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LEAD INDUSTRIES ASSOCIATION

292 MADISON AVENUE
NEW YORK 17, N Y,

February 23, 1961
CHEMICAL BULLETIN NO. T6

SUBJECT: "HOW TO CHOOSE LFAD LININGS
FOR_PROCESS VESSELS_

To Members of the Lead Industries Association:

Attached 1s & reprint of an article with the subject title
which appeared in the January 23 issus of "Chemical Engineering”
magazine., We believe that it provides a useful round-up of
information on the methods of using lead linings under the vaxy-
ing conditiocns to be found in the chemical process industries.
It will aleo be used for distridbution at our booth at the
National Chezicel Exposition aext fall and in ansvering ine
Quiries cn chemical construction received by the Associationm.

Additicnal coples in quantities up to 25 are available
free of charge as long as our supply lasts, and larger quan-
titicn at five cents per copy.

Yery truly yours,

Gpr'7 2225w

Secretary
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There are five ways to line a vessel with lead—eack
has advantazes and limitations. Choice is made based on
lead’s properties and operating conditions in the vessel.

ROSERT L ZIEGFELD
Lead Imdwstrics Agew.

Lead §s an obvious choice for lin-
ing many reaction and storage ves-
sels, particularly where severe cor-
rosives must be contained. But
specifying the correct type of lead
for an application is only part of
the job. To avoid costly and prema-
ture failures, the type of lining con-
struction should also be selected by
the design engineer.

This selection must be based on
an undcrstanding of lcad's chemical
and physical properties—and how
they relate to the corrosive and to
stresses that will develop in the op-
erating vessel
> Trpes of Construction—There
are five basic types of construction
vsed for installing lead linings in
chemical-processing veasels.®

1.ead lining may be Joose sheets
of lcad draped inside & shell of steel,
wood, or concrete, with lead burned
along the seams that are with or
without internal supports of lead-
T l'hr:(-o. abnve ghows iead.linad fume
duct. Kheet lend atrlp covers steel stud

fautened Lo the vemae] ghell. Ririp o burned
1o the lead lining.

covered steel; as sheets of lead and
steel or lead and copper continu-
ously bondea w..*%er face to face
(commonly referred to as hrmo-
genously bonded) ; as a lining shell
of sheet lead externally supporied
by a cage construction; or as a
membrane that envelopes an acid-
brick lining.

Loose lead-sheet construction is
the least expenxive but it is limited
in practical application to vessels of
mederate size and conditions that
do not impose extremes of tempera-
ture, abrasion, pressure or vacuum.

The theoretical maximum length
of a lead sheet, of uniform cross
nection supported only frum the top,
is 40 ft., at 68 F. In practice, how-

ser, it in scldom fearible to sus-
pend lead sheet more than about 10
ft. without strapping. And exces-
sive strapping requircments tend to
offset the economies of this method.

However, new methods for faxt-
ening strappings reduce time and
cost for this operation by 707,
Studs may be driven home with a
power tool, which eliminates dril'-
ing and lining up bolt holes prior
to fastening.

Drstnbured by
TLAD INDUSTRIES ASMXIATTS
20 Madiva Ave, New York 10, NUYL

» Caged Lead—Cage construction
consists of an open exterior frame-
work of steel flata and angles
welded together o support the lead

lining. Supporting members are
spaced closei’ together toward the
bottom to accornmodate increased
hydrostatic pressure. (Expanding
and contracting lead lining Is free
to 8'ip into stress-free posture with-
N e 20t Fare) Open construce
tion allows for excciicz! heat ev.
change, while leaks are readily seen
and repairs easily made. Cost is
tow, comparable to that of loose
sheet lining.

An ingenious example of cage

construction that makes the most
of heat-transfer possibilities is the
Mills-Packard tower, designed as a
reaction chamber for manufacture
of sulfuriz acid by the chamber
process The tower is tapered so
thut excess heat generated inside
is disxipated by a film of water that
flows down the exterior surface,
» Bond for Vacuum—Homogene-
ously bonded sheets are usially lead
on steel or lead on copper, although
other combinations are possible,
Steel provides strength; copper has
desirable thermal properties.

Steel is cleaned by shot blasting
or sometimes by pickling In 10%
sulfuric acid. Copper 1is also

chemically cleaned. Lead is then ap-

plied by a burning bar or, for larger

"

N 1714.01



L R s T

450 F. Rapid temperature fluctua-
tinns, mechanical shock, and vibra.
tion are tolerated. This type of con-
struction is also recommended for
very tall structures where heavy
acid-brick Hning would impune fur-
midable stresses

Design englneers are advized not
to skimp on the weight of lead
specified in bonded linings: cost of
such linings is exacntially that of
the bonding process.

Modern techniques have largely
overcome objections to the difficult
Job of locating imperfections In the
bond. An unbonded area may be
identified by a bubble that forms
when the internal temperature is
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of th= melting puint of lead.
Acid-brick and lead are function.
ally complementary to une another.
Acid-brick is resistant to polar or-
ganic chemicals but is attacked by
nonpolar organics, to whick, how-
ever, lead is resistant. The total
system tolerates the most severe
corrosive attack, as, for instance,
Louth acids and alkalis in the aame
vessel. Huwever, brick spalls due to
rapld temperature changes, sus-
inxined operation at extreme high
temperature, or absorption of satu-
rated solutions that crystallize on
cooling. Beat grades of acid-brick
are intentionally made & to 4% por.
ous for increased resistance to ther-

the Jead under compression for
xreater support.

Asbestos paper Is bonded to the
lead with potaasium silicate solu-
tion to prevent contact with sodium
fons in scidproof or furan-resia
cements.” While asbestos ia not re-
qQuired with sulfur-base cements,
two or three layers of nonbura pa-
per should be uned to form & pro-
tective cushion against abrazion.

Sume of the new inspection
methods developed fur bonded lin-
Ings have Leen equally effective in
simplifying maintenance of brick-
lined vessels,

Table 1 provides a check lot of
the relative strung and weak points
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Costs, conditions, requirements for five types of lead linings—Table 1 .
1 Lecse Shaet  Sivel Bended Copper Banded Coge Brick
Cost fucters -
Initigl low Fairly high Foirly high low Folrly high .
Inspection Low Faicly high Foirly Mgh Yeory low Fairty high
: Repolr tow tow low . lew High
Hestile conditions S ‘3 1
1 High temperature Foir Excelient Excollent ¢ Poer Encationt
3 Thermal shock for Excellent Bacoltent ' Pocr Exceliont
High prevsure Excallenm ' Cacellest Good foer Lacollone
Vocvum Poor Excellent Geod 1 Pew Good
Physicol sthock Poee Eaceltens Excollom Poor Good
Erosica : Poor Folr Fair foor Eacellont
3 © Corrodon Excottent Exced Excets Excell Excall
N Design requirements i . ~
~ lrwiotion Folr . Foie Poer Poor Encellent
1 Heot wontler © Ercefent Excefiert Exceliont  ;  Excolemt Peor '
3 e Ceaea -t N ~ .t
{ .
1 areas, simply poured over the other raised to $90-500 F. or, in a pres- mal shick, The impermeable lead
metal. The lining surface {s sure vessel. when the internal pres- membrane containa the seepage .
smoothed by peening and/or scrap- sure is rai<ed to 620 psia. and sud- If extreme high temperatures are
ing. denly released. Efficient sonar and  experted, a brick-lined vessel should
Bonded linings are, of course, radiation methods of inspection are be Luilt on an elevation so air can
more expensive but are superior on  also available. circulate freely beneath it. Other-
almost all counts wnd wild usually » tirick for Heat—Snstaines ¢3-  wi.. ==-Ylutive heat may build
it j remain scrviceable much lunger eration invelving high tempersture, up dcep in the vessel. Sufficient
= "ﬁ tnan oloer types. Since there is no  erosive attack, and extremes of cor-  brick must be used to prevent sur- v
air gap between the two metals, uni-  rosive attuck and thermal shock are  face temperature of the lead from .
4 form heat exchange is good. Rigid-  best withsteud with acid-brick cun-  exceeding 125 F. Bottom of the ’
ity, particularly with a steel back. struction. The brick lining, usu. vessel should be dished if extreme !
1 ing, permits operativn under high ally one uf two tuurses, insulales pressure is a factor. Als, it is N
vacuum. For lead bonded directly not only the system as a whoie but  sometimes desirable to design the »
i to steel, operating temperatures a«  the enveloping lead membrane as  lining so elungation of the bricke "
high as 608 F. are permissible, and  well, permitting epweration st in- will cluse the gap between brick- H
the lining won't creep or crawlupte  terior temperatures well in excess work and lead membrane, holding L
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Leads’s resistance to va-
rious chemicals—Table II*

Cxcelient
Svitueic acid Po HNY Dry cmmenie pos
Beyen selwtions Dry chivrine
Supecphoiphotes Corbon dinside
Alvminvm wilete Dry oo pea
Suitue dinnide Svtlur Wioaide
Sutfite tiqver Todvm Maride
Acetone Magretiom svitrie
Akohel Calciva corbenate
Seatene Sedrvm corhonaty
Tolvene arte}
Gontiea Sirwitata {dilvie]
Trhor {drivial
Phanel Sultetes (ditvie)
Pyridine Phosphates (ilvie)
Ures Beric acld
Chromic scid Betyeitic oxid
Oaolic-sutturic ocid Setorom ecid
Praspraric acid Yartoric acid
Acotylons
Goed
Qhlorine bleasch Ammoaive phosphele
HWiwogiycerim Sodiva bréranide
Naphthaiene ivp b ORI
Wel tMoringe ges Potnsive bydroside
Wet ammonis got (vp to X%}
Carboa telruchioride Hitric ocid
Ory bydagen (Sheride fLomavirwtedy
Conivm chioride Hydeocyeny ocd
Fotty ocids Hydrocwicrin acid
Sodivm suifide {vp bo 0%} -
Swrravt chiaride -
¢ Pl

Novboonon poreside [T e
Wet paygen gas Acnenve chonee
Col' bromios pan tvn b0 10%)
Sedivm suitite Coltive byérpnide

tvp s 20%) Ansvsion hydrauide
Sed.vm ¥ rporuitite Toan ocd [(one )
Sodivm chiprite Prérofiveric wid

{ditete} Formic ocid foond)
Mdretey Acetit poid fgleciuly
Corbonic ovid

Poer

Hydrochieric weid SwMurte ocid

ipihliog ternghl forer %%}
Mogaerva chincide Mydrochioric wcie

fover 0%

Chlerite Bleach Foreic chioride
Petosiva peraonganeie Nitrkc ouid {Filvae)
Niveboatons Arebic ouid d-ivre)
. Lediva irypechiority
| R
SN el pie Nuled aeceding 1o waeritn of sttack

Voaet arvare 1o Hoted Bret. Lend 0 chemical groda
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of each of the five major types of
lead-linad construction.

* Composition Important Factor—
Aside from construction methods,
composition of the lesd itself may
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e varied to enhance certaln prop-
erties.

Chemical-grade lead or acid-cop-
per-grade lead, containing from
0.04 to 0.08<% copper and from
0.002 to 0.0277 sitver, forms a pro-
tective film faster than pure leaa.
The film adheres firmly and resist«
abrasion.

Trace elements also Increese

Jead's creep and fatigue strength.
Maximum allowable fiber stress st
room temperature Is 200 pel. Use-
fulness iz limited to temperatures
up to about 446 F A 25 to 35%
sulfuric acld solution will form a
complete sulfate film on this grade
in from 8 to 10 hr, at 70 F.
* Antimony-Ph {ar Valves—Lead
contrining 4 to :2'% antimony in
preferred for valvea, pumps and
cother components requiring a cer-
tain degree of dimensional preci-
sion. This grade has greater hard-
nens, rigidity, mechanical atrength,
and resistance to erorion and abra-
sion at ordinary temperatures. In
addition, it creeps and warps Jess
than pure Jead

However, antimonia! lead is only
advantageous up to about 248 F,
because it softens rapidly at higher
temperaturen At these higher Gam-
Trraturen, 1s seecdasaien!

“trength
is only equal to that of chemical-
grade lead.

Moreover, antimony lowers lead’s
chemical recistance.  Antimonial
tead it preferred for handiing sul-
furic acid enly in very low concens
trations (optimum resistance with
37 antimony). Maximum allow-
able fiber atrea. of antimonial lead
is 400 psi. at yoom temperature. A
complete sulfate film Is formed on
antimonial lead by 25 to 3£¢% sul-
furic acid in from § to 11 hr., at 70

Resistance 6 metal fatigue Is

promoted by addition of 0.04 to
0.057% tellurium to the lead. Tel-
lurium acts as an {nhibitor of graln
growth and also makes the lead
armenable to work hardening,
» Corroxlon Resistance — And, of
course, lead's corrosion sesistance
must be contldered in any lining
Instaliation.

At with aluminum and stainless
steel, lead's resistance to chemical
attack is based not on its chemical

inertness but rather on its chemical
reactivity, Lead reacts very quickly
with most corrosive agents to pro-
duce resistant, insoluble salts that
form mnonporous protective films
over the pure metal. It is this flm,
not the metal itself, that reslists fur-
ther attack.

Lead is highly recommended for
handling su'uric acid under most
conditions. This scid reacta with
the metal to form an adherent, im-
permeabdle film of lead aulfate that
guards the metal against further
attack. In scid concentrations up
to 96, corrosion of lead is neg-
ligible at room temperature. In
stronger concentrations, acid ap-
parently reacts with the film.

Nitric acid presents a more com-
plex situation. Dilute nitric com-
bines with lesd to produce lead ni-
trate, which adheres poorly to the
metallic surface and is somewhat
soiuble in the dilute acid. Lead ja,
therefore, not recommended for
handling dilute nitric. But concen-
trations from 52 to 70% by weight
do iittle damage to lead vessels
This is, apparently, because solubil.
ity of lead nitrate in nitric acid de-
creases ay concentration of the acid
iinteares (Fig, 1},

Dinsolved gases, particularly oxy
s~ wav affect rate of corrosion
substantialty. Correetan rates of
lead in distilled water at 77 F, vary
directly witha the oxygen content of
the atmosphere ahove the liquid
% Acid Bath Protects —The corro-
sion pattern observed st a typleal
sulfurie acid plant iflustrates the
effect of oxygen in the vapor phase
and suggests a useful protective
technique.

Where the liquid acid was In con-
tact with a kad lining, the lining
was perfectly protected by a film of
sulfate salts formed by reaction of
the metal and the acld. However,
severe ccrrosion  was  observed
higher on the walls of the vessel
where the lining was In contast
with the vapor phase. The reaction
produets formed (n the presence of
free oxygen in the vapor phase were
unstable and forined an inadequate
film.

One solutfon to this problem was
to maintain the liguid level at the
top of the vessel or peciodically to

January 23, 1961—Curmicat. Ewciveame
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Lead nitrate dissolves
in nitric acid—Fig. 1
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Lead corrodes in

mixed acids—Fig. 2
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raise it to the top long cnuugl tn
renew the impermeable film.

This suggests the following
method nf pretreating lead for use
in contact with corrosives that do
not form an impermeable protective
film: Al the Jead-lined vessel with
25 to 357 aulfuric acid and main-
tain temperature at 70 F. This will
form a complele aulfute film on
chemical-grade lead in 9 to 10 hr.
Only 1 to 1§ hr. is required to
schieve the same effect un 9% anti-
wonial Jead.
¥ Additive FEffects—In general,
while lead ix highly resistant to cor-
rusives that form insoluble sulfates
or phosphutes, it does not perform
too well under attack by sulutions
that form soluble nitrates, acetates
or chlorides,

Also, eflect of attack by a mix-
ture of corrosives ;s additive. For
example, lead s protected by sul-
furic acid, corroded by hydrochloric

acid. Resistance varies linearly as
the ratio of sulfuric to hydrochloric
in a mixture of ecids (Fig. 2).

This, of course, arsumes no coms
plications involving products of the
reaction between lead and the sepa-
rate eolutions, or between one solu-
tion and wnother. In such cases, ef-
fects of the intermediate and final
products must be considered inde-
pendently.

Table il classifies resistance of

lead to man; of the chemicals com-
monly handled in the chemical proe-
essing industry. Performance in a
particular application will depend,
in addition, on temperature, ero-
sion, and mechanical abuse. Ja most
cases, corrosion increases with in-
crease in temperature.
» Watch Erosivn Effect—Erosion
may become an important factor
when the solution is agitated or
flowing through the vessel. While it
is true that lead's corrosion resist-
ance is essentially “self healing,” it
should be remembered that forma-
tion of the protective salt film con-
sumes lcad, if the film is constantly
eroded and replaced, lead will be
coasumed progressively. Factors
that determine rate of ercsion in-
clude rate of Sow aznd cutiajiment
of particulate matter.

The relationship between rate of
firw and rate of erosion may not be
tinear., Fur example, in laboratory
tests, for 207 sulfuric acid at 77
F. the following is true for chem-
ical-grade lead.

Flow Corrosion
Velocity Rate
(Ft./Min.) (In.7/Mo.)
84 0.00055
97 3.0001%
158 0.00016
300 0.00088

Mechanical abuse may, of course,
contribute to corrosion ore than
erosive attack. Desixn and oper-
ating procedures ahould minimize
any mechanical damage. )
#» Smooth as Glass—Due to its mal-
leability, lead presents aa uncom-
monly amooth surface—one reason
why it is often chosen for process
equipment. Smoothness of the in-
terior surface of extruded lead pipe
is rated about even with glasa,

Aside from {ta softneas and mal-

feability, the more pertinent me-
chanical properties of lead are its
coefficlent of expansion (about 183
x 10F.), its melting point (620
F.) and ity density (0.410 Ib./cu.
in.). In absence of stissscorrosion
conditions, it is safe to use lead up
to about 446 F.

Related to these physical charse-
teristics are two factars that should
be kept In mind when making com-
parisons of lead versus other ma-
terials, Such comparisons usually
are based cither on mass lost to cor-
rosion per unit time, or depth of
penetration of corrosion per unit
time. But loxs of material of a given
mass is relatively insignificant in
the case of lead, since lead is so
heavy. And a given depth of pene-
tration is not as serious in a lead
lining, as a rule, since lead linings
are ordinarily much thicker thana
those of other materials.

Finally, economic considerations
favor lead. It is inexpensive and
easy to work. And scrap recovery
usually rebates about 50% of orig-
iral material cost.
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