LIA10107

[ 3
I

————— p————— 4 -

T TTTTTTTTTT LEAD INDUSTRIZS ACZCSCIATION
o AN o Siuise. 4 60 Last L2nd Btreet
ﬁ NEW YORK 17, R Y,

M'M'j/j..lfzaﬁ % 647

/t‘v\.

Cctober 16, 1957

LPiD O T, O neTION
A e

BBIT P YIS O
X . ¥

- Attached s a reprint of the section on Lead and Its Alloys,
prepared by the Lesd Industries Associstion and published in the Sep-
@ tabsr, 1957 $sme of "Industrial and Enginesring Chexistry,® official
) publication of the American Chexical Society. The section is part of
the Ammual Materiale of Construction Review,
444itional coples are svailable as .l.on. 8s our supply lasts.
Very truly yours,

s




LIAl01l08

:)l,il

REPRINY

Lead and Its Alloys

EOWARD 3. MALANCEY
iond bndeen Ammetution, Mow ok 17, W, ¥.

Reprinted from
IRDUSTRIAL sad ENGIREERING CHEMISTRY
Vol 49, Poge 1607, Septomber 1957

Copgright I by the Amertans Chomiest Susiotly
Prictws b ¥ 5. A

Dirivted by

LIAD INOUSTIES ASSOOANON
60 Lost 42nd Sarent
MNow York 17,1 V.

N3098.01



e o L et et

L1A10109

. $ tram

WAL ASeD

127, Yol 49, Fage 1867, Baptoabor 1HEF ~ o oo

Capyngr 1917 b7 Be Aerreon Chpatesd bociely wrd regsttnd by pormasios of P SopyTiGh evaer

7 [
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LATERIALS
or
COESTRUCTION

alung part ia kead rrerarch  Lajucts
Gon s that Rech cForn «nill reaalt (a sull
greater s, la fickds of obd-lise weaa

New publcadon covering kead st
diverse ja scope. The Lred fadusrves
Assoclstion publahed quarwrty the mayg-
seine Laed (8), which covered all mowe.
woriky wers soxd thewe of Corvemt insrvent
Anersad tevicw srtches by the
ward published la oud Mo
Jouresl (19), Fea Age (X0), Sed (21},
sad in the "Year Bad of the Aouricas
Bureaa of Mecwal Scwadetics™ (17). 1o
¢huded ta the meterisl oa soacemics we
a chapeey on kead for 8 text, “lconoomic
Ceography of Todustrial Materiabn®
edived by A & Cartewa of Dartrecnth

Repraw of Roll'v paper, “Lawx
Methnts ke loapecting Lead Lining ™
. it apprared i the November 1754
bmoe of Owrvidl Fagrsorng (15} were
duribused. Bt gave kagpeta o rrcoge
aticm by indumry Ot e sevvice kie of
Iead-innd vesch ke damfung corre
shes ey Ut dswrnded Duogh propes
mpoctiom aad wwting. Krpring weve
deatritassnd of 8 scmilar articlt spqwaring
tn Pveinga Rfmwr (75). "Corromers
A Congalotrm,” by Man (3 Fowtang
(N, (ehecte inkormadrt prmthly ord
wirwe Ly (b pether whir b apqasred in
fote stntar  Axe Faorvessrer -(oww
W10y daring (0 prast 10 rears  Maweid
drvovd o Wel) e in cheamical o
i timst (8 (i Do voly sacsemt  How
vre, e lwaartasen thast b sl
il bditicnn 08 H spgoared ba the Nep.
Wwongat (941 bt B s Srrsr whh Hogod
o (craam (ale M (temivhetnmg
tubre WP% 10 Rotd Ouel o ol

Lead and lis Alloys

soristumn a8 8 permmanent recurd of prop-
ertes ard appixatone of ked coem
pounds et maght be hripful o & cere
it 1 whawver fckd of ctramics
b may be engaged.  §t o ale lasended
that the bonk b augqdrmrnird brom CUnse
0 Yror, s coramic wchrodgy B cone
stanty ta & mate of Bux  Aa article
on the we of brad compounds ia glase
wed a0 bwuleton fr AC spurk plugy,
which bad appeared (a Loed (7) and
was reprinted o Crowe Novd, Indie
awd Ot knpmrtance of allowing glase s
be £red ot bow tetprraturs whie re-
taloicg devired quakity snd cheaical
duralenity. Brwrfeial myexw of ad
weee tarmaried n thie regard.

Thw handterd, ~Radidgical Health™
(5), dmtritarted by the Ofhwe of Tch-
oieal Mervicrt, U & Departnent of
Crenaarree, tontaire dats pretinemt (o

training ia conrrredon with tadicdogical
healih ot the Robert A Tolk Senitary
Eegintering Cratzr, This bowt morew
the demand of oider kders! egracies,
mate sl bucal wutleeinol, unlvarues,

kandtrack, “Nuxirar Radiation Shickd.
g™ by £ P, Kizard (/) of the Ouk
Ridge Natioral Latxrswory, prepmecd
b the McGeaw-10 “Nuclear Reactor
Hasdbook,™ was reproduced for wee
st e O} Ridge Schood of Reactoe
Techocdgy, Ths hendbosk i moerd

mavchy July 1956; lead-197 w ked-212
lachmive and keod-214

Reprion of Drooeraias, Awe Lsos-
axzano Craummavs Makriads of Con-
sructon Review for 1934, “Leed and

lished proceedings of the Sywpaahsm oo
Atncaphetic Cortreaca of Noaferrows
Sctals conducwed by the Americas So-
clety for Testing Mawvials ot o 1938
maceting were made avalleble. The pro-

sstcnt dunbilicy la practically ol typm
of exprmure (5).

The “Lncyclopedia of Chewsdotry™
() contairg a section on the Leed fodue-
ties Amaclation coewibuted by the
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scene, vses lead-lined equipmant thrwghout
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ekt ey an wYry vvvv‘tvg“‘%
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PeAcTS 10 SMMARK POwEr, SUTTRILCR, EhrO~
trom tubry, fadmactivity, sew demeow,
Plastacy, ond wthrt hgacs
“Developments ia Sswage Battersen,™
by H. D. Wusca (74), wes
atxd gt 10 wrmbers of the Lead Indus-
s Asuxistion.  This paper was par-
toularty indormetive and contcmgurary
aad covered oll aspecy uf Iead-exd ¢l
Sevriopanrnl sod wee,

Inglasering Advencss

Poanibde applcadons 8:d 8 throretical
and practical drscription of 8 bead nlfde
phuacxonducuve el were giws by
Ractictt and Jendira (84).

Thewry of criwsia and cffuiracy of
e artrvnon prixew hr mrtals, re-
loticos Letween autrusion hewe, ram
velority, fr e ot buliet containes intere
tace, and high wmyersture and rhwo-
haical prigeriivs of metals werr estabe
hatwd by Feliham (140) and wed W
ol frvwion priveses b rod.

Imjrinrment of Learings by ties e
drjaniinm of blre o bod, badia,
o bad-wndiure wn the learing surfacre
of castinm, bvess, Wed-tnnse, slves,
sed whot alksy Loariags was shuren by

Reggrndodd  (54) 0 enhance their
dirctvenems coresdrraldy,

Taameel, drvekoed ko srvonlum by
Bchults and coworbers (£.4), vrre ad.
berral, free of craers and oty drdecs,
atd had krwe threraal-neuuon sl jalom
cross enctoed  Frit (oanfeansiong were
based 00 glewes b U rad moeoasde
wixa preem and muceniully prowced
the ol fruen oxidatun when treed
ta air for 1000 hensry at 6U0° C.

New dowvelhgmests is vmede cuntrol
wore made 81 Corunco as outhined by
Bainbridgr {(14). Keoovrry aod crliecs
ton of dust and hune containicg wrtal
vahars 8 whacved by mesrs ol rlecuroe
oot prreymiaten unit, beghouse, sed
wet srobber. The Dok snitider, &
e Sevice an e xnblung Kent, e
Fors bad heed rquijoarnt throughout
ke handhing cormumse gas maxturve

Tlaehart (44) repont 8 prw proces
for e masulscture of kead glren
The pramluits of mbwantial seviegs
la the masmdictiue of brad bin and
glasrs sre presenied by wse of seitable ia
swremediary pedi s [roon sriung of iead
miacrals W ovetalls bead.

A povicaly wnhnows tapaons nd,
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changed the conductivity of the leter
fieen the helde type to the ehevirun trpe
The ctactfrrras of difusin varkrs fromy
3% ot 700 Ko w 0.7 et 332" K, with
the difusiom procem being semlsr 19
that of ¢y Ia goamanivn,

Fiow of Forst Grsash lead seburide,
Seed owdcaris, and tile surual i
sdutirg was mexmured by Jofte (38)
The tarronal tedoctivity, K, was de-
terried wh an sy of 3 0 ¥,
bod) (empasnes were euade with e
wicad ovaducdrisy.

Oxaerreiwe of 100> gliade ba bead
wikirsde was wvertfrd by Rachinge
(115) by umans of pomtatc prarching.
At kre bischag eonpioA o I8 Jemd
eefhonde (8152 bead, 377, wellurbuen),
#p orcun by movemcont of coupded
partial didorations of trje 'fee $O01L

The wroaty nserm, copperdesd
wihariem was studend (o 8 pager de
&nling dwe rexdn of orgind rrerarct
by Gravemana and Walleua (48
Study wat over the rasge coppre-coppan
(1) wflernde—icad wburdedrad by tbn~
mal saaly e and uecroscopy.

The crymal seractares of bw

ds briweoen Lhiiue and Iead

2PO-Fr)y, which may hawe sgrebe
cance in maguel dechadagy bas beem
Mewtified (24). Rewmilts of crvetalo-
graphic and eagncuc invonigauone
Lar Laciude the identity, magneus earrgy
value, temancmce, cucrcive kave, and
magnetisation.

Low semperature orrsmic darlextric
bodecs wrre fuard widh kad  friw
(74). A samber of bighly intrrrsang
bodaes were develoyxd maturing in the
ronge of 160 16 2100° F. Scume of the
wherpat properurs iodhude ‘ow of sero s
bog shrinkage, high iopact resmsance,
and - of witrs-dow dorleriric kose,

Rovoorch Progrose

Pysieel MotaBwwgy. Conddrrable
interest hae been proerswd io Rumsis
recratly and w0 some cswnd s O
Univd S1awy and Canada in bod-
whurturn aloys which dave bepdwe.
Gore ia swcondikue work.  The of-
frew of varionw admintwies ca the trpe
of conducUeity eahilited bty Jead whv
ride, which i (oneaderrd 10 be o typacal
lnstance of & blkcmnponent subetance,
were studeed by Kovek hib and Maste.
brew (8X). They atbempt to drbhne
the conditinng under whikh o and o
ondw Uivity Ay appear 20 hat Lrea
dora in the tase of the prnocrwngonred
grrmaniu and uikua.

N of Jead 0 kod whwide
wor ptudied by Bolteks poud Ml-dlew
(20). Taprisorne  demnostraie  that
tetradi tion of lead Inwe brad weliueide

1608 SOVITHAL AND Pedouttsd ORnuBIT?

m G pubarct of roacanch by Zalin
and cowswrbhrry (798). Sergle vl
potrros about the e wre photo-
graphed with the Wesrnlery canwra

Sunon axd Joces (158) demrited
eprericaeny whixh coclim te prevd
axy rpored mvow wprgatios of
astmony e ked-estimcny casing.
Rujrrcrnling of astimowy at tuwwte
sernpwranervy and a pericrred crientation
ad gromth darccticn ke the antimony
oryvals were Giwed e rrgonsble for
e escemnely large coveragr by and-
moey b e cat alloy surfxe. This ine
frmetoa o partkularly lnjorust ia
oantc ting with bettery gride

Diffusion of rad in grid has dern lo-
vestigasrd by Axced and coworhens (18)
by 8 radiac tve acer mwivd Ja -
pevature tange 1207 30 300° C.

- Dvifiavom of Wod ard of trace saxmne
of bissth ja Bqod irad were bavessd
awd by the caxllery mrthod weing
tadnern D (Jead-210) and radmm F (is
wuch-210) ae trxcers. Rothman ard
1821 (128, 138) ccanpeted rradn with

PRI

)

tuiting theories of difusion Ia lquids -

Agrerensnl was lau, sd the hrat of ae-
treatwm bt i difusion ja bead was
found 45 be chwr bo the trrraponding
Milrstaa thergy olained from vie
trmity data.  thmever, lawe studen
(1 40) of Oillmicon sd Vaserrasih o0d Sead in
Prdire budmath wbisg Ut baind Ik
PhIue gave activetra ewsryies of swwe
Do teice the vodute cakulatrd froem the
Vi caiting.
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Japancer . research in thin arra by
Niwa and cowurkems (85) has shown that
@i d:fnicn corfliont, D, of biserath
in asdicn jedtimmuth a3 mrasured
et (N° 0 00 C fa ditute solution
conburoa that diffivson takes jdace ta the
mancxr of wrad ked  The jsfucoce
of conceritretna wer stwdied at Fart
C with 2 censum value for [} bring
found at 60 atanic €, b, Thele
b agrecsnt wish s rrmadrnamic

- jroperiey of the kdetue which sfhows

strong st devisioa from Reoudey
bLiw. Sailer wudes of G dillzéion
o saderny v polen kadenticony
(88) ghow Ot s b €2 aatxanay bone
that d-Tuse and, seumizg thet the
Ciluming particion 20v kg, Curcaetical
vahars 53700 writh axprrisverial reade.
Seudes of Maets of dsaxdztoa of
b copors 8 Lguid koad pod bawer-cs
under Hatx honmel cmdioons at

!N:r‘nmh the range MO°
St C were prifummed by Werd and

Toyha (185}, Espenimeacal data ap-
prar cocuatent with duanduticn bricg a
cormplcx prucrw fovubvieg dffiaenn of
mavse Cucegh lamings boundary Lavers,
cutnoed with (onvxuos fecu o~
vuduced  twrough derwity chenges 8-
oempanyuyg damdwtion.

As lmproved capillary method far
mwasuremert of eudace womcn  of
ondien metal cp to 1007 C has bren
bevwed by Mcthord and Howe (75)

The hrts of smduldlsty of thaer metate,
witurasm, srbcium, and mangrame in

Valesti (175) wed the shectruenotive
aerthnd 0 derermine the wxtiore of leae
e Fality 3t the wotcime of 440° and
30 C for the tiad bisnuth-iced nncm.

Cod dufractivn patierme oa fiquid
Jead have bren obtainsd by Smith and

rroule differ pomewhat from thuse ob>-
tained by seay dffcaction methode

The reminm of a sudy by Hotman
(4¥) o e effects of Jow rmperature
on sh adder have hamt been telcasnd
srd indicase thet kad B jwactxally
wd by Jow wemperatare, Tim,

:

terrirg what eff~t Uwre may be om
whh whder, Renall additiorw of and.
may and/of tivouth apperar to o
hitds the trandonmation of tGa, and re
(et molilis atuam of poeeriumeat soldey
Brefcaiom reflact thi inking

Hachontend Mosotivegy. Teva todes
Sewane bhow pabwrs of plastic debame.
Boa dugwist during prupegeticn slong
@ lod ber weee conducied (IC).

e a6 b s et Ao o eeia -~
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The effect of [stigue strewars an ree
covery progurties of kad ‘wat the subpect
o rracarch by Kmandy (U0) who mrae-
ured creep of Jead wih 8 sleuscided
latigue Furem popcrimpeed oa 8 suatic
srem He investigasd the recovery of
the anment creep jaofLTUMN dustay U
wnatremed perioads of su bestervvpacd aavep
. An indra of recovery xs Sefired by
Kennady was drurmined, and 8o o
Fhinaton of encrexse and deertasd (o rese
of reeovery b given Ia trwy of Sidhece-
thows.

A apid escthod of cieuting laugwee
Uit or radurusce bt of brad in v

wvd, trad 4318 47t (ot ed on \Wakidare
trpr rowdag teatmg sachion. The
wmrhad B (onalcrod  jaroaensy  ead
oight fod ks oxa mpTUnt we e

‘ G et of chasgm la
dostzn ln bmpeovieg of drizectieg from
favigwe prrharvaacnce.

Cobdwtpuct extnasmos hwers on bead
were envamavd by Gabvy sad comrorhere
{2C) oscallografhixcaly umng (I gages
Forue-ome cunvs were odiained winme
courst was wrmler o that of Oerves ks
ratk evtruon.  Reducoon was s mad-
pran 8t greatry them Y350 The o
pact Fitruman force maight be equal w
o ko than the st fhurce i redhaction
ard ram of extrumxa were incrresed.

The cffrcm of brequency sad ampd-
tade of shermatsg O Drwme oe
the masicosm plasticity of kad Asve
bere studerd by Ryballo (8C). Maxi.
swaen plascicity docreasrs with the amgdi~
tde of Ut dedormration while Lacrramag
frequency lacreascs plescicicy.

The clastic and plostic brait of Iead
at the wmperature of bgud belom
have bres detrrmiacd by Khoduevich
(40). lesd wos dvnm w0 be xill
plastic bn dals ares of cryagenic reacorch

MHedess Physics snd Nedesain

{oclasicity o coliions betwers plons
ard kad nudel was dewrmined (J0)
troea direet trcanarernrny of the ewargy
of charged pers Interacting with jred
auched sad of encryy of the nevtral phone

od In theee inceractions.

IMlrocntal elamtic warnring of 4
mev. noutrons la wed was devermniand
by merasurcment of dficrendal cram sec-
Uore he the clatx watircing o &
rirg govoriry. A biasd dewcior widh
» shercal Bqukd santillave was waed.
Reoule srv o qualitathe agrecsoest
with theoretical pevd o ooy (407).

High tnergy mucirar Inbrectionmw (o
lead by commic fay peana weer noded
by Gimxemi and cirecabore (401) in &
mudibgds thmed chamler, uiggeird Ly
CuigreMulbt  covarm A wudy i
aade of the developmns it of (e ot et
tonaite in brad.

Crum sectloot of (pe) resctiors o
the isoscpics of dead heve been made by
Befl and Siargard (20) by de active
s mrthed in dead-206, Jrad-207, and
fead- 2G4

A value has been obiaiard ks che sb-
solule peir pruduction aruts erctioe of
brod at 276-mev. ¥ 1313 A mdiwrn-24.
The valor alaalind accondieg 0 Standil
and Muar (1iD)) ket the creas srcthon
B2 2 06 ko

The bictine of panitroes is mprrcoa.
dructing bead wae tvenzgated by Groes
and Madarwky (6D) ot ¢.1° oed $0° K,
C vy were Induwetd.

Gaen ($1) wawes that jead b an oo
refleot v shold exaciatly where apacr
is a1 2 preechen. Mapar deaiga requares
oene st Gacwwed La rffective ho-
bogw sl sticiding of bot caves and ol
aad mxchrar rracwors, lochsdang & com-
prebcasve  coview of Y poupertns,
charsctrrintica, comm, and other oom-
nderaticts o seversd types of werialiic,
wryachc, and cacrete shackds.

Corrctom kot lnnidwp factar fur
Jead shukiing has been cakoulased by
Arten (1), Gaasna sharkding vebars
for two cnanod enargy bevel, | and
1) mev, have bera dewrmioed and
ploteed graphically sngedier with vabuen
wncarrreted for

Racx (9) demcnibed the compomiw
duckd manrisle desgned w0 provide a
counldnation burrr to mop yradlation
with Jead prilew and w oup pevirues vidh
hydragencosus tguid Alling U {asracices
trtween the polita. By weing singles
ssed prilrw 10 obtain 8 specif packing
facux, 8 sange of retke Letween O
ganens and nrulta sopping taaterials

O P
Bactrxally operoted, monolitic leod
6000 12 kb Bk ond weighing 18
tord permdy niou te Conuete-fned
Cove (crtoming J povnds of cobol-60,
Griss $ecvice wiff vie e betofiofion
to vdy e offedt of mateor rediotion
o tefnery processes ond prodche
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_BATERIALS OF CONITRUCTION

may be obtaleed by changing peliet core
sze and core Liling pawrial.
Asunustion of M- aad [T6-mev,
snchrotron k-rmys in kead was desr
mincd by Miller and Keanedy (70).
Antack of ructelr by Jead st JO0O* C
wad stuciod by Wilkineoo (120), Of e
several metals aredod, cat lrom and

turrs (110), lavotved 1o stk om
mohvidencm st $20° C of beryllum st
300* G Aluminuns, Utscdurn, and alee
condum were Qamagnd. 1rua s nsuhuble
St pubject 10 Insergramadas stack.

Cevrosiva

Ontdsidon. Resrarches on ta valds-
Gon of pweals aod alkay ia e haerd
aw by Spivedi (9F) rderrvd [ pant w0
ad and e sywerae tn-irad and Jead-

the ndd

plabed (3E5). This wae desnunstrawd by
carrying of tiher and mangaore om
soodically keoacd lead dsstade,  Nesther
of these ehernents could L anuda slly de-
praived under the exjrriamnial condi
torm [n the aternce of iead,

According 10 Burbenk (JF), die anadic
corrosion product forned ca kad in
salfurk scid solution drpends om U
powatal of the wrtal smuface. In the
posrntial range Letren bad-lesd wale
fawe and drad mlfave brad dicaide, nune-
beric fead wiate, dead Bydreaide, and
lead morcnide wove idenubed by ehree
roa dufraction.

An owtsanding Ocvelopencnt n this
srea b0 what crmstituts 8 efutation,
i part, of Durbenks findings s U
report by Roctwh and Caksa (T£)
of the Drctric Seweage Dattery Ca
Theis paper was well received aod lndi-
csted that anodiszed rad and lead-and.
wony alloys eahibind e LAlowing cnes
rekom products: o POy #-FUO,, aod
PLY0,  Leed emonoide was not i evis
drece partculerty and these findings
were Rurther enhanced by the indrpend.
ent duiceontry by Caban of N4, o
crynalline modidic aticn of lead dunide,
which was ab e prlinigmal amaelive-
Gon petduct. This wwwh hm teen
weeard dgnifcant o the geaesal theory
of lead tortraeon proceee undee snadic

tonditkns and W of perdnent lnwerest
% dead-acid crll manulacnerors

La funiber studics 08 anudic corrorion
od bead in sulfuric ackd sulstion, Lander
(81) tarerprem e thermxdynamics and
bMnetics of the oorromwn  process ia
order 10 indicate pcare of prevestng
or sowing down coarvution, thue aliow-

- fng Jongey patiuve bawwry grid Hfe,

Piiggy and WynaeJuors {1E) hawe
studiod the wodic brbavir of head 1n
halige wlutions by anadix polarisaton
of freshly cut ead purlacos 8t Consient
current dersity,

Chomieol. Corrusion of brad in aulbuck
aid 89 Influrnced by the mrucusre of e
el wa dexcribed (45) in trroe of the
mechanien of actod of varins antasro.
shon additivey ia brad.

According w Trillst {70£) a new sevy
mrctrcgtaph (with 8 rowry agemt
cyhnder) bas made & pomalie 1o wudy
the Mactics of e fonnatcn «f saps
resding frum the stk on kad by
farty scids &t well a3 e e ture modi-
Bcauonw a4 8 functian of Uw treajerature.,

Hem (3£) hae conchaded that bo-
Jogical decrempoditon of e and aot
phenod js producing the so-calied < phened
corrosmon” of kead cable.

Cetvesle. Corrosicn propervrs of b-
tanlum  snd shrueium  oupled with
dead and other metal & varkow ine
organk wdotam was the sulpect of
resrarch by Schlula end coworbens (3£).
Thanlum and girconium ussslly e
snrd corrosion whether akune or e
contact with & dusimilar mctal

VToating aad Inipectiea. Of cornllany
impaartanie 10 corroscs sudirs and mit-
gauon, the methuds ward in pulatining
and innjucting bead structures for han.
dling Corromves are paramount

Roll (2F, 3F) indicates that remimt-
ance of Jead w0 chemical attach deprnds
va protective Alme formed when red
corrodes and sccurdingly outlines propar
raprction and maintrnance of prosecs
tve flne oa kead Rinings

Ia & sccond look st 7adingt aphic in-
srction of rad lininge during fabwics-
ton, Siibe (4F) hae shown by caperience
that, with gamma-ray brtpection drfect
free, hororgrocouly bunded ke ad knings
can be

Lowtison and Hepprnwall (1F) ree
view the method snd wuwriak of (ve-
wrctdon wed Ia the manufachar of
wmlhsric acid, frore the handlug and
monge of raw marwdal Guough the
acid concentration sage.  Lead b used
ouermively la this arre

Tait (37) dixuers corrsalon of heat
exchange rquljement, (raking wnim
and equijorng ke e handling of actd
and Cavern Lguisle la jor rolrum rehoung.
The maia wasrcens 1 ccuraha and
weithads of prevention and lnagecicn
MY reviewsd with referevnes s bead
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“lead ln te Cersmic Industriey”
(9) affords 8 permmarent record of ke
pruperues and appicstions of ed coson
Poueds that may bt helpfsl w0 (ne
trramiot.  Plusee diagrams are jachaded.

Caliup and (gl (IC) have der
wrwaacd the viaroan, Ustrmsal oagabe
oo, dermty, ard bdes of relinciia
kot Jrod puraliam glames comtsinieg
vy than 707, sl roeotide.

‘right Soat, dre almocpoom, crymish
Bae phuse or plioers, Grrbectric conatend,
Cmpetion facvor, and Wmpetsnure varks
ste of debretrc comsant werd doo
wrmised kot variag bodses fred b an
& atnusplere at koiperaleres Bom
EX° 1 110° C by McQuarme (%7)
b his sudy of the wwees (becen,
cskiurn, Irad) Ytenkes wioasty, i

Borwcture acd plase traosvows of
berrurleciric sodium-dead  ruclevs ard
of other axdium nixtuw Qpe cresados
have been sudsnd by Franceole asd
Lewis (XC). Of Unportancr w0 yyo-
thetic adwmics irvosngations, the syu-
a3 and preguarties of hhrows potasduty-
kﬂs&nxhwbrundfdwm
and corworkers {6C).

A peret covering sa lourad
Wtdkdh.bnn‘vuudubdm-
and Vam (1G). Tix wal has s metalic
chectric (unduckd paming theogh acd
herawctically unised wih the glam body
An eaprciaily puiwd glam was caed
of spproumasxdy T kad mooaxide,
1S ahunlaa, 1175 bank ouide, and Y5
alica conprmton. [t A 3 warkirg
Pudnt of stont 340° C. sod an rxpansica
coefhient of 34 X 10 poe * C.

Giles (&G) ha dimnuecd the geperd
characwrristics and grocoming mcthols
o dow wmprrature porcelua enameh
Low wwpristure vivroww glames moe
turing in the 1000° w 1100 F. range
sre principally keaddxaring and Aue
down 0 produce very thia, glamy
mww.mmp&ndl-
& pumbef of wers,

M' *

A review of kead compoeods a we
duatry was pivea by Sacwart and Ravd
(1H). Sit sreas were ovtined ba which
erw Jead produce will sepplomest
okder Jead produce mow s wer. u
A mwethod of partiche sse estimatica
hae bren developed by Thomass and
Yoder (2H) which 8 drpendent upsss
stveaal  poneiration through & beede
ot coduma.
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