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@ Use Lead to Control Refinery Corrosion

Here are the latest practices in lead construction that explain how to avoid
the difficultics sonictimes experienced with lead-lined equipmeat.

Sdwerd ). Moellarkey

Lead Indutries Assccionon, New York, N V.

PETROLEUM REFINERS rnk
hich in the line of wrportant wil-
furic acid waers Onrr the past five
yrary, wer 40 prrvent grth in
wisge hae bren onend in the cata-
hue phases, for cvaching amd for
alylating, In additsm 0 ip ~vawd
remirements for acid trearamg, thiv
growth in xid coeeampton over
the years has pereentrd 2 cmtinuing
ored Za, Viproved techasjon in the
we ¢ sad chemical enostructica.
1n the meas of acid-productsm, cra-
tinment of weal wxd and acd
sludges, and acid-rechamation, Lireely
the consequences of the alome-mrne
Booed  procemey, fow contest bead's
Enportant role.

Although by far the largest job
for Jrad ia od refinine, wlurie acid
Rarxiling is not alone m its drmands,
Perhaps ant as barce 2 wee but def-
inirely an important coe ® in the
storage of akan solutxes owd for Bre
fichting. Lrad’s mu e wees do nent end
bere, however, and it s one Slogical
that it is found in alum ditewnes and
in productin and containment of
aid-alum sohutions xrd ia thermaolor
caalytic cracking. The Latser wee, in
the reactor stage constitutes oor of the
srvereit tewts of kead's applicabidity to
date,

It & the purpme of this anticle to
being wp-to-date the lasest practices
related 0 bead chemical cnentruction
brcause mechanical troubles are ree
sponuble for the greater part of
wch difficultics 28 are expes
with rad lined equipment. Knowl.
alee of the corrosives encountered
and their behavior with lead are
alo Important. A typical case his-
sory commentary aho adds o the
wieful hnowledge of lead’s employ-

mrot I TINIICIting corTosion i this
sull groming mathet.

Before touching wpoa brad com.
SUCtn Peaines, counment on the
encronion reantance of kead i in oc-
det. When solfure acid and ahem
are ywd in camhination, each react.
ant mav he comwdrred 0 act inde
prodendy  Lead i hichlv prvivtant
to cneronion by sulfurie acid at peac-
tally all semprratures and eoecen.
gatinne, although somrwhat nwee
crtoded by very dilute of very com-
centrated acids.

Frequenthy mis-stated in the Bt
etature i the fact that the rate of
coeromay of lrad in contact with
sulfuric ack! mcreass rapadly in the
very bww concentratum rance -0 o
S pesernt'. For exanple, at 2 prre
crae, the tate i toughl tuice that
st 3 percent and may indicatr pre-
suture {ailure,

In this eranection, it apprars that

8t bow acid concentrations antimoav.
braring bead alloy pawivation can be
sunbuted al 0 2 wifate of and-
mony,
In the caw of krad finings, &
woukd appear that with all che bring
equal, antimeenial bead shoulkd he rece
emmended in preference 1o chemical
kead for impronrd senvice in the very
Jow coorentration area with opti-
mum cofrion  TesiMtance exprowrd
at 3 percent Sh

In the cae of alum AL (S0,),. brad
# quite revistant 1o corrosion at the
lower concentrations and normal
temperatures, and at hicher concen-
trations aml temperatures as well
Such failur of bad av do occur
in contact with thrse solutions are
oot generally the pesult of corroinn
but rather mechanical failures due
10 improper design and installation,

and accentuate the fact that methods
of conviuctum are partculacly bm-
portant in the caw of kead.

New drvebynornts in bad eon-
structinn ovee the pat five yean
mav be conudered to comprise new
momatums of etablishal mnethods
aod what may be comnlesend the curs
rent thinking an what comprives best
practice. Accordingly, wher differs
ent {rrem that previousdy jublinhed
or where worthy of repeated men-
Gon, a grnenal treasment of each of
the nxthonds for imtalling bead foe
corrmney’ wnke are tiven which
crotain  information dewctiptne  of
the conditioms which warrant selece
trn of a particular methd and
procedures for anplrmenting that
mrthol In addition pertinent wat
mrthods are doscribed

Sonded Loed Linings. Tn nhtain ths
greater efficiencies afforded in some
cawes by high operating trmperatures
and vacvum, bondrd lead linings
bave hren prifected and used with
maccrss {or 3 great many vears. The
combened proprities of steel and lead
are wed to advantage under anv of
the follwing conditions ar crmbinae
tome thereof with the thicknems of
the lead Lyrer being dependent upna
the uliimate uswe:

® Opcration of veverls under vacs
wm

® Rapid fluctuation in temperature
which may male bwme bead linings
wawitable becausw of fatigue,

® Conditions where heat traner
s important (absence of air gap).

® Where wright of brick-lead lin-
ing cannot be supported (elevated or
very wall veweh).

® Hich temperatures which would
produce excenive creep in boose bead
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hiungy,  Thndrd frad Linings w:if g
creep o crawl up s 2100 [40F )
and wheie

® Vibwatem or tepeatrd shed aie
ncouniried

To accomplnk (dwicaon of a
bondrd bad-linnd veserl, in what
CAMMIH WO 3R HNDIACIICAL Me pres
vioundy publnhed methods comnsting
ol burrung har and casting mr hach
wparately,t the more ircent prac.
tires’ crwnbene gamma-ray insgrction
with the fabricating wqqurnce to the
evient that fabeicators can produce
defect-frre  homogencounly bonded
bad hruncy at aoiv 3 emall increaee
n conss Xlion Col.

Fabrication. Ini:iallv the plate 1o he
booded are picked on the bning
wle, prewumably with a 30 pricent
solution of suluric acil, witahly
fused  ninc.armmnnium chlwide and
mannous chlonde are two fluvres cren-
moaly wed'' and brated 0 2 fur-
nace, Apphcatan of the “firet (g™
 made by rubdung a huniing-har on
the treated steel and after cnating
the surface in this manper, molten
fead is added until twice the finiched
thicknew it obtained. The double
thickness «wrves 0 flat impuntirs
with the excrw, containing this mat-
wer, being dispred of by chipping
after the lad-steel aswenibly » ale
fowed 90 cool. The trwiltant rough-
ened stface is swbarquently annnthed
by flamme washing, an operatioa
which senves 1o cheek for, rrmone,
and repair minoe defrcts. Prening
follows, which results in a more denne
and reduced grain structure.

At this swage of f(abrcatinn and
before the Iead-bonded steel iv rolled
0 vewel diameter gamna rav ine
spection i wed. Newmal expowure
techniques are utilied with proger
allowances for the kead thicknrw in
exproure time. ARl radiographs are
made with a 100-me cobakt.60 source
with fac-qrained high speed film,
and source w0 Alm distance hrid at
12 inches foe rxpowures on plate
steel. After the brad lined cherts are
rolled and welded together, a 2V
inch strip on cither side of the weld
s Jead lined by hand-burnine. This
wvea i alw impected by radigea-
phy. Attachments are lined, wekied
0 the vewel and finished offl in a

runiee whe b i i soordawe with
crowral practne The sttacdumnty
ste ab taduxgraphet with the wearce
Pl on the moesde crnier e The
short dutances invidhied tesuly in
manimun capraare times of 2 hours
and in all caws the reyuiemrnt of
2 prreent swrethity oomet,

Ia mteprcting i, sery dark
sharp mardingy indicats jarhobes, gas
prechety, or inclusione Unifoem gen-
eral dhading may be due to varia-
tves in bead thickness but o it he-
g or evds in 2 sharp Line it war.
rants  imntgaton. Dendritic or
featherlibe markines indicate the
presence of aag o drow which
dnukl e removed  However, the
Littrr marlings e ahn indicative
of an wyriirct bond betwern bead
and weel

Rufuxgraphy & carvinl nut on a
tankan or statistical sample haus
with rewpect 10 the shell and heade
The norele neche are all radie-
traphed 10 pereent. Ohveraall ome
ol using this inpection methnd was
found to be 31 procent of the vesel
fabeication ¢cont. For 100 percent in-
spection, 10 prrcent of the el
coet is estimated. In hoth cawe the
added cont s wnall in termn of ree
duced downtime,

Onhrr test mwethnds which are not
accewarnily 3 part of the [aheication
wquence include the “acid wash tent”
which i graeially used to detret pine
holing or poemity, ultrawonice relve
ing on eithrr revonance of pule
metheds which are tests for boad
discontinuity and foe best rewlts are
conducted from the steel dide only,
and ancther methnd limited to pres.
sure veseh' The Litter invohes raiv
g the intes1al temperature of the
sl by steam or other trans 0
abmat SOOF., cooling as rapidly as
pmaible arnd examination of the brad
wirfaces for bubble o raising which
would indicate a lack of bond.

In service, tmiting and tepairs us-
wally imohe viwal detettion of a
rak (ollmed by rrmoval of brad
from the affectmd arca, buikling up
of the damaerd steel shell with weld
metal, and homagencous bonding of
ad over the 1epair area. A test for
tichtness usually folbms and is done
sunply by flling the 1ank with water
and cheeking for beakage. Ulttasnn-
s may aho be used to advantage

w determine the theknew of the
shell 3t any prunt dunng wivice and
before visual bralagre rur,

Sheet Load Unings, Shert bead Lin-
sy weually imohe the hraent cone
struction ciste, metly hevaue they
can be foemed and puncd in the field
with a minimum ol equipment and
man boure evprditures Lot costy
are eealind when the sheet bead s
hung fecen the top of 3 vevel sheil
but this is not always posvble dee
signwie and othrr innem 3tione are
uswd. Thesw crunpeise strapgung and
wreral methady of (avtening. How.
ever, in poactice, the optinrum heiche
of & hone bead-lined veser! without
the hencfit of steappng rarely ex.
coeds 8 feet, deprndding on the weght
of brad. In what s cnovidriem] gomd
srrtical strapping practice, straoe are
placrd ahoat 18 imhes apart snd
genceally po nuwe than 2§ inches asud
subsevjurnily emrred with sheet tead
thus presenting 2 continuous brad
witface tn the corrmine Ok cavine
ailv, laree steel cut wadhers and
round-head hoks are usnd 10 fasten
sheet kead 0 the veswrl shell which
may he womnd or steell The bolt amd
washer in this case are convred with
a kead cap which i weldd 1o the
lining. Bolts uswed in this manner are
vwally spaced oner the lining on
18-inch centers.

In sddition to boltine. (astrning
straps to support shert bead finings
e ecently imohe automatic stud
wekling which eliminates diilling of
the steel shell and pmitioning  of
the Jrad sheet, w'th stuck on 18-inch
centers, 12.inch centers occasionally,
but never more than 2hinch centery,
and a comparatisely new stud driver
which eliminates drilling of straps
and shell as well

For both methods the advantages
can be found in the following de.
tails of wee.

® All fastenings made from inside
of tanks

® Elisnination of outside scaflold.
ing.
@ Elimination of hole drilling.

® Elimination of counteninking of
pre-drilled holes.

® Reductinn in (ime-(nmumin‘°

marking by driving studs at random
(ot adhering to specific spacing.)

® Eliminates the boliing operation.
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Oln the cewe «f I stad drhing
wrtheul, elivunstun wf caienal jow.
o mnjtree,

O \uciew in hning of a full range
of tanks ('y w0 3y wuh sirel; and

O Actua! pb rrgruts which indi-
cate time savings of a8 hogh a1 Mo |
oner the ohirr v thed of diilling and
Sediing. Ohrroall crmt wavings have
heen alxwt &) pescmt aned largely
the grealt of bmerrd Labow conts,

All in all when perperly stiapqed
o otherwine suppoetrd, et bead
Roed vesrks can b wwed a8 sraction
vewrk where hicher  wrmprratumes
are encountered. In deep tanks, be-
cauw of thr hich drrmity of lead,
Yome hinings must he wrapped peep-
etly. Whren tepains are arcesary they
are eauly aconmpliched and w hen the
sl uerful e hac eypired, the
wiap value of lead crontitutes a <o
sidetable reduction i the cont of new
aretructiom. Ocvaunnally, in addie
6on to srappeme. a Lavey of aid-brick
 placed oaee the brad Gning on the
hotten. The nain purpoee of this
n 1o hold the bad i place and =
pecvent steun (roen ogra or ruptured
conls from eraling brad The prine
ditliculty with wiung this tyvpr of
bottorn is that n i often Brewary
n trar up a Liree amount of beick
whrn a brak occurs in neder 10 kcate
the krak, New tevhnigqoss in the s
of radingtaphy have ben developed,
however. Pumerting in this work,
Sliha and Bracken® of Fen Standard
Ol Company and Drlte of Ewo Re.
swarch and Foginerring Company
found that txtizeaghie iepction of
brad.brick lined sewarls i definitely
frasible. They altained radiographs
that were usefud in bwcating the caue
of falures in & brad and brick-linrd
weewrl, enmisting of 3'16-ich lead
bonded 1 T4einch sterl and covered
with a 4%;.inch carthoa bich. A 500
millicuric cobalt-60 enurce was used
at 36 inches, with a 12-hour expmure
of an entire 2hinch manhnle area.
An extension of this trchnjue to the
alotementioned bottern construction
i apparently feasible. As outlined
tater, radingraphic wchnisjucs are
eyrcially weful as 2 means of avesd-
ing the sometime excewive ks in
time due t0 unnerrvary reaoxoval of
the brick linirg.

In the rraliu of wnprctim, sheet
kead installations may be tested for
mperfect wekbs or pinhole proctra.
tions with fluorescent and dye pene.

teants. It has been foaiml peacin o)
abws, 0 pnp suitabdy dyed beeonine
briwern the bead hining atad the vese
wi abell follosmed by i precien of
the intrine (g betomite traees Sl
anetbrr Wevhaque involves punipang
of firvnLuden alr bntwern the shell
arud the lning with fraks on the ine
suje of the vonel bring detecied by
a halky umih?

Coge Conetruction. A [urther ex.
nuon and wenewhat of an ime
provement in sheet bradd construction
i the so-called cage cimnstrw tion
which hac amng ity atiributes:

® Fasy brak detection,
® Primity repains fron the outude.

® Where the vewel design call for
extra suppoet of the lead lining,
internal sitapping and cocellan
pirreing of the ead for fastening
w eliminated and

®limrr material and evctum
ernts and eaviet ficld comtruction
by cluninatinn of unwicrkh steel
shrets

It i entarmanly eend practice wo
provide “werp hol™ i the bane
bead lined sterd tanks but unfoctu.
nately the coermmives don et abwave
fcllow a detrctable path in the event
of failure. Ivippings cannot be de-
prnded upon to drain at the nearest
weep hode and therefote they sene
only to inukate the necuttrnce of a
Jrak and it preearily its bcatnon
The impntance of krak detrcton and
cage tpr construction therefore go

hand w hand.

Febeicotion. In plae of the uwal
steel or wonden shell lined with sheet
brad, a badket of cagr-like sructure
comprivd of seel flate and angle
welded uwrther w form an open
frame s uwd for suppoting the
brad lining. Strips of lead aie burned
from the outside over horirontal veel
steapn, thus supporting the bead ex.
ternally. Depending on the  heighit
of the vewel, the steaps are choney
togethee at the bottewn than at the
top 10 give the necrvary vapport
where hivdrostatic preswure s great.
est. Vi) inspection for keak detec.
tion in mot cases sullices. During
fabrication defects may be detected
by the applicable micthnd previously
outlined [or sheet lrad comtruction.

Brict ond Leed Linings. An un

wisnt mwthonl of ottt tony fog
ra'uﬁm( the numt wnete cruulitune
Woihe uw of a Fad mrduane Yo,
twern the derl veseel shell and an
acil-bwick inney hning. Thie tyjr of
conntructnon has been proaed offec.
the in a lirge numbt of inatalls.
tinns wheie brad by itwell, or other
matrriabe of chemical conetiw ton,
are inadequate. When peoperly de
sign~d and indtalled, they will pree
form admirably undes the nusmt -
vere conditions,

The following summatises the ¢nn-
ditions whih warrant the wkctan
of lad-brick contructnn and the
eprince acquired mer the vears
which has contritauted to its itee, rre.
ognitina of ite valur, and ultimately
to extrnvive, wklmprexd, and cra-.
tinod emphament in the chemical
procesung industries:

O flich temprratures: Bricking pre.
mits  temprratures hevond  the
phvvical limitations of brad Lrad.
beich  comtnution 8 (iequently
wsed wheie the tempriatures are
in excrv of YO F and oven e
high as 1000 C.

® Hich presaures and vacuum: Cer.
tain acid recmrry units are beick
and trad linnl and ofrrate undet
vacuurms as low as 023 inch of
mercury at about 260 F.

® Abravien and ermmion: Brichwork
reduces the wouring effat of e
lent agitation found, for example,
in sulfuric acul cnexentratnes

® Thenna! insulation: Essentin lly
eliminates heat b and erxoruive
temperature fhictuation a¢ oftn
encruntered under rapidly fhucr -
ating time-temprrature ev-'oa

® Substantial ~., aavings: Ample
r.an of the econnny of beick-lead
combinations is the fart that cor.
OO fristant masnry construcs
tion compned of a suitable shell,
lrad membrane, proges brick work
and cement can be deprrciated
over a long prriod of yrans, 15
years bring not uncommon,

® Connion: Brick and krad prrform
very eflectively oner the range of
wiphuric acid, alum, and acid-
alum concentrations.

Here are some of the basic funda-
mentals which are olwened in this
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- W9 prrent Vo sl med bue dontillose trcatnag.

FHGURE 1 —There vorvem roucenttston e thaa we seors abd hove hren opssating
[ Y

tpe of comtruction in adfition =
the devign of the tank wheh & bukt
0 wpprnt the weight of the entire
Kructure:

1. Butom dhonld be didnd whete
preuure i invohed and the wekdy
placed at or shine the it edere

2. The brad lining i ajphed afeer
renoval of all burry and ather pre-
jctinen on the invde of the tand
which may cause injury to the bl
Chemical grude 8 to 10-pnund shert
rad is usaally adequate and s found
i wwe generally.

3. The brad dhould be Lapprd caer
the wp of the wrwl to peevent
secpaer brinern the lining and the
steel and bune sheet bad sudes shnuid
be lapped mer the bottorn sheet
about 4 inches and wolded worether
sround the entite evprned edgr. In
very lagr verweh, however, or at
hich opriating temperatures, € is ad-
viahle 10 steap the lrad to the outer
shell Inasmuch aa brad will weally
conform 0 the same grorral shape
as the sirel backing, it is desirable to
obtain as wnooth a steel surface a¢
possible without shrupt changes in
shape. At timey honded bead eonstruc-
tion b required for reaons already
outlined and sutfacewine dues not

present & proslem.
Q. Alier the kad has been in-

stallnd arf tatrd, 1t i fined with noe
re twncourws of hew h chowrn a0
e o evetal factean, degree of yond
mstam e enpurad, munamam allow.
able premin and drerre of thermal
gradrnt of ek

$. Furthenmeer, ateps are talen w
noed contmt weh adngn wne
acil-preud cemenes This i done by
bonding adrston paprr oo the bend
with potacium silicate solution be.
fowe the besch work nomtalled Aln
a shert of acheiten s utilieed with
teain buwe cements umalarly. With
silphur-hawd cements an adimteon
membane i ot nreded.

®. \ wffaiwnt thicinew of bew k.
work i imtalled wch that trmprra.
tures at the swurface of the ead will
be seduced to 125 F in the caw of
bonded brad. aixt 165 F. in the caw
of shret lead The tringerature te.
strictin for biwuded brad s onlv ap-
plic able whete tinning has be-n ued
for preparaten of the sterel surfaces.
Shiba's treatiient w complished bond.
ng without tinnine at all, and in the
methed repoeted the teiprerature re-
sriction dors not apply.

¥. With rrgard to another itrm on
the thicknew of the brickwork, an
atteinpt is made to kerp 3 sufficient
thickness such that mean tempera-
tures are teduced o that with in-
ereasing tempreature the brickwork
will be elongated more than the steel

el The mashant Lffereniial ex.
panesnn bwdib the brad i crrrgurvienn
thus aewing Ruse thas sdequate
ey,

With regaed 0 deeiing, awuming
fauhbw bad condnktsm and no
damage w0 the brad haung during the
bexbing-sa poces, with atual wevs
e, the priwebures a0 recnmawnded
by Shda and Beacken are rcun-
mendrd foc evpedious bandlog of
Iakages 3t they accur, When prop-
ety utilind Al but the arcmary
tra. g up of brichuoek is perent.
shle. A variatewn i acud-bercd and
bad memicane cvoninatyn mav be
wrns in the accompanying Froues 1,
2 ared V.

Other Develepments. To ald fur.
ther 10 the Litest i b ad comtrue.
tnn practiors it R well werth aeting
the wa trwiul appls atwon of the vh.
nujue of coating serl with bl by
spraving® Thiv n done by praving
a vustwee of finely diibd mwrtallic
brad mived with a snlatile wetting
acvnt at extremrly b preauares with
3 hich wrdunwr of ait Whra applied,
the wmetting agrnt Ovaprwate out in
a mattet of minutes, beaving the
metal drpmited on the wirface The
wpraying oprration i reprated twice
e baning a depoit of brad ap-
proisrarely 14 pourads to 8 wquare
feet of surface or to a thxinew of
10 mub oarrall The tevhniue
now bring uwd extenanely in v anous
untallatwns thomgheut the U7 8 w0
pevent coemmien of tubing and pipe.
on the O and the 11D of wnke o
treatrry, gasoline punn_ trfinrnies,
spray and conling Wrmers aml struc.
tural seel moeh whch are wibpct 16
cotvarn emanuntered m the firld
For example. lead applied in this
mannee has heen in service in
erwline plant cnrding tower pipnng a¢
a provectivn acaimt hivhly corrodive
anding water for moee than 10 years
with no sgne of falure It hae ahn
bren used for interior protection of
piping for wcondary rrcovery s
trme {er more than 13 years with the
same resglts

In the arcas where brad pipe,
vahws, fittings and pump connections
and brad return bends of duice pipes
find swrvice in refining prorewes, bead
has chalird up an impeesive tecord.
Very little can be added therrfore
with respret 10 three user. Bonding
techniquas sinilar 10 those dewcribed
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PIGURE 3- Jrad ning further prosccied (rom corvamion by
domble o id-brich Kasng.

can he weed in the manufxctwe of
lead Lned steel pipe and bl a.
ered coppres Lraing coih with perdd
reaults, Aside from the wune ceneral
fuving requirrments, nwlten bead i
cast on in wetpns by rotating the
ppr. Another mrthod invehes in.
witing an extraded besd pipe into 3
sitably peepared steel pupe with the
lead pipre bring expambed acainst the
outer shell by steam prevaure. Tem-
prratures which permit boexline are
thus obtained Leud conrinl cignrer
pipe i fabticated simmlarly by vasia.
e of the casting inrthid imvoh-
:ng & mold,

nformetive Case Histery. In thn
case history, there s evrllent ma.
treial on the wvuence of events and
seps taben in impreaing the ernvice.
shility of Jrul by preqeer deign in an
acid-alun tractor usvd inthe peodue.
tinq of aluminum sulphate (alum? a¢
well 2 infoenation on the varius
other unes for bead in this particular

ara

Introductory History., Appeocic
matrly 13 years agn, a ntal of 123
wns of tead wae installed o handle
the pruhuction of corpmive alum -
futions in a brad catalyst plant where
orarly two billion brads or 30 tons
of finnhed catahvst per day are pro-
ducrd. The catalyst is used in the
theemnfor catalydic eracking proerms
which at the time had recently come
intn extensive use in the production
of high-octane gasoline. The bheads
are produced in bead lined forming
vowers from gel forming solutions
comsisting of sadium silicate and acid-

alum  aluminum wlfster. Alum s
pralimed i an aod-alum rractun
tank frem sluminum trihvdrate res
acted with wlfurie acid,

Procew. Deminerafird water @
first intrealuced to the alum rexctor
wherrupsn sulfurie acid 66 deveres
B4) i adhied until *he widutvn i« 0
prrernt acul, Alline the tank w a
depth of 18 inches. The temperatme
revalting from the evthermie traction
n further increawn] by the addia
tinn of aluminum tri-hadrate  puri.
fird aluminat to 280 10 26N F LS.
tirnal alumina i added ta nuintain
this temprrature, and the teaction s
eontinued foe 11 tn 2 hoare while
continually agitated with stram
which Lerpe the aluminum wilfate
above ity anlidifving trmperatinee of
210 F. After the traction n ¢om.
pleted, the batch i then diluted 10
make 21 prrcent aluminim silfate
which is Lept for 4 houre at 130 10
140 F. Further dilution produces a
20 pricent alum wlution which fitk
the tank tn #, full and s tlquid at
oom tempwrature . The wlution
then pumprl ot of the tank into a
bad-Jinrd wdution preparation tank
where it i further diluted to 10 prre
ecent. The average winice o the sr.
sctor i ane hateh per dan. It s
readily wrn that the crmbined effects
of diffrrential ne velic beating, cona
stant agitation, and abrasion and
tempreature level contribute to what
s one of Jeads severest tests,

Fquipment and Performance. The
reactinn tank is 17 fret, 7 inchs on
the ID and 7 feet, ¥ inches in depth,
and was lined initially with 16-pound

T

FHAURL 2—Vacwum comcrnirsier body srctioms are bined o nbh
ol -ench brod sheete

chemical bead swipprwird by vertical
strape 4 fevt apast. Ll proved on-
wtiflactnry after only Gie mnachg
oprratin and was convequently
ripped cut. Severe phyvaical detortion
of the brad had xcurird and subees
qurit practatinn of the alum whe-
tre teulind in teplacrient of the
stevh bottoun and swies to a height of
18 inches,

Since cnerective strpe were obaious
and were dictated v the physical
Lmitatinns of bead and net it speeific
rmistance to the ciwrmne, & new
tank lining was installad and put inte
wnire. Ity bttom and udes were
lined with 22-pound tellurium-chesn.
wal kad, and the slizhily convex
wp, with 12-pound chetiical bead,
The aklitwnal strapn eonsistine of
hall-oval sterd conered by 16-pound
trilurium-chrmical brad 7 inches wide
were imtalled to gne wupput every
24 inches on the side wall in contrast
with the miginal 8inch spacing.
The hottom was secuted hy paraliel
sraps shrathrd with 16-pound teths-
sium<hrmical lead 16 10 18 inches
apart and 5 inches wide holted
through the steel tank to supporting
steel § brams beneath.

Rrpairs of this lining wrre not
necevsary until 16 months Later when
spowadic  patching brcame  increas
ingly frequent. All repairs were made
with chemical bead rods. The walls
showed the least amount of bulging
or sagging briween the straps, and
rrquired the least repairs. Corroion
was Jeast in the lower third of the
vesel wall but above that, the wall
area was expmed to hot corrosive
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foam 0 e prrseme of ar, and
wwe crvionion hod taken jdace shing
the crets of the buleed Lning Om
the b utun, crake and prrfivatsnneg
had cauevl coniderable 120uble,
lead briwecn the wiappung had
bulgrd a0 wxiw caers a0 hgh 20 3
Inches atrme the tank bettosn

Trouble with the hning was swere
by srie the percuct fortrd Yojusd
aluminum sulfate which teeps
thensgh occurring hair crarks into
the caviey wnder a brad buige, hiling
it, and later snduidying when the re.
sctnn ceases Flattening of the bulers
# prevented therefore and the bulge
Ras 10 be cut oprn, and the woludifird
alumuaum  swliate removed. Leals
wete detrcied by werp Boln; the
prewn e of Al S0, hring anted by
the appearance of salactiten

Thn diffuulty at the brettam wae
dur prinariv 0 the apprarance of
fine cracks adixrnt to the welded
srame. oa the wame, on or adjacnt
0 nekds (rom carBer repairey ar along
crets of the bulgrm, & wwaldy predom-
inant accurrence.’

An attempt w2t made 0 neredt
the stuacna by weing 2 bexck Lining
w provide wniform suppoct of the
hning and alwo 10 imulate againet the
etremes of tengrrature and factua.
twos thrreof. Hhomrer, the crment-
ing compounds uwd did ot with-
stand attack by te wlution and
eventually the beicks bumened and
procerded 10 swirl arcund causing
damage 0 the Irad bning (or owm.
beane: and W the agitating equip.
nrnt ae well

The teactor was Liter relined with
a brck-Jead membrane hning wing
» witable cement. This tiial installa.
tion afwr a few initial brakages re-
mained i service practically troubde.
free for fve years In fact, failuses
alter fve years of this type of wervice
were expected. The only seal diffi-
culty presented at the time was not
due 10 the repairs pecowmitated but
rather 0 the difliculty encountered
in Anding the Iraks. The weep holes
were to no avail andd the brick lining
prevented the exact Jocation of the
kaks Aunemuptsy made in repairing
the Baing resulted in a great wastage
of man bours and extemive, unneces-
sary teating up of different parts of
the lining. In shore, test methods at
the time were insufficient ™ cope
with the problem of locating & keak

unbee 8 Iww b baing quikly

In cvnttavt (0 the wtuatem ¢ or 3
yeary agy, soffuirnt infofmnaten has
bren trimeted in the bierature as
prrvioudy dew bl whuh prechades
the prsadulity o rmioving a sty e
oide brad.unik bning for wamt of
wilnirntly sdeyuate 10t mrtheads of
srchnijues for deirnnining the loca.
twws of Alaws or Irads

Tabirg advantage of the tech-
aiques made pauble by the advance
of nuclear wience, brak detrcin
trad-acud bexe k linmes might be (acihs
ird by the uw of ke el radin-
atine txer.whent awthods which
would dregrnd upon the amplifyng
effxt that 2 bad awendwane would
have an a garmens raduation induced
sgnal froen 2 fud wuree bebund the
Laung Thae amkd be accomplinbnl
by intreehcing 3 wduble radinactne
element intn watrr which woukd then
be pumjed briwern the brad awm.
brane and sewel shell Scintullation
counters cruld be uwd W areiue
the invade swirfum of the vened in
order 1o detect any  ntemeatc ation
that wouk! be ndicative of a beak.
Alter o briore effecting sepains n
this manner, drtergent chranune or
chelstinn could be enphkned to e
move vestigey of the tracer used.

Further ave of sch technijues
may b had with rvpat 10 honded

Rdward ). Mullachey i s haw sl
director o Lrad Industries Asecaa-
twon, New York, where he gathery
and cortelates available Sechascal
mformation sbout all phasrs of bead
woige. fn dfiten, be diermmarey
thin aformrutea o0 that & will be
werful 10 governemeat aad indwtry,
and will asvst brad warrs m the wlv-
ton ol 1 hawal probl wne involvieg
trad. He aleo investigates arvas whrre
trorarch might be necrvary of value
shie, and grocrally supervisrs such
rrvearch, Mullashey u 8 graduate of
New Vork Uaneruly where b ree
cerved a2 B S drgree wa metallusgical
engincenng He was lormerty with
the Arma Divieva, Americas Bosrh
Arma Corporatwa.

L]

bad bringy v men dovt Yad o0
cage sl tan sl with o0 with.
ot brulb In the caw, the ceverf
wiubd be hibd with the Bund wrce
and the outer surfaces wnitinn) to
detedt intravtcatum of ugnah mhach
would be ndu ative of innuncot fail-
wie. Homrmer, calibration sudes
would be requiced  and  eutenane
meawirey may be neomary in the
cae of bewk Liners o terwne traces
of the radiouctive conmtuiemt when
i peevents a problem.

Even crnudering possdle himita-
tinne, the ahantages of the aflowe.
mentioned 1 hakjues are inderd pro-
seative, Awde (ram the suitablity
of vasmwus test mrthods, imtallations
wmilar 1o the ote unler consider atsn
give up to 13 yran’ wnie In short,
brad tined ahuin dagvstory wswally per.
fem well (en 9 1) 11 yean hefore
the fus keak occurs with the wound
olten ocrurring briween 10 and 13
yeass.

To wm up the stastion at the
brad catalist plant, the brad forming
towers Lned with 3, 4-ineh chemical
Yrad suppoeird by a ungle steel st1ap
at the 1op are il unatfected by coe.
rovion frwn the dilute acid and alu-
minum  slfate wohation, 3 prrcent
HSO,. S prrcent AL, SO, 90 prre
cent demineralisrd water 2t room
wmperature, afler 13 vears senvace.

Lrad lined storage tanks contain-
ng acid-alum wlutions diluted 10 20
pricent stencth, and wluties fur-
ther diluted for inttoduction 1o the
bead foeming towers, are still giving
good service to date after 13 yeann

A luge prpoction of the piping
in this installation s bad which has
been rutended bryond the deign
stress bevel without eventful failure
and s still in grnd shape atirting to
the durability of kead in this applica-
ton. bead pipr, vahe and ittings
in pump conncctinns and Irad return
bends of sluice pipes under forming
owers are all showing excellent

wage.
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