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SINT OUT BY GIOAR 70 *CH® LIsT
LEAD INDUSTRIES ASSOCIATION ' o

60 EAST 48np STRESEY
NEW YORK 17, N Y.

Deceaber 11, 1957
CID(ICAL BULLPTIN WO, &

ACID AUN REACTION BANDS

Supplewent to Chemical BPulletins Xos, 6 & 21 (Sent to
Mesters on Dec. 16, 15L6 and July 19, 19L8, Mespectively)

The bead catalytic cracking catalyst marnufacturing process used ty the
Socony Mctil (11 Coop Inc, At Paulsixro, ¥, J. affords tre conditions of service
which corsitute a major test cf lead's adility ia containing chezical corrceiws,
In particular the acid-aluz reaction tarks have resisted to date the efforts made
to successfully aiticste tre corrosive corditions encoustersd therein for the past
1) yoars, Thia 18 nct to izply that lead has falled this test but an attempt will
be £ade to indicate the chrouslory of recorded events which lead alterrataly vo
the use cf lose lead linimms, bricx-plastic mez'rane lininzs, brick-lsad nes.
trane licings and firally to dats a Eawg conposition linirg, and the circumstanoces
surrounding the altervate use &rd disuse of lead., This Sulletin susmarises and
supplesents Kos. 6 and 21, heretofcre coverint thir $astallation,

Althourh lead 18 not 4n use at present 1a the alum reactor, the applica-
14ty of lead has Deen mutely ovi_dcced. It {8 only a case where the expeditious
vee of o material had been prevented by & lack of test mathods or design develope
a2t spplicatlie to mitigating exgected fallures encountered saoe L years agoe In
this case kistory, there (s excellent material on the sequence of events and steps
taken in improving the eerviceadbility of lead by proper desien 2 the alum reactor,
a8 well as irforzation o the varicus other uses for lead in this ares.

INTROOUC TCRY HISTORY

In 15L%, o totsl of 125 tons of lead was installed to hardle the
corrosive aluam solutions 4n the Bead Cstalyst Flant at Paulsboro whare nearly two
billion beads or 50 tons of finiahed catalyst per day are produced. The synthevlie
bead catalyst 1» used in the TCC process which st the 'time had rocantly come inte
exteraive use in the production of higheoctens gasoline. The beads are produced
in Jead lined formine towers fros gel foreing solutions corsisting of sodiua silda
cate and acid-alue (al'eirum sulphate), Alus is produced in & doiling tank from
alosirus trikydrete reacted with sulphurie ecid,

PROCISS

Deninmralized water 19 first introduced to the alum reactor whereupod
sc'phuric scld (64°76) 18 added until the solution 19 SO percent scid, filling
the tank to & depth of 18 {n, The ter;mrature resulting from the exotherrde
reactinn 18 further ircressed by the sadition of aluxinum trirydrate (purifted
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aluminn} to 2L0° to 260° P, Additional alumina is addod to maintain this tewpers-
ture, and the rcaction 48 coentinued for 1} to 2 hours while contimally svitatod
with stem which keeps the alamirus sulihate abow 48 solidifylne temperature of
2107 7. After the ruactica 43 exrplet:d, tha tateh 48 theg diluted to make 2)
percent aluximiz sulrkate which 48 kopt for L hoors at 1300 to WO P, Further
dilution produces 8 20 prroent alum solution which fills the tank to $/10 full
and i 11quid at rowa temyeratures. Tha sclution 48 then pu=ped out of the tank
1nto a lead-lined soluticn groparstion tank where §t 18 further diluted to 10
percent, The average durvioe cf the reactor 18 one bateh per day. It is readily
sevn that thoe corbinud effocts of differcntial or cyciic heating, constant agite-
tion, and abrasion and tamperature lowl contritute to what 18 cne of lead's
sovervet tosts,

LI N AND PERYCPGLNE

The reastion tank 48 17 ft,, 7 4n. oa the ID and 7 £t., 3 1a, in depth,
ard wap lined with lead Snitially after provious trials with s plastic lining 4a
Foweamber of 15LL with 16-1b, chezical lead supported by wortical strags L ft,
apart. This prowed unsatisfactery after only S months operation and was coase=
Gquuntly ripped out, Severo physical distortion of the lvad had occurred and
subsequent penctration of the alum soluticl resulted ia replacament of tho stesl
botton and sides to & haight of 13 1a,

S4aco ¢orroctive stups were obviocus and were dictated by the plysical
lixitations of laad and not 1ts specific rosistance to the corrosive, a new tank
lining was ‘nstallud in March 1945 and put 16to survice in June of MSLS. Ite
bottce and 81d-8 were lincd with 22-1b, tolluriuam chexical load, and the sliehtly
csnvex top, with 12-1d, chuzical lead. The aditional straps oousisting of half-
oval stes] oovered by 14.1b, tullurium chomical luad 7 in, wide wmere installod
to give supp. =t wwry 2u in. oa tho sido wall in contrast with t'@ oriminal
L8-4n. epacing, The Bottm was sicarcd by parallcl strage shirthed with 16-1b,
tellurium-chaxi tal 1ead 16 to 18 in, spart and 5 in. wide bolted throush the
stvel tank to mpporting stecl "I deans btuneath,

¥o repairs of this lining werv rejuired until Octoder of the following
yoar, 16 months lster,whun sparaiic ratchine tvome increasiarly frequent., 4ll
repairs woero Bxle with chericesl 1cad rods. The walls showed the least cacnt of
tuleirg or sageing Ntwecn the straps and rejuired the least repairs. Corroeion
was loast 4n thu lowcr third of the wesscl wall tut aborve that, the wall area was
c€xposvd to hot corrosive foax in the presence of air, ard sosu corrosion had
takun place along the crasts cf th bulged lininry, 0a the bettoa, cracxs and
perforations had causid corsidurahis trutle, load btrtwen the strapping had
tulged in soe cass ae high as ) ia, adove the tank bottom,

Troutle vith the lininr was scvere beowsd the produst formod 19 liquid
aluxi moe sulphnt which sceps through ocourting hair eracks into the cavity under
8 load bules, fill4ng it, end later sclidifyine whon the rusction cuzsos. Flate
taniow of thy bulevs 18 provurted thereforo and the tulte has to e out open, and
the 9714410104 alunum sulphate mmoved, leaks were detocted by weop holus) ihe
presence of alurisua sulihats betnt nctud by thy apjoarance of stalactitos,

This difficulty at ths totton was duo pricarily Lo the a pearsrco of
fino cracks adjssunt to tho weld.4 scaxs, on tho scazs, on or adjacunt to welds
froo varlier repairs, or alons eroota of the tulves, An article which apjreared
in *Correston Prawirtion & Control,* Muoumi<r 1955, attests to thy predominance
of this type of failure,
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(It 49 interesting to nots that trae area surrmnaline the notsle of tha
aductor jet was free of faliures, 1he lead was waffv: 143 ky the stesn Jet and
the scouring motion of the reacting solution,)

An attar;t was mais Lo correct the situatiss by ueing & brick lining to
provice wrdfors #5427t of the linirg a5d also to5 $r82lete against the sxtremss of
terjerature atf iy Vaatiann Wharec!, However the oesarnting compounds used did Lot
wiihstand attace 7y Ly e-lition and sventuslly the bricks lo>sesed and proceesed
to swirl aro.l e leg Geage to the lead lining (or memtrare) and to the w,itating

oquiment & weil,

18 15,2 e Lead ltning was remcved amd replaced with a Ld-in, brick and
Moiloa madrace Lining e~iok served ocly 2 years with frequent patchiry whereupon
ot 0f U.ree reattre wad reiined with & brick-lesd pextrane lining which was ine |
Stalled walrg & s.ltarie remert, Thia trial tratallsticn afrap o few initial
lsaksges reeaitad 13 servics praztically tooutle<fres until 1955 glving approcimately
S yesare! pervior, Ia fect, fallures after § yoars of this type of service were
ex;acted ant oasi¢isl for, T ccly real difficulty presented st the time was not
Gue 15 L2e re;alry rexessitaled ML rather 10 the difficulty encountered in finding
24 leaks, (' wee; Males were 10 £O avail and the btrick lining prevented the exact
localion cf U Lsaxs, Alewnsts rale in repalring the lining resulted in a great
wistage of man Bars and extensive urnecessary tearine up of different parts of the
lirire, 1o shart, Lest meirCs at the time were insufficiect to cope with the probe
lam of locaticeg o leax wider o Mrick lininz, and resulted in trs discontinuance in
use of & sarvicealie brick-lsal wemlrare linine,

1n ecatrast to tre pltuation i or S years ago, sufficisnt inforsation now
Pas been reported i 1he 1itersture wiich prezludes the poesibility of removing a
ferviceatle brickeloat lindrg for wast cf sufficlently adeuate test mathods or
*ivraliqued for detlersizdrg the location of fiaws or leaks, The radiographic inspece
tic. protedures a8 recommenisad bty 5kil. and Bracken (®Fadiographic Inspectios of
lesd ilnings,® Puper bo, S5-fil-1%, AcNE (onf., Wew Orleans, Sept. 25-<5, 1555, and
a3 coversd in Chemical Bulletirs Moo, ¢ amd 67, sent on April 3, 1956 and Dec, 26,
1956 respectively) ace suitadie, When properly utilized all btut s minimun of tear-
irg up of brickwark to make re;airs 48 preventadle,

Purther irprovessnt 1a the techniques for detersining leaks in acid brick.
lead 1inings may b had possitly ir. the use of low level racdiocactive tracer-solvent
Bethods which would te dependent upon the aslifying effect that the lead mezbrane
would have on a radiation-induced signal from a ratficactive fluid eource puaped
tehird ard leaking tnrouzh tresks in the linirg, Scintillatisa counters eould de
usod 1o eositar the inside wurfaces of a wvessel in order to detect ary intonsifices
tion that would be indicative of a leak, After or tefore effecting repairs in this
parrar, datergent clearsing or chelsticn could be erslcyed to remove vestives of
the tracer used whare it presents a protlem. The advantages of such a technique are
ind. \d provocative,

Actually the installation althouzh satisfactary was still capabla of
being irmprowed,  Similar {nstallations bty the DPannayivania 3&2t Co. gave up to
15 yoars' trwubls-fres service under sixilar conditinons of service, Underataniidly,
prodactinag requiremnts d1d not jereit & mure extarnaive delileration of the problea,
e lonc=tern solution st1ll svere to be in teres of lead But the present Haveg
Sratri.etios. has not teen sufficlertly tasted to Gcnonstrato 189 sdequacy in thie
‘e.vice, But, 1t may well be nnted thal Haveg 4n cver GO percent sulphuric acid e
not ccraidered good usage. In fact a recent dnapection revesled that frequent
laakages are row oocurrine after their appearsnce initially » year ago after only
2 years' sarvice,
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To aun up the situation at tho Bead Cotalyst Piani, the bead forming
O towars lined with 3/16-in, chazical lesd mupported by & single stoel strap 2%
the top 48 still uraffe~~? oy corrceicn from t'w diluto scid and alwmirmg sul-
phats sclutiorn, 5 pavsent 1,001, 5 percent .'.12(3:-‘!\2 ;90 percort darinsralised
w3tur 8t Focn tempor atura, aftar 1) yeard unevent i service.

PRI,

lead 1ined storage tanks centaining acid alum solutions diluted to
20 percent strength, md soiutions further diluted for introduction to thw baad
) forr.ing towers, are still giving gocd sarvice to date after 1) years,

1 A large proportion of the piping 4in this installstion is lead which
hae been cxtendod beyond the design stress levels without eventsul failure snd
! is still in good shape attesting to the duradbllity of lead in tnis applicatiou.
E Lead pipe, valves and fittings in pucp conmctions and ledd return dends of
sluice pipe3 under forming towers ore all showing excellent usage.

‘n added point of intorest is sonowhat apart from the corrceion resise
3 tance of load but still wortly of menticn. In one of the storcge tanks holding
1 ¥ a sclution containing 3 percent B8, L porcent alumimn sulphste and water, the
lead adductor 4s hold in place supported by stairlves stoul bolts and clampe,
In Ky 1956 after ong yoar'e service the bolts wore corroded badly and Un clanpe
were found on the battoa of the tmke This seemed incongruocs since an Inco
60-day test ravoaled the follrwing corrosion ratos undor trese conditiom

for 304 typa sia’atess = (0007 in.fyr.
316 * . 20003
Corrunter 20
ampoo-d
lacd
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] Tha above resulte would hardly anticipate o precipdtozs fsilure of
tho stainless atesl dolts,

Galvanically, the modic behavior of stainlesa with load was «till
unaxpected but seecs o answer for tho failure, It has boon knewn that in tie
1 abocnce of air, or oxygen, ¢id salutiors can couss & reversal of lead-stairless
positions in the enf scries guch that stainless becooss anod ¢, but thes tezpora=
. tures encaunterod, 120 to 130 F., and tho prosinco of air procluded this possi.
bility. It is cnother ancaalous occurrence which cannct be uxplaingd resdily,
The bolts were subsoquontly ch-ngod amd insulated with no further occurrence to
date attesting to tho galvanic nature of the probless

SUMVARY

i In *his caso histery it is (Indicsted that lead-acid brick lininge can
be uted prodahly moce efivetively than anything slse in ecid-alun resction tarks
ard urdsr sicilar conditiors by the use of imyrroved methuds now at cur ¢amand,
This type of corstructian T.as deen randicapped, not by corresion or mechanioal

: fallure, but bty the difficulty cf locating leaxs and making repaird, JIn locating
such leaks radiograjry has offered 8 solution, Another so.utiorn, possitly more
soormical and positive, 19 suzrented through the uss of radlo-sctive tracers,
Althouth this method has not been triod or proven in practios, the Adsnciation fe
anxious Lo Sooperale with anyone havirg this preblem in the hops of finding the
m st sonvenient and econonical aethod of detection,




