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LEAD INDUSTRIES ASSOCIATION

60 KAST 42w0 GTRERT
NEW YORK 17, L Y.

lugust 22, 1959

SUBJECT: SUPPLEMENTS 7O "LFAD IN
THE CERAMIC INDUSTRIES®

To the Meabers of the Lead Industries Associstion:

Inclosed are the third and fourth supplements to our
teshnical data bock, "lead in the Ceramic Industries,® isgued
in December 1956.

The third supplement, to be sdded to the "Glares® seeticn
of the bock, is titled "Use of Lead in Coatings for Ceramie
Dielectric Bodies."

The fourth supplement, to be adied to the "Bodies” secticm,
18 titled "Use of Lead ir Ceraxmic Bodles.®”

These tvo r:pplements are being mailed to more then 6,000
people connected vith the ceramic {industries vho have already
Teceived the bock, and vill also be included with future copies
of the bock sent out {n ansver to requests for it.

These vill be followed bty otber supplements from time
to time.

‘Vuv truly youxs,
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USE OF LEAD IN COATINGS FOR CERAMIC DIELECTRIC BODIES*

The need for coatings of glazes fur low diclectric loss
ceramics, which posseased and muintained high sur-
face resistivity under high humidity environments,
has hoen recognized for some time, Such a coated
ccramic must he of an equal grade to the uncouted
ceramic (JAN-1-10 spevifications) and muut he capa-
ble of casy fabrication by coaventional methods.

Some tipes of organic coatings, €.g., silicones, may
provide for temporary benctits, However, ot is gee
crally held that to Jattain the desred permancncy,
inorganic coatingy are a prerequasite,

On the hasis of extunvve evaluation of many different
glaze companitions, high fead glazes were tound to
he supernor, 1 ead monoulcate and kead diilicate
were oahlished as the bedt coatingy in terman of
water run-off and clevineal revistivity undes humidity
cycling,

The objectise in the rewarch referred to abuve wan
to deselop a cerame coating whone surface revistivity
would not he kese than 7.8 x 10 mepohms under
9% percent relative humidity  The apprvach to this
probiem was to sudy typreal glazes. incorporating

*Thre tewne. piepated by Joha It Kiemg, fdesed 3
Sevdhe, and 8 INV g avedvey cewlts o rewcar h at the
Shwnd of Cetamas, Mingern, the Sute Unoersty, windes the
Wi ol the U S Army Rescarch and D chopment
1 snatinien.

[echcel  imvulators tooted with
glotes comtnmng lend bivicen.
Sotk brawn ond cleor glores wre
ave.ivhle and ory fred to ospproai.
motelp cone 08

compoitional changes to determine those composie
uons with the highest clevtrical surface resistivity.
Although the litcrature provides very limiwd infoe-
mation concerning the surface resitivity of glazes &
number of teferences pertaining to glass surfaces are
nted, The problem involves two mechanisms, con-
ductivity in the couting and conductivity over the sur
face of the coating. Solubulity of the glivs in water
n of concern, ¢.g.. alkalics may bhe keached from the
surface when the glass is eyposed to high humiditics
rosalling in ncreased surface conducuvity. A kad
glaze thouph containing alkali, may rovwult in a tight
of mere stable structure which rericts the_motion
of alali fons, The manture layer may be continuws
of discoatinuous, depending on solubility, structural
groupings and the water layer itself. Lead. a3 an in-
predient of the couting is eflective in reducing waler
wlubility and thus promoting non-wetting on the
wrface wnd concurrent high surface resistivity.

he measurement of clevtrical resistivity under high
humidity conditions was carried out ia 3 cxhinet
which the relative hunudity and temperature could
be mainitained condant. Any value above 10': ohmys,
av measurced, was reported as anfinite resistance,

The carly worh climinated many leadkys and low
ad componttions and indicated the aced for 3 high
fead content n thewe coubirgs. The  compoitionm
hosed on lead borate and fead monoulicate exhibited
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the beat water runofl and clevincal surface resistive
ity. The lcad borate hase coatingy appeared 0 pos-
sess a higher degree of non-weting characterisics
but *he lead ulicate bave glazes maintained their ink
tially high revstivity throughout the et (1) days).

The lcad borate and lead monosilivate glazes pro-
vided clear, smouth glazes. Various additives produce
ing other tevures (mut and semi-mat) had hutle
cffect 0n non-wetting and electrical residivity propers
ties ¢f the base glazes. Numcrows test data showed
that lead monmilicate was the component necevsary
in the caating to moet the requirements. Some of the
more intleraating kad monoulicate coatings are given
ia Table 3-3. Thawe provided the greatest reprodt
bility in infinite surface rovistivity under high humid-
ity conditionz

There were alvwo a number of other more complex
caatings involving the uwe of small amounts of BeO,
alhaline carth oxides, alkaline carth zirconium wili-
cates, cte., which alw eahihited infinite surface re-
aiMivity in the 1evs The kad bisiticale and tead
aluminowlicate (Mailicate) hase cvatings ace cqually
promising und superioe where acid rovistance is 3o
of concern,

e a

Of interent alw s the il glaze fvrmed on the—
Icad siuminolicate low shrinkage type ocramic at
1950 F. Thi «if glaze cvating has practical im-
portance since it posseaes high water repeliency ande
has high rewativity under high humidity as charactese—
iz of lead glazes.

Relwrrvely high load bosring glases
oo vied an elvmina, neette ond
forstec ity imivietor hodies. The lead
is 1mportent ia peavidiag high recis
tomce to the tormghia of ¢ meis-
e Bw on the surfoce thes sssvn
ing bigh serfece resikiviey.
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E : USE OF LEAD IN CERAMIC BODIES®
1

As noted previously in this section, fead oxide has a
numbcr of interesting and increasingly important uscs
in ceramic padics. This fesume concerns primarily
the lcad fluned clectronic ceramic bodics. The unigue
propertics developed and discussed herein may likely
result in other than diclectric uses. lead oxide has
found increasing usc aho in other ¢lectronic ceramics,
¢.g.. high diclectric convant. ferromagnetic, ferro-
electric, piczoclectric and scmiconducting ceramics.

For cxample. lead titanate may be added to barium
titanate to increase the Curic temperature. Mintures
of lead titanate and lead zirconate have found use
hecause of their excellent clectromechanical proper-
tics over a wide temperature range. Howcver, the im-
portance of kad in these other clectronic ccramics
vill be covered in laier supplenients 10 this Maaual,

The ceranmice aovered in this paper are discussed
in the folkming order: .

A. Ulira Low Lons Ceramic Dickecincs

B. Low or Zero Shrinkage Coramcs

C. Othet Low Temperature Bodics

“Thin resume, prepared by John I Koeny, Fdward ).
Smcke, and S il imohves Tewhs of recanh at the
Sahov! of Ceramny, Rutgery, the State U'nnersts, under the
4 aaundhip of the U 8. Army Kewund and {erehopencat
1 shastutistien

ULTRA LOW LOSS CERAMIC DIELECTRICS

Ceramic diclectric bodics gencrally contain a glass
and one or mare cryutalline phases. The dielectric
lons is Targely due to the diclectric fous of the compo-
nent phases and in varying cxtent also 10 the clastic
loss of the ceramic body. Thercfore, in designing a
kw kms body the dickectric fosscs of the various
phascs and aho the kms due (0 efastic causes should
be minimized. The glass phase should contain ions,
uxch as kead, with high valency and large clectronic
polanizability, The crystaliine phase should not be
piczoclectric. The proper amount of pglass phase
should he employed and good fabrication techniques
1o provide for a dense, void-free structure to prevent
convenion of clectrical 10 mechanical energy. The
diclecrric constants of the crystatline phawe(s) and
glass should he nearly the same. The ceramic hody
should be cooled slowly 1o provide for a more stable
configuration of the networks and ions,

Early work showed wollastonite 10 be an exceilent
crystalline phase. This type of wollavionite ceramic,
such as referred 10 bricfly on page 2 of this Section,
has pronided for the lowest kns characteristics yet
noted for any plass fluned crystalline ceramic,

Table 7-1 shows the e of various amounts of
fead flures (lead borate and Icad bisilicate) in a
wollastonite (ype coramic. Table 7-2 ahoms the effects
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of quartz and alumina additions to this type hody.
Table 7-3 presenty propertios of kead fluned wollas-
tonile hadiey containing alkaline carths and other
additives. Tuble 7-4 showy the composition of three
kead flured wollastonite bodies, the diclectric proper-
tics being measured at 1, R6OO, and 25000 mega-
cycles. In the absence of fead the foss factor falls off
to L-3 at 25000 megacyckes (See ks factors core
responding 1o JAN-1-10 L. grades in note  under
Tahle 7-11. The hedt body, fluned with kead bisilicate,
remains LS at 25,000 megacycics. Tahle 7-8 pro-
vides some summary data in ferms of specific compo-
sitioms and includey strength vatues. Table 7-6 shows

the cffect of kad fluxes oa a typical steatite body.
Theae cxamples of ultra low kns diclectric bodies are
dependent upon the kead flux to supply the glaw
phase.

LOW OR ZERO SHRINXAGE CERAMICS

The objetive in designing Jow or rero shrinkage
hadies v to provide for casier fabnication of parts
where extremely small folerances are & preceguinate.

Ohviously. the mout dovrable shrinkage would be
zera.

The aormal firing shrinkage which ovcuns in a
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Y T : ceramic is the result of mevhar ically and chemicalty A
: combined water haing drisen off, evilutioa of gascy
duc 10 divwciation of raw matcrials, formation of 1
glavs and or crydtalline phascs of higher spevific
gravity, and filling of voih 10 produoe a matured f
coranue (Zzero monture amarptkn ). These mecha-
anas can resalt in firing 3 rinkagpe up W 30 percent. y
The principle involved in devekynng & dease ocramic
of z¢10 finng shnnbapge conants of incomorating isto 1
the ceramic companite 8 prode of 2 cryval

line phave and or a glassy phawe which upon firsng
1 will irreserubly invert to a phase of lower yeaific
gravity; thus, this phenomenon compemates for the
irherent firing shrink.age proesent in the body.

Rewarch kd 1o two tapes of ccramic hodics pos-
scvang rero fining shnnbage, a sadumene Hype and a

§  lead dluminosilicate type compostn. The spadumene E
BPC is At 2 true noa-shaonhong tady but cath 3t under- 1
i s a tclatinely large firmg capanwan reachang a 1

‘ n. - . —— - matimum of 10 percent at § 740 F and then gradualty
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shrinks 1o the zero sbrinkage reference line at ap-
prosmately ek F, sev tigure 7-1, Ot the two com-
pesitions, the kead aluninediicate body mote dwely
approaches the chatactennticy of a tiue non-shonke
g tpe ceranue. she finng shankape steadily an-
Crease. 1o a4 manium of about 2 pereent at 1 ¥
and then gradually expands up te the zero shinbape
value at 260 FLoas shown in Figure 7-1, However, this
e By had 10 be tabnicated at retatively hegh
prosare,

It was Liter found that additons of clay to the
s odumene compoattion produved sero finng shrink.
ape ot anadvrate tahricstion pressuces. Then, it was
conudered that perhaps amitar addiioas of  clay
uv well g ather conmventional cetanie maternaly o
the Ivad sluminosiinate hody might prove promivng
and in fact. K o bow or even zero firing shrnbage
cor imics tabrnated at mokerate pressures. Therefore,
the lcad awunuacnlicate compoution was chowen as
the haw tormula for this acw approwcn (0 the
problem.

The kead alurunoilate dagiam. we Section [,
Paze 1 shows sevarat binany and temary compounds.
S of these were propared as hodis wnd are
plotted on Figure 7.2; the arcas ¢f crystallizatuon are
alwt shown, Tuble 727 ahewa the propertes of some
ot thine kad alumiinonilicate adi, The anmt promn-
g hadv nothe P2 compeutnn. Table 7R shows
progwities b 22 and sl moditivations of ths
cempaosstion 0 ats further development.

This s truly more o a non<hanking boedy sinee
W shinbe on'y ahout 21 pereent. then expands and
cvmey buck 1o the onigingl size at matunity die to
the duvelopment of 3 new crdstathine phase (4998
poreent Phid, 2008 percent Al 1, and 29.97 percent
S0 ). S Tipure 7-10 Thow hadin have act enly
Jow matunng temperatures but alwo kong finng ranges
and pond dilevire propertes.

Over the range 17007 10 20 F the P-2 body
shiwed water sharpion valucs of .08 percent or
fow. Once vitnficd as the temperature iy increased,
the glass satts (o bleed vut readiting in wif-glaring.
This self-glaze, being a lcad aluminesilicate glass,
does not detruct from ihe poud diclectric prapertics.
Cuoatings of this 1spe are highly devirable in main-
taiming high revistivity under extrenx conditions of
humidity for proloaged periods of time.,

Table 7-9 presents summary data for the two ap-
proaches for the low shrinkage hody.

Sysematic addition of pyrophyllite, ¢lay, zircoa,
petalite, wollastonite and alumina were made respec-
tively to this kead aluminosifivate base boady in § per-
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cent inctements up to 60 percent additions in some
cascr. These specimens were prossed using 8 percent
monture content (semi-dry pressing) anid fired. The
shrinkage data as presented in Figure 7-3 show the
range possible from an expansion of 1.3 percent to
shrinlage greater than 3 percent. The moisture con-
tent required for the type forming opcration influ-
cnces the firing shrinkage. The P-2 type hady plus an
additive (which would compensate for the shrink-
upe) was evaluated for extinion, plastic pressing, dry
pressing. and casting. Tabie 7-10 thows low shrink-
ape companitions as designed for the various fabri-
cating *evhniques.

OTHER LOW TEMPERATURE BODIES

Lecad Ints were used in fluing a large aumber of
other b temperature bodics where the crystalline
potion contained one or more of the following:
alumina, clay, kranite, spodumene. tak, wollas-
toaite, zircon, sad zicconates. A aumber of highly
interesting bodies were developed matuning at low
temperatares.

An cvample of the type of evploratory work carned
wut i given in Tuble 7-11. Zitcon and scveral double
slates were uwd as the enistathine phases in two
lead Murned hadus: the 10 percent clay being added
for workahihity. It will be noted that all these hodwes
mature at relatinely low temperatures. For cxample,
the zizvon hdy A fluned with 21 pereent o kead
hvate and 10 pereent clay has zero absorption at
IKOU F. This v a grade L body.

The folloming dita show titania fluned with kead
borate to provide bodics of higher dickytric coa-
siant.
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?;‘1 Tiania .. 69 6h77 cent stacks larger than 2 microns, Ajax SC has the
1 .ead Borate 2 2% large stack partwles precalcined a1 1000°C. Thewe
Ball Clay ... 10 0% malcrials, when fluned with various lead (rity, resulicd
“ < in many intcresting bodics. The Ajax P (plata) pro-
] P.F 000415 0.00092 vides for very smaoth surfuces. Some of the reults
3 X X 2 ” :
Maisture Atsorption (%3 ) are pencralized o fallows .
{ (IB00-J900 F) . <008 <008 1. Using 10 pereent Ajux P, 40-60 percent Ajax §
i

These bodies matured nicely in the range of 1800°F

10 1900 F.

In the folfowiag data. cakined byanite was the prin-
apat phase, the lead borate flux heing held constant
at 23 percent, und clay incteasing at the cxpense of

Lyanite,

by A

52

and M50 percent of the Icud aluminosilicate frit
(61.3 percent PbO, 3.1 percent ALO,, 35.6 percent
$i0,1, bowhien were found to witrify circa 2200°F foe
the higher frinted contznl. Thoxe hodics possessed
good workability.

2. Using the cakiined stachs (Ajax SC) in a simi-
far serics, matured hadics were ebained in the range
210 F 10 2200 F fiv the higher tntied contents

L e

Cale. Kyanite..  62% > (40-50 percent) of the above mentioned kead alumi-
Leud Borate .. 23% 3% ha i) nosilicate frit.
- av e > M “gre
Bull Clay .. 18% =0 M 3. lo a srics where the Ajax Laoling were the
60l ALY 608 principal compoaents, a number of bodics within
OO0 0O0LTIC Baolt; the compamition tanpe shown weee grade L4 at teme
VONOHT O.U0SES  0.0067S peraturey of 2300 F oo 2380 FL
M(;'::rc tion (% ) Composision Bedy No.
Mpihon Lt Ranye kY $2
(1R00-1900 F) 008 0.08 0.08 1401 Bordies)
These provided nicely matured bodics in the range Ajax P 3338 ’ %
of 1800 F 10 1900 F. which were £.-8 bodies. Aﬁ: ““‘ .;;-l-u ;‘ ;‘
The controlicd Ajas Laolins were sudad evtensivety POCBO ... 020 2s 30
av the prncipal phases of kead-flunad bodies. The BaCO ., ... o-10 0 —
Ajut P oconwss of 90 pereent Laohmite plates and Ca0 o010 -— —
4 percent stacks, all foss than 2 nncrons in size. The MgCu, o-10 — .-
Ajax 8 s companed ol M pereent plates and 70 per- Tak ... o-10 — —
E_— ol F ot iat, “oc v i a0 o vwqu,-: PPy Ty P —
TS~ -
;y - - - L T T T T L L T T TR LI T . = o UL RS
N = e et e e T
F i i ir |
) . i 5 | i .
{ 1 1 A - i
{1 T N G S B
3 i it J il 1S R | S
. - . - -
]{ i ! 1{ ?[ n °f !
?‘ i i i : : i !
s i * H i : !
; l : ’! H t i . . :
1 i I | ! { : ;
’ i j ! : |
' ' i ¢ ' ' H
. . ' N i . ’
',I | j : i 0 f !
i ! i ! H ; . :
. ! } ] .
! ’ i l t - l H l J_! i




PETA 2 Tl Rt SRR

ad 4

—~—e

s

- S oy v gy - S ot .
LIA22526
A Y
. .
. L4
A o\l'\nl : > W‘F‘
A iyt
]
Two compositions (38 and $2) when fired at (B-32) in comparivn with some high alumina

2350°F were grade L.5. Thewe bodics provide for
good strength and relatively low shrinkage, since the
stack content is pre<calcined. The vse of thewe con-
troficd matcrials al provides for very smooth sur-
faces as well ay pood diclectric propertics.

Some of the lcad flured wollastontte type bodies have
been shown 10 pravide for good impact resistance.
A larse number of bodies were studied involving
$0-70 percent wollastonite, 30-50 percent ctay, and
0-20 percent fead bisilicate and other additives. Table

bodies, the latier reyuiring conviderably higher ma.
turing temperatures. The addition of Icad flux o the

wollastonite bodics generally improved their impact g
revistance. The icad fluxed B-32 body, matured at

20R0-F, had higher impact resistance (Charpy test)
than a 90 pereent ALO, hady fired 0 2970°F or
approximately 900" F higher.

The forcgoing examplcs show the use of kead fluxes
in bodics 10 provide such propertics as high strength,
impact resistance, very smooth surfacer, poud di
clectric propertics, ¢1c., at relatively low tempera-

7-12 prosents data for onc of the best of these bodics tures.
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