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SUBJECT) SUPPLEMENT TO "LEAD M
THS CERAMIC INDUSTRIES®

To Members of the Lead Industries Associstions

Enclosed 1s the second supplemant to our technical data
bock, *"Lead in the Ceramic Industries,® issued in December, 195%.
This supplement covers "Low-Tenperature Glasses as Bonding Materials
for Crystals.®

This is being mailed to all of the 5,000 people connected
with the ceraric industries who have alresady received the book and
will also be included with future copies of the book sent out in
answer to requests for it. It will be followed by other mpplcuxil
from time to time, some of which are already in preparation,

/Vqrr truly yours,
Gor 225557

Secretary.
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LOW.TEMPERATURE CLASSES AS BONDING MATERIALS FOR CRYSTALS®

MECHANICAL AND PHYSICAL FUNCTIONS

The principal applications of Jow-demperature glasses
a bonding materials for crysals (all into the (Mllowing
cateywics.

(a) Glas s uned av 3 supporting medium for crystals
—to hold a crysal in place or 0 male posibic a
dorired configuration or shape for a number of crystah.,
I temiperature and other facton are net important
this purpose s served by litharpe-ghoerin or other
cements: but if elevaled temperature and kw diclkectric
toar ot high swrface reidinity are important, thea
low demperature glasves are exvvential.

(b I i somctimes devrabke 1o disperne enystal
with reasonahle uniformity throughout a given vol-
ume. and to maintain the distribution. Ferrockeeinc
materials, lor example, may he dinperwed in 2 number
of media, often wrganic plastics: but km temperature
glasses offer obs i sdvantzpes from the viewpeint
of thermal charactenisins and peuenctric or dimen-
swal wahihity over a period of ime.

1<) The agglomeration of small crystals snto larger
MAW s CORMITULE a0 Evwentin! commercial apphcatnn
of hw-aempezature glasses The mond promincent such
application n that of agglomerating powdered mica
tactuath sery wmall crystaled into glav-bonded mica.
a ceramaplastic which may be moldaed and machined.
Trtunates, ferntes, waollastonite, and a larpe numher of
wher materish may he s0 agglomerated.

wdi I ooravuly are bonded with Jow.iemperatuce
gLrvses of high kead content. it n ponuble to increase
thy denuty where thin i desirahle.

te Otten. when larpe cnnutals are wakyd o metal
e aningy 1nio glass tubes, of into ceramic cases the seal
m.nt he pht™ ¢nough 1o provent pasage of Vapwes,
o it munt he a true vacuum scdl. §ow dempenature
glavsey are. all fackors cordacred. more satnfacion
than any other Laateniah.

3 The propenres of horded cryMal graoups o maswes
can often he greatly madificd by proper choice of 8
glass hander. Such properiies oy hardnew, thermal con.
ductivity, and thermal expamion are influcnced by the
glase hontding agent,

(g1 3t noometimes deniratie 10 (use kw demperature
glavss to the surfaces of crystaks in order 10 modify
surface chatactenstics,

ELECTRICAL FUNCTIONS

Whik practnal spplivatioms often ivolve combina-
tons of phywcal and clectrical properies, the clece
tocal funcirns of lowdemperature glasees uwed

A 1 Muns b, Awniant Prodesos of Physns, Nesart Collepe
of | nprreng. Newerk, N, J.

cryval-bonding matcriah ma) he inolated in the fol-
lowing ways

(8) U voib cxivt in a bonded crystalline malcrial
used in a high-voltage fickd, there is a concentration
of clectrontatic lines of force at the voidh, and corona
discharge and arcing accur within the material. The
heat developed rewwlts in degradation of the imasdat;
and may kead to complcte hrealdown,

th) Since water abworption decreases volume resis-
tivity and increases divipation factor, the glass bir der,
by filling voids, presents such absorprion. In the case
of mica. there s sometimes penctration of mosture
akng open laminatioms unkess the mica plaies are
surrounded by glas

A pavous materal may he atinfactory in the stnence
ot high-soltage fickhs and if uved in a vacuum or an
inctt atmanphere, st for most bow don application
the imulation must be free of voide.

(<} There are indances where the electrical charac-
terntics of a glass<cry saf companite must he madificd.
An crample v the cace where the dicectne condant
must he raised. This can he done by ining a glaw 0
hond matcnials such as tuamum dioride or (tanaten.
and 1n thiv instance, as well as ither & high-icad glus
ards in increasing the dickeotric convant,

REQUIREMENTS FOR LOW.TEMPERATURE
BONDING GLASSES

In order to function properly, I0 terma of the physcat
and chxtrnwa needs outhined atwne, honding plaves
mint meet 2 considershie aumher of rather stnct se-
quiremenis, which, taken together, restnct serousdy
the chivces of watnfacton glasser. These requirements
may he .ummarized av folboms.

Molded inevioters mede of 1pathenc Buer phiogap-te
e ool ¢ lood gion bender
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ta) The plnses must he fluid at kw temperatunces,
pencrally mt Sugeer than §200-140° F and olten
helow 100G F,

(h o adduwn o fluidity, the viconily characicrintica
n certain Jempeiature fangos control the uncfulnew
of glamer,

(¢) Surface tension variation with temperature, eype-
cially in conjunction with viscosity, may be eatremely
iy in cryrtal bonding.

(d) For succenful crystal honding, it is evweatial that
the glaw wet the cnstal. As a rule thn imolves svome
degree of chemical reaction although purely physicat
penctration i conceivahie.

(e} Ahhough it i posible fiw devrtrificd glasses of
centain ipn (Pyroceram, for example ) 10 have devir-
able physical and cketrical characterntics, the glavway
which hase proved mou satifacion for bonding
cnstabs do aad devitnily when ued m the cusomany
manncr.

) In addition to theit funcrion of Klling vaeds 0
presem physical abnarpiion o penctratun of waler,
Flavses 107 hunding cnystaly must have poud reastance
1o chemcal reactson with water.

(g if a glavcristal composite i 10 ke Uned for clec-
texcal insulation, the glaws bader mut have bow dicks-
tric knees, cacept where a high dicdectoe comdant n
doured. Even in thi latter case the doupatnn factr
showuld he ko

thy For glavs-orywtal insulations the glass should hase
high wrface and volume Tevistis e,

tiy The dickevctrie Mrength of a glass ined for honding
crystsls should he high if the composte i (o ot as an
imulator 10 high-settage fickiv

i) For many apphcations, s hoading plav mint have
sowow ermal shock rovistance. For evalusinn pur-
poncs, this charactzninde mud be relzted 1o thermal
expanuon and thermal conductinny, as well wn other
propetties.

Meided 1ot volery ond sther parts wode of myue

vre oue bonded ovt 0 heod glou

th) With « fon exceptoms, the thermal eapansion
cacfficients of glass and erysal should be compatible.
(1) Optical propertses of the bonding glaw may some-
timo he imponant, particularty in the nfrarcd and
ultras wdet portsons of the spectrum.

tm) For an increasing numbcr of applicatiom the
honding plass must mdt change ¢ deterionaic greatly
when subxrtcd 10 nuciear radiations,

(n) If a glasvcrystal pwite is 1o he employed for
fadiation shiclding, 1he glaw compoanion gencrally s
one the! containe 2 mavimum of hcavy om, such o
kead and harwm.

(0} Whete kv dennity is a requirement the honding
Flaw may harve 10 e componed of such chements an
hthium, henllivm, and ovon.

(p) 1n thane canes mhere glascrystal coompoites are
smphned erlemanely ! glavhonded mias, for cr-
ampic), often in relatinedy large piccey, the ot of the
honding glass mint he reasnable.

Commideratum of the properises and royuirements Eved
ahime will indicate the anpleants of the probiem of
developing wntahle kv Acmpcrature glasas fiw dnd-
mg cnyvah,

METHODS FOR OBTAINING
LOW-TEMPERATULE GLASSES

In the dovehpment of kwtemperature glawes Loy
cnual honding all of the raognued metiods for
oonening” the plaws arwture are wtdized. Thew
methady, haved upon stireows slica as the most dahle
glas, are boacfly summarnzed nchow,

(1) BO trungies replace S0, tctirahadra. 1 the re-
placement n complete hvrate plasses result. I pantial,
the plassen are Nwoilwates. When 8 3 necesary to
heep the wificning temperatute kv the hdon muv
he well tn excens of the vlica, 2nd the glavas arc axwe
propery calicd ubwoduates.

Sumtitution of B O for P00, lowerns the soficaing
temperature of phanphate glasvees.

€21 The maypen fati (ratio of oaygen aliemn 10 Bet-
woth fowmung alona) n icicased. The effects with
ulne glases thor example. PO replaces SO,) are
wcll bovwn Tha mechannm o not applicable in the
case of B O madibsd with MO o6 PO ume the
hoton semanms triangulatly covrdinated in the pros-
ence of testahedral ulon and ictiahedial phosphaorus.
The matte: n vt o pracine IMporance Brve com-
mercial low dcmperature glasses contam athalicy, atha-
line cartha, kead, 7inc, harium, cic.

(1) The glass-tarmet n seplaced by one of larger we
o kwer sulency, keaving the oy gen raine unchanged.
Thun, S oteplaced in part by Teor Al oc by Ph
high-lead glassen. In mont bwdemperature glasses,
wever, Toand Al are added (o reasons of chomical
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durability and maodification of other propertics. 1.ead
plavs an important noke, av dicuned 1n the follkowing
section, et 8 1 rarchy one of replacing 3 actwork
former,

4) Network moddicn are added o¢ cxchanged. Two
actiom are mrolved here. Find, the addition of any
chectrnalent oxnde (alkali, allaline earth, kead, zinc,
ctc. ) increases the onyvgen fatio. The actwork farmer
honds 1o all of the introduced cxygem. ond fewer
ovypom ar¢ bonded W two network formen (fewer
oty pem act as bridpes), In the casve of pure horate
glanan, the addition of chectrovaient orides at find
produces "harder” glavses hecause the horons assume
tetrahedral cuwdinatan. Thin actxn continue up 10
an eavpen ratwy of 1AL (where theoretcally 7K per-
cent of the harva awn are i tnangular awrdinatuon
and 22 potoent are in tetrshodral emwdination); and
ahwe this rali the added orygens are pon-brid aing.
The glaver therelore hevome progreaasdy “wotter.”
The othet nctnork madifice actin involves the re-
placement of a mndiicr by one of higher patential
1Na replaced y Lit o M a lurper aumber of mods-
fricrs 1Na replaced by Na- K-1a),

51 The casgem in the nctwork muy be replaced i
part o fluonde s wnce the atuwa insolves 8
change M the Jepree of covalency of the sinuctural
units (54D, ictrabadia. BO, trangla ). the glaves
Avone “wetier.” The eflect on the asture of the bonds

n houn hehrs:
~“0 e ek, M covalent
Se-b T wak, Me analeot
BO 43¢ wnic, 6% canalend
[ X} 15w, 7' covalest
AlQ MS oanme, W anakent
Akt T wng, 219 covalemt
ro W wax, 617 cuonalent
r 4499 wnic, 4177 cuovalent
WO V5 onic, V7% covakont
et THe wnc. % conalent

In penctal. glavwes uved for Nnding crysialy wilve
amivnatuvn of the e devikey dncussed above for
devrraung refractoranew.

TYPES OF GLASSES

The fodlowing clawaficatum docs not by any mcans
wlude all ponubic 1y pey of hre-demperature glossen.
It does. homever, asvemble 3 reproventatne Crow sec-
e of glanes which have heen uned, or have heen
proposed, av binden e crystalv In general, thew
glavey mect Aevewan  requirements for phyvical,
hemcal, and chevtrcs! propertay, although in 8 few
vass the applications are somcshat restrcted (ab-
sence of muusture, ic. ). In cernan invtances, reaction
hotween glaw and crydal i wificxent 10 alier the

LR, |

glass compmition appreciably, and therchy improve
propentics (o the point whete the glasscs are succems-
ful commercially,

Tape 1: RO-8.0,. The sunt common glaw in this
catcgory is PRO-B,0, alibough Ha0-8,0, and PHO-
B40-H O, arc alw found. The pure Jead borate glase
has an excelicnt combination of phynical and electrical
properticy, although srface clectical properties are
samcwhat semitive t0 mnisture. The high specific
gravity i occasionally objectionable.

Vead horate glases of high lead onatent are used
eatemively for bonding crysals whean the clectrical
propertace of the compoiic must he conadered. Tahie
k-1 1ndu stes the change of diclectne cmtant with
compoite

Thensetically, mo gla~ i pussible ahove an orypen
ratus of about 3.22 (92 percent PHO, & peroent B.O,).
Drvipation facton for the above glaves remain low
et mend of the range of compmitiom but tend 10
mncrease 3t the high-lead end. Soficning temp-ratures
have mut heen determined S #th sccuracy, ol range
fram YR(L1IK0 T, with the kw temperatures at the
high-dcad end.

I wificiens time n alkmed, 1howe glawes tend 1o react
with ¢r valy and the compontiom may change s~
cently (¢ aher same of the propertion

I floonine n addad W the abone glasses in the form
ot kead flimwide, fluonne replaces part of the ety gem
in the BQ and BO, waity, i accordance with the
filth mcthad Jiscinsed (or oidaining kow -temperature
glavser. Thee flunnncmadificd plaawes woften at tem-
FeTatures o kv as UK F and cie Ausd at iempera-
tures tnd much abane 1i0° F,

Tipe 2 ROB OS54 The idStion of SO 1w a
PHO-b O, o BaO-B O glaws han tire effect of increas-
g chemical durablits. However, the refractoninew
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abwy incresses, w that abau, 10 percent SO, s the
marimum permisable if the softening tempersture s
10 he hepe hebom 12007 F. A typical compontion i

PhO : 2%
H,BO, 4l
; ]

If a higher sofiening temperature iy permitied - ahout
1400 F-the follwing b satndacton:

PhO . Ta
H,BO, AT
: 16

Iype 3: RO-R,0-A1 O,-8B 0 , The RO i preferably
PHO. RO, = & misture of the twa, althugh 700
with PHO is watisfacton . The R O may be any of the
albabien. with & misture Iikely 0 give better selta
A tsprol companition ene coataining fluorine, howe
eserd is the following:

Coolite . nG
P50 2
800, B
AKOH), 16
H,hO, o

The wicning tempetature s ahowt 800" F. Flectncal
propertas are faich pood.

Ivpe 4 RO-R_O-A1 O -Se) -R (), Again the RO »
preferably PHO, BLO. ot 2 mintuee, the RO Na O,
K O, o Li O, or a minture. The following is a satis-

lactaon ;bu\v
Feldypar b LN
rO b
H B0, 3
Na CO, 6

A compevtion contzining flunne s
Crnyalde H
SO, 10
PO, ]
Feldvpar 13
H BO, 38

Ml amuher compeonition i
H BO, 38e
PO 0
SO, 10
Crysie 10
Feldvpar 16
Na (O, s

Solteming temperstures cie in the aoghhorinesd of
1300 F. Fhotrical propertes are pood.

Lipe 8 RO-RO-50,. The folkoming glas, which ks
flund at LMK° F, n representative of this group:
K.0. N1 O, Li,0 %
B£O, PO . 2
SO, . 41
Type 6: RO-RO-B O, The following glass is wneful
ot honding crysiah, but the high atkati content pro-
ducey high dicketric Jos, and surface revintance i

ot poad in a humid atmosphere.
Na B O, . . . ns
K.C0, R 1 )
0 14

Tape 7. R.O-ROPO,. The folkming glaw, reponed
in the literature. has a high alkali coatent (453 pet-
cent Na O), which makcs it umuited for applicatoom
where humidity n even moderate. Ekctrically, #
P hevause of the high alkalki.

NaPO, , 5%
Na €O, 125
Ca0 123

Iype X R O-8.0-P 0. The high slhali content of
the glass hehm i desdvantageous. ft could, however,
I usd 10 2 dn atmosphere:

Monohasic sodium phosphaie 335

Borax 6?7
Tape V. Zn()-B OV 0. A number of plasss of thin
e hase been made. The V.O_ (up 10 209 ) kwmen
the softening temperature appreviably. Thae glaswva
have thermat capansion cocflicients of 4550 x 101
et contigrade degree. The woftening temperatures are
as kv v 16y T
Piape 10 R O-JO-R O,-5i0 L 0 U phenphuic acid
n combined with schewtin, steatite, o mica, and the
minture s heated, o glass of this pencral type appean
te he formed. The honding is reasonahly pood bt
bitle Mudy has been given o the mevhanicy of the
tonding actun.

SUMMARY -

The number o glnaes available for honding crysiah
n large. Mot of them fall into the general categories
dicuned. Many sariations are possible for each type,
and the componatioms given are merely typweal. Wnh
1 typs the addition of flurine krucrs the witening
tempetatuie, and thus doubles the numher of types
The chaice of & glas for bonding cnstah v deter-
mincd md anly by the sfiening temperature. Moidure
reustance. dickentric knwes, thermal eapamion, wpes
cific gravity, manufacturing pawen, snd vther facton
are oien governing considerationn.
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