort S0 evaloale
the periormance of bead and the service it renders W
the chemical industry in terms of 3te physical sad its
carromcn charactenistsca, It is important So the ad
mdustry as well as the chemual industry that wsers
and punt'ul weers of lead be fully aware of what
they cas and canact expect from it

Ohemsical Properties

The broad wwe of ead 2+ 3 material for kewpung
cramiaive chemicals ander control s satwral sunce
st seccesfully repeis the attack of 20 many corruuve
chemuale The protectina affarded by lrad s s beeved
w mut nstances by the bormatum of & thea sdberent
sarisce fim of cnsdes or salis mhich form when the
Wwad v rxposed 1o cortonever. 1t 13 thes Alm, serving
B & priacton to the metal benesth, whach grves
Srad its corromion rewstance.

Lrad generally has gra ot resistance to newtral sole-
txwe where Iead carbovate and posulbly onde are
Carouna prodocts, and fag resistance to aflaline
sduiume in whuh these are solable. Expenence has
aban that lrad i commercially resistant to chroms,
soliwrc. sulfuroms and phaaphor sords; that ot
subrrct (0 Cortimnm At snenewhat higher rates by
hrdrablone and bydeclon acide. sod that 4 »
sonrptble o brang srongly corroded by acetic,
$eme and aetne acrdn Aleao, mitrate salt sclwtions
are muderately corromve mhereas cartenate snlatone
are mont

Corrosios Rate Imterpertation

It v mpuetant i dincweaing cortonon That 3 we-
fom systemm of deesgratom be waed sach a3 i bes
juretratum prt memth of year of mill grame per
wpuare deconeter pet dav Nut either of these sye
trms can be wamewnhal sslrading 1 the case of
! hecaser the creamaa tendency is tn judgr heot
Jeriomancs 1o the Laus of the me ot ¢earimen oty
Th e methwst faile tes 1ohe 181 comnocderatiom the fact
that fead werd 1 (hemuca! equipenent s reemally
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3/16-inch thick or more. Other metals also used is
chemical equipment seldom apperosch the thickneses
of lead 1t can be secn 1hat even 13 those cascs where
tead has o highet corruswn rate than ascther metal
of alluy, it sull comwld owtlast the other mewal in
service Lecanse of this diSerence in thickness,

Designating corrosion rate accardiag to weight
loss as mulligrams pes square decimeter per day is-
stead of volume hums a3 inches penctration per month
 also mnileading in the case of Jead becanse ad
has the highest demity of any cummonly wwed cos-
roson -tesistant matenal This means that what might
apfear to be ap excersne curtossom rate expressed
w weight foss of lead actually couid be 8 very pomw:
nal rate of corrueron in terms of volume losa

When crampansas are being made between vark.
UBs CirTieaon Femstant matetuals gt kallows that an
wnderstanding and apprccatun of the alxwe will
lend moch 10 the proper interjrrtatun of corrasion
rate data.

Effect of Concentration

The concentration of 3 crarosive chemical and its
co-snfloence, temierature, tvsth are impurtant com
srderatrns in deading whethet fead <an of caanat
b recommended for e with the corrimne. Apparest
comiradicinmns in lead's behavue at dificrent conces.
tratinns ate best sliuetrated and o part explained by
ample. Solfurc acrd and miine a4 are typucal es-
amples. 1t 10 well knoen that dlvie sstiane aod
fuams 3 him of inentulie culfates ahxh socceed m
posulning the nurface of the lead Hewever, as the
comcentraton of the ard appriaches @ percent, o
dinwidves thie protecting Alm at 3 meve fapsd rate,
thetely eapuming the kead to increased reactum with
the scid Fea 1hin reason bead may be waed alfely with
ary Comentratum of sutluen mord as g pe s G
nA enceed W prrcent M Poam fempetature An o
ample od Ty pial servsce bo shimm in Figwre 10 The
bead bnings a the chambrre od shis 2ird plant afrer
47 yoars od setr e showed ah srrrage hme tn thik:
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tnatem per month, 14 = 10 Lead satinfactonily re-
wets bt acrd of all strengths wp 10 RS percent with
temperatures ap to 220° C. (423 F.).* This case
tyjabes the rraction of dead wmith moust corrouves te-
cluding chromee acid, suifurous acid, phosphoric ack
19wp 1o K& porcent), and others.

lute nitne acid, on the other hand, alsw teacts
with lead to form lead nitrate, trut the salt in the
care v poo adherent and sumewhat soluble 1n the
acid and therefuee oflers itle protection 10 the metal
from further reaction. Concentrated nitric acid in
the rarge ol 52 to 70 peivent Ly weight has hutle
eflect un kead at room trmperaines Presumably be-
caure the solubahity of the nitrate decreares with in.
creamng acd concentration. (See Figure 1) Aceix
snd bydroflueic acide and soxhum Ineuliate parallel
mitrx 804 10 thar reaction wath lead?®

Eflect of Tempersture of Corrosive

Since chetnwal feactun rates are geometrxally
proguatunal to tempetature, it follows that an i
ctease i the temperature of the cidroaive, concen
tratum Lerng maintained comstant, almcat invatialily
mcreases the ¢orromion 1ate The eate of cotroneon 1n
e hes jenetratum et month of lead exjuned 10 8
mintuee of difute sulfur acvd and sosdium chhde ot
mhorrsang temperature v shown wm bagure 3Y Ke
gartivsa o & eafe comerniTation FRNEE, 1110 imjeaiany
taboae opacfying bead {10 uee with a carimive that
the 1om wratwre od 1he coeroniv e br hnown and taben
110 Cunvderating,
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Efiect of Mized and luxpure Corrosives

As a groeral rule it may be stated that in mixteres
of carrosives the vasas constiteents will react with
lead as they would marma'ly in the samixed state.
Figure 4 shows the curvosion .2 oad &, wised al-
furc and hydrocklone acxds * The corrosion vate de-
creases a3 the percentage of the sulfunc acd in the
mixture increases since bead is mofe resistant 1o this
acid than it is to hydrochionric

Currosives cuntaining coempanatively small pees
centages of other cumirturnts occamonally can be
deictenous to lead Of theve, fsquids contiuning die-
udied gases, partculary osygen, are the most im-
jertant Figure $ shows the effect of oxygen un the
atimun of lead swbmerped in distilled water ot
num temperature’

Table | illustrates the efiext of seratin and spta-
ton oo kead 10 3 weak acety acid anlotion at riem
temperature.®

Tests were rum for 3 100 howr period

sant
M:L‘ o . .

Tests with phosphane stid Bave broaght owt the
fact that impure axd s Letier resisted by lead than
s the pure acid The impunty in this case 18 pnr-
manly sulfurx acid carted over from the converson
of sujerphunphate.

In e contact suifursc scad plant & corrovve hnwe
a1 a temperatere of $2° € (125° F) satwrated with
sulfor dunrde and cemtarning m additnm 308 g per
| sutfuric ard. 19 g per | chlonne and 41 g perd
fertems iveen plus sncaewmal 115 04 1d Austine hae tren
Ranidied sn bead equigment with hitle ¢ no evidence
of cotronmm fur e than ten yearst

Patigue snd St1evs Corresion
Pecavuse bead has s telatively hgh Linear cre Mcwnt
of thermal evpiancsem (228 100 jor degree (, 17 G0
1A CF oo sppeovimately theee timee that of steeh)
W underpiwes romudecalle rcnement when suliyecied
Yo wevere Cyuln tempwiatnse changes 1t thee A

ferential in expansnn rates which hrpi,; sccounts

for the «eeasioes) cracking of iead dve 1o buckhing
Adequate and prider strapung serves peacially to
ehminate of mimmze thes effect. Other factors which
occanonafly cunttibute tn fatygue cunditiona inclvde
vihration such a8 that transmitted Ly vearby me-
chinery, stirnng equipment, etc. and sirain induced
as a rule by ina:lequate supuast of hanging sheet Jead
Fracturing cawsed by reyrated bending is hastened
by simuiiancwe grjv=ire to (07osve condilions,
thus resniting on & form of strews Crrroawm The nor-
mal fatigue fracture of lead is interery stalline and in
A cottimine environment fresh crysial surfaces of
metali lead conlantly are being exposed unul the
full dejth of the metal 1s penetrated “Thus, indication
of stress cswromon 18 Jead is evidenced by more of
less severe intercrystalline etchiug, sametimes to the
poant of {racture if the stress conditums are not re-
morved oo madified Cracks from {atigoe faileres 38
lead pipe often are transverse and mua'ly at the
outude of 3 brad
There are two apperneches tmard elrmination of
difficuitrs brought about by 1he ahove cunditions:
3 Revncme Wy svnrrr of stvene
& Tiher may by dane by nsulating e cqupment From
bt a e,
A Sperelong eut the hosting cyche ar,
¢ lierrag e prad temperstwre o poseide
2 U the prmrve canma by rommteract the effect by
& rorsleg adrquiie RTRPReng = teirve wres
o

hangwg .
b L' o b greccpds lwoded Wad homg S0 sonmter-
Bt wreety tycin Semprtstery chinges o8,
€ Prosect D lrod swchanrcally and thermally wvh
brat boeoy o,
€ Uwr tharhor lead to reduce by strves

Fatigue charactenstcs may vary with defferent
alloys of wad Chemsial bead alkned with 004 10 005
fer-ent tellwrum 1o amenabie tn work-hardening, 80
effect mhuch narmally taken place duting the sheet
trlhng cqeratcm The preguerty of wigh hardeung
compled with the lact that the prevence of tellurinm
in chemcal lead acts 33 8 grain gromith nhilntor,
rarees the fahiyue reustance of telluriom dead abone
that 1f wnalloyed chemcal bead

Galvanic Corrosion

Cotromenn senvciated with the cwrrent of § galvams
cell made up o divuenilar ebectristes ie defined as pal
vanw ciaroewm Thee ales 1o hnowm as “cowple ac-
tem ™ Galvanst cottimnm generally v wnderstood
10 comust of the sum tdal crerranm, whch com-
prices the premal crtrimnm that meuld (ccur a8
metal exjoeed akne ploe the addiinmal ammnt due
10 cemtact with the morr mdile metal Since all metah
are electrally crnductive, the puomsibitity of galvan
cottimron tahing place when two of mote dcamiler
metale ciwne in (omtact an the wame electrdyin
medium 1s slmeont always present Hiamever, in memd
chemecal tnatallatwans neing lead in & cofrimne el
tredy e, galvans crdrienn wenaltly 1o of httle conee
quence and cedinanly ie igmred The him whueh
fleame o lead ae a teentt of wedinary chemical reae
1, 40 ret smslans s Yo Bo a0 tlectial inenlotie
Thiv e tewe especially in oo’ ius arvd rajunnre, bead
1wilate Lewng practnally ma conductive
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Lesd Specificoations
Chewical Lred
The chermcal peupertses of fead are coupled with

s cumposition , hence, the selection of the pruper
grade of lead foe 8 chemcal matallatun cannot be

left to chance. Juet a6 with mant metals, the presence

of very semall percentages of uther metalhe comstr-
teents may alter matenally the chemucal behavus
uf lead Fapenments with pure iead allined with
very amall percentages of some wther metals reveal
that its serface reactivity is markedly imcreaced by
the jwesence f theee viber metale. Thie means, bw
practcal purgames, that whem lead so alloyed 1o weed
with a corrone, 1t deselugn & corfusion fesstant
Glm more rapedly than pure kad and alas une wheiee
charactenstice v B At Cobesmn and alaswm re-
sstance may be altered * This s peubably another
reaum why chemua! bead, the grade most cumonnly
weed by the chemical industry and comtaining 004
1o QX jeercent copjet and O UL 1o 0.020 percent ml-
ver® is prefcrred 1o the purer corruding lead as »
euterial {0 chemual cimstroctsun, in additon o
the fact that the peesence of such fractinal percent-
sges of socalled “impunt.es™ markedly increases
lead's creep and fatigue sirength Any increase in
strength natwrally kmers the tendency for movement
ol the metal 0 repture the protective film Higher
percentages of other cimstitwents, depending upem
1he clement, increase the rate of salt furmaina to 8
detrimental degree o 18 wane instances alier the
cohtenm and slnacwm rewstance of the bim, leading
m eithe? case 10 ju=d anticintomon charactensia

Astimnial | cod

Antimonial o “hard” lead 10 weed in place of
chemsual Jead when greater mechanical strength s
draited Antimonmial lead a0 weed by the chemical
intustey wewally comersta of chemscal bead alloved
with (roem & 10 12 percent antimimy W hile ot te leee
trastant L mwmt eftonives, 1t dwe ham g wuee
ngd inetallatum Lecaver it hae gresier strengih at
temperatures telow 1207 C (248 | ) and csmreesjuently
Ras 3 kemer tendency W sreop and warp at low tom
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peratares™ Alw large quaatities of antimonial bead
are weed in pumps, vilves and pipe becanse it offens
greaicr strength and resistance 10 fow abwasion thas
does chemical bead,

Physical Properties

l2ad’s performance in the chemical indwetry tuth
phy scally and chemrcally has been well documented
Suflvcent performance records are availatde tu make
porsuble a descnptua of the behaviar of fead as a cur-
rusive handhing materal frum the viewpoint of ity
phyacal as well as its chemical charactenstca. Physs-
cal and meshansal propertes cannot be overempha-
sared 10 the cave of ead | 1 many instances they are
od greater significance 1o the plant enpineer than
chemxal propertes

The physcal characiermstics of any metal destined
L wee sn the chemcal induary determine three
impartant factors:

L How ot mill st o vormms Wwsjeratures and pres-

e
2 1n what f-um the metal may e fobncotrd devwt

1 The erumsnw pupects ol mamirnance ond re-
phac romewt
The many ways in which lead’s phymcal character-
strcs infloence its value to the chemual industry a0
a matenal e Randhing and cuntrulling crorusives
are descnled berewith 1o gurde thane whime respem-
sinhiies involive specifying soch mateniah,

Tempeveture Limits

Lead's usefulness st elevried temjetatures in him-
nesd becauvse of 1te melting pant. Lead mehie at 377
Cotndi* Fy It sy e weed aafely at temperstures
up o 20 C (457 F) am the absence of strees cor-
Brmivg Conditnn Alxve thes lemjerature, Cidhnbm
tesistance and strengh decrease to & degree maling
practical wee guectumnable The same sale wewbing
limste apply as well b telturium chemical lead *

Nrtvmenial o8 “hatd” besd comtarming & pwrient
antimemy can be recommended L wee omly wp tn
aluret 12E0C (248° F), alimgh i has & mdvdee ot
T U 14 ¥ AL temperatuzes gher than 127,

C
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6 percent antimonial lead actmally is lese effective
than chemical kead becawse it softens rapidly and
weuslly corrodes more readily.
5t is pumaibile, in some types of equipenent lo oper-
ate i excess of the sbove temperatures by inselating
e shielding the bead internally with acid-resintant
brxh of cinding the kead ntrnuily with water sprays.
The kead in all Mitle-PPackard sulfunc acid chambers
s hept cund by water Sowing donn the sloping mdes
A typecal installatiom is shown in Figure ¢ Ronding
directly to the shell ac 1n homagencows hinings
alwo permite operation a1 highet temperature rangen.

Presswre Limity

Strel and wiesden wanks (requenths are lined with
bead 10 prinide Crrimun revstance. The tanks them-
aches shamld be deugned to retain the hydrostate
pressure of any ciher pressures bailt wp doting oper-
atwn of the vessel

In deep tanke, Lecawee of the high densty of lead
{0410 Iba per cubx inch) kare binings must be
strapped propetly to ovetcome the effect of gravty.
The manimum height of 3 wniformly crime-sectioned
hane bead hning supperted only fram the tp the-
wretrcally 1e 40 feet at a conetant temperatwre of
X7 C 16k F). The mazimem herght of an wnatrapped
Sead lining at a conetant temperature of 1507 ¢ (302
F) theoretually is 16 feet  In practice the optimem
height of & Lisne lead hined vease! without the Lene.
ft o any suppear frrm strappnng rarely esceede 8
fret. depending wpem the weight of lead

When lead i veed 1o handle sicam or water under
precenre the manimum alkmable boor ot ithre stress
of chemcal and tellunum dead 1o A0 por 8t fiem
temperatute (200 {18 F]); the maximem allow-
able hlue otreve at 1507 C 102 F) o MO pror U'ne of
tead wnder prescure st higher temjeratures bs mat
recommended *

Antimanial lead (6 percent), Taing stronger than
aed) tead, Rae & manimem allonalde Alee sirese of
D pos a1 trem empetature, hut hecause i has o
himet melting jeant the alhen shle flag sirese 1o emly

PHYMCAL AND (ORBOSION CHARACTIBISTICN OF LYAD 1]

50 pai at 1U* C (24° F).* Figure 7 shows the mani-

mum allowable Ghwe stress fue chemical and & pere
cent antimonial lead at various temperatures®
Lead-lined vessels often are wred order vacovum
One pricess for recovenng and concestrating sludge
acids successfully wses bick-Iimed sheet bead wnder
vacuum as Jow a» 025 inches of mercury. Just as
under pressure, it is imperative that the shell of the
vessel be sufliciently strong to resist collapee due to
stmoapheric pressure, \When beat transfer is im-
portant, bomogenewusly bonded lead abhould be werd

Efect of Rose of Flow

Hecause bead is cumparatively aoft it is soscejtible
to erusiom by fast-Bowing hiquids «f bqusds comtzin-
ing abrasives. Table 1] ahows the cffect of increasing
the velucity of 20 prrornt selfenc acid at 280 C (75°
F1 acrues the sarface of lead*

a8 0
Vebwity of Salutin
Acroes Lead Sarface Rase d Corvvaion
LV ="% i fmoeh & 30 ¢
[ ¥) 38
« 17
158 ]
300 [
The rates appear 1o fall mith initial increnae in veo

kacity, but increase markedly at a vebaty of 300 feet
per minute. The ervuon of fead puje may he retarded
by designing the system tu reduce Bom ate inctum
» much a3 prauible, ¢ 8. climinste sharp beade, uw
larger peje, of tath Lead pipe is especially waelel
when a high rate f B is desired becawse it cas
be curved and aswembled without extra fittingy, and
because extruded ad oflers 3 minimum of surface
frctusa. The relatine surface smwenthness of lead prpe
asccording to the “Chemical Enpincer’s Handbuad,™
‘s classifird in the xame categney as glase ™

Pabricstion and Equipment

Anather very impurtant physical characteristac of
a metal destined fur anti-Cornisive wee is its amens-
ality to varsus methods of fabncatium. Here dead
enjoys & tather wnique frmitem insofar 3r one of its
chiel adrvantages iner viher metale is predusted on
the number and varwty «f ways in which 1t may be
falrrcated. Sheet ead may e welded 0 “burned™
W furm a continwms hring . it may le bunded &-
rectly to amther metal; it may bhe cast, de cact @
peeesure malded; it may be extruded anto prjpe and
s vanety «f shapes: and it may te fasiened by weld:
ing, Bangping, bedting or sobdening Once inclalled,
fead chemocal equipment is eanly repaired with a
welding teech and requites no annealing 1o swine-
yuenl heat treatmenta,

Saldering aad W rldreg

In chemual appinstvme, at leasl where cixhiane
is & (actir, sddering 1n o hittle value becawee of the
telstine case with wheh the tin lead eutrtic bs ol
tached, plue the foct that tin submtantially kmers
lad's meliing mant Lrad welding, coommonly called

N A o
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fead “burning,” is a simpler and much more &atis-
factory method of jommng lead to dead without intro-
ducing any fureign metale. The ease with which this
is accomphinhed when an experienced lead welder is
weed has contnibuted much 1o the widesjread use of
kead hoings, Lead welding permits the falricatum
ol continucus imbervicus hinings i veasels con-
structed of metals stronger than lead but without
its corrimion resaniance Figure 8 shows lead welders
wourlang on 8 typical sheet fead instatlalion. Many
chemical planta ojeranng with comsiderable lead
cquipment train snd maintam thest omn lead weldens
e making mine repars, When installing of build-
ing new equipment, they generally bring in more ex-
penencnd Irad welding contracton who are spevalivte,

Sheet Lead Linings

Sheet lead (or hining all types, shapes and sizes of
chemual equipment weually comes in rulls ranping
from 8 to 12 feet wade and up o €60 feet bung, deprend-
ing on the thickness of the sheet. Tuenty leet is gen:
erally a standard roll Thickness vanes from ) /FO-
inch 10 2 inches, of measared in the parlance pecular
to the Jead industry—3§-1t. to 120-1b. lead As an
appeoximate rule of thumb, one square foot of iead
1 04 inch thick weighs alxut one pound and is called
116, Wad: ) inch bead is called 1600 etc Most
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sheet Jead is urdered cut o the size that will be wed
slumately by the cunsemer. In sume special applica:
tions, such as in the walls of Mille-I'ackard sulfunc
804 chambers, a single sheet may be rolled with
scveral different thicknewsea®

From the cunstrwcthon viempuant, the mest im-
prortant asject of eflective sheet Jead bining s the
peovinon of adequate and projer suppurt, wswally by
strapgang. Specifications fig dead hinings depend vl
soch [act:rs 8 mze of equipment, nze of weight snd
grade of kead, temperature, currosne cunditumns, 1ype
of sheil (mensd oo steel), tyje and kuatum of sttap
g, and mther Detailed discaenion of sach sqecif-
catuns warrants & speaal pajer of ity van Gee-
erally speaking, suflcrent strapgung shoold be wsed
n the night places te msore reasonable service pees
fuemance and minimem stress corromon, assuming of
comrae, that the lead is knima to le revistant 1o the

O
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wntusive under the same cunditions ol cuncentration,
temjerature and aptation to be encountered in that
partcwlar service. Figures 9 and 10 show an example
ol gmsd strapiang practce. The top stnppng ia
Figure 10 which must suppsrt the weight of the
sheet bead i3 placed at chmer intennals than the tat-
tam strapping which samply holda the bead in place,
its wright being suppuricd by the steel shell of the
tank.

A care on recoed illustrates the importance of ade-
quate strapjung. The peucess 18 an especially servere
one fie 8 Jead hning: the manufacture of alum by
reacting sullurc acid with alumina in a steam api-
ated lead-lined steel tank. Ry remning the onginal
1616 lead lining which was vertxally strapped every
fomr feet and installing 221t lead with the distance
Letueen straps reduced to two leet the service life
of the veesel mas ipled ™

" Hunzental strapping in bhew of vertcal strapping
veldom is weed, particalarly when under-hand weld-
mg e nvolved Oceaswmally in tanks mure than §0
feet decp one o two hewizintal straps are seed in
compuncivn with the wswal vertwal sirapping o
help suppont the weght of lead ™

Hemoyeacons Linings

Under severe tempetature conhitiony, particularly
when mube fuctuatirns are necesanly used iner a
sheet petvod of time such as sn bateh pricessing and
varwems cychie reactume tman different methods may
te adiguied to present wodue shesicning of the lead's
muamal wefvice hife T he merhod moat ofien used and
one which hav preformed very well an service i tn
tund the lead 160 the airel shell of the equipment,
fitming what i tetmed 2 homogeneiuly Leonded

LI1AQCI25

bining For high temperature service (up to 320° C.
[4507 F.1) lead is bonded directly 1o the sieel; at
bimer temperatures the lead may be joined to the
strei with the aid of 8 thin lead-thn solder film. While
this method of Lining wath lead i3 more expensive. the
€xt13 coal s osually more than compensated for by
8 sulntantial increase in the Life of the equipment.

Houmogeneous Yead Linings always shewid be em-
plused for jacketed vesaels where heat traneler in
imporiant Lecause any air space between the lesd
lining and the abell of the veser! results in a reduc-
tion in the efioency of heat conduction. Many L.
tum-jacheted reactin tanks are leaddined on the
s1des and Lended oa the bottoms

Acd-Brich Limiags

A secend methad of protecting Jead lined vearels
from temperatures chime to lead's softening range or
from eromun eflects i 1o cuver the lead with an inner
hining of special acid-resstant brick. A satural ques-
Bon 11: Il the bricks are arid-revistant, why e
bead lining? Unfortunately practically all bricks will
spall or crack after repeated heating and cuuling and
cventually, even after operation at continwous (em-

© perature, Liny cracks will develop in the brick haing

permitting the corrosises to seep through to the out-
side. Bricks also will spall when they absurb sate-
rated solutions which crystallue on cosling. As a
matter of {act, po cemented cunglomerate such a8
brick can be as impervious to hquids as & metal.
With nothing to protect it, the supparting shell of
the veasel miil be attacked by the seeping currosive
and eventumally require expensive repairs and prob-
ably replacement. The lead acts as insurance agamst
this wccurrence. Any seepage will be retained Ly the
lead unul the bnck haing cas be tepaired.

A large by-geodoct sulluric acid plant has been
vung & brck-lining over lead in its humidifying
(hamler fur hantiing oaronne sullur drwoxrde and
sulfur trioxide at 290° C. (354° F.). The himings con-
sist of 20-1b lead with three courses of brick on the
bottom pving a total thickness of 9 inches and a
mngle 12-tnch course over 10-1b. lead un the kwer
sades thinning 10 8 9-inch course above. The thicher
12-inch Lining is smply to pruvide extrs support for
the brick above. Thas equipment has been in wee b
cleven yearn™ .

l.rod ond |cod linrd Pipe

Lead 1 extruded readily into various shapes and
large quantitres of extruded lead piye are wned by the
chemual industey. Sares are hmited only by extrusion
equijament and may include 8 targe numter of com-
Binatune of wall thicknese and cutade diameter ae
well as ahajes of cfine sectun An advantage of tead
prpve be that it is readidy bent to confiem o intrcate
deugn specifcatums Figure 11 Musirates 8 comples
1#te and valve sratem made up entveely -f fead He
cause of feart's weight, 11 1 frequently sdvisable 1o
enpint H arther by otrap hangere (f contingous sup.
oot such ae laying o in steel channets Thue je mhy
Sead fined strel 1@ cant iom prpe (requently s peed
when the corrimion tevstance oA Jead lo demanded,
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ol sepporting the pipe is dispeionionate. Steel or
swon popes woth lead Liningy inside are made Ly one
ol two metdds: extruded lead pipe hydraulcally
expanded innde an iron or sicel pepe, or

vasly bonded to it.

l.rad Heoting Colls

Tead pupe has found wide acceplance fur wse as
heating of conhing conla Figure 12 shoms the lead
stearn coils weed fur beating a large bewck-lined s eseed
with 2 rounded buttom Note the cast lead form weed
to suppant the cosls. Mauimum steam presente and
coresjeonding temperature limits for difierent ppe
mres are shown in Table 111,
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Coprper cunls covered with bunded Jead have been
develused {or greater thermal conducunity and
strengih at hipher steam pressures without sacrifice
I0g crrunon tesistance. Soch cuils are uperated wp
10 150 pomnds steam prensute.

One of the latest developments illasrated ia Fig-
wres 13 and 14 coorists of wung two lead papes, one
within the other, resulting in & duuble action beat-
ing and couling heat exchanger, The insde pipe is
extroded with its cruss-section in the shape of & six
pointed star with & round hole in the center. In ths
manner the cruss-sectnmal area of the space between
the two pipes very nearly equals the cross-sectional
ares of the inude uf the inner prpe. The pornts of
the star aho serve to heep the two pipes concentnic.
With this arrangement 1t is pusaible to permit comn-
tercurrent heating in one pipe while cooling in the
otber,

Kibbed and finned lead ppe are maed in many sy»-
tems requinng greater surface area lLrad sheathed
eleciric heating devices have been weed successiully
1 place of stcam heated couls in some installations
where raising steam v dificuht or hasarduss of
where electricity is imexjensive.

Castings omd 1'dhivs
Large quantities of Jead sre ved by the chemical
industry in the foam «f castings. Ordinary chemcal
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lead, wrmally 100 soft for this purpose, is alloyed with
varmus percentages of antimony Lead hardened m
this manner 15 cast wnto pumpe and valves as well
as many special shapes and fittings A typncal prece
of cast lead chemical equipment shown 1n Figure 13
i an evajusatn g cmcentrating titamum sulfate
wilwtion. Jt is made entirely of separate castings of
R percent antimumisl bead tuidted Ligether into one
writ measuring 41, feet in diameter and 7 feet high
Alout IS0 perunde 1d metal were required (o make
the castings ® Fuen larger caet lead evajunatore sin
fert 10 erght feet in diameter are quite common Cant
tead plate and frame hlter presses and caor lead
riaary vacuum Riters sre Lrmodt in all sizes

Taed valves freguenmily are equipped with plugs
and seats made of aliacum resistant matena’s vich
s Lwoste, Rabeinie, Hastelioy and others, thus wetc
g the wear an thaes parta,

Econoeic Aspects
The economic aspects of maintenance snd replace-
ment hinge on both the metal's physical character-
istics and its salvage value. Lead suffers very litthe
(rom chat e in we.ght of structure due to corroson ;
thus ot can be maintained at Jow cost of salvaged at
g Ligh value,

Fabrication eosts are Jow in the case of lead Dres-
ert prices show that the pg lead of raw material
te;resents an much as A0 percent of the cust of fabn-
caied sheet and prpe

Screp lead is easily remelied and refined and
viiorre lowes uader most cofrusive conditions are
so s bt that as & result Jead has an snususlly high
salvige valve which may run as high as 78 percent
of the onzinal caat of new sheet and jupe, depending
wjxm market cond:tions,

Summary and Conclusions

A study of the soccessinl performance of Jead
eqmpment i the chemical indutry shows that such
periormance i intimately aswsaxiated with lead’s
physical charactenistics as well as its chemical or
cintonsun characteristics. Lists of chemicals with
cumments and data descrilang their reaction with
lead, such as appeared in the December, 1946 jssue
of Cossomiox, are availabie.*® | rad compames and {ab-
ncaturs and the Lead Industnies Asmxiatum may be
cunsulted. Inzamoch as advice can a1 best be only 8
prediction based on past perfaemance, the st prace
tical prucedure is to test a sample of the ead under
conditins as close as possible to acinal service

No wct rule can be stated governing the reaction
of lead wmith 3!l carrouves Compatative corrosos
tate data based na voleme boas (o weight boas can te
musleading in the case of lead snadfar as 1t is thher
and meae dense than other crrrvmion resistant mate-
riale Generally, the cortouon fate increases with
increase in temperature. The effcct od concentratwa
varies with the corrmive. Chemicale crmtaining dis-
solved any pen wsually lower lead's reasstance. Fatigue
accimpanied by corromion prometes strres coffoasm,
a conditrom which may be cuntrolled by remering the
smrce of stress of counteracting its efiect. Galvanie
cortrmimn in the case of kad is seldom encountered
because an inswulating coating normally devebope
which prevents or minimires couple action.

While lead has certain physcal himntatuns as 8
construction matenial, they wsually can be overcoms
by proger installation. The maniwem afliwable Sbee
strees for chemical lead s A0 pet at 1enm tempera:
tore . antimanial lead, being sitonger, has s manimum
allomatle hlire strees of 40 pai a1 the same tem-
perature. Chemical Jead's weefulnesa at high tem-
petatures is imited tn about 2300 € (457 F) whibe
antimimal Yead (6% Sh, becausd of 110 lower melt-
ing peant. s limited 10 abowt 17 C (2487 F). The
eremin o tead by fast Bowing ot at-tamve hqude
may Lo retarded by preogor denign

Laad can be {abiricstod eamly 1 mert spevial con
ditions Sheet bead lined vevwle nevally are supgnated
by vertical strapiang. the type and ktation of which
W very important. ( ondiions such 8 temperature

9
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!muuon In:h pressure of vacsum, or heat trans-
fet can be wet with bomogeneons Lininss o, except-
ing beat transler, by 8 brick Lining over the lead
Lead pipe, beating 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 charactenistics lead in atl
forms can be reclaimed and sold as salvage at a
bigh retura.

Therelure, if tead’s mechanical and physical prop-
erties are recognized in making instaliations, it is
widely favored as & matenal of chemical constrac:
e because chemicaly it is hitle affected by so many
carrosives,
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