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Supplewent to Chemical P:lletins Kos, 6 & 21 (Sent to
Mesters on Dec. 16, 1546 and July 19, 19L3, Meapectively)

The bead catalytic cracking catalyst manufacturing process used ty the
Socony Mctil Odl Cos, Ince at Paulsixro, ¥, J. affords the conditions of service
which corstitute & major test cf lead's adbility ia containing chezical corrceiwes,
In particular the acid-alun reaction tarks have resiated to date the efforts made
to successfully siticate tre corrosive corditions encountared therein for the past
1) years, Thia 18 nct to imply that lead has falled this test Btut an attempt will
be rade to indicate e chrouslory of recorded events which lead alterrataly o
the use cf lodrse lead linings, btricik-plastic mez'vrame lirdrs, brick-lsad bes.
trace licirgs and firally to date a Eavig conposition lining, and the circumstanoes
surrounding the alter-ate use ard disuse of lsad., This tulletin susmarises ard

O supplements Kos. 6 and 21, heretafore coveriny this astallation,

Althourh lead 48 net fn ure at present 1a the alum reacter, the applica-
tility of lead Ras Daen mutely evi_dcced. It is only a case where the expeditious
vee of o materisl had been preventad bty s lack of test methods or design develop.
st applicatle to mitigating exgected fallures encountered same L years ago. In
this case history, there s excellent naterial on the segience of events and steps
taken in improvirg the serviceability of lead by proper desien io the alum reactor,
a8 well as irforzation on the various other uses for lead ia this ares.

INTROOUC TORY HISTORY

In 1504, o total of 126G tons of lead was installed to hardle the
corrosive alum solutions in the Bead Cstalyst Flant at Paulsboro whare nearly two
billion beads or 50 tons of finialed catalyst per day are produced, The synthevie
tead catalyst ir uted in the TCC process which at the 'time had recantly cooe inte
exteraive use in the production of higheoctens gasoline, The beads are produced
in Jead lined fareine towers from gel forzing solutions consisting of sodius sild.
cate ard acid-alum {al'minua sulphate), Alus is prroduced a & Boiling tank from
alugirus trikydreate reacted with sulphurie ecid,

FROCISS

Dexirmralised water 4s first introduced to the alum resctor whereupo
scipturic acld (66°7) 18 added untid the solution 19 SO percent ecid, f1lling
the L3nk to & depth of 18 {n. The terjarature resulting from the exotherrie
Tesction 18 further ircressed by the aiddition of aluzinum trihydrate (jurifted
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alumina} to 2u0° to 260° P, Additional alumina is addad to maintain this tempers-
ture, and the reaotion is continued for 1} to 2 hours whilc contimally svitatod
vug stem which kutps the alumiruz sulihate abow 118 solidifylne temperature of
2107 ¥, After the rusctica i carplet:d, the tateh is they diluted to xmake 2)
porcent aluximuz sulmkate which 48 kopt for L hore at 1307 to 140" P, Further
dilution produces 8 20 prreen’. alum solution which fills the tank to 9/10 full
and {» 14quid at roca terporatures.  Tha scliution 18 then pumped ocut of tho tank
into a lead-lined solution pruparstion tenk where 4t 18 further diluted to 10
percent, The average durvice of thy reactor i3 one bateh per day, It is readily
seun that the corbinud effocts of differcntial or cyclic heating, constant agits-
tion, and abrasion and tumperature lowl contribute to what 18 one of lead's
sovervet Losts,

ETIPI N ARD PLIPPLICE

The reaction tank 4s 17 ﬁ-., 7 4n. on the IDlAd"ﬁ.. 3} 1a, 1nd.pth.
ard was lined with load dnitially after provious trials with & plastic lining ia
Foweaber of 1544 with 16-1b, chczical load supported by wertical strazs L ft,
apart, This preved unsatisfactery after only S months oporation and was Conse=
quantly ripped out, Severo physical distortion of the lsad kad occurred and
sudseguent penctration of the alua soluticl resulted 18 replacoment of tho steel
wotton and 8ides to & haight of 19 1a,

$4aco ¢orrective stups wore obvious and were digtated bty the physioal
li=itations of lead and not 1te specific rosiatance to the corrosive, a new tank
lining was ‘nstallud in March 19.5 and put 4nto survice in June of 15.S. Ite
bottce and s1d-8 wre lincd with 22-1b, t2lluriua chexicsl lead, and the sliehtly
csnvex top, with 12-15, chu=ical lead. The afcitional siraps Sousisting of half-
oval stesl Oovered by 16-1b, tullurium chonical luad 7 in, wids were installod
to give supp.™t wwry 2u in, oa the sido wall in contrast with t'e criminmal
L8-4n. epacing, The bottm was socared by parallel strags shirthd with 16-1b,
tellurius-choxi tal lead 16 to 18 in, spart and S 4n. wide bolted throush the
stvel tank to smpporting stecl 717 beans tunsath,

¥o repairs of this lining werey required uatil Octobter of the followinm
year, 16 months later,whon sporeiic -atckine twowe increasinzly freguent. All
ropalirs wero mxle with chericsl 1cad rods. The walls showed the least cacunt of
tulsing or sateing batwecn the straps and reguired the least repairs. Corroeion
was loast 4n tha lowcr third of the wesscl wall but adbove that, the wall area was
sxpodwd 1o hot corrosive foax in the presence of adr, ard soms corrosion had
takun place along the crasts cf th bulged lininy, 00 the bBettom, cracks and
perforations had cavsrd corsidurahls troutle, load betwen the strapping had
bulged in soow casun a8 high a8 ) in, adove the tark botton,

Troutle vith the linine was scvere becwsd the product formod is liquid
aluxi mae sulphni which sceps through ocourting hatr oracks 4nto the ocavity under
8 load buley, fillimg 1t, end later #clidifyine whon the rusotion cutsos. TFlat-
teniow of thy bulecs 18 provurted thereforo and the tulre has to e out open, and
the 8214410108 aluinum sulphate mmoved, leaks were detocted by weop holus; the
prosence of aluzisus sulihate betne nctud by thy apjoarance ¢f stalactitos,

This difficulty at tha bottan was duo prisarily Lo the a pearstee of
fino cracks adjasent to tho weld.4 scaxe, on tho feaxs, on or adjacunt to welds
froo varlier repairs, or alone ercots of the bulvua, An article which apjreared
in *Cerrosson Pravirtion & Control,® Mucoalar 1955, attests to thu predominance
of this type of failure,
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(It {9 interesting to nots that tra ares surrmAlisne the notsle of ths
aductor jet was free of fallures, 1he laad was walfe-1a3 ¥y the stean Jet and
the scouring motion of the peacting solution,)
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An atierst was mais Lo correct the situatise by ueing a briek lining to
provice wdfors #5421 of the linirg and also t5 $ra.late agalirst the sxtremes of
tarparature acf fi4 Vaatians Werecf, However the cesarting compounds used did Lot
withstand attace 7y Lov o-lit4on and sveatually the tricks lossesed and proceesed
Lo swiel arounl tastleg dwage to the lead lining (or memtrace) and to the u,itating

oquizment ad weil,

18 15,2 o Lead ltning was remcved amd replaced with a Li-in. brick and
Mesiloe madrace (inirg wnick served ocly 2 years with frequent patchiry whereupon
ot of V.ree reastre wad relined with & brick-lead pertrane lining which was ine |
Stallod walrg & .14 0 conarnt, Thia trial iratallaticn 2ftap g few initial
1sakxsges remalrzad 13 secvice praztically troutle-free untid 1954 qlving approximately
S yenre! pervior, & fect, fallures after § years of this typs of service were
ex:acted ot nas'igisd for, T cely real difficulty presented gt the time was not
Gue 1o L2e re;alrs reiessitated Nt rather in the difficulty encountered in finding
Lhe lsaks, e wee; Males were 10 RO avall and the brick lining prevented the exact
Jocalion cf U lsaxs., Alensts rale in repalring the lining resulted in a great
wistage of men Baurs and extentive unnecessary tearine up of different parts of the
lirire, 1o shart, Lesl meir s at the time ware dnsufficiect to cope with the probe
1 lam of locaticg & leax wiier & Mtrick lininy, and resulted 4n trs discontinuance in
use of & serviceslie brick-lsal mmirare lirine,

1n ecatrast to tre pltuaticn § or § years ago, sufficient infarsation now
Pas been reported Ir tha literature whiich prezludes the poesidility of removing a
Cooviceatle brickaloat lindrg for wast cf sufficlently adequate test methods or
tivtiiqued for delersiidre e location of fiaws or leaks, The radiographic inspece
1 i protedures a8 recommenied by 5kit. and Bracken ("Fadtographic Inspection of

lesd iinings,® Puper Mo, SS-Fi7-1%, AcWi (onf., Mew Orleans, Sept. 2545, 1555, and
83 coversd in Chemical Pulletirs Koo, () and 67, sent on April 3, 1956 and Dec, 26,
1956 respectively) sce suitadle, Then proporly utilized all but s minimoun of tear-
irq up of brickwark to make re;airs s preventabls,

Purther irproverent ia the techniques for detersining leaks 1n acid brick.
lead 1inings may Do had poseitly ir the use of low level racdicactive tracer-solvent
pethods which would be dependent upon the a5 lifying effect that the lead pezbrane
would have on a radiation-induced signal from a refioactive fluid eource pusped
tehird and leaking throuzh tresks in the linirg, Scirtillatinsa countars could de
usod L0 eonitar the inside surfaces of a wvessel in order to detect ary intonsifices
tion that mould Be indicative of a leak, After or tefore effecting repairs in this
parter, detergent cleansing or cheleticn could be errlcysd to remove vestives of
the tracer used where 4t presents a problem, The advantages of such a technique are
ind. \d provocative,

Actually the installation althouzh satisfactay was still capable of
being irproved,  dimilar inatallations bty the DPaanayivania 3&1t Co, cave up to
15 years' trubls«frea ssrvics under sixzilar coniitions of service, Understandibdly,
productinsg requirea.ute 41d not jereit & mure exteneive deliteration of the prodblea,
e long~term solution still seerse to te 1n terrs of lead but the present Hawveg
Sratri.estion. has not teen sufficlertly tasted to denonstrate §t9 adequacy 1ia thie
‘e.vice, But, 1t may well be noted tha Haveg 4n cover 50 percent sulphuric acid is
not ecraidered good usage, In fect a reoent jnapection revesled that frequent
: lsakages are row oocurrine after thelr appearance initlally » year ago after only
2 yoars! narvice,
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To aua up the situation at tho Bead Cotalyst Piani, the bead forming
O towars lined with 3/16-in, chazical Yesd supported by a single stoel atrap 2%
the top i stili unraffe~~f vy corrceicn from t'w ciluto scid and Alwedrug sula-
phats sclutiorn, S pavsent Hy00r, § percent .'.12(3)‘!\3 s 90 percormt dacimmralised
witer st rocz tempor atura, after 1) yearsd unevent i servioe,

o VY

Luad 1ined gtorage tanks containing acid alum solutiosns diluted to
20 percent strength, md soiutions further diluted for introduction to the baad
3 forr.ing towers, are still giving gocd sarvice to date after 1) years,

A large proportion of the piping 4in this installstion s lead which
hae Dean cxtendod beyond the design stress levels without eventrul fallure sand
is st1ll in good shape attesting Lo the duradility of lead in tnis applicating
E Lead pipe, valves and fittings in pusp conmctions and ledd return dends of
sluice pipes under forming towers cre all showing excellent usage.

‘n added point of intorest is somovhat spart from ths corrceion resis-
E tance of load but etill wortly of menticn. In one of the storcge tanks holding
1 ¥ a sclution containing 3 percent B30y, L porcent alu~ima sulphate ond water, the
1ead sdductor 4s hold in Rlace supported by stainless stesl bolts anrd clampe,
In Mgy 1956 after ong yuar'e service the bolts wure corroded badly and Un clampe
were found on the battoa ¢f the tmks This seemnd incongruccs eince an Inco
60-day tsst ravoaled the follrwing corrosion ratos undor these conditiom

for 304 typo sia’aless = 0007 in.fyr.
36 * . +0003
Carpuntar 20 .
ﬂw oR1D
lecd «OXS
] Tha above resulte would hardly anticipate o precipitons fsilure of
tho stainless atesl dolts,

Galvanically, the modic behrvior of stainless with load was <till
unaxpected but ssecs o answer for tho fallure., It has boon known that in tie
1 abocnce of alr, or oxygen, ocid sclutiors can csuss & reversal of load-stairless
positions in the enf sories Buch that stainless bocooss ancd ¢, tat ths tezpora=
tures encounterod, 120 to 130 7., and tho prosinco of air procluded this possie
bility. It 48 cnother anoaalous occurrence which cannot be uxplaingd resdily,
The bolts were subsoquontly ch-ngod ad insulated with no further occurrence to
date attesting to tho galvanic nature of the probleas
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SUMVARY

1 In *his caso history 1t is indicated that lesd.acid btrick lininge can
be used prodatly mosce effvetively than anything else in scid-alun resction tarks
ard urdsr sicilar conditiors by the use of izrroved methuds now at cur dammand,
This typo of constructiaon has been handicapped, not by corresdion or mechanioal

: fallure, tut bty the difficulty cf locating leaks and making repaird, In locating
such leake radlograjy has offered a solution., Another solutiorn, poesitly more
soormical and positivwe, 18 suzrentod through the use of radloeactive tracers,
Althouth this method has not been triod or proven in practiocs, the Adssciation 1o
arxious Lo cooperate with anyone havirg this preblem &n the hope of finding the
et aonvenient and economrical method of detection,




