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LEAD

Lead bas been an important material for
handling corrosive e¢hemicaly since the be-
ginning of the chemical process industries.
1t was used for the first commercial sulfune
acid chamber constructed in 1749 and sub-
sequently has seen more than two centuries
of service in industrial plants as & standard
ecrrosion-resistant material. Acid manufac-
ture, picklicg, plating. anodiging, waste acid
recovery, and a host of other operstions
have all made use of lead’s resistance to
corrosive chemicals—particularly sulfuric
acid and its derivatives. Although other
materials have been developed to compete
with lead in this feld, the uswe of lead bas
continued to expapd. Of course, this is due
to its inherent corrosion resistance and to
the growth of the chemical industriss. But
it is also due to the experience gained {nm
the tong and varied use of lesd in this
field.

Although lead is used in & variety of
shapes and forms. by far the major portion
of the lead ucwd {alls into three general
product eategories: rolled sheet, extruded
pipe, and cast shapes.

Rolled Lead Products. The major part of
all the lead used by industry for handling
cortosive chemicals is in the form of rolled
sheet products. Sheet lead weighs approxi-
mately 1 1b/eq ft for each g, in. of thick-
news, is usually specified by weight per
square foot rather than thickaese. For ex-
ample, 4 b lead is 15,4 in. thick; 60 1b sheet
is [ in. thick. These shect products are used
for storage and reaction tanks, ducts and
flues for handling corroeive fumes, and

launders to convey sdutions frum judnt to
point, to name & fex applieations, Kluets
may be produced in wadths up 10 10 ft anl
in lengths up to 60 ft depending upum the
thickneas, Sheets 10 ft wide and 20 ft long
are usually considered standant.

Extruded Pipe and Coils. lead is ex-
truded resdily into vanous shapes, and large
quantities of extruded lead arc utilized 1
2 plating, ehemical, and related industrier
Principal uscs find 1t as pape for eonducting
corrosive sdutions 3nd as eexding o heating
cotls submerged 1n evtrieive chemicals. Sizes
are limited only by extrusnn cquipinent;
for cxample, they range {rom fine tubing
1 e-in. inside diameter and even less to |24
. inside diameter. Alment any dostred wall
thickness and ermes sections of practically
any sbape can be clitained An advantage of
lead pipe ix that ot ic readily Ient to cone
form taintricate design spwcifications Jointe
may be made by welling, sobdering, or by
mechan.cal means—the chuice depends upvan
cnd use. Welding or “burning™ is guncrally
used in chemical eonstruction.

Cast Lead Products. Large quantitics of
lead are employe! by the elemical industry
in the form of castings. lead and ccrtain
of its alloys are excelient for castings proe
vided that bigh strength is not & requisite
and they are nt {ur u:e at temperaturcs
higher than the melting peint of the alluy.
Orndinary chemical o ackd lead, usually to
soft for this purpose, is alloved with ane
timony for strength. Lead hardened in this
mannce is cast into pumps and valves as
well as many spuctal shapes and fittings,
Oceanicnally reinforeing elements made of
stronger materialy are cast into the lead to
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LEAD
Tases 1. Comranison or Toveits Steenori avy Cancvaree Bataxing Sranse
roa. 30-vua Lirs
NeC (a8 &0°C (U H)
Tennle Tennle
Strength Stress X~yoar Strength Stress X-yeor
Alloys [§-%] Lije (pa) (pa) Lije (pa)
Pure lead 1500 ) 1,000 ™0
1% 8b 2400 &0 1.00 s
6% &b .70 1,000 5500 %0
1% 8 1,700 ns 6,500 500
provide greater ﬂnngtb. Casting qualities o 100 "‘;‘;‘o“'.“ 00
are excellent, the melting temperatures low, LOCTT " 1 ] ‘—]
and corrosion resistance is good under most ”q; hdalyivy . |

conditions.

Design Criteria for Lead Installation

The unique mechanical properties of lead
must be considered whet designing lead
chemical equipment. The most important
considerations are its low toechanical
strength, its lack of elasticity which results
in permmanent deformation under stress, its
tendency to creep under any sustained load,
and ita low fatigue limit urder repested
stresees. In fact, it eculd be said that lead
tends to act as a plastic solid rather thaa
An elastic or rigid ope. There is evidence
that indicates that there is no limiting stress
below which long euntinued steady load or
continued eyeling stresses will oot ulti-
mately cause failure through ¢reep or f{a-
tigue. Fortunately, there is a practical stress
level below which, with proper design and
sdequate support, lead coastruction will last
indefinitely.

Mechanical Properties. The apparent tea-
sile strength, yield point, and hardoess of
lead are strongly infuenced by test condi-
tions, particularly rate of applieation of
load. The data in Table 1 illustrate this.

Both creep and {atigue properties are in-
ercased by alloying. But, the enhancing
effeet of alloying on ereep propertics is lost
at high temperatures. Fatigue resistance is
taised partially by the grain refining effect

%Q 0 100 180 140 320 1M 300,
nerwire, .

Paa. 1. Masunum sllowable fiber stress ia cheem-
ical and @ per cent antimonial lead pepe at vanious
temperstures,

of alloying elements. Yet even in alloys of
comparable grain size, it has been found
that additions of antimony, tin, or other
alloying elerents increase {atigue resist-
ance. Furthermore, the improvement per-
sists at clevated temperatures,

Despite the low strength and plastic prop-
erties, design stress levels have been em-
pirically established that will give indefinite
service life (Fig. 1).

Consideration must also be given to the
problem of adequately providing {or expan-
sion and contraction of lead. Lead has
a relatively high linear coefficient of ther.
mal expansion, that is, approximately three
tiines that of steel; conrequently provision
must be made to allow for this expansion
(Fig. 2.
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Fic. 2. Liaear thermal expapsion of soft lead
and antimoniat Jrad.

Sheet Lead Construction

Because of its low »trength, lead is usu-
ally suppurted by some other stronger ma-
terial such as steel, woad, or euncrete. Sheet
fead eunstruction is probably the oldest
ncthod of using lead as a matenal of chem-
ical construction. Basieally, there are two
principal methods of sheet lead eonstrue-
ton Cage construction consists of & lead
sheet supparted 1n & steel of weaden frame-
work, wlhiereas lead-lined constructicn con-
siots of & lead sheet lining in & atructyrsl
shell such as steel or wood. Nevertheless,
there are probably as many modifications
as there are applications for te:th types of
cunstruction.

Sheet lead construction is generally ree
garded as the method which requires the
Ie ast capital outlay, morcover this method
t.as additional advantages. Should repairs
Le necessary, they are easily made in the
ficld, and once the vessel's useful rervice
Itfe hax expired, the lead can be reclaimed
as sctap and sold at the highest relative
rate of any of the common inctals.

Cage Construction. The first chambers
for the manufacture of sulfuric acid were
«f cage conrtruction, i.e., simply large sheet
lead boxes supported by timbers. 1n cage
construction the lead sheet chamber is sup-
ported by & barket or cage-like framework
of steel or wood. Modern methods tend

LEAD

mare towanls the uwe of aeel fate anel
angles weldad together,

Thas type of construction has sovoral ml-
vantages, however it cannit bie usel unler
ennditions of bigh pressute of vacumn For
thase applications where it ean be used, it
offery low materiad custs and wsaatly caswer
asscenbly in the ficld, sinee handling of
bulky and heavy steel shetts s chiminated.

In addition, there are other important
advantages. The spacing Intween the frame-
work perinits leaks ta be canily lecated and
repaired from the cutside in a matter of
minutes. This type of open construetion in
which the lcad is {ully expemcd to the ate
mosphere provides an extremely cffcetive
and inexpensive mcthed for conding Yiquide
which are teceived bot or where heat is
gencrated by reaction ruch as battery acid
dilution. Very frquently, where the size of
the vessel dietates, (xtra support s teruired
which 15 accomplishnd by strapmng with
fong horizontal and ‘or vertical stec] fats
ot ovals o the outside of the lead slt
lLining tor additimnal supyxert.

Cage construction allows the stragm to
be meunted externally. Reeently sdesiphed
chamblers support the ead sheet walls in a
special steel franwwerk that permuts o eur-
tain amount of movemnent of the lead with
temperature changes independent of the
steel frame 2« shown an Fig. 3.

Lead-Lined Construction. Sheet  lead-
lined woorden of pild steel tanks are com-
morly used and lave been for many years.
Lining thicknesses usually range between 8
and 16 lb. Occasivnally two of more diffee-
ent thicknesses are usaedd 1n the same vessel
with thicker sections in the areas subjeet to
crusion of where greater strength is ree
quired Either existing vessels ot specially
constructed oncs of concrete, wod wr stecl
can be readily lined with lead to make them
suitable for handling corrosive chemicals.
In other words, by lining any old but strue-
turaliy sound vessel with fead, it becomes
unneccssary to construct an entirely new one.

Lower construction costs are realized whea
the sheet lead is hung from the top of a
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Fra 3 Water-cooked mlfune acd chambers com-
structeed of sheet lead spported by a free-stand-
irg steel structure.

viawed shell, but this is confined to reiatively
small veseels. A variety of tank deagns
uang hanning lead hnings have given satise
factory service. A variety of support meth-
ods for deepa t vescels hiave been develiped,
of which the use depends upen the tank
design, size. and the prjaned usage. Lead
shevts ean be supprerted cn s steel of waeden
shell by large cut steel wackers and round
hent bealte e snomn an Fig 4 The ent
washer distribuites the load over o larger
arca than the tlt alone; subsequently belt
and wasker are covered with a lead cap
burned to the lining :

Strapping. In deep tanks, or under condi-
tiens involving fluctuating temperatures or
logler stressw and vibration, a series of
vertieal, and swmetimes  horizental, ateel
steaje are used for support. Strapping eons
sists csentially of supporting the lead sheet
aganst the stev] shell with flat steel bars
fastened at frequent intervals inside the
Icad hining and through it to the outer steel
sliell. These straps are covered with stripe
of lead welaed to the lesd lining on either
sule. thus peewcnting a continuous, resistant
I-ad surface to the corrosive chemicaly cun-
tnmd

Lead Bonded Sheath

In addition to the lead linings previously
dircussed, lead can be bonded directly to
iron and steel for use with corrosive cheinie
cals, particularly in high temperatuee proce
esees. The thickness of the homogeneously
bonded layer, dejpwending on the use, ranges
from Yy in. to 3 in. e relative motion
between the two nwtals L constrained by
the plastic flow of the 'ead, such linings
are recommended where: (1) The reaction
versel operates under vacuum; (2) Rapid
or wide temperature vanations occur that
would cause {atigue and streas corprosion in
foose linings; 13) Gound best transfer char-
acteristics are roquired; o4) High tempera-
ture operation is e«=cntial (bonded linings
will not ereep at temperatures up to 450°F)
15) Lightweight construction, as in tall ves-
scls, ie required; and (6) Vibratioa ard
repeated shocks are encountered.

Two metheds of boading lesd linings cn

Sheet lead
Q" cover hurned
te liaing

Steel

“Sheet leed

hning
— Rovnd
tteet
vt waiher
Revnd
head
belted

frem ovhide

. Fra 4 Button-type fastening of sbeet lead lLining
to steel structure,
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steel are in common use; that ie, hyrning
bar and casting. The cnitical atep in tuoth
mcthads 18 preparation of (he base mctal
surface before beading. The usual method is
to clean the atec] mitially by shat blasting
to cxpose an oxide-free surface. Pickhing,
usually with 10 per cont sulfurie aed, 1o
then somctimes used. Fluaing wath ginee
ammonium chlorude and stannous chloride
or certain proprictary fluxcs is earried out
just efore tanding.

The eldest mcthod of bonding tead to
rteel, the burning bar method, is particu-
farly uscful for smail sarcas and irregular
shapes In this hand aperation, lead is ap-
phial to the prepared surface by melting
fram & “lurning bar™ using 8 manual burn-
ing torch. A skalled operator ean cheek the
ond tefore ¢ontinuging to cover the surface
with a layer of lead atenit ¥4 in. thick.

Casting. The sccond method of bonding
kad to steel is efficient and relatively in-
exprnave. After the steed has teen cleaned
and fived, modten Jead is earefully peured
o the sarface After eacling. the steel-lead
plate s often relled in & eonventiona] roll-
iyl te reduce grain size and to increase
density, The plate 1 subscquently formed
mto the desined .‘h:{l(‘v

Speayed Coatingy. Lead coating< alsomay
be applied by spraymg Lead wire is {ed
into & «pray gun which melts the etal and
bioms it unta the surface to be coated. Since
there is no chemical bund between the lead
and base tintal, the Iatter s first <and-
blasted o vtherwice roughendd and eleaned
to provide good mechanical anchorage for
the coating. Pinholes muay be nunimiznd by
povuing the surface after coating.

Lead Acid-Prick Coustruction

An important method of chemical con-
struction which has been devised tu resist
the mont rcvere eonditicns encounter~d such
a3 the handling of cortueive slurrics and
high perating temperatures has led to the
development of lead acid-brick construction
~a lead-lined steel shell with an acid-bnck
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Fri $ Aceldank bning with impervious lesd
sntcrhner for chonmucal tanke

taner ng 1818, 5. This type of constnge-
tien has proved offective in s large numlee
of installaticas where lead alone or other
matcnaly of chemaeal eonstruction have
been anadequate, When properly doigned
and nstalled, they will perfurm admirably
under the mest wvere conditions

Brick linings have execllent curtosion ree
ristance hut cannct e ywed aline tecanuse
they are cxsentially penineable matenials, Ia
fact, the best grades of a.:d-proct brick are
intentionally made 3 to 4 per eont potovus
fur thernal shock reristance The lead lining,
therefore, acts a1 & membrane between the
rhatl and the brick Lining »o that any leqund
that penetrates the brick work will be con-
taine] by the lead.

Tle -peaial conditions which warrant the
relection of lead acid-birick construction are
diseussed below.

High Temperatures. Referring to tem-
peratures bevend the miechanical limita-
tivns of lead, the brick lining provides an
snsulsting Jayer sesulting in A tempu rature
gradieat. Consequently, although the tem.
peenture within the veasel at the lining may
be envwhere frum 00 to 1200°F, the
temperature of the lead membrane is well
within its mechanical limits. The upper
temperature limitatiors of this type of coa-
struction is merely 8 function of the thicke
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nees aned thermal insulation propertics of
the besek himng For example, there are
qmte a few applications for sulfurie seid-
sulfue dioxide scrublbing operations with
enforing temperstures ranging a3 high as
100°C

High Pressure or Vacuum. Certain acid
recovery units are brick- and lead-lined and
vperate under vacuums as low as 0.25 in. of
mereury at about 250°F. Under these con-
Mitions, the bricx lining affords & uniform
cuppeort under static or eyelie conditions of
vacuun and pressure which would normally
cause a great desl of undesirable movement
of the lead Iming

Abrasion and Erosion. Many vessels use
metleds of agitation such as steam jet
lanees. which would eause serious eresion
of an unprotected lead hining A brick Lining
proteets the lead membrane from the strong
~ecuning «flect of the acitators or {rem any
other abrasive eondition that may be pres-
«r.t uch as the presence of abrasive slurries.
In addinon, paekling tanks holding sulfuric
acid nntires are frequently lead-brick lined
to clinmnate the possilality of damage due
te carcles handiing of the oljects heing
packled

Theemal Insulation. In additicn to allow-
ing ambiuent vessel teruperature well above
the tesperature bints of the lead mems
Lrane, a beek hining s desieable in the
e ration of vessels wath rajud time-tem-
putatuee fluctuations in the lead liming,
thereliy redueing miarkedly the tendency
for thernmal fatigue in the Jead

Screee Corrovion Conditions. In eertuin
cases the prisance of the bnck layver deters
“dniling™ and “reallang” tyje attack which
wweurs when fead e expreasd to the direet
action of combinations of swlfuric acid and
curtain argame clatnicals. Such attack, for
esniple. accurnd 10 8 veee! which cons
Canesl 33 e eont salfunic aesd plus coal
tars ot [N°F A consparian of courraded
1o s with ieecy whach were protected by
a 4o conirse of Lard-butned hugh silica
el tosting ek und backed with acid-

preed coment, dennnatrated the cffectives

®4

ness of the lead acid-brick construction in
this uppheation.

In general, whether of nut an organie
matenal will attack lead in combinstion
with sulfusie acid apparently is related to
the materials’ pularity or lack of it. Non-
polar substances such as gaschine, bentene,
and toluene are nut corrosive to lead. Evi-
dently the asdistance provided by the scid-
Liack lining is to restrict the penetration of
the polar sulmtancres to the lead ning. The
nenpelse materials, interestingly, penetrate
acud-brick very rapidly; nevertheless, they
are hannless.

Lead Pipe and Codl

Lead is extruded readily mio various
shapes, and large suantities of extruded
lead pipe arv used in the building chemical,
and related industries. prineipally 2 pape
for eonducting cornmive solutions and as
conhing or Leating cotls subnetge] in a cor-
rosive medium.

(e of the great advantages of lead
piping. i additien to its eorrean n Tesist.
ance, ¢ it adaptalabity and e faciluy
with whuch 1t can te inatalled When jupe
hende are requinsd. straight pije may be
filesd atd packedd with sand. and tant
Duning the cpemtion, the outr wall bee
comes thinner; snereover of the radius of
the bend as loes than foar tes the anside
diameter of the prw. this cuter wall of
“heel”™ s reinforced be “burnirg on” an
added layer of fead. Shorter radius bends
may be made by neans of mitred juints
betwern short sections of pige  Alterna-
tively, a8 vanety of prpe fittings may be
purchased as steck stems, cast & chenaeal
fead or antimonial fead. There are supphied
1 four furms:

(1 With wxlid lead flanges welded in
place.

21 With cast iron or steel shp- . flanges.

131 With over-length for fanging in the
ficld.

t4) With plain ends for welding.

Horuontal runs of lead or wad alloy
e are generally cuntinuowly wypported

6
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in steel or wooden troughs of in specially
conalructed sheet rmetal shells Verical rung
are supported at lrequent intervals such as
every 18 in. Long runs are provided with
expansion benda if they aperate at high oe
fluctuating temperatures.

This traditional method of supporting
pipe has the disadvantages that any leak.
age may cause damage to the supports.
Free exrpansion asd contraction are hin-
dered, and the location of any leak is not
always evident or easly accessible fur re-

pair.

Thickness of lead pipe depends on seve
eral {acton, including corrosive attack, ab-
rasion, and pressure to be handled; for
example, if wall thickzess i ealculated in
the usual manner to accommods o given
pressure, additicnal wall thickness is al-
lowed to compen:zate for loms through cor-
roeion of abrasicn. The velocity at which
a corroeive solution flows acrons the surface
of lead 15 an impcrtant {actor in the rate
of curroeinn, but it 1s dufficult to establish
& definite relationship between the two. As
an iliustration, Table 2 shows the effeet of
increasing the velocity of a 20 per cent sul-
furic acid solution at 25°C (75°F) acroes
the surface of lead:

Tamx 2
Veloaty of Solution Rate of Curronon
Acrost Lead Surfoce 1/ month < 1y-8
[ X} 8
o 17
158 1"
00 ]

The erveion of Jead pipe may be reterded
by designing the system to reduce fluw rate
frictior s much as possible, e g, eliminate
short bends, use larger pipe, or both. Lesd
pipe is especially useful when a high rute
of flow is desired because it can be curved
and assembled without extra fittings and
because extruded lead offers a minimum of
surface !riction.

@ One of the more interesting lead coil ae-

LEAD

velopments ie a heat exchanger crnsisting
of two leaa pipes, vne within the «ther The
Iarger pipe han & 2-in. innde dismeter with
15 10 wall and 1s extruded [rom 6 per eent
antimonial lead. The inside pipe made of
suft lead 18 1 in. in diameter with & 14-in.
wall at the thin portina. The extenor of the
inner pipe has been extruded in the shape
of & six-pointed star to provide extra sup-
port and also to retain concentneity.

Ritibed and finned lead pipe are used
in many systems requiring greater surface
area Lead sheathed electric heating devices
have been used successiully in place of
steam-teated coils 1n some installations
where uning steam is difficult of hazardous
of where electricity 19 wnexpensive,

Bonded and Lead Covered Pipe. Under
conditions of high temperature or exces-
sively high pressure chere greatest strength
in casentinl, lead-l wed steel or cast 1ron
pipe or, pusnibly, | ad-covered copper pipe
may be used Bord 5 techniques similar o
thowe deacnibed earlice are utilized 1a the
manufacture of these nrducte.

In making borded lead pipe & length of
steel 13 fint eleaned and fluxcd. Then maols
ten lead is cast on in pecticns by rovating
the pipe A second method uws instead of
molten lead 8 length of extruded lead pipe
wluch 1s inrerted iBsde & propeely prepared
prpe cf steel The ends of the lead pije are
sealed and steam pressute applied to ex-
pand 1t againat the outer pipe Pressure g
raised until the temperature reacher the
point where bading occurs between the
lead and steel. mided by pre-tinning the
steel with & thin scider Alm In this way,
the lead 15 sa1d to be "sweated™ to the steel

pipe.
Inspecting and Testing Lead Linings

Lead-protected chemical-processing vese
sels are normally inspected fur the presence
of pinholes o panwity in welded seams on
sheet-lead Linings, haieline cracks, either 1a
the weld or the sheet, resuliing feom fatigue
o atress corrosion; and pinholes, incluniens,
or bund discontinuities in the case of clad

(aa Vet

> vopy

T S




"y

TETICDER . 73" WL AGRIY VT AR T~

LIA23242

LEAD

vessels. Defects falling into any of the
above classifications, although they may
not penetrate the lising completely, do
form a potential trouble spot that may
shorten the lining's expected life-—a probd-
lem that can be minimited through the use
ot proper inapection and testing.

Testing Sheet-Lead Linings. After the
completion of a pew installation or exten-
sive repairs on an old lining ul! the welded
(burned) scams are carefully checked vis-
ually by the lead burner and all obvious
defects corrected. If it is necessary to check
the soundness of & lead weld such as on
butt joints to determine the depth of fusion,
& section of the seam ¢an be trepanned with
s trepanning dnll 1o obtain & croes see-
tion. On a bonded lining, this teci.nique has
also been used to cheek the nature of the
bond and the thickness of the lining. In
either caxe, however, the test is destnuctive,
whereas radiographic techniques provide a
more effective, nondestructive test for weld
roundness. For closer and more exacting
examination of welds, & fluvrescent or dye
penetrant that is drawn into tiny cracks
or pures by capillary action 1e often used.
After the excess is cleancd off, the chemical
remaining in the impcriectinns can Le de-
veloped «r Lrought to the surface, shere it
tiay readily be ideatified, either by & brigut
glow under ultraviclet hight, 1o the case of
the fluoreacent penetrant, or by s distinctive
color, in the case of the dye penetrant.

Interpretation of each inlieation is all
important. Practically all procedures in-
valing the fabrication of lead rezult in the
possitality «f confusion Letween a defect
and a simple surface marking: thercfore,
it must be realized that a lugh degree of
disccrnment must exist to differentiate be-
tween a true defect and a harmless surface
irregulanity.

Testing Bonded Liningy

Acid-wash tests have been accepted as

a standard inspection technique on bonded

Jend-lined vessels for the detection of pie-
hole penetration, surface imperfections, and

w O

poroaity. It will not detect subsur{sce flans.
First, the catire Icad surface must be cleaned
free of any oil or grease films. Then, a
dilute solution of hydrochloric acid (S to 18
per cent acid) is frecly applied to the en.
tire surface by brushing or swabbing and
is allowed to remain fur 12 to 24 ke Before
the acid is cleaned off, the lead surlace may
be examined by an inspector for wet spots
or discoloration, or, better still, the acid
warhed «ff with water, and the surface al-
lowed to dry and then be examined A wet
spot indicates either surface porceily or a
pinhole that has nut penetrated the lead.
Rusty discoloration indicates 8 pizkale that
has penctrated through to the stee! Repairs
are usually made on the wet spots by touch-
ing up with & lead hurncr's toreh. Rat-apt
arcas are removed and the steel Ceaned 0
that new lead can be bonded, After all rust-
spot indications have been rebozded, the
acid-mash test is repeated to give a final
check.

A recond methed is the same tes 1a prin-
ciple, but it is mare effective and 1 restricted
to lead-clad prossure vesscls. The vessel is
heated by internal steam pressure to about
500°F until thermal equilibrium s reached.
At this point, the stcam is turned off and
pressure rapidly released from e veseel.
Air s subrequently sdmitted and cie vesael
is conled and 1r-jectidd for bubbles I none
are found, the test s repeated. Alter the
sceond cycle, if nonce are found, e lining
is aceepted as 100 per cent bondad

Ultrasonic tests involving the wranemis-
sion and reflection of ultrax nic s sves lend
themselves well to the location of sbonded
arcas and aubsurface inclusions ind can
also pruvide a simple nondestryes.» mesans
fur determining the lrad thickness = bonded
linings. Two basic methods of .trasonic
inepection have been used successully oa
bonded lead linings: the resonance method,
and the pulse or echo method.

In the resonance method, the crystal head
on the instrument teansmits an .'irasonle
wave into the metal and the waves reflected
{rom the opposite surface are decected ay-
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dibly in headphones or visibly on & calie
brated eathude-ray tube or a dial reading.
When lead it well bonded to steel, the waves
are not reflected from the steel-lead inter-
face; consequently no signal is obtained.
Small unbonded areas, one half of the
crystal-head rize or smaller, or remibonded
areas, may result in partial refiection of the
waves from the interface, indicated by weak
signals. Strong signals reveal a complete
lack of bond, Iarger in arca than the erystal
head, whoee outline can be easily traced
with the instrument.

In the pulse or echo method, vibratiuns
are sent out through a rimilar crystal head.
The pufse travels through the nictal until
it strikes a flaw and is reflected, whereas
the rest of the waves travel on until they
hit the opjxeite surface and ate reflected.
Altheugh the vibraticas are alternately off,
the crystal detects the refiected pulses and
the time ditference is cunverted electroni-
cally ta readable indications of depth vn &
f‘uluuh‘-rn_\' tube.

Kadiographic Testing. Although, hecauce
of 1ts Ligh density, Jead 1s normally used as
a matenial for shiclding against radiation, it
is pe~sthle with the higher radiation energics
comumercially avalable today to obtain

LEAD

practical radiographs of the load in lead.
lined ateel vessels, to locate entrapped gases
and subsurface foreign inclusions md des
tectable by acid-wash methods.
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