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Q Inspreting and tasting lead linings, particilarly for chemical
corstraction, 13 & subjsct trat has beec atiracting much interest, The
sttacted reprint of & peper poesented befere the Socisty for K rdestructive
Tostirg at their armual convertica in Friladelpnia, Octeder 1955, was pube
lishest in the Jamary-Peiruary 1756 1ssue of BAJESTACTIVE TESTING, Specie
fie sethodcl testing and irspeciing sheet lesd liri-py and horded or lead
elad lirirge are detailed, Froced.res to be followed in the acid wash,
fivorescert parstract and dye penetrast setixds ar» presectad. The applie
catior, of altrasoric testi_g 1s dlscussed, along with the special possi-
bilities of radiograpty .or Irick lead lizad veaeels,
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Aditiona) ecpies are avallarls as lorg a9 our supply lasts,
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fospecting “And Testing Lead Liings® ™

Mathods of 1eating and inspecting sheet-lsad linings and bonded
or lesd<ied linings used in the chemical-process indh:iries sre de-
xribed. The procedures 10 be followed in the fluorescent-penetrent
snd the dys-penetrant methods ere presented. The spplicstion of
uitrasanics ls discussed.  The specisl possibilities of radiography for

brick-lined vessels ers noted.
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the asrure of the bond sod the thch.
new of the lang 1a enter ce, how.
rver. (he sew 8 demructive, wherem
rsdiographa techeiqaes mighy peow ke
s moee effectrve snd, 2 O wme tere,
mradeurucve tew fat weid cundnen
More will be sed shans thay larey

Por cioser and mare msaing on-
ammerxm of Wred orids. o funrescrm
0 dyr pramram may te wed The
mechod  embles  the  mepecwns
rIamne larpe srees mevy tapdly
srwmely thad B orferese possdie

The penmrem mrrhed & beasrd o8
the fo1 that tioy Crache of poess wB
sherd crram chienials by copiary
mywem Ahee the cnrw s Ceoned off,
0 Srmaal emanrg 0 the e
Inrews (s Lo dndoped e breug
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0 che surface, where it mey rexdiy be
idenehed, cicher by s brgit glow
wnder ukravicler Ligte, in the coor of
the Sucrescre penerrast, or by s do
tctive cokat, in the cue of the dpe
procerant.
locerprewsion of cach indicseion s
all impurtant. Prarically all proce-
dures wrvohang the fsbrxaime of besd
okt m the pomddey of confunon
berween 2 dcfecr and & sample surface
mark g, therrfare, is amoe be realioed
that 2 high degree of dicrraoent man
cxme w0 differemtiare berwres & o
defrct and 3 harmies sorface gy
Jariny.
Fluorescent-Penetrent Maethod
PREPARATION OF SURFACE
The preparacon of besd for mspeasa
wing Sunrexcent penetrancs i of prane
wnpocianxe Oat mccombul method »
0 sendblast the surface 10 remove per-
face hiers sad ngped edges The send-
Nasring ooesde should he held ot 8
connant angle 10 the lend 8 crder
prevent g sowa by the blew
Ths muy duse cenam defects chet
would ceherwise sppeas dutng inepec:
ton k8 nat secrmary to sendbisst o
arw tead lining. bt tharough clesang
» mll aecrmsery Od and gresse Siome
murt be removed, unaally by washig
wrh s grease wheat, foliowed by 8
wsrm wupy-wnet wrh The et
clerning wep 8 thnenugh tnsing vk
clesn woter The reasce for mxh per-
tcular core m thet onla greasen, soupd,
e, ae mierenly furrescent and,
when temoval 8 compleve, faler -
dxatveon mey hov uvp dmmg ™
Jotet wages of mapecrioa
APPLICATION OF PENETRANT
AND SOAKING A proerinst smmownt
of pensirant sheubd by apped 0 the
kod lmng otnter H‘c:*
weey Mike penerroam b nowded wah
Wed then wuh asber sk, however,
he srabing timd @ Bxah thanes A
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The removal af the proctrant fnum
the sutface # the mom crexal wep.
k sbould be removed quickly, since &
will become bardeond and more ddb-
ult ta remove o aliowsd o ek be-
yond the 20 gua The reu methods of
retnoval wamt used sre sandblasing

DRYING AND DEVELOPING U
mndblexmg # wed s develpmg
» st fequuored, seace

INTERPRET ATION. Thue imeerpes-
wws of reules 8 largely
un the caperency wod paigmen of

pb tramng ot avadoble Sorme de
tan are readly dasmgunhed, where-
= ather mdnatons are difhcult 0 @

qually drermne whether the defect
5 true faw of ot & muse be wnder-
wod thet sl edxorums revesled by
tha maprise methed are ms Uk
o Dudes (ampletely theough the bead
lamg 1a luct, by for the wapeay
penrttse wnly perimlly, baa, mrvet
theless, afe wmportam o prersewl
trasbide spres
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are inducared by lincs, don, or biow s
of 3 deisxtrve clar on & whae beck-
The process imvolves a st
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Srveval ochet Mmeapenasve pot pes.
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the wwpeciam anud semmg of .
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(et Oune of heve mvoives che wt
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&0 1t had va geedd. the bpheer ova
oo the rigN or kad ve 4 daoble
thabocit of serd and ve the lelt sbe
o bonbt Lad. amd veel Lirs. Brywey
Relrarry Phutegraph.
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“ 5 Procsdures For. _ .
£ 2od Linings

A bonded lead Lining o lead ched-
ding i wrpdy o layer of ired any-
eheie from 1/80 in o 1 i ehak
Cumoaly 1/4 g ) bonded 1o sect or
aT et o even Alumns 3 k8 90
form & bomogonrous metl s sna-
ture Tha eype of construction 8 uand
where heu trusler B erpora,
wheee  Loh o wempersrure,  thorzel
Puck, ¢r vawxmn s eecovaserrt, of
vy tdw verd eaxren  uede

ng lack of brnd durag manufacrere

efrcirve mesns of perpering dw st
e for tewang by peosraan b
ponrs purfoce imperfectmn tha m gty
heve beem comcened by the hamhmg
oprrerom Purtterrvee, the 1a' wond
resedr remamning om the surfece shee
ha treatirmrnt frorns an eacelicar hase
bt penetress and makey the devolp
o wep wanecrary

ACID WAH TIST Tw
ook rew bot heen scrpued s wond
ad wepmtad i hacrat oo bnsnied
boud ltd vresels i 1o devecrem of
r}ah povtraium, awine wnges

Vamm ond peeceay b wili mn dovery
sbworfae bows Puw, e tar e ewd

perface mar be cloened free of any o
oe grrsoe ma Then s diore siutea
of hydrxchiorc sl (3 t© 13 per
ane sd) B fredly spnled to the o
tre susface by brustong or peabbang
and s a'bwed 0 rermain for 12 0 24
hr Before the 32xd i desned off, the
bead pufse ouy be exammed by aa
apecior for wet apees or dacnidars-
tea, or, better kil the scad eashed
o weh warer, and the mefxe ol
fowrd t dry and then exwnined A
wrt wax indceers ecter surfsce poro
sy of & pintoie et hay pox
rrared che lesd Rusry dixcuinentira io-
dxates 3 pmbale that hes pencrrared
dwough o the meel Repainy ae us-
mil'y maldc 0B the wet spaes by soach-
ng up weh s dead borner’s mech
Rowapat srem ary removed and che
srel (ianed 90 thet new lesd can be
bad~d Aler all rum-gpot indications
have hern rebonded, the scid-arash sewm
is repesend o grvw 8 Saal check,

Poramsarn ferrcysnsde soburios sey
be waed m 2 nberquent wash aher
ncysaade et weh o s W
proaduce 8 dmincrive Prumisn blur
cokw that cam be resddy obecreed by
the inspecrat

BOND DISCONTINUITIES, Tom
fot bnod dacconsuiies o anbomded

vever's The vemel in hesred by mwernal
weam prewts to show 300 P (68O
c& sherdure) weedd thermal equils

pelesnrd from the vemet Ale is then
simared and 1t vemel s croded ond
wepacted bt bbbl W e e
baunl the tem w repesnd Afier the
woend (yple H o aone sre Fond, e
fmwng » uurnul w 170 et com
hnied Aoy biddee 1he do ntawe
o0 remneed snd the srees rebuaded
by hand

LIALIC083

o there are othen where daxootioul
e condd am be wlermed wahos
counmg prewwrure fadase For 8 con-
sumer w0 wpecsfy arbwraily 2 90 por

ULTRASONIC TESTS. Ukrascnic
ww invahing the trammimion end
tefecron of ukrannic weves lead
thermseives well 10 the kst of we-
bnded srvee sad midwurfxe ince-
e, and can sleo provede & sample
nonlewractve mests for derermining
the kead thicknew o brmded Langs
Two basx methods of whrmonx ie-
spectn have bees wed successhully
on aded lead Lninp  the Resoammee
soreted, by e AUDI
CACE® SONIZONS® ond SONI
GAGE® sod the Polie o Libe
mehed, eployed by the REPLECTO.
Koree

Ia the Reroammce merd, the crys-
tal herd on D imrumen trenemico
28 whrssoni weve inen the meal and
the woves rederred from the oppenine
srfnce are drvecred sudibly In head-
Peorr o vhdly o8 3 oldvend
soteie rig reke of o dud meding

:AI'MA(.l wvnelesterad by
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K. 0L mosvlatesed be the Magadfien
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Whea brod @ well bunded w0 weee,
tw wsver a1y nor refecred from Ow
mrel-lead inrerface, and cunacpusuiy
oo sgnal 1 chraned Soall unbunded
arvas, one hal of 1he aymal-besd
sise on sralier, o sernibaaied artat,
may rrou't @ partal refecnon of che
waves Irom the inietface, mdxcied by
wrak gnals Strung mgoads revedd 8
cornplee Ik of bund, larger 10 sren
thaa the crywal brad and wivee out-
liw can be emily uscld wub ow
[

In the Polse ot Ecbe method, vre-
tions are serd ot through 8 semulat

bvhmmwai.m
aynsd deeecrs che refeand pulses aad
the e defference s convented elec-

Bhre ukrasonx sound tranemnisscs
& wed, the siwmx propertas of o
maretisls wnvoived heve & duect beat-
mg on the edrovnes of the tech-
sgar The » s sdvemsge i the
e of leod bnnind 10 verl broauw
wad has pexv yaand-irseamnman pro-
prrrars and therefoee enfermes the -
dxstxm of bwbed srewa Piguwe 2
Shows e trpe ol edeng tha (nuld
be rxpecred fruem o bend domonenuivy
o levd cSod meei® wive wng the
Roroausee mated Whea the crywal

e S m— sy

‘Amwamoem (. B Pedenwe Tommeg
o) Dendod Mpvrnd: Wb | masvenst ¢

of the deraor pemes Over as wo-

Wnh the Polse or Lebo mehod, the
pips & o pear beeh eads of the hori-
puntal e ae the face of the cachodes
sy rube are bec reficctne froe the
far aud peas surfsces Defears sdow

such as o poor bond, wherews & th
san of rch beving & duea s pus-
olei 10 the bran mey be mamed oo
tcly The wakb sad kmgth of o
defrct can be mrssured b s depeh
Q. uniee thite-duncrasnal prob-
g 8 wed For tha resson, the aclec:
txm o the proper wavelragrh, and
the chasque used, should be besed
@ the s sod type of fae cha
burwn the opermtam of the vessel

The woe of & reference plete wah
koowa unbonded wtw and other
fams » recommendet & axde i od-
jsng the sensrruy of the mmre-
meary and sl permas cxaay duplxs-
ton st sey hurure cume.

Suxe the prescewe of other mrals
nxch 2 anturcery of tat subetsarully
ey che sound trsmamesaa of lead
=pure Jead # almcst doal, wheress
4 prr coot anvwrwmial brad approsches
seel a8 3 wnd t1snameirr—a s con-
srivahle thet ukremnx devaes would
shso be pracraal thingh me s 0 pes
wary fumctem 10 drect mndew s
trely and quxily the prewene and
perhepe sppeawnets penentage of
ahnng anwawnis i lesd N
meet

Prevag sa unlsnded boad wen, &
had bwen h-wvhl, -t aer (e
wiram g, Charmienmag «f e el
® 00w give o (e teedng To tew
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this heary, s ploce wes 0o B

“ large wer of beondedlnl e 4

with delberarely uabondsd a2 (le
plaze way tesied wuh & REFLLELTO.
SCOPE (Puise and Echo rysirm) sod
the umaboaded areas lacsted snd
merked The head was then brared o
shour 100 7 snd sledged wih ar 8B
harnamwy. Re-exammnaoe ducioscd s
changr in vhe wkrasonic perrera what-
rves.

RADIOGRAPHIC TESTING

Akbhough, brcause of i bigh deo-
sicy, lend 4 porrmally coed 25 8 me-
wersa! for shurlding aguam radatson,
it is pomdie wih the higher radiarion
ttergis commercully svailable sodsy
o cbrain peacixal ndographe of the
Jead w0 Sesd ned el veseris Pronecr-
ing ia the work, Skibe and Bracken?,
of the Esv Stamdan) O Co, Buywey
Refnery, snd Detke of Eam Research
and Eagincerng Ca, found ther the
ndogphx wapeaxe of Jeed L
mp » debaxedy fessdie ke Jooxing
emrapped gaocs sad aubnustace foreign
inchusns acx derecable by acad-wesh
methads Thry obesned ndograpie
that were wseful o hxarng the o
of lsdure i s lead- and bexk-loed
neel vouel comaming of 3/16m lead
boaded w0 7/8-m meed and coversd
wxh 4 1/2.-m aboa bexk A 500
millcune Qbek G0 soure wa am-
ployed x 36 1 wrh s 120 expasare
over a8 tmue 240 mashole ares
Figure ) i s rndgraph of che brick-
and Jead Lioed ek

Radogrsphic tnhniqae ot espe
cially weiul whes wrmng brck Jamed
bead<clad veseels oo s memes of svoid-
ing the exvmve expense and tine
ke mvalved i removing the bexck
bining However, proper sad carchd
wepretaion i wpecally anportsnt
m the vem becaust tadograpts are
extiremely sensxeve and Can easily Jeod
10 false indxatirs of & fouky el
stron la the reject, the we of nerew
tchnques (o show depuh of incluscns
would axd consalerably i imrerpre
the swrtxnnnce of fevs Lk of
inculearally, w pescraally undrocrable
by radmgraphx mechode

Radugtapha sechangory mighe aleo
provale & peminal meass he aoe-
dewnxtively tewing brad wrlls for
sundare, kb weide 0 weel are
cumamnly (hechod
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Al of the foregoing imeecring asd
wming  uxhoques—peonnan, o

\va.s‘:n.uknmi:xndndmyby—
1 et an scremng comcers wich

mears of chunmang servr Biures
sod downime 0 procesng Squip-
meot It i s curcern the u by mo
mesns remricted 0 beod Lamgs 1o
{act, all of the sbove techagun ww
thew begmaing wikh orber musrmle
and owt theis present mags of develop-
were w0 the pes experaence 1a che
case of bend-dined equpemrnr, the con-
duwas of the pam were nxh cha
convencional  fabricating  sechaiqpas
were sufcarnt w0 seure fong end we-
imerrvpeed  srrvce  lde  Howewer,
these cmdeine are chagrg todey
The demaad for aperstion st hughey
ssnperscures and prrmures and uader
vecxan e hrows more tmphers o8
the aced for cfirctive and pracixal
prescreice s la sddewm, mecrem
8 aow devckpng in lend caddings
for radweion prorecion, where sai-

form desenry and com o bosd ere
e i g

Momt Mad bovesss comeracrors eed
lesd-equipment fabeicarors heve recog.
aimd tha need and have alresdy bee

welopag srplring, sod specifying
reea, moally workmng hend in hand
wh the labexarar. The mechods de-
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