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LEAD INDUSTRIES ASSOCIATION, INC.

292 MADISON AVINUK
NEW YORK, M. Y, 10017

Jarnary 23, 1964

SUBVECT: REPRINT ON LEAD IN GLASS

To the Members of the Lead Industries Association, Inc.:

The encloaed roprint, entitled "Importance of Lead in Glass™ has
Just been received froc The Glass Industry magazine, where it recently

appeared,

This comprehensive report and bibliography was campiled under an
International Lead Zinc Ressarch Organization grant at the State University

of New York, College of Cersnics, at Alfred.

We will distribute this reprint to students of glass technology at
all universities offoring such a course, and in addition it will be
offerod to selected technical reference libraries and to persons involved
in the investigation and manufacture of lead-bearing glasses.

You may obtain up to 10 copies of this report, free of charge, and
additional coples may be had at our cost of 354 per copy.
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By Craig F. Leloer @
Mr, Letsre, now superiivor of new lwnflud flrl'rlulmzrul. trartor mniccials,
for Minncuua Vining and Manufacturing Co., assemblet this bibliography
wnder w Fellowship of the Inteenational Lead Zine Kevmrch (eganization i
asssciation with the Lead Industeics fasociation while at the State Univeesity
of New Yoekh Colloge of Ceearics ot Ufrod,  Glditional references uvee
celdlecoed by Me. and Mro. Joan Blacheer wndee a continuation of the Fellow.
ship. Further search and covision of the report were due 1o Mive Ve gen
Ceevene, Prafesar Charles . Creene, Chairman of the Department of
Class Tevhadagy at Alfeed, divected the sk and edited the final texs,
Part One
L| w oving hae breu oend as & major Homevee, the uor af lead oride in Tl ftloming telesenies prande od-
constituent in glace sinee the wery slaes 18 achime clarity and helliance ditional baclground wn the livary of
frginning »f glacsmaling.  Ahbeagh was virtually unknown until 1673 whea the uee ol lead> ¢ 120 4n glaee and
the retly glacaes af Feopt graerally Kavenwnit invented Englich cryetal glacrs,
ventaned Litle, of anv. Load, Chinesr Refiwe that date, the ultimatr in fine .
slase dating lack 1. the stk centon flassmare wae the Venetian “crivale”  Composition
B usually rwatained majer: quante pronfucel from a2 wels imesilica com- The practial crmpuamal ovjutienoe
tes, and glaee whyte frem Mecogata. presateen. The Beuwriching Englich and ol glacmabers demonsirates that Jead
mis arnand the <ame geres] hri large Triek Yead covatal andasries wheh ssde o cempanbbe with all waide glase
prosgusttions of 124 avide. . R Caler? girw up rapadhy after Ravenswrolt's furaung  svetrms. Among  metallic
has recently pablichel o ereellent divenrey, wete evidence of the fading euides which Qo ot form glaeses by
cwurmmary of aue keowledge of ancieut of Venctian and ltalian suptemacy themeelien wien jure lead nuide is
glase coumpanitions wha b chows the Tiw srvret speead quickly  all wvee unique in that 4 very large progortioa
widespical uswr of bsd avide in earls Futeger, sraching Russia in doos than of it may de comlaned woh minor @
glaes manufactare fiftiv  vears. Since  the  cisVteenth preguertions of sl glassfurming
The auteriale an primatine ghae century, lead oxide hay brer ueed orviles te veeld otable glasses  Thue,
wanalacture were impuce o rostinely av & constituent of the fincea mclie contamin s over K- jer cent by
glass wen otoencle cdored The early  crvatal glase weight of losd wvite with si'ics and
trad glacses often rontat copper, A\ vatiety of aew applications foe faure onide tmay be comded ta glasees.
whieh treglied in ted tinte whes meli. lrad glasces wete dicencered duting Lrad wnide alio cranbines with ovides
ing romeditiin. avte sodaing, and hlae the last century. Lead wnide ie wncdic of wtlicr he sy elemiente, mhicl Jo not
when the gliears were evidirad freneable in aptical, sohlce, elacteical, themselies form glases, 10 sield yn.
It iv verv proballe that rarhy glaes and radiation  aleorlang  glase, The ssual glaes empasitions, Syateme of
matialsiture detived from the art of s cial proagettics of Jead glacces whach PP webe Tt VO, pid SO, ave
slasing ceranise ware, 1n which leud male thens yaeful for v many purper. caid to furw glacees, althouzh it ap-
compounds were widely uswed  Thas, ate: prars that the aldition of snell quan-
anves of glares found on pote ia 1. Rade merbing range at a selativeds tities of il a2 1o such compositione
Tateus <how that Romaen «rafisrmen low trepecature. facilitates coeding without cavotalliza-
’ i N i . .
Liew of this uee of lead o-des?, Pac 2 High iader n:-l telrgction tioes. A by lttrn demansttated by
. . 5 Mgl dispersion Sun? lead fluctide alio mey be com-
e deet comments wa the widespread . . X .
. . 1. Bro tance to devinrification bined with other faotides ta focm
atd ontinuous e of bead in glases, . B .. .
- P . € led oxid 3 Laow clectrical conductivity slaswes of unu-usl compuesitions and
v stpeng 'l""" f‘"“" o des ":"M; 6. Soong alearption ot Xerave and progesttics. Three {3cte chuw that leud
lews the '“'""""w. ol glaree whic gamma rave, . camponad, althoagh not by themeelves
wisture ot a telatively low temperature The great Auxing power of fead  glacs formere, are particulardy adapt
just ae ity use in glaas campositions eride makee it invaludble in fusible able 1o glass  compeaitions.  Hlence,
facilitates rmiclting and produces saft compositions for bonding other mates  sudy of the desicalde properties which
glacees whiek can be haped a3t low rials aud formulating calored ensmels lrad comtrilited 1o glaes s most im-
tenipereainres, and glases, pottant to the scirntlat concerned with
1 R €l Tave e U e et tes € rning Maswm ol Glas .  lem Seme Wotin fegrin t Ratt Mun
Moo he § il o - FEOSTTSRI N
TB R Gahy heeecs O 4 A lernad eim st o e Spobmons of - The Sadian o Veeies Brem™ Graes lon M @
Reeea Cluea bom lasene * tmer | oL, See
§ Amecmvae Feeet o R won Perree Crean. dee 33 (10 TR . Vab Reetall Pullehog Conp .
C O Famtes . Ctaeee " VOhoen tedestetal Tabh
et el . TS Pen Due %R aad T W
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the apphic gtinn of glace ta wide vacicties
a develoguncar of
uew  glasees lor pa siculatly dificuk

of special uses and

applications,
The estly mientific investigations by
~hett and tus coewmothers in Jeng

letwern 1R800 and 1990 cotetend many
tead glasses. The resulte of thic work
e in Hotestadt’s Leok on
sa!® wheee the properties of

ate
Jena
the glacers gre correlated with theis
compositico,

An cvem mnte extensive study of the
telativa brtween the compemition ol
glase and e propriies was carsind
st in the carly 1920% Iy Peddiet!, Si0
sevies uf brad clacees were melted, cack
i with @ Jifferent ratio of albak
tw silica. The lead avide content of the
glassre in cack serice wae incerrecd in
a tegular fashion. fn two of the ceties
was the only alkali; in
others, gedach was used alane while in
the cemaiaing twn an equimalecular
winture of wele and potach was eed
Study of
litr and other divalent enides perma-

~wla tue

similar glases cortaming
ted a compatic of thewr with lead
“ride.

Go R Mares® cumuarizc- the worl
of Peddle and many wdber investigators
upon fead cootaining  glacees, while
MR VLR

wiree of data wa the plascal and

pesides 2 cenvenient

chemical praperties of lead glasees
The jractic sl Linute of the compeni
tion fielde for lradcontsining glasses
ate determined Yo various prepecties
ol these glacees Lo the ditmtion of
bigi cilica. the Limit is oot by diffcuiny
in anelting: teo bigh alkali ceatent
Irads ta glasses which are so unstable
chemically that they are attached by
atmapheric maistute; very bigh lrad
wtide cuntent mas cause difbeulty from
cevstallization. In the 17207 various
authare publiched generalized frmualae
purgmrting, 1o dewibe the aseful ficlds
of lead glana (EATRERTY
‘vemulas wete the subject of
much controveser, however, and have
nt proven very usefui in the formala
tioa wf commescial glasees,

cimpositions

Thear

8 Yerrr Prepestes o Llew T (hee Vol R

1vas

£ Harvoredt, “lens Cleas sod fta Stk ond

Mo Mlica Co 4l

A nowch better baue far compound-
ing high bead glasers oo proviged by
phase tule wurk on simple teenary
wasbems contartmag leed  unide and
cilica. The murh of Geller aned Munting
o the K OPHISA), syaem o mod
dlaminding. while weta g Kislaw,
Mokhin, and Heinrsh oa the NegO-
IS, system! o rqually uecful.
ua~e qule Jisgreme abuor give ne
wlurmation ua the giase furming guoten.

tishtin of 2 system. but wlmersgtione
wn crystallization vebwaty made duting
the evgerrimwatal otuby of wnh o
avstern pro ide a tich soarce of glass
making inlc matioa, Liquidus tremperra-
tures ate va.table te the glase tech-
aodog.d. sion e thes indicate she therpa!
tanges which modd be svwided in the
tactical manufscture af glaes
Broides the peactical techaological
limits on the compmmns of lad
slacees, legal restrictions abes evidt.
Nincr lead anide io t-latively expencive,
manufacturers trad to use as little ac
gremibile in their hasched?® {fnwever,
<ince the bLeilliance, snantity and value
of 1e3] crvaal depend na ite Yrzd ena-
tent. the goternmeats in many cublfies

hatr imposed minimam requitemeats
for the lesd ntide coatent of ware
faleled Thas  “flohemian
tead covetal” wmes trquired 1o eontain
at least 20 per cent of lead otide™.
The Cetnas  produt.
brar the Label “lead ¢r3e1al™ an 3 gold
wral, containy no bees than 18 per cent
tead onide™'. while the French dedig.
nate oaly glase with at leaa 21 pee
cent lesd ovide ae Torvatal™??

“ervazal”

premiziad to

ft shoald Le anted that cather cmall
quantitios of lead enide ate cuffu ient ta
wwme g to impart desiralle prop
ctties 1a glase compeitioae, Approsi
mately five per cent lead oride ia 2
Lard borenilbiate futmula 1o suffuient
te {aciltate the mehing of the batch
and te imprave the elecirical surface
resistance of the glaw greathyd 0 ¢,
Much fucther informatica oa lead
glass componitions will be found in the
later sections of this repart concerned
(bt Fabbebong Cemp

Todositoal Bpplicoviom ™ TR '

Tt b Cerael Glee ™ Clerad Roe

with the nrarulaciute, properties, and
epecibie applications of tead glasees.

Struclure

Midetn ideas oo the drvetyre of
glase Iegin with 3 pagee Iy W, WL
Zachatiaernd in which tules dedueed
frem the knowa strucutes of crystal.
line silicates weee applied to glase
Ntudics of the difliactkm of X-cays by
alass made In B . Warna and his
aveociates™ wpported this theory by
showing that the erverntial unlt 1o the
sructure of ailicate glasses bs a reg-
ulse tetrabiedson composed of four
aiygea atoons sutrounding & central
wlicen stom. Warrea's Xoray results
alee showed that beyond this first
neighlor distance the ordering of atoms
ragidly  becomes  entirely
candom and thst sny regicas of teg-
ular crvstalline  pattera  existiog im
gloes are eatremely small. G, §. Bair®®
applied the X-ray diffraction technique
to frad glaswes snd shoned.that Zach-
atizeen’s ideas explain the arrangement
of coasiturnt atoms abserved in them
sl-n. Bair concludal that the structuze
of PLO-Si0, glase ronsista of an inter-
L<king prtwark of atems in which
lead atoms are always separated by
silicva.ntigen  tetrshedra and pever
weear adjaceat ta cach otker or jained
tn cach athee br 3 common otyyen.

Aecoeding to the Zachariascn-Watren
pretute, glaes 3= Luilt up of Oxygen
ione and 1ma Linds of metal ivae, One
Lind «f metal ieg {eg. Si' s linke the
wnrgros togethet te form a random net.
watk of teteshedrs. The ather Lind of
metal w:n (2 g, Na*} Alle the holed in
this aetwerh and modifies e peoper-
ties,

Alany mctallic consituents of glase,
however, cannet be claseified uriquely
in cither af theer groups lut act st
times as netmark - formers and at other
times network modifices. Tead fune
play thie dusl enle in glace. At low
cuncentrations Jead octe ae a network
madifier, Bt at high concentrations it
must form part of the nrtwork. Ta o
glacs with the compusition of lead

in glase
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wtthosiwate, PLS.Oy the SeOy tetes-
hedea inud for joined Ly lesd Jome,

Many authore have discusend this
alality ol Fud loas ta focm pant of the
network structuze of glaae, Mante and
Carey™ decide] that fead cither forme
Avulde spam linkages (250 150
181 ) ar enters the glaed structure
a¢ & tettabedial group (PLO). Thee
com lusions evatradict Bair's isterpe.
tativm wf hiv X-osy reeulia. Stanworth??
saggested that lead acte a¢ 8 network
furmes by forming esecntislly covalent
lustide with meighboring oxygens while
ttaining a Jow enordinatioa pamber.
Weyl™ explaine the brhavior of Jead
in glass by hie screening theory, The
pelarizalile 1" lon bebaves on wne
el 8¢ & highly charged tetravaleat
ieon while the ather side shows the char-
2>ver of a noble metal This theory
peevrs weeful in evplaining the surface
propities af lead glasees

Juaes and Krridl™ ae well s¢ Fajane
sad Kreidl™ have alen diccasred the
asvenrttic behaviee of lead bons s
glass and have lirked thic with the
cptical propertics af  lead  pglacess,
Papers by Callon ™, Florindava®. and
Jrro kel teeat the otructure of lead
clases. (Ullow canclnles from phase
sule and solatibzation data tha lead
<ilicate tends ta segeegate {rem silics.
rich tegions in glasces of th hinary
NPT atem,

Manufacture

Tead glase is mehnd in cleed pote,
ejen gets, and cnntintoas taeke It e
prelersed for “off hand”™ blowing in
istic ware bxaee of ite Long wodk-
but alea Iends jteelf ta all
e of 2utematic falei atiem Much
tubing 1w
Dunnce end Vella mackines snd uend

a
ing tanze,
inte

ad glise s made

for aealing leads in incandeacent lamps

N M Ve aed M (erer. ‘Lamtag Campastion o Rias

and electyonic tulwa. Lead glass tabiag
prelecred far making neon
signs lwvause it ic oo saft snd readily
abiaged, Cantingmas tanks pre haht of
fusien cast reflractories for aatisfactory
pieduction of lead glase,

1v ales

Opaical glasa, whick must he of the
highma  quality, iequires stireing 1
nldain caticfactiry hogiogeneity, This
may Ie done in opn pots with a re
fracteas red. I'Istinum crucibles and
wuntinucas iwelling  unite lined  with
platinum  ate priaibed with oficicat
platiacra stirrere. Great care toost be
talen wlen lead glam is mehed in
platinum e aveid teduction of the
Iead axide in the glacy since metallic
tead produced in this way aliegs vtk
platinum and ruine it. Flnciric heating
is advicalle ta aveid thia dangeede 2330
’!.IL".\..

Lithatgr, or lcad monoside, jo the
primary material used for introdocting
beod inte glase batches, For cnvenl
and optical glasee where finedm feom
enloe ic esseatial, Ligh patity ol the
athey
necessary. Recauce iren is 2 commna

litharge and taw materiale e
and pantnularly und-drable impurits.
it is esential ta uer Nitharge which i
frter lom iroa and other coloring
evides. Fortunately, thie requicement
has tewen met by the lead industry-
lesd avids with lea than $0ppm of
seont may be purchased for uee in fine
elacses. \ procecs g maling pute
Tiharge by axidizing & sprav of molten
tead ie desetiled by SR, Schaloott
Sener Jead glasees are cubject ta rre
duws tian, i often deeable e suppls
eatta wavgen in the Loateh, One way s
to use ted Jead PL g1 which e aldain:
ed Ia geasting Wharze, PVO, in a
cuttrnt of air. It gives up e rura
avsgen rathy in the melting prowess and

4 tamms of

Glasrs 10 € cotweres Tarmars * [ Sor L

bhelpn ta snidice chance organie (m-

pucties in the bhatchs3.0d1,

The gy ical Torm of litharge §e @
watter ol coern ta the glo-maker.
Vaticus steps may be 1aken 1o avoid
difbeulty fron dusting and waste due
to ats knely div'ded form. flinders may
be added ta canert litharge into a
which caa be
handled Ly miving and filling equip-
rsent mitheut ohiject oasble dust'®, The
influrace of moistute on the miving of
peetash-lead silica gla ¢ was dudied by
Tuteer and co-workers
to this work, shout § per eemt §s 1he
aptimum aminunt of water to be added
10 such hatches

Annthee way of aveiding dusting of
bead crvide from glass hatches s 1o
convert it 1o lead silicate fov 2 pe~
fusion  with Cold-
schemidit decriles a8 methed e do
ing this in an open hearth furnace.
The lead alicate oltained by this pro-
co~s e iterell 2 glacs and atsy be ueed
fe adding lesd wnide to glass Latche
i a2 cempletely nondusting (ree flow.
ing form. Ut hae the further advaatage
of refucing vhe melling tine of the

grandulac  mates. sl

1 According

liminary silica.

lase and diminisking cotdet®-3281,
Theer dustlese matetisle ale. bave
the of farilitating  jeoper

fingienrs in miving and handlicg glase
Late by, Tealle may be entitely svided
with Jead etide. arecnivus ovide, and
amilar glaee raaterial. by prager
supwrvicien 1o ensute adequate hygi

slinns

e pt wearig dust maska
o bathing. and petindic medical
. Faen quarnte and. fee ramgple,

must lo handled with cate te avoid

e

thetefore  similae

fe taken

sdicanis, and jeees

vantions mnst in miving a
clace latehi®?,

In lead glass Datches cutlt has a
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terarficsal action i the welting procese
and dimisishies thie cottosive action of
the  lateh  watetials o the  jeds,
tngheh, Hadhin, and Tuina®? pul-
fishied 2 desctiption of the cflrcts of
cullet iu vatying pacportivns va potash.
lead wudesilica glavses. Kev?* guinted
wut g dificully ating from the use of
wigpes of tubing & culldt la a lead
glase: the tubing Uapped tam nuale.
tials, causing chewical inhwnugencity
in the glace and juaedacing cords. 1t was
tevommends o that the cullet be crustied
1o sinall pieves tu avoid this dificulty.

Although lead vride ot lead silicate
ie wsually employed in maling up
batchies for lead glacs, other materials
have been quopesed st times. Thua
Beversdotferd? projuned the ase of
nictallic frad with an orvidizing agent
and  Hatleat™  patented
storage battery waste, ek geported
that use of Jead sulid wres as & soutce
of dead in glaes batihes ic et to be
teconmmended, Tead sand®® js gevom:

the uwe ol

mended to dimini=li melting timse,
Vanieus nondead waterials have beva
propmened s 4 culistitute foer fead onide
in glaes batchios, This, ol cour-e, ic s
and the

evtent to which ol suletitutiog. can

matter of glase o

EUTRICHEIE N

fv tadejated depende en the use 10
which the glice 1o 1o bar put. Rasium
onide”®, fune with sidics and alumina®”,
ate J“'l ,-“-l\”‘.

cwlim Pt

and satious other peplacements  lor
114 hase bevn proposed. dn pencral,
curh replacements taay e practical to
a limitrd evteat. but some sactifice of

the deciralbide ¢

glase by Jead enide i involved.
A wmajor probilem in all glav melt
wnof the contaning te-

mg §s cotfre
{ractoties. Althougli lead glacs iv no
mate active in this geapect than sode.
Kine glass, the hich density of lead-
containing glase and the wolatility of
fead nvide from lead glass may intre
duce spreial pueddenie, Thue, Prestoa
and Turue !

"wom al
4wt e
U tmai—e

neted that cotrosion of

wttics imparted to -
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the inside of the crusa and the put
momth in chmed pote melting juitashe
glasses 40 caund by tead

fead silic
wride volatiliced duting mcliing. Por-
s i the bettarn of 4 Jead

wus fefract
plece gnd i+ rapidly peacirated by the

denee glase, Heme, it i 2dvicadde 1o
u~e a plastic clay whick fircs to 2
dense vittewus bedy even though this
increases the care which mud be 1akea
to aveid csacking dusing drying and
firing of lead glass pates Sucl pots
are diswdved mare evenly and more
wly thaa pude of motc porous ma.
tcrial and caver fewer stoncs and
corde fn the glaes?8 Finth! recom-
wends firing puts 16 the meliing tem.
petature ol the glass, or sbove, 10 mini.
mive cottesion, The lenger the time
such prds ste under fire, the mere
tesistant they lecome to glase attack.

Velasilisation of lead exide fruta
lead glase melte introduces other prab.
frrne as well as thee of pefractony

attack Juting the melting operation
Inbomagraeity cateed by ke of lead
from the surface glass mav cause
covdinese, 10 this i aveided by suff.
cieat mining, the swcaall glace com.
fuition nav be changrl w0 3¢ 10 ma-
terially affect dts physical pr

Anderwents, one of the
fitst to »tudy the evajuration of lead
from lead glass melta, feund
that the rate of volutilization depend.

jreties.

who wma.
wnide

to a large extent ou the samount of
sticring te which the glass is subjected.
between 900 and
1300°C the rate of cuaporation from an
uastirred ot falls off rapidly sfter the
first 13 minutes This is due to the
foraation of a thin layer of glass Jow

At temperatures

in lead and, conerquently, of bow dea.
ity which fluats oa the surlece of the
roelt, Conwquently, the cate of Jos of
lead feora an unstiteed melt deponds on
the tate ~f diffusdon of 1ad 1o the sur.
{ace cather than on the rate of evapora.
tien. Aadersan’e resad s indicated that
& ton of denee flint g'8 s containing 60

Feane, toader S oo
fa.

Froue aed

4 Mo Neoring on the (rerinioa of
AR N

e cent ') gy luse 8y much 8
2t ol lead vaide when melied for 2
days in & 3¥ in. pot. This ie sufficient
to chatige the lead costent of the glase
Ly aleut 1.2 per cent and 1o diwinish
the reliactive sudex by § unity ia the
thitd decimal place, 1t do olnious liom
thear teculis that the lime and e
petatute et be carefully controlled
dutiug the melling of lead glovres il
serhigs varimtions in the optical prop
ertics of the gla-e ate to be avuded.

Halle and Cok® guainted out that
slununa is an 1mportant {actor in the
volatilization of lead because of its
pteat influeuce wn the visconity of
glase. Hirayama* rcported that the
evaporation of fead frem burate glasecs
is lese than frum silicates of cotres-
tending lead coentent.

Preston and Turncr 9%, weie led by
sliwenatioas of the atack of bead vapors
oa glass pobs 1e make & detailed study
of the evapuration of Jeal wide from
bead glaas inelic. Thiey afso determined
the actual vaper prossare of lead oxide
ever molien ead glase by & dynamic
nrethed in which & stteam of inert gas
was satutated by passing over the glase,
Ao wenhd be evpected. the initial rate
of welatdization from the gliss melts
changal i the came way with tempera-

tute a« the equilibtium vapor poecoure,

The sate of dead onide solatiliestioa at
s centant temperaure of 1200°C in-
errgamd a- the petcentage of lead i the
gl incseased 1nd the cutve connect.
Plise com.

ing lead velatilization wi
position shomed breake at pointe cor-
te~ponding 1o the evanpounde PRSI0,
and PO Preston and Turter is-
terpaeted this ae evidence fur the ex-

i-trnce of these compuands in the glasa,
suppesing that each conpound had ita
own chatactetistic cvaporation rate.

R, J. Callun? uund the results of
Precton and Turner te cstimate the
activities of leah PLO and 50, ia
the binary system. Alhough calenls.
tivts using Kelley's data®® an heats of

FVedatdiaet oo fioam FAch Toas Ouddy

the Metad Foue T 4 ey

L Tareer

=




Ty

TR TR S B AT T A 37 MRS TR FTINTY L AT =

forrnation with the treeang puunts from
L ndicate preitive de
ideal lehavior 3t high
o ul 1l in S0y, cal
culatiuss from the sagun pressute wark
with the plawe rule data sbow neacly

pleal bebavier up 13 per ceat ol 20,

ptiaer rule we

Cialions fio

vencentrate

fullomed v indreasing ucgative de.
Ciations i the activity of 'O at higher
wlics comenteations. The acuvity of
SN alaged  cutve
deviations  from
st high con.

slica follows  am

with large  pocttive
uleal wlutiva lelaswor
centratiuns of silica.
Callow?! inlciprets these curves ae
evidence that drad jvas when sdded to
silics glase tend 1o order the oxygem
tune gbuout themeelves and to s-gregats
frum regions conlaining compatatively
sndiffcrentiated silica. This tendency
is net sufficicat lo cause scrafation
inte two glasry phases ~as it is in the
ot tews wwtaining calium, strentivm,
and burium joas - but it is <imilar, and
mere mathed thiu the devistions ia
the afla ica sy~teans. Ao more PLO
1o ahled, the frmatioa of aithestlicate
zroupes eventually eads to strong negs-
tise devighions from ideal behavior for
¢ S0 These caloulations
the

the activity

ate  particulaedy  interesting fur
Light they throm on the stinciure of
trad silica glasee.

; during the
e lting of potashlead-cilicate glarses
leen atadied by Precten and
in Fagland, by Besbotodov o
Tauman znd
Oelern in Getmany¥5 with similar re-

weurid

e rractions

fave

furnee
al? iu Ruesis, and by

calie, Musistute ie evelsed and oxygen
is litwiated finm I'h 0, below 600°C
Fotecra cacbunate 1eacts with silies
letween 6° and B0 while I'LO
reacts with Nitd; aud K ) abave T00°C
At W G e PLOY Lae entirely dis-
solved ia the melt, and abve 1000°C
final salativa of residual silica ¢
place and i« completed ot 1200°C

Detaads ol the teatious in this compley
system vary with the tate wl heating
and with grain <ite of the batch.

The rracinm between ‘ead wiide and
silica, which constitutes ¢ simpler subs
syatem of the potash-lead-glass melting
teaction, has beea studied by an oren
larger group of investigatore?d 141204
TEINTY Ay @ result of the woed Qs
genctally agreed that thtee compounds
are {ormed in this syrtem, lead mete
asilicate, LSO, miclting ot 764 30C.;
fead otthositicate, LN
T4 30C; and  ae bas ficate.
I'L,Si0. mehing st 7250 1°C fead
e. PO, anclting at 88" 2, is
tie primary phase for mittures coo-
taining less than 6.7 weight [er cent
of ¢
wittures  centaining more thea 295
per ceat of SOy
Turmnee?® sudied the
tate of glase furmation in the reaction
Lrtmren ted lead (I'W,0,) and quarts
saml 18101, as well as the mechanium
of the teaction. They found the Gitet
“tep in this pr

melting at

0. and silica erystallices from

Pee-ton and

tioa te fe decumpuni.
ol the P'hO, with
otrgrn, leaving PBO. Thic atep wae
completed at alemt 50070 Alane this
tropertgtute 14 was

tin relesee of

teansfrrred in
the vapeor phase to the switface of the

wilica graine, Here it reacted ta form a

frad.rich glacs which gradually pene-
tated and divsolved the graine. Xoray
diffraction shomed  that  the
final preduct of the reactiva did nent
rontain free silics and that there wae

studics

na solid colution of lead oride in quarte
lattice in the course of the rraction,
The rate of the rraction incres-~d a-
the teaierature increseed a0 <bown in
Talle 1 fue a mixture cuntaizing 80
pre cent of lead oxide, ANl af thewe
studies are werful in proniding scientific
fackground for the practical melting
of high lead placecs,

Surflace tension is a preperty of glase

N
M o ittt
TAML I-Rete of glow fermetisa betwesn
% 0. ond 3.0,
Timg for .
Temperaturs {"C) Cloar Mok
1000° I mia,
1100 e -
1300 14
1300 s -
1y’ « -

whick hae ¢ gicat mflucnce on its be-
havier 1 welting, Jelecu-Marwedel™
las puinted wut its importance in the
mechanieme by which tefractories are
fotaied we  dis-
prtsert i glase. When soflt lead-contain.
Lases for
enaniels and glae~, sutlace tensiva Is
again @it inpottant in detcrmining
speeading and wetting bebavior®t. In

cocrnded  and  conda

ing xlasses ate uved an

seuctal, dead glasees rank low in sut-
face tencion, with values in tle range
from 210 to 2M dyne- cm. at LU0
and
containing  large
amounts of lead ovde have jusitive

Aevording ta thie watl of Shart.
wheta,

glanees

temperature coefheicuts of corface teme

Nulfue wandes in the barch and tank

atmosphiere b wBuence the surface

wof Yead glass melte Study of the Jead
scalate-bead wiltate caem b Merker
Wondratselieh*t  revealed  that

thewe plassee gmessese very bow surface

and

teasions,

Partridge®® traced e cau-e of a
precipitate in teelte of 2 30 per cent
Tead crystal glass 1o the presence of
sulfur disvile in the furnace gascs.
Heversdorfer™ alo found that sulfur
diotide, which ie always pre-ent in
pro<ducer g3, will cause the precipits-
tien of Tead «ulfate if the concertration
of vxaigen in the atmosphere over the
glasc ix sufluical 1o cause The orvidation
of 8O- te S0, Thae, although @t is
al 10 melt lead glasces in 2n
ring atmasphiere, the ovygen con-

[t
tent shoull net le mote than ene per
cent duting conling of the glass.
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Pladpe®? tound that iocoepstation ol
alasst 8 pet cont uf bad orade in glasa:
in oan in-

maling refraclories resulle

Ctease i tesistance fu cottosion. Al
the cords, wlich reult o salution of
wich bradcantaimng sefractiies, bave
lumer sutface tcnsion than the tnain
Lenly of glass end are more eaaily hom.
cgrnived than cords from  ordinany
sefrectaties.

Loz glases urr generally character.
ized by low annealing temperatures.
Thus, Gelilhioff and Thomas*® in com.
pating PO with Ca0. BaO, and wiher
divalent wrides sulntituted far sileca in
a2 baswe gliss conlaining 18 v cent
N4 0 and R2 per cent of SiO,, found
it 10 Lr the most effntive of the oxidex
teied in lewering the temperature at
which steain disappested quickly when
the glasem were heated?e 1= 4 5
per min. Lillic™, defining 1he anneal

ing puint as the temperature at which

ghase has 4 visconn of 10" jeders,

(aund  salues ranging ftom 419° to
D30°C for Corning Jead glasees, while
the annealing prints of lime glacems
wete alwut 50°C higher, and thowe of
butas 100°C higher.

In aur giase melting operation tests

abowt

cales

to ensure that the compocition and
propenics of the product ate ke con-
~tant are impatant, This i particularly
necessary waith lead glasees Leavause of
the Lase of Tead annde Ly valatilization
Prolably the mou
ation for thie

during  melting,

frequentiv uasd detesmi
sort of quality conte.d is the measure.
ment ol deweitn, Enpetiments by
Maunets and Pactinige™ demonstrated
the index

measgrements as a contrel of the quali-

eflextinenren of  refractive

y of lrad glase e tuling manufac.

ture. b Dubrol®! tecommends mcearure.

RRTLTSTSR Y

et o e progesties such as denvaty
and softening point fur mure teliable
sontrol of glaes conpuition,

La the manufaciute of feod glasy the
analvers of glass and raw mateciais for
\len and Zie-
drwctile nicthode of deternuning lead
and  badiam, while  Naudetl®t
SNhmid*t disctes the detecminatioa of
lead in {ur
other impueities in lead raw materials

Tead is nigrsctant,

and

alicates, Tests iron and
ate tecesaan®, Teos fur small quan-

tiies nf lead extracint ftom glase,
enainels. and glazes are abso needed.
{od buded hiete ate references on pome of
thw numerous metheds which have oeem
publisdind=€97.05.160,101 102 100 100,

Propertics
Some ol the propestim of Jead
glacere such solatility, surface ten-

viecosity, whick are of ir.

4nd

pe-rtance 1 the manulactaning prcess

o,

lare attead tern ddiccyewml. Othere
ate ol pevizl importance fot the prod
wots in which lrad glacees sre gord and

will new le ferated.
Dwrabilite

Chenunsl durabibiny . the
lzad

glacesin zenerdd chum goedd gesistance

one of

et essentiad qualitios of glas

T attae b by water Lot cre koo pesistant
tn anid end wlhaline soluticns. As hae
Yern explained an the cection on stroe-

ture, Res ] aupbutes the stability of
fead glass wurfaces tomard attack by
water to the asymetric nature of the.
trad ien. This permits it 10 direct its
lading force towmard the intetior of

a pieve of glass while 10 the surface it

preeruts the acpect of a nolde metal

atwu. This ala explaine the nen

bvgencopic nature of lead glase and

ite ben curface conductivety, A Bt
. = e AL b Rmar o

VAL e

T A teed 0t 1=

Whet™ peaed abe sdvantage ol lead
glass in vacuam ryetetas due Lo dta
cmsll alsotption and L
Nimpeon found # supering 1o other
glasees in 8 cyclic dunming tesit®?,
Nuagp™, Peddle’,  Morey  and
Bowen'™™, Dinddeby  and  Turacc''®,
and” Caymwad, Webl, and Tesnesttt
bave all investigated tie zesivtance of
lead glase compumitions 1o atisck by

of water,

squesars solutiene. tn geueral, solubil-
iy wereaws with alkali coatent, J'ot.
adidesd glasers are nunre durable than
sola lrad glasees comtaming the same
weight pereentage of alkali, Lut there
t & marked mavimum in the Jaealiling
whea wods is srplaced by potash st
the compenition where the ration of

potash to cada i twe to vue, Mderate
anrunts of lead aside ate effective in
~tabulicing plass againet attack Y acid
and alkaline solutions Jut Yead ovide
is b=s eticient in this re-pect than lime
and <ome othee divalent oxides In the

denee flint glasses, which centain 50
gt et ae ntare of lead vide, stalality
tamatd acads becames poor.

Vgeoslian and Keeidf''? fuund that
b, Za0 . NLAO, . and Ta0), were Ll
eficctive iy imprining the duradality of

a 65 qer cent N0. X per cent
Uldd glaes in acid. Tl wae the
must eflctive single oude in this ce-
~pert. but @ noture of 7o), and T,

¢ than avy single addition
tain
detrrmimug the length

nae

Ducalulity  or tesistance  was

evaloaied by

time nevessary in | oger cent HNQ,

face [ilm aucquarter wave.
fength thuch. Vaderkt3 srudied  the
chemical actinn of dilute sullusic acid
tuded that the
after duralulin

o tead glasees and ¢
suiface il teatning
amat plous

teeds of lead glasees o

silia.
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Importance of Lead in Glass

Purt Two

Mechanical Properties

H. Almoran' found thar segular
it tease in the bead oxids content from
10 46 33 pet cent e d in 8 de
ctesee in Youag's modulus according
10 the equation

Eo- (16100206 x ¢ PO
i, Measutements In Npinnert?, Guile
fed 1'% Kruithofi"'? snd Thiclet!® alen
il ate that increasing  amounts of
lrad wnide dectiease thie elastic maduli
wf zlass, alibough vatiatica of other
taents alas has 3 marked eflnt
Nl Compositions,

on

Mefanical <trength 4o wa cloely
avawated with the suclace condition
al glaes that it s very diffeult o ol
tan any eelable anformation on the
relstienship  betmern  otrength and
emacal conpesition Touley and co-
wethegs P udied the offedt wn
mes hanical strength of waling varieus
chasees in water, They found bt lead
Hovws did not diaw 2+ et an in
ctesse o sltength as 2 result of the
waling ae il the sodadlime and bt
sdiate cpevimens. This prolably re
teete the better pecistance of thew
Slasees e wolution by water.

Hardness iv a guogenty of glass aud
ther sulntances whick is measured in
sevoral deflerent ware and whioli caries
soading to the method of measute.
ment, bn graecal, bead wxide appears
to daninish the hacdnese of glase, al
Huaigh Aot ancacuring the
diameend pacamid barda-as of N3z 0
N, glacas e whieh incrrasing

fded found

aunts of Pl were
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that initisl additions caueed an in-
pas-d
threugh g mavimum (or the glase con-
1aining 15 per cent of P, Shen 1ead
wride mas cotmpared with othee divaleat
ovides added in 10 per ermt amounts
to the 1:4 sonlanilica lase, the lead

viease in hardaese which

glass wae the saltest of the group.
When hasdness ie aserssed by re-
sistance to grinding, lrad glasers agan
e ta be snlt, Schaleat™ compared
Jdiffecent glasees 1o griading the end-
of tds wn a stee] plate uang quarts
vand as an alwacive. Silea and lane
wutde contulated  resictance to abira
apets, wule increasing wela, hime, and
particalarh lead cande predaced sl
canly shtaded glasers. Rt ol
tamed  suadar resultss althongh hae
table of bardnrss facteee 1 Talde 1
canke lead wude alane wda. petash,

and hinwe,

TABE H=Rordnon focton*”
30, 0o Ne.O 17

L0, e Ce0 3
"o o 0 0.
(¥e) 101

Theemal Froperties

The pecific heat of glass is of in
tetest in caleulating the eficicny of
melting equipment  ind  becayee  of
Light which it thruse on the structure
of glass. Sharp and Gintlier™ have
teviewed the ditrrature and aesigoed
conistants which may be ased for eal-
culating the mican  speecific eat of
glacees, bead. ae might be evpaiad
frena jts large atomic weight, hes
<tnall factor relatine to lighter elements.
fead glacers alws show unusugl be-
haviur in the way specific hreat varies

LTV

toemn = M8
®alar,

Nees

AT PURR Y LT

Casmmth “The Ingmned Pricmd Mordoon ot
rergih aed Mimterr A Ul Fat 1 Sasts Ghesess T L B
Poded 8 grvan e yand

o amd B Roaal

witle  tenpesatuze.  Haetmai,  and
Neand'? have supplied mote tevent
date. whik indicates that 4 30 per
cent dead glace hae g foow specite heat
abthoagh net as low 20 would be cal.
culated with ihe factore of Sharp and
Ginther. Thermal conductivdy, & prop-
ety of dnpuintance im 1l technical
applications of glase. is tow for lead
place. It man b calculated v an oddi-
tine furmula devieed by Nharp and

e

given by \oeer®

Thermal eypansion ie one of the
M=t amgentant prepertees of glase in
techtcal use since it Jetermines 1he
strain evidtiag i wrals brtween glaes
and othes materisls - - alad letmern
twe glacses and i i 2 medt impen
ant factor in (b pevctance of glace
attutes to hest ek, Theemal expan:
st 1s often predicted for Anewn glae

compeadicns b aa additne Loroa!

the pearatage 1o weicht of each onide

m the glaes ae multiplied Ly an ap- e
propriate factor such that the sum of

these Jao lucte s egual Lo the therinal
rrjeancen. Neserad Late ot factors hase

heen progueed® which are in general
agrecaent lat difies in detade. Fach

wt of fators watke best Lo glacces

in the range of compmettions ter which

it was deselogeed. In genersl Tead has

& facter of iutermediate value leing
neither a0 high ae the allali metal
cride, Loe sy Jow as sk SenntFe
has given this peeddem particnlar at-
trnlion.

A\ large amount of worl hae leen
publiched wn the deselopaeat of lead
particular  salues  of
[ RELNE BTV N

glasees  mah
thermal
nent'™ hae micasuted the theemal exe

e
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pansmitis ol stne opdical glasees and
Muri'™ of wds bead plasses. Appeat??
made a pacticalar stdy of the (Aret of

allali i lead-licate glivies  on
theemal expansion.
The morkh of Kathanavala®®? ilfumi.

wates the telatioaship between thermat
cxpansion and steucture in glas, He
studied  the  efleet field

srength and catian polaricalality upon

cation

theomal expansion. The lead o PL5
is an example of 2 lighly cmlogieatde
jon, whide 8637 e a4 noble gac type of
calion of the same chacge and <imilac
siee, In highosilica glasses thewe ione
do nat differ appreciably in theie of-
fevts n the thiremal expan-ion letucen
O aad 300 Homever, in Jow silica
glaswes there iv a difference. The factur
for  Sesd with  deviracing

wlia cuntent, while that fur =lremtium

incieascs

and Latium temaine constant,

Optical Propertics

Lrad onide s one of the post i
(=ettait constiluents in deternotong the
d glaceee fte of-

ptapetties af o

foet an

incregang  deftactae audes
aud dispesaion 1o well hnvun. 1o boad
ceystal  compuaitins,  thee optecal
propetties ate aad to contrlute Lol
and  sparkle, hut
changes ate aot svuratelv controlled,

The eatly warth of Ve ght * on tle

s al glass peonades @

luance hete the

Jrvgrtties ol
luckgrovud of quantitstive infornation
beld. He showed that the
changes i inded and dispersian oo

duced by iocregsng the lead vude in

oo arc asamisted with mativn of an

sl
alroiptive band in the uittavicdn

tawatd the sisitde jart of the crnctrum.

3508 Skt tertes Reletams Roecsn Rodrats

(ntom s Optsesl Cines = J, A &ooam, Voo

[hete 1o o dlove cotrrlatim tetueen
the donaty of o glacs and e aelracine
e and e addition ot dest waade
1o a glass increaces s denany 3o well
as ats relractine mdexs Botly projenes
Wave lown tnvestigsted by nunereus

[ALBEES IR PLY lead contam

authoas Many
g
patente on oplial glasers
B 10 s s 1 et I Among the mos

e ful forouulan for the caleula

discbned  in
13T 110 429 1 am

comprisition.  ate

on of

thee density 4

o updical properties of

tion anclod-

glass of groeraf
lll‘
wut by Huggine and Suntt?,

The effmt ol sullate «r the deuvties

L

d glasees, wrre thow welked

and eefractne andwes of fead alicate
Meilee sod

Catnpatiocut™

plasers were atudind 1y
Weondratwchek®. A
wed  that  glacees bLaving
teclaular percentages of Td),
1143 haer sinnlar densittem and ainelar
Aneak

sdding rare

equal

and
refractne  anddices, stady
this ene wa the efint of
Nartenns glaeustit

ratth  rus Yo

shomedd that the eebte werr fee neets

cealde o bead glasces thoan in coda s
and Pheepliate glaces

e dnuties snd 1o tractine mdees
of 2l glacses inctesee as the slacees
ate snbrected 1o de ol treatment uning
Thoe efvege 1 dead plaeees

Nishe The eflint of

citdment on 1he denany

.
sty
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of Lol and e glosers wmae stuhedd
by Mike Stearnnan and {begrongt=3,

The endot of lead glacers 1o alen of
givat atmgeattanee da theit e foc optn al
prargmesca, wtnl o crnatalware, A= fong ae

wa of the glace b teoe

the comygs
. the glass

than A jerr cont bead ane

will T enbotbess ot will have o very

Tae~midtance, prosaded

gt al

hegh

[T WYY

Bramie Conts

tiaces al coluning avides ate ned pres.

eut Ay impanities. Math laegee e
contages of lead wvide in the dense
flint glaewes, 0 yelbow cubur develape,

and the sacrall tranamicaen falic o136

calde &t

This 1 0

o in the very dener
glasars used e abeasling Xoraye and
samma 1oy, Ylotrner, Glase, Haliner,
and Ralphetan'™® found that dead wilic
cates have a better tranmission to the
infrared than st

alicates, presum-

by lecauwe of snaller water comtent.
Heee and Ntanfend'™ found dener lead
glasers designed foc radiation shield
tng may hase transmissions venging
frum RY 10 B9 per cent in the visilde.

Fluninhava®? jnvestigated the trane
miscion of infrared sare in the 95 to
1% range threuzh thia filme of lred
silicate glasa, as well a¢ the reflection
These tesulls

sl thew wavelengtha,

wete juterpreted acindicating tle pres

ence of “Urvaagllites” ia the glacsea.
Peppethef ™ ala quded the ia-
frared reflv tin cpretrg of Yead ailicate

glacees and neteed a amidanty with

the nflvticn evtra el cryetalhine
frad cldwate gu the 10, 1ezien. He
coma laded that the conditions of ordee

e the vitteons avatem ate sanifar to
theer in an anterces stalline compeound.

The of bead
gliavers Jrofsttinae

of

infrared Gtan-miessens

comtaming large

metal Gl
veergated by Heaton und M
and Ly Sensenth!™ Thee-

abhemed water lands, and benr of them

er deans wete n
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trancoutted leyond 50 Appatenth
anvis leavier than onvgen mast o

used to uldain glicees tran-notting of

longer waselengihe, Sanwmarth'e bead
tlunnde glasees wete wpaque in the
teselde wath anfeeiig Crguenuse
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lead glisses by
et anennesiony Thes
due geelul foe almothung X orave and
& propetty which e e
y it they da

In e ultravieb,

[EXRTES ate

d4i104 tavs

pendent oa thewr re
wet absoth i ctug peuttans fectinehy
wthee teuch ae
'41‘0‘

clement
with ¢

anless wane

fotan  we cahiimi

sheneption < roes s tea for acuttans is

pirernt.
fa <tupping higlienm gs radiation,
glase ie usually calore?, alim te sk

an ratent that i s uselres for vienal
lLead  glase  protective
windowe suffer  from this dificalty.
Howmever, bead glase diffees for othet
higher melting com;aritions 1a that the
color cauerd by \rave ie bleached oy
the came tave that peoduce the color se
that & state of cpubhriam mey be
reachied belote the come becories dask
crumigh te make the glase completely
elrva fop vicual weeeh (63 160 10 10 ner
trid glase compeeitnas have levm de
vised fur filess which may be weren
1ot {abrice avetul for Xoray peoter.
T 'et,

When glase is undee 2 mechanicsd
A becomes bitefrigrmy, In most
cases, 2 uniavial comprescion causes
the glase 1 twhave Like @ segative

olneryatim

steeae,

‘niavsal crvetall the lircitingence 1o
g progentionst e the steess In very
Ligh lead glasees the sign of thie effrct
s revetend. Po kel ctudied 4 seties
f 3ena glacwes and after cliecking hie
Lutiel tesulte by an evprenimeatal melt
ddevnabed )
TV oper cent lead onde wauld shoew ne
Larftingence under steese withe change
m the waselengih of the lLight pasang
thtvigh the gliee and found that the
wirers opx sl corficient 1ncreaves By-
metically fron the sed toward the
vl bt that this cfleet 3l re-
vreerd ot hugh Tead conteatt?

Class contsining traces of lead duer.
cwr whea erpoeat to uliraviole light
ol short wavelength t258mms, As the

1 glase cuntaining atwut
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the cober ol
the Autewe sce changee ftim beilliaat
thie 1o green, reaching & mavimure in.
ety whes, the tesd waide content b
A1l geer cent 11D, the

frad comtrnl iIcTeases

Y oger cent,
fitrwence hae practicalls  saniched
W2 galard et al'' peported that
lead glasers melied
rmit salmon cukers when
evposed to ultraviclet fight, Other
Runtewirg elemente, sich go wranum
are quenched in lead glase bevause ot
abeatle the nltravsolet light'te,

The tints veeafucet in glase by vari-
ous rdoging consdiuents are (eequently
dependent or the base compneitinon of
the glase. Thiae, g and enpper com-
peoands prodwe tuby glace whem i
whed in lead glases. Uranium peo
diwes o luight vellow cobor in high
bead compositionet S (aque white
glasses may be oltgined by abling
arwnates vt phenphates to lead glase.
Thewe ate urful for the white «tips 1@
thermemetere.

Flrctrical Fregertics

"ralably the mest impartant tech-
necal uws of Jead glase depend
their  favnrable electrical  junperties.
et glacees shuw 2 curface cvaduct-
s for eleetrnity  whick
with inesease ia bumiday and ruine
theie inwslatirg value. lead glasees
ate Vs subjert 1o the diffwuty thas
and & leadeinmtuning lor
walicate  is  particularly  good™s &V,
Mannde and Tua!™ have «udied the
st ption of water on 3 lead botosils
cate glace in 4 varsum which i clowiy
telated 1o the surfoce clectricsl ome

under teducing

citififiona

inrtrases

swla time,

ductinity.

1 is adus pumaible to make the sur-
foce of Yead glase cvaducting by be
ing it im hydeogen. This process wae
stndied by Blidgett!™® for o glace com-
taining slmut 6l per oot of bad
ovide, Others bave studied the reduc
livn traction betneen the sutface of

lead glass and redueing fames by mee
raoscnpic and elecirical meand! 1T 118
"s

The
glase i

romductivity ol lead
cotpared muh other
glase compositions havsng compatable
cvrthcients ol thermal expansien. For
sptimum praslance sxlues Rk B desly.
able to use a mistute of twa parts of
ptash 1o one part of soda, the same
tatis whch yields optimum chemical
duraluliy. Targe quantities of & glase
Caith the 2001 tatin of K0 gad NajO)
coataining alxut 29 pet cent PHO—
generally bnawn e G2 ia the industry
—~is manulsciuted for ue in the clee.
trac light and tadio tube industtien,
Hete, it is usnd fur inculating pinches
te wal the lrad in wites. It thermat
capansnnt musd be matched teo the
fess erpencive sndadime glaw ueed fwr
the rest of the Imlb. Pariradge' ™ made
& sudy of the effects of sulatituting
Ba) and other wtides for A) in
glasers of this type.

Tua wther elvivical properties which
are smpuoved in glase by the presence
of subtzntia]l quaatites of bad aude
im glass ate the dieleciric constant and
the juncr favter, Bersuee glasers have
relatisely fugh dielectrie condtants, and
Levause of theit low witenng tem-
(wtatuse, nheh premite bermetic «eal.
ng, aad theie moderate corfhorat of
crpanpon they are used in the form
of thin nbleas for the dielmiew in
electrical Aninustrad Y
dew tiles suitable compnitions

This use in cobdensers, as nell as
whee applications where the glase is
subpeetent 1o high frequency slicrnat.
ng fhelds, is faroged by 2 low power
factur sipie the pever fator v a
megsare of the encegy low in & dirlee.
tise subjrtrd 1o such Belds. Frum this
peant of view, the ideal glase is pure
fused silica since it containe nu mubile
wne whih may be set in motion by
altermating  fields 1o abeurh enrrgy.

yolume
tow,

cundrnsers.
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Humever, loe many uwes, fused silics
i 1o dhfult to menufaciure, and ite
very low coeficient of thermal erpan
son mzkes e fabrication of gas.
tight erals vty diffcult. A network
madidving inns are added ta the silica
network, the conductivity and dielece
tric loss gruetally incresse. Huwever,
the large duubly charged lead iona
appeat to be relatively imniobile in the
Flase netwark w that lead glasees gea-
etally have low diekvtric Josses v ith
favetable working and sealing prop
eetics. Thewe matters have been stud™od
extensively by Navias and Greenlt.rad
‘84103 by Nevels, and by loffel%s,

Miscellancous Propertics

The diffusion of gas through glass
is vty impurtant in the manufictare of
high-vacuum aspparstus. Of all gases
at wpdinary  temperature beliom dif-
fuses  meoat  tapidly threugh  glasses
pecalle fused alica beeause of s
open dructure, The hard borosilicates
rank nest. A the openings in the net-
wetk of the glise are filled by g the
tate of diflusion of helium decresser,

s that lead glasses are the most im-
permealile to helium. Smith and Taylor
1 aud Norton'*s have studica the
geneeal problem of the Jdifflusioa of
gases thrangh glase

The great Ruring power of lead
wtide mates it posuble te compound
very sou glasees useful ae saldees
fur joining parte made of harder glas
s, Glaswrs for thie purpose must have
& viscosty low enough te fow at &
temperature where the glasees to be
joined are sufficiently rigid to maintain
theis shape. Theic thermal cxpansions
musl match those of the glasses to be
joined betmeen room temperatcre and
the temperature at which the salder glass
itsell becomes rigid. The salder glass
must alea hare suffcicnt chemical dur-
ahility s withotand btk weathering
and nay wlutiome te which the joint
may he subjected. These requirements
may bhe met by glavees contoining 8
large propartion of lead oride - with
cmallee precrntages wf slus and boric
wvide as glase formers- snd sluming
To improve stability 00450000 {g ey

ample of this type of solder glai e com-
taine 3 pee cent Si0q 11 prer cent
A O, 75 pee cent PHO, and 11 per
cent B0, At times, cadmium and
sinc ovides are alee used im enlder
glana,

The use of lead oride in glazes for
ceramic budire, in enamels for metsls
and glasses, and in frits (e bondiag
powdered mica or abeasives is similar
to fle trs in solder glasses. The fact
that very soft glassrs with maderate
thermal expansions can be formulsted
(s invaluable in these applications.
This s particularly valusble where
colored pigments are to be incorporated

~in glazes and enamels, The presence of

fead oxide makes it possible ta malure
such glasems at temperatures so fow
that culors which would be desiroyed
by higher fting temprratuses may be
applied withowt fading or dixcolors-
tina. Parmalee’s treatice is am ~xcellent
soutce of iaformatioa oa these com-
positunse and maay refrtences ncrar in

patent hles and the crramic literatuse®
[LERTSNTIRLING S

L8, P “Torsaue Clame™ Iad B4, (Chvage: bndoainad Fabt e 0. ] Nertea Kednm Drdosma Thivagh Llom™ 7 do. (rom. Sor. N
et 4 B ST Rateiiiad

12 1 Neews ot B | Gree CDwintre Praperies of {desems 01 § baosed 1 B M Delte “Sdder Glow Sebog " L. fa. (rem Sv 2 (Pwad, 100

rm o P veer. M Uenarrs ood [ A Puteidge. “dder Glewan™ L. L P,

frmrrmtucy a Bdotma to oot g omcima” §

ha, et

S0 B M Sevele  The Kdetin Revecrn the Dobtre lovws tad ibe Com
posteoe of Lo} e Liew TeSad 38 (1var. W

Boreromeate emd Thowrire oo 1o Ponsr Foct v of Clow

M8 Featce At owpsten ™ Ve st Ribotees 4 bvSr. 84 3

UYL G f Sw Glews Trdsd 4 ilvsbi. w Bt Ape il i

L, W wevew

e e

w
. Y & b

fm. Qorom N 9

Zeiiate e 8
1. ) Secoasrh wad &

Viaes lm Crivm

V. INle € o patomt ol t.looa $ot Seadag Clue e
S we T Tag Foos GIETH sod alisad 1Mo (1 Va4,
LV ager. Tee Trmprratorns Ll ™ Trame Bous. Covom Swr. 3J (19040,

T Vatred o Saikidar e Foted Clasen™

- X [ I TR
W von Licers 10 Clasn™ Fruiipe £oad. Beo 40 1MW, 1 L UGl Sbaderborg Vevimer Forte e Llevien ol tnwon Nevimg Yag

st Progertios™ R Pot. 684 841 «Ot. U, 19231, Treaa rot. Covem.

I lamrs @ Sleote Llomes ™ ] Plringar Jock AT . T}
(X LYW Dl ee ot Mobeiaces ® IWSe L T 4 Derrep ATk Rucretser GLlow ~ U % For. 21memw (Age. L. S,
WP L Sed red VW Tader Pliaes o Kebea Theragd Snovef 1% 7. Reaosk “The Mea

Closase. ™} #a. (trem Sae 21 viv0er, 1w

Bt Frrom Fo. M

tote o Vittowes @ Vaehed Chena” Troma
stme ITA .

it kol £ B b e i

TR

e At oot

it

TSR

Bl a0 4




LIAZ23973

i,

Importance of Lead in Glass

Hy Cralg ¥, Leloee

Part 111 (conclusion)

Supplementary Bibliography

Ve H Rom Abd 1 Woammm Sy tipbdvmettn vod Magardn Mol of

(e § aimcarag as a Roloricm to Thea Steminer; 1) bovos e Shab
WY 8ibsk Nie Llomrs {ratarerag the (laodey of
aed Tricabomt Metah ™ [ 3ov Liew Fehead.

T Prdicm d baadtia of 4 e n-
deting D oim im Brod Ramack Cloams (huriag Hydrngrn Drovtmmmt
Tlem 2@ (Tiaees 11 (NWAY, V% ] S Gless [mtedd.

b A
UL TN
Tred { coto g Cipmmen oo Caisivete in the Prndetms < Natrw
T Rea Pot 1THSGE teas }1. 1%y
Vot tamgn, " v e el € compeectonte ol Faes Chae

a et
e e R ® M

Ciese 1oa 5o (%844

S L]

Vood Clonors * Gowmbase o7 (GRS J te Clom Trtad. 22 sivn,
DA,
Vo mimee  Rlat's e 0 Yoo ? Load Levetel gad Lood Cirntal’” lme. (e
LRRCREONILICIAE 2N
Voot s I—- Sedob Ly Lol Clagen ™ £ ctame s 1 MO, UL
e

v tbieme t Bret. ¢ om.

(Teomat Ry Coam,

1 armene '—-W b Jrad ¢ opew Sepyre. Licdmur oF 1190 WA L Ser.
Clem To et T81ISI, WA
Nt s s shoe o the Noad Mede ool Cigas Thdusry d bram
Vmeo oo Se oree fod #1080 Mo J. S e Jrobaal 22 H)eu. S0,
e, load Trat oy Methode w ¢ -.-\‘ Spembeed Wt N
Hiowe t Bt borom S b ATWRL
o et g W Y X o

—.
Hem 158 cTrsass B Coom (31
Vet mmes, * Wogiotmes 12 Load B @ Praee. € iiemes e e, |

(Trama ) Bes (mom fm § (1WA
Ve semwe Moteer N tas boed Gl T Ve £l Ridget 1L Ne
Fok Crrval, © fmet. Cloes Horerw

RSN

'
4 Lied thte tr tvmsmeatyl GClian Boased w U AL
tme Ll-- l« oG

Crmi, L. Ko “Hlewtemol € atdertiam sad Beerratailiaviea o Thio F) Riae U
Foeit-d ot § = Tempvrarnena,” Pae R 61 clwars, 450 34
'I S Pe A0 M 5 Nty

. LK
Lt \l-.i..o—- ot nﬂ-dct.- “hag Pot #0878 idem . 3

- TN Ul T vy
Tisan) B Corom Sw f PWAIS, L

B Vrerueg Lo Tl S P IV DN (e B ivar
1 Rdmsterve e Pladay od Mleate Mehe™ gemapary

P 1WM0TE b4 N2
L N

L T Srem ntn sl Corlnent of Cloaes ™
Lt

logering thnte ol Liucy Beadecd.
ot Meboan ol Bemprag 4 ortea bilbsars™ J. fm.
rem. S 4] e a bS

Rader, B 8 0 A Bobsrdua | 4 L MG ohes and B Riomer. tsoma
Iradiotre of oo S sbe Clova ™ Narnee (87 chmas (61 10

e atont tinsaieie wn the fesd Querira’,” Ber. fhar Smom.
RTINS

Nprechomd M IINE, 0N, WY,

Chom, (1O0R) Spovieaet o

1)
W raiimires bait T 110060 20w 20

LA At b “Taburt s d Racrusn
u e Dhodee i Prnpeotoon 4 Dood Motsphomphosr sud Wetabusste

(R YN ARY TR TR IOV PR LR T TE B
Cadobdie o Leod Class ™ 400 o 8ot RTLIN

Crrem, S

~ P
a sal wde o Sms Gheees Mohig ot 8 fae
tore sad Mariag o Hyh Brbectim Cocortant ™ Borrp g Ret.

e ve lve

Towm.
LAR1, =15

ty Procostivns.” (Tiome } Briw.

Pt

T
Hew Vrad S taw b Ml tiamw Tobaa™ () o7 tfate

" Ty
v ond Newr

R COR RS TARA ¢

o ade

e W d Thereby “ 0 FEL L SR T

Bahem, K. 81 Rese Tobigoe Crveral St 40 Lm

Boeed Ddomard V. Feactnah Sopmte ol the 11
Gas £y tad HatYAL jm ot

\
[PRVRIL IRt
Meliing o floen © ) Sr

Ed

Beabant. 1. 8. R ] Veaor, ond X Bifier  Moud Lbm icnabn Rodroioms
Photon Spoctnamtet,™ foe. oo faase JetiMN OO 8
Brnoter, © 1 cad N § Kpordl. " Rodwten Aarbing Glbows /. ta (mra

S diatedy A

L L L aed § K Pariegiea tesd Bapeim” J S (8em ivd M,
e L

Buibrr. B “Aegle Doad Mem Cloon™ Grbe oad Poicooea @ WY,
[N

tarlw, N Serbme Towrma Avvodlos 1o Woite Cmtoiamng §rod 1ards ood Boon

Ossdr = a brobeer. Vorhag bcog Vi Py ) 3 raiem Bt bbag

e Ohe (1801 AN, AV, P
Ve weemy Coming Wom 1he Votribod Rond m Lood Tomors bt
ln I.J.w--L Tocow o0 Ref. b 119231, W8, Rovble s Berem 19 "4 (IWI4,

1‘«4—1‘ . load (™ Jonw Oa Zig i3 (twwer . tTiomy } Bore
Comon. So. ® (19181, 1A,

Cumbde LG Tiwrad Contromr ™ lag Pur. oot mal tfen L 1MV o
w Ree 7 o2V Mew

Cimmrman, € s0d W vl “Moreliiwruw rvrmmsine 4 1ood vub

bde.” dester (him, boe 18 (iv01, WA, (hea 25 o BT

s .

et & Toad oad Gloey b Silhemtte. * 5 Qirentase 43 (R0 11 R

tra 4 Fdsornes Catmote 20 bo0d Llama™

4 1ves

L TN Pordhiotn s0d Nemi o o “eed o Lo« e Wonrber
1 Na Lies ot raaives,

LEVN W |
tere o Haed Mot §ead trveral Claervors
T RN

T sborsn. 1. ¢ ol

Cotorag Lloee S mba

Nt Voot b Ltam ™ fhim. fod & (dvar rm =T,
lmprerrd Msnslostore o (igrte gl Llow fog Fu osllale

s G1orves
Cotming Lloms B ovbs. “Thirbabems Ll Fag Pt GoBIT ¢ Sped 13 tYQH,
ttaing Lisas 8 obe Hagrorrmraty o (hbihelome Ol l-. [

A DIV (et Vg feea S 0¥ I
toraing Cloms Lorbe  Frarivee b Rommiing Fond Baaare ~u-v Clom " 0L
For. § 170500 « tpedd 1 J¥A0,

Ctesng tlom Serde ~Solt Close, b Monctotore aod Lo P For ot td
(Rag 3 150+ burg of Mot T IF0UL W1, (Tsona s Br Fmem e &
Trees, I

Cirrmde, b aed M Praeinlh, Coe Muew B Bopio d o0 e Predmtoa
ot Cred Voisamn ~ foinabagse “f (1T1. S0 38 Cor dhor 1ME da

Chiedr. S " Eaprmsm s o8 Soben Koe Macrate Lo ece T3 UIRAT,
M 4 Cee done lbabi 10

C b oowd I b Semwarsh e bolirual Qppicsr o 4 Voer Sl
CEIN brcmes 1V NS W 1Tt Ba (oo e M
e
i | L esewrt Moo Invcrapmiet f See Vorn Sb Claee ®

en Footam’ 5 (3N Q8
11 “aswerh. "8 Nate o Svasr Verr Sub Clavere sad Thee

o G siean™ § 9 Llees foted 12 1100 LW
SUsearth Sating Clawes T ] S Lies Focted N

$red Lisonsn wf 1om Thormal rwarn " Adepese - fod 18 tHEDR
LS Clea Pohand Wil (04 RN
L TThe CovvaBustam o Lesd taide Sdes Gleews (o fhow T

tetare 1 -a Sadiasm Wetsphophote nith indie 4 Lond § dmina.
ar Tate sl

P, Apple aten ~f Fior grophy e s -
Froaoetms o Clow “ Chem Ind o7 WY 18- Fover v Mot @ 6RY .
B Sy o Ve 1New Vead . Herrewst Seeo el Co

Mamend, Frede
Ietee, 30278, e
Drlera. §. Viea " (vm Yook Chrmeal Falinh g €0 1.1 4 w101
et 44 Teb ot | l-mh b Aed Folabieg ot Load
Caveted Clhaeers S Asand N A e, Hee N e
Bty S " oo Prebiem. PN, T (Vi Mear
forom Sau e HISLB0 2IAL
MA B8 Ve Ndremam Fire 'l--»-M. '.\. Avr bo “alwg lete
Claind Bee 13 (Il u

losar,

K.. et Loy ok Lond Glonses i . Coramic dusor.
NN, e L 4w WL e I e, iy uuvm.'n
Poaralds. 0 Prepertm Clasrs “ Yo hioal 45 155501
1T0me) B Crvom S I llvﬂ!..‘l!
Fogtd, . 4 M Farh ead W, F N Torbw,

Pataoh Load (ke Mins Clossa™ 1. %o Closn Feihad
Wagheh. > oad B 1 3 Toroe, “Seme Propertion of the Sde Recvte Moo
Clasers and & { —mporveva »ith the {uirespunding Srdo Lime sad Sdo Loed
Gurde Nohvea Clomen | See. Lloss Pocdnd 1 10RT, 434
Tagld. 3 B 1 5 Tomer and b Wooks " The Premstios -4 % oe S Lod
Wride Nloag boleasrs ™} Sev. Glass Frotaad 1111371, w0

'n
s et 4Ty

‘1he bomricn o Grouw lo
OO, e

Buel, 1 P sad 8 R L Boo, ‘Flated mment 047 1 & P Sad"30
10 S 1ve
bW Helba € M Mobesd N Poboo ned 8 8 3 funey,

LT W

R L KU

“ o e Meln 4 B rhimg Proper
d Potach Load Oyide ubcs tidam ™}
!

e
Nae ia femdnd 10 11800,

VT Predurie 4 thalesrnee

108,
Padh, b M. F % H_ihaoed W E ~ (.
1 Sew Cleer Todnd. fo

b OV bd= Toroah §and thivde Slis Ll ™
tieme, 1veT

-

-



o g F- NPT W = .

LIA23974

Voaemo 11 8 dee qud ML A Tressmea a4 Nose leloaoed
Parter be Sme Tan vad Thiee € cag st Cimeosn 1 Bor et Boe
Veadrds # ilnvia 10 e

Priewd - .

e o Noad Gads e foleea e
eveans AR I ETRNA A Y

Pabe N frovtel dloee Wtk w0 B Nems fouwviima,” T S LMeme
Frodod 110, Ul Spehica 90 IN°F 17V 80

Pash B ot i Revetenr of Joseet Gt s fhiets & b snd 4 Moo
l Pettmiaing the Doad Sululis ™ B Pres Recem oo 4] UMM,
I dTsee b B tecam Y 3 LINYTS LR

Cobs fmcorted ta Claan by Vaorcws tvidon, ™ [ Japma (oo &

AU I B T 4 1 R TV R ST ST TR AR R L - 1)

YRR RTTIYOr Y
B flec Meiieg™ Fro Fou, S1°20 fhuhy W, WU Yoo v Rt

RIR %

aed & 64 1 Doeqmall CPrgoeros a Low lempeisinre Sobber
Llpamss = dm (ripm Vo CURELRE L AT L

Cothbia & ool €. RAx thival Clae ™ L 3 rn AR v, & PRUN
1Trome t Bid Cocom Sa. .1 119540, 2N

CoMbul G ood M. Vommen “Aamschag " fock. Poud ¢ 11011 TU( e
1. W Moy, “Trgtim o Llsa, Jnd od t%ew Yrb: Rrsabaid Pub. (o,

Lofre B 1 oad N\ Kiaiog  Repat va ihe Srorome Lood Oeade Alamas sad
Voud (mde Sloming Sivel [ Res. Vs Bos. Nsoadarde 20 1M, T M
Fobad 284000, the.
N Reating, Ihe Geva PO Bil" /. Ree. Net. Bor.
PERY

4
Thremel sed Llew” Fay Far 57 T (v, dbem,

e Poased U

(il Poaaieie oy
Spmbed & (PR,

lonase Aleag (he 104 @
wiel s O b, 10098, Wy
Cormen lins b Losd Bambova Toaw fod 3 (190t Wi 1Trete ) Boui. (rvom
B 4 iten, 0
Cosm. L. The talocao of (hotme bl Tompanos ro e Beooios o ol Close
S Arlda s Kovem 12 1IN PN

L Howws A el Llag Prad e toa o the | \l dm.  oroum
L. JI M ur
L UMarr ot s e Appatomt Covrs d Fodurs o Lrod Ciem Ponn™
R ITANE Y B )
wars * Koot tisrimerdow o 1T,
Comdopotad bos & A e o o al Frgorroe of l\- ' it Svetrm Sedeusn
ade Lowd Baids wdoa” fidaelsne labm \apb ~2o8, Wmes pod

Tl e st o tag Ueeee ] da

1o l cod Qnoctis T e b o ™ piwms U (frpand

[N
Lte A ho (Cormest Lrad ond Fra tow of 1te Fib
Pro-claie Qarbromere (o Q= B Buor
Ol 1. INE, ¢ vemm (e

Malleas K 3 oed 8 B Barctr “Methed of Momsbnctamag lowd Sehross =
v [ A Y ANT SRR LIV
Moogua, & M. €da =4 Woore (el Sdeoe

e Ve 1

Hemvrom % M., % | Moot aod BN, Sbu \—-'.,—.uy.uu.q"
Naare £40

Movah A
»

Camt Tatentsy. T Spre deand 3 (1, 2ME. (Toswm b

: e

Lrad 1o Clans 1ad Thot Truag ™ Krmom Roodebon 4 (103,
R R T Y

Mislertive o loed buinrom 30 Now Motk ™ 1 1row § Jod

Chag o 19 R0T (Aped 28 LI (Trven } B

3 ases Har Totam. Mateviake © fog For, 41723
191 (Tianst Beu Cocpm S o 1iewms 14R
Meohmte 4 Mab g Revelem 1 N Ll S0 1A L

Mirrt, $ ead . Sk “frad Sdosten™ Spomibont & (PG 68 (Trooe )
B trem S— 1vibOthr 10N

Horad, & Th Nelotma of the Vebmde 2 1oicslonmve of Dosirviestoan
Pradute ok the Dogt b Lead Sesuslaser o 1o Frach Coment.” Lipend.
- L85 ) New fefees fechodd 7

W Ve

. SThe fie dvatinn Prodoced b Trad,
empeabed tlien Fubing =} S~ Llase Trrbas

ad C F. Rindere, "I trmde Famtrms 100 touponel
bome ol Prorsbilets ol Ved) PYD Saly Closer” 1. R

Hegrump> s and L
Vot Ber Siaededs €3 1194), 4v 10,

wd Claea™ Phrere 2 (19N, w8
laae Mu»‘l‘dﬂv-‘«nwvll«.'l Ser.

wl lood Claners U Voormmar of Mg Lood Boe
sinate Lliseses™ } Jopen. Covamac do's. o8 10V, MU B (o Abew.
e m:

tamn ot B F Ssav—eth, “fabiered T s Propaetvos of Bloch
v.n.....- loreaa,™ 1. Sov Cluae Pribaci W RN

“nealing of M-tel loede Thisugh "..4 n.- od Miee ™ Mc-

Moo 3 191, IO 6 Cev dare U8 iRV, 47

W Therabiie of Opsical Clase™ § €n (rmom Ta N (EWIL 193

New Yok Jode Siher aad Semm. PG o .

Befle ol Llems Closae s Bee 10 (191, V01 W, Cor.

-w.-. Clowsen™ TpirvNiodd 84 (W33 WO

Naleng, N e, Pyriarers ra 1 Reple rmcnt of Buie hde end {red
Veade o Torhnical Glooson. ™ Liasioh. Bes 18 1191, 31013 ). Sar. GClam
Foohasd. 20 U190, fUIN,

Marbbassvale, O B snd ). A Mummed, "Theimal Cipnomes of Some Sapls
Clawes, | fa. Corom. Sor. 11 (9] (IW2), 313 8

Nermews, M. ). “Sndire of Sows Chomical sod Porvaal Propeses of 1ood
Claemes oa buritras o8 IBeors Cromponit -\ Spewr heani W (M), TR

Kewgea M 1. % & Bolbess ood B f LH"-‘ Apovies) Tramsmiensn Prop.
Sriseted pinal Glawes™ /. Rew Vwr Bt Nienderde 2

sad ¥ Keder, “lsed Coretsl 1o ved 1o lermiguime Mue o
o Mutdpumt T Pl CommadoM W P9I JOI WD, T dben B
i L)

St e 1L, lepresmien LT PR S T R VCU e
e —otren of Cloam™ Fug Pot Q311 (Mar 7T (v

Lt R TThe tee ol Stmie P hid SN Cabhe 1t Nesslotee o
Corvoal €ipea T Spmoihned i1 INIT 81§ S Goeudootand N

a7 183 v Hosiag | fopms

LTI TR RTRE N L N PR It
reu Feckad 41 11000, mA

. Sl —IA.. I sad A L Fdeboesbor

}lmtovtabimg t faee.” Niedio

1.

L'~-<-hk L b eed Y. L Cheltibeda,  Sode of ke Moo bencmn of She
Rodei ca ol Loed sa fred Claaem by 8 Bedming Vlome™ 4 (Ga Frn
Holn T I e

Rors. U, "loed Clom aad the Drad Clim Farmada ™ Yo hiasd -7 19340, 373,
5 Sm Gises Terhaad % AERDY 3IIL

Becrr, @, The Crontdiran b losd Chowe™ tpreboond B cIxr, Q.
I Ve Lles Lechend O 119T0, (v o

T The (rmpancion of 1he Lred Clomm™ o bod @ (183°)

S T DI L R T AL

F4r oA Clormrs end (he Prille §omrsoionst e

e Ombad 3 el e

w, Ie e
©amee Forte ot Bot 8 (41, 200

Lok 134 fepracorats o the Mownlortnm -d Llew” Fag Pat &V OB
Syt S8 18 (Tise ) Bk Corram S ™ 11w, 1E00

Ao 4, Mhrwmbomcel Istrsigai—t of e § 0o Yietwe of Clowwn
U ke Mdao Robmioa of Pasrs Fhophoas vino ved Boow Clowra™
R I IRTLE TAY B oS TONS Ty T Y

[ I T T B B B N o Y e e e |
N (Saretrrote o and brar gt o r\—.~u Clomems, " it mmbom
AT AT X N TV AN TSR LEY ITN

Koo € ¢, Ll ™ L % Pt 144, st Jo lﬂ!'

Sordl X ], Tapmismewie va the lotvatim of ties suh Noh §ornge Rode-
e Pret Wd Bol €aaqrew mm flom, Vrmme (19231, 200N

Reert N ] ond . A Url, " Ibmcbpm et o oo Ueltiag Lloary am rhe
Bosm 4 Stimterel Carvidetstoms, * Parse | 1Y, Cosen Ive creadr o,
2m e

Qrwger §. " The Thoweteal Gorsmtu o A Mg Brocastasee bw he Froang of
Cioee T Llestnd By 20 (I, FG N, Fevve o Bt D WU e

Ratd & M, "Soms kess va the Trombwmatma «f ( lawa,” Fome o Rof @
BLRTATIN

Bome AL Cleam 1 e e emng P Ban AL eed
PN Coamd Cloe & Corem Mowo d lam Aid tlabot & idme. 1332

Veleme aad Setps bombiow (omteitode W Vlewms od
e St PRGO8 WaNAR " faver Hed Vet (et Alm Vmd vy
) .

Byl og Loed Mo by Urhoe
srem 6N A (e Akeer

Tl Miaeral Weeoe re Booima, W e tean
tmgatsts w Cremic Ptct and 3 1raevorw boce @
mochoad 63 1N, U3, I, bew £low Fobod 41 TR

By
loter 0. Ve Clos Motal Ranges ™ Fomery Ca U st LAt el
Come. #he. § (FW01, M
Litacs W aed N T NWw. lad P - W csee lodmars T
Part §. Bee Pwat. Kmom L 1% (PN, W (Trvan i Bew (rrem Sa
v TR
Tmsea, | T “Trasils SMrcagih of Ll ™ Foos Foe 1rerye it
Lom. K R Jorwbls aad | Borho b 4 mirbmrw b the Rueaindge o
e Leed Clisrm,” Sprechons 3 (P17, U e | S Lles Poohod Ot
v v
Srier ol Clamer A (el Cmmpmamn i B #
L 4T) (Trnma ) Bror Civom Vaw T (IWAL IWA
frad Solowde oo Puvcduwums,™ U 8 Po 21846t 53

B TIN
'd' W hmodl L. ¢ wnd ¥
— Pes Ree J1 O 40w
v.-»--. M. tdew Sy Crapuatea  Flocdae sod Sedobe Foreeme =
ToaceZor fod S U100 32 34, 1 Tiema) Brw Covom S M P01 Sald
Woseto mmt. M. Pedrtina of Fiomrdon be Pub og od Load tlomm * ¢ domanr
fedaer 8l 1IN, Q1AL
c U A sed R Mad, “Rerat fecicgecen 1o e Cav od Babon
Voromad 1o 1oed™ do & fud. Meash 17 11OI R
N T R
wa.

\prorrmt Rrmmtrety o 3% o e

L

w Clews Tohed, (Nt avd Remwewl 24 (1) 313151 VK.
bt 1 W_oA lotmes sod A U HoibeR, “Seirvacag Trasmaucs o lrad
e 1 (Trme b #oid (e o 3 L1 19180, 150 8
L (esnton ol Vrod m Uvas ond Pt

mmien Thvrrvad Comber.
ot Loed Becate Climes™ J e Chom (Momwme) 31 c19WdF 18,
'!u-.i Hrs Coem Sac 3 (1900, AN, Fumer o0 2o @ IV 1WA
Wb 1 L I-—J - -

I ebate o0 Areowas
Fot WL I Cor. fhiw. (vl W
Moty L sed H Woadteterbod. “Seos Bemarbe v Loocd (hdbmi-cte ond
b and Theu Yurtsstwe,™ fless~d Bee 8 11974 371 13, Fome
1243 1198, .
et L aad W Soatirte bk, “The ot ereira ia Toed Phorbors sod Load
Srwosie Casttrong Opel Clecsrs sod | oamebe™ Lieisnd Bio 4 \PWR,

Clow

o rey Wk CE

-

R A, “ted Clom Pliminetes
4 UNN), 28 Corl dbel TR RO, 32
iag € capant " Hobemtrans ese (lem Foorta™
3 Sl Veve co Ber * eIV, 18R
Mabio 1. Leod Clam Bath Motewiad " {5 Pot TELHE (Vee 3 Mrad
Mk teams ¥ Q. "l lee trmmasmin rem ol Nerlacs bavers i Llosss ™

Frer Fig Rbm 1Y 10N
Wearg move, B.) -l

o f T Ciaer Teckad 3 (1811, A0
Warve W “Coarraten of Clam Sarlmen™ lod Lo, (Vom. bod T2 47

Corom S 2 (1SOY

we ot
“The dobity wf Trad Cloes ) t...--‘ I C(bim & iJapaat
12, 2ed 4B Cer. dhew. 1 tbVLE 1 Se Glae feotsed 1o

L TRew lead Clases ™ (Trena ) l@ Curem S 1% 0PI 4.
domcr wl Clese Moy Temperorare: lagd Cloam™
LIS Al (s few 1 IVASE by

Semtheise Miea Reoesed -n leren” £, fm (mew Se M (O3

Nt tediag Shael Ca Lid, Tepemed smsens $hd
1 XMW

p— - AT

» "

Gt a0 o




1e qe——r—

Sy

-

AL ce M s Yieeats 4 wboete fhees,  Sieble b Ko 8 00V L]
foe 4% - v oy
[RRYeTT

(0, Clom leciiers ond { ampeetioe © 4

Fedating o4 Cas lm Ndd Ll na Hoot
R T S B e A T T )
load Cleer " Fodoa Fad Koo foh Beu tHIN,

fasrrtigotia wo (b Syuieem PR Sa Eon
Momsh Ihe lhuirbeative o Llim 111 Relotine

I Dime Temp € ares od Vaable Ihainh
RO 8 EE°)

ITremat Su €

e of Clasers,”

N ta

W flaes co Worad Mot (% Lloes Toohaud . Shodlld i9mr 1043

M. toarest Blectr s La Hogh Reaatinsts lood tloma " & v Fa

P o TR I I P T F LY TR 3

e DN L1 Ve aad ] R Had Cviedis e (e Miaieess b

tlaey Medting Pde = F F .« Jo baat Ja Ldv2), 4N2F.
Lo Seme Japrtimontio of 1he Suboiddinmm of Paoch la se Aol
Yood Slvs Cloes ko Yimtow Limp Pripows * f V. Glase focbumd.
CRATVLNE SR N

Podie € 1. The Sewmnclotete W Lhewa”™ /o Mo Clew Tated 3
[(HI RNt 4

Fodéte 4} fom Matmroale Uaed 18 the Moculotare of Glsee Bod Load”
IRYR Y 10 .

Pddia €} Iotorive Clase (Foglood Clae Polduatimae {id . 1270, 8

Filices 1 % ead M 8 Mooy, “leed sod Limi Puurnie snd Diue Sehia™
(RN SO e ¢ Vowr Bavh, Py M 1NN 426 18T

Proe b B, Tk wod ot Doposnen Muds ot 0 lead 2ia Claem ™ 8.7 m
Coem Sew N UIvC) Wt

Prireid &, Intmmeta o toed 10o000d (et brnm Voo d” Shlor [red

@oa
Preodd & sed A & Arpee, Closmbration o Dedre Soowvd og te Thow lade
ra e . 1 Muelers Toamma of Slcate Mela ™ Sdibe oo b b (H TR 1L,

158,
Woaie Fatre (\ow Yk Tiias Poblaliag Cuy,

Clard Vrowrdn S b o0
fag Fot W99 1Ny

oo
are Lid. “loprerrmres 1o = Relsieg
- Dratarge Tobos m locasdomont (oo,

1Teana }

. 23N

Fotmms W 1, Vesd Y lerrs Babead Phagre T Foiers Cea 1) SHISL W

[P A B (% 16 dred Sdebalite ot 8
1oo™ (linma t A - 0m S

Pl B 4. 1he Vemmvien 2 Measss lead Sloote Bmote dad Fhae
rhats Llaess o 10e lotondd 4 Tompriaiaie bom the dicaag Poad to it
$orea Pt " § €4.m Fiae ot S2R3 33 thwAL

od (macttatrma d Tl Fat V] Ve Licw

S Tecoen, " & Vetr wp vme Syre ol Porme o Carrainn
iag Fdadd L rad (A Silote thoms,™ J b=

A fe 1OITN 308

Hdiead oad & F € Taner “Stods of Bedtame §obidoed
To Uoed Sontel Gloaen " f S Ulane femtad 19 (19T, 1% W

Remas P8t « Siwotr $1a deire o Ber 4 IV

£, -
-
Foteih M, Comgal blmtre (o Cosme Bdi ha Sralrmg o bt 6 lom
1S P ZATVMIG e ML TR,
Tbay & 1o Tred Yoostoon” Spombigad T 10960 Vil W1 (Teome ) 8o
Coiim €o sotvty fRA
Rk Jlmtiaes, S Paiser  Nyoodd
' laprse oo at & w rrishimg b e Maealer
Vere ol Ctaes  Bag Pat G4 D 1N RGTERYTC INL TR IR TN

Bem & N F Varens RV T Bee osd kB b, Tasewd Glise
IR NI Chem dhee 43 0lvEr e
Kim & sat P 0 Merema Ouide o
oad

e Sarwt e Beed
Fre  Fodioa &0
e 1T

stoma sod IBe Stacters o

o .
Taindat, A emd K 0 deeds  Redetra 4 s Clees te Nidrgea ™
o Gl Foched 4100030 Tl
Momulas tarw o $oud Slogtma,™ §7 8 Par 2541 %7 3000 8 3e:00
e esting Llows | Spesnimg Frorow,”

The Actmg of Pottsnnm Carhoaste sn lred Liom " faddid

oo folurmre of Hegos Wetad
S Clawe Inbed

Wackas and €4 Vool
o o Clase Syilae,

L 1red Srmnete sad [ood Phmrbate 1o Opal Llsmses,™ /8o Llewt

..u.. e, 4 Shormen, CFheurbete Glos PRI Far

1-..1.'lu-ltu--ll-luqr-u“|~ ta 2o

Clvtrmiastna ol [eod ta Swste Kuge ™ o ) 1 W

-
“Romae Syeite sad Gisme Mveters " Glarmd  Bee. 22 oal8IN,
Reggls B ¥ qad v K Cilde-¥ “la-.q o Liba i lead s0d Borsem
Glevmws  Thona Qltred {nivoraate 11830
Moot Condo tom vl Oloceee ™ s,...u..-x o 110, ST M el Wi
Fosed L. 1 Ralene Colur ond Jight Worvinge «f Fldosw w
od Ll " ] Am (e LR NI TR T
com o4 Vime Ledd MTuds Clame ond Aluming {oagd Ouide
Prched.

3 [ Core - 3P UUN2es
Lictvir e Bae Mepda lu Tos. 1104
Mo be e2d W Vpesd ol Glase Fractuze,” Clostn b e,

Bacre ot Kot l llv‘-li N

md Hwdoe ot Load Crvotal Clame ™ Aicdle

ERKTLUIURANEY o

St ele Siorse in Mgk Potash Vead 4reetat
Toe dboor 1pvge, mi)

-~ Vom
G0t Need Ao ARl
o anl ke Canmpe adng Shogie Fhe S0 " Spoad
Crm tha, de 8T, g (lisme b fiane 01

-~ Poat

* Seme B i the
Mot nd Y S IY T F dm dccam S I (ISML IV S,

L% Smeer omd & 8 fmed b Traaes o ompeeinne o
1L Siireme 10 B o ant IV Stn 1 €n Cerem. Sor 1f (190 8

Hilp 1o bs 1o ghting Uenmrma,® Coe J 1% (l9m.. m 12,
Je 1, g
L Eh m Lol et &

Llases. " Cogse Ine @ (joem

s A N b foah Clisaes smd frad Beeca ffesen "
1R Mo Ber Nacdedo 18 gives
A Padabong A

1
d Clswe.™ Siobio s Borem {4 400370,

ay o Lred Llesm  toebe Woad
¥

el e Ve umts of Jignsda
e Vewmperatase 1 Payy (tem ot
o dear,
[

e bvamth, Vb (ha 4od Shie
a8

|».. . Toohs, Futdogh PMits thom Co,
S Pae 2NV Rl B R
l.u. L B L T
TR TRTTE NI IR Y
Amuhoile ¢ Actr wa the Ibewrihrotiom o Doad Bate Llae™ 1, V. Glase
Feded 1o iinier B el
Syerapes b LS PUISTSPIP I
P S P I LT

Cowte bt the 1obuing cod Droodes
42, 1 N Class fete (o they,

voe wm (PR IO (e dhem

Speager & Stamdard Cliee Botbea T 0

1)
Seecagr b doed iymel T S e & u~.n| C IR TR LY THE TN
Phaplorr snd Slemmms M abe

il
SorA-ben A f the Sppi-stma 4 b g Afdoh lems w Llbams " Thowe
[T I}
U Hoggon Postmun honded o “TheBemtsde Liorwm,™ 1 %
N N e R AR b LI = 2 8
Ve ot Vbtine arbee 1o Tom
P I I PLRT]
Cmom €

e | Beataested ook Koageot
O rp TRBL G Bew ® oYW
4% Meriiaom 100 d Bbdire d BA1Par St Gloansy
Comg 1Ay M AN e | N Clomm

s B

T p Sepe it

e Mot D ajenmce 4 Ran Aan KiYY, flogare
ot Claee sad oo B! wd om.., Fioemmre =

YN .
7 bt T (em 2 0A0)

'vN-. D I’ LRE B2

LATRENA )

“-a.--- B e Atempt b Seciiee the Alamiote Toan Foae Lice o qend

Brad Gt ™ t1rsme ) Bt Cocmm S 2 0130, 1O " Rbo-tonl sad Proad
o Trsent B Lacem N 80k DA R

Thempen M
RIS

@ Rae Trad Chesea,” f dm tosm Sor M3

A teed” Sleom o Bw dagm B

ose gt wm Reletmeit N gt Ntere T
@ he % 1IN days s ate ve Kes owg e bl

taoolaing Rooskings sad Cloos (hocela.’ 'finent B0 € em Ta,
N

Feborars of Towiornae o e Baamdng Taw 14 Faod
Tt com i cmmd ) MG RIS ] Ya Gleer

Prleats (rvoal apd o tobinn
Py e 4t e, LI et

P S P

e e fed 41 N LMY € 4.

N Ferve, Rerdiogenes ol Logd $loma
“

Lar Sppraey o llend Bdde b vas et
Fro-d 1o fo be caimg rratal Llam ke 8.4 Lagron
1. .

PR
Vrdomgne b

L R TR |
Voghew Lioke ) 8

loame e R

Viedes

.
R S AL A )
LR

e Riene N0 S hiade sad Glass Moacte tebm®

i imon Tedwars, *
e e

—

Patp R Ropen U

WVeomn) e foiam So 1T UMY

“. B Meedes, V Mowmier  tptund Thot 1i0ea” 1 ¢ Pa
ITIUeCINA B dvGl

Wearoghoee Photon fatormetmasl fo  Glam Sdotean ™ bog Fu 30
DL TRN LTURE PO TN

. Crteeed Gloan " Phosaa’s F1fl Moll §and-a. ¥4

1Y & New appemaed th the Thimietry of the AL Stare amd e

e be Ficdleas @ 18- Poit ol Sheaty fedestras  Sineter lod

Tivas we

Coeh O & sad | N SQadeos 02l B P Sonrgh, U TIPTE Y '--N—-d
80 Colerisoboian o the Sotis b ae 1 drpd P 20 A W

Vol & 4 i M I.M Newm Auarcrnol Muehbed of INicrm aing the lad
~ie ag hihsne Ao (ot Rocam bes de

[}
e Sheretiatas 4 Vol Load
1 dees. teem 8o 21 oGI04,

e
Shre ) ez W
Gude 112 amirr bime Sale sl

M
Shuhad 8

CMede AV Camy mu ‘-A.‘ivll Nroteas 1o Bun boad Clasen®
tm (e Ve U "s

L emd b Read )l.-.c..... o Opteced Lisae “ | do. (rtam,
U TERYR )

1osed 14 theea Tt Vel o o Cantinlied S bhemn el
Ta Masge Bottoss Tow 7 ta Coem S v ilvier, MYie
lene bvmers a0d dhe Friotn Table of the §iramr e o

I

Zabhohe, b N Ihnuderares of Crival Gisen ™ Cledaste & ci9Wi, 3048
PR T RN TN

e A Coavtal end

Fob omey The
Dere ol tedaites,” Spoaed 2w A 110500 % ] Ser Lieos Tootaed W e
e




