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LEAD INDUSTRIES ASSOCIATION
60 CAST 42nx0 STRELT
NEW YORK 17, N Y.
Decenbar 13, 1957
SUBJECT: SUPPLEM™NT TO WLEAD
IN THS CERAMIC INDUS=
IRIZST
To Yembers of the Lead Industries Associations
Enclosed is the first supplement to our technical data
book, "Lead in the Ceramic Industries,” fssued in December, 1956,
This is being mafled to a1l of the 5,000 people connes~
ted with the ceramic industries who have already received the book
and wi’l alzo be included with future copics of the book sent ocut in
answer to requests for it, It will be followed by other supplecents
froo tims to time, sone of which are already in preparation,
Y_lz truly Jwr-.
A”f‘ T
Secretary.
PavLiy
5RER
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INSERT IN BINDER AFTER SECTION §, PAGE 2

ENAMELS FOR APPLICATION TO GLASS®

Comparatively little has been published on the prop-
crties of glass enamehs in spite of their wide usxc on
many products, ¢.g., muliple trp beverage bottles,
cosmelx containen, miring bowh, casservles, tum-
Sleny, lighting goods, structural glas, gift glavwware,
amoag others

In the development of glass enamcly, there are four
properties of primary concern. These are uability of
compnition, chemical Jurahility, cocfficient of e
panvon, and melling temperature. Whike these proper
thes are discunsed maore fully later in terms of ywific
somponitiom, the imponant consukTations are out.
hioed bricfly below,

Stability of Composition -Fird the compition
of the flun must he such that it will s Sevitrify under
mormal firing conditions, and scoond, it must vt ke
sufficiently chemically reactive that compuinds wili be
formed which advenely affeci the Lolor, .

Chemical Durabllity- There i an increavng de-
mund for enamels which have an extremely high re-
sistance 10 acuds and o alkalies.

Frameh which come in contact with food mus
toeus variows acids and sulfides and concurrently rewst
the allali deterpents as used 10 sutomatc dishwashenn
For tumbler devivation there i still wwme dentand foe
woft, poaesesistant cokiry, but as 1he uwe of mechanwal
dishwasherns incroasey, (nis (ipe enanct s piving way
1o thune having preater deterpent sevstance. Muln-
trip heverage hotlle enameh are subpected to repeated
washings in srong. b doterpent slutions, More re-
cently there has been also g demand for ACT. tapplicd
whor Laheh) coton, which will withaand hat acih,
panticularly hadrochhwwe, since bottkers have found
this acud 10 he very sutable for remning iron wams
tesulting from the nctal chnures. High sod-reitant
codon sene bew in the fickd of dructural glass where
ol are subpect to attack by weather.

Coeticlent of Expansion - The problem amccrm
attaining suffickntly krw thermal evpamica cnameis
to priduce 3 wtisfactory “HiL" As 2 general practive
1 can be stated that an cnamet, 10 have a pud fit oa
the glass on which it ik applied, should have a lincar
coctiicient of cxpansion about three points lower thas
the expunsusn of the glass. For example, if 2 glaw has
a cocfficient of K1 & 10, then the enamel should have
a vorflicicnt of T8 x 10 T o ke, There & lintde chance
of having 100 low a coctTiiicnt of the enamdl, which
could caune checking o weakening of the glass siruce
ture.

* Ray Andiens, Mansaer, Glow Cokors Driname 8 F
halrnickd & Compeny, Imcepvand, Wahngum, P

As the cuclTicient of expandon of the enamel is in-
creased, the strength fulls off rapidly. There i a ntices

- able weakening of the glass even when the cocflicients

of glaws und cnemel are similar. When the cxpamioa
of the enamcl is len points highet then the glasg oo
lanewus crazing will oovur und (eequently brealage
of the plass. The heavier the caamel i applied, the
greater will be the strem

Melting Temperature -Since all enamcls are ap-
plied 10 articles of pre-formed glass it is evsential that
the cnamel has a melung tempctature far enough
bolow the wiltening point of the glas that the cnamet
can he tired to a pood ghne wathat cauung defocma-
toa of the glas,

Hoother comideraiiom such 2y dability of aem-
ponation, chemical durability, and coefiivient of ex-
fanuen novd mot be constdernsd, then the proper medt-
g temperature would in atwell be a veny cavy gual
achwrnve. Howerer, 2o priduce an cnamel cf sufficienily
hw crpunsion, with poud chemical durabilsty, and a
mehing temperature sufficosentty tow that it can be fired
on artickey uf glas withaut «ny warpape or didortion
precnis o difticult probéem.

Trpical Compositions of Enamels

Table 6-2 gives the componatiom of 1en ty pacal com-
pmitons runging from the ven kowest mcung, noa-
rewndant tipe 1o the highet mclting sancteey, with
cvechient chemical dutabdity. These compoutoas will
sorve W0 divuss e fully the conuderations invehved

in therr dowugn.

AL Toppled (olor lobell (olers 0o Hose rew freoe
read bovl i myrt have Mgk Honduace W acrds
ond/w alhoiey

Coona Cunt g G Weoa

R

,on R O

T e - o

%, Dl -
?&\\Q& L ”,T:;’&@

o wﬁ’;

-

N 1657.01




SRR AR T W 1L T Ay ey

RPN

L avere

WCYEN Ty

7

P D S T

oy

Rt 2

SECTION &

PAGY FOVE

Flux No. 1 Companitons such as thiss which are
evtremwly kw mwlting Jduce to their high lead content,
tend o devitnty or orydafive if subjected o a high
fempcrature for 8 proloaged perkd. When o flus
devtinfios, it kises sty ghney surface and a large in-
crease in expansion occurs. One flux, having a co-
eflicient of expanuon of 78 x 10 T increased 1o T x
(07 afler desitnification. In the event devurification
WCum in this 1y pe compenition it can be corrected by
either reducing the kead oc increasing the wlica ¢on
tent. As will be mued in Table 6-2 this is the fowest
melting compumition and attempts 10 attain low er melt-
ing huve resulted in flunes which sre w unstabie they
deratrily duning a normal fining ovede. Hux Noo 1 will
dissalve completely in abaut 1en minutes 1 a wlution
of $ poroent aocte acid. Uy atlabt sevtanee th e
teemely powwr.

Flux Mo, 2 The reductuwn in kead and increase ia
silwea content sncrcases the finng temperature and de-
creases the auetlicsent of cxpanuon. However, there is
wnly 4 slight impoamemont ia chenieal dutabelny,
Flunes of this tape Wl find some appicatnon where
kw firing tempetature s oxsential and chemaal dura-
ity 1 nat an amportant (actor.

Flux No. 3 The kad i further reduced and the
slica and B ovide contents IKTeasd reslting
invteased mclitng temperature and kowmer etpanon.
However, this companateon still has veny powor chemacal
durability.

Flux Ka. 4 - This conipanition represents onc of the
catly attempts 1o praduce a lead containing flux which
would have imprned chemical durabilicy, A o
porateon of thi type n sl guite soluble 1 difute acids
andd nosubpect to attach by vanous alhall detergenta.
Perhape the outsunding charactensin of a componi-
e of this tipe i s b cocflicwent of cypamion,

Cadmium oride, whah is 3 goxod fluning agent and
functivns in this respect umilatly W kead oxide,
used in fead contuining enamchs [or the purpose of
stabiizing cadmium sulphoacienide red pigments.
When thi pigment s introduced in a kead fux not
containing cadmium uaide, the minture will fire black.

fn 1934, 4 demund anose in the glaws indusry foe
flutes which would have good chemical durahibiny foe
use on tath lableware and heverape containen. As a
result of this demand, work was darted 10 devekyp
Ausen of poud chemical Jurabadity,

Flux No. 8- Thih compamition v an evcellent ex-
ample of the high fluting power of addium owkie. In
cuoparing this with flus No. 4 the melting femperae
ture was incrcased only twenty degrees in spite of the
substantial reduction in Boree ovide 2nd increase in
silica contents. Flunes of this tape huve farhy pouad
allali redstance, When tleded i acodance with the
Hurcau of Standirdh noeommended 1M, this flux
shewed @ bead solubility of shout $00 parnts per milloa,

Flux No. §- Av development wak continoed o wan
feund that the antnsductnmn o danie inte kead Bues
preathy increased the aid reastance. Flwicy Voo S and
A are quite wmidar escepe that 4 pereent tilanium
drrde hay heen added snd the alkail has boon -
Creased i order 10 wcommadate thn addition of 2
more refracton muicniad with no increase 1n melting
temperature. The kead solubilty of the flun has been
reduced from SO0 parts poee millen 10 oaly 3 parts
e midtion A recommendad provedure incapurating
the Burcau of Manduatds tent n included elvewhere in
thi sextion.

Flux No. 7-This conpomatioon emphkned hthaa in
combinabson with sodium oude 26 wondan Auten
Bevsuse there are ven fow glavees having & high a
cxflewnt of cypansion, thn 1ype flux woukd have a
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Lmued ficld of apphicatin. Howaver, thin flun hasvsery
v Joad wilubshity and possenser exculient weathenag
vharacterntios s needend in the tiokd of snsctucal glas.

Flux No. 8- 1his conganition pronsdes for s des
Crease in melting iemperature of sttt SO F. result-
tng overtially from the incTease in the kead vinke and
devreane 10 wlws contents (ay compund with the
proviows flunl, There n atmunt no chanpe in the
caxflvicnt of cxpunson but there v a markad increane
m bead adubulaty.

This 1y pe compemation offers the ponatadny of devit-
teficatson in anather fashin than herctotire dncunsed.
I nerfired the Yead ovide may awmbine with titania
10 form sclkm kead titania and sdiencly affoct the
wokw, 1 heaung v continucd for 3 prokonged pered,
suhornt deviitification may owvur and scuht in bow
of ghms and greatly increased coetimt f cypunsem
the conditam can he improncd by 1alucing the slhak
o kead vaide and itreaung the ulxs contents.

Flux No. § With the dovclopment of compoitions
vanlar to No. T the preblem of aod revntance bocame
ks amportant and attentasa wae turned towards al-
taiming greater alhali revistance. 1t was (ound that ot
standing imprsements in readanae 10 alkal deter-
Fents coukd he achnad e sdditaas of gircona. In
tepect 10 chemical durabidity Fluves No. 9 ad 10
meoct the requirtemeres of the hattle trade very st
factonls Himever, the cocthowent of capansam of No.
9 is high.

flux No. 10 This companation proneed foe 2 ree
dintseon it cotlicrent of thermal eapansona. The alhali
finsdenr are valuahle as Auring apents amd are aha
very hencfictal i the desclopmcent of bright reds Thie
compansinn pronidaes for excetlent acwd revidance and
hay Prosen to §1ve gond wnvice e the ficdd.

Avoiobiy 1 bowr colort, Plost buniding blachs heove @
lneded Pais snamel Saieh 8a Bae it Hhet i trome
leat ard pocmengat

SECTION §

PACE HYE

leceter InT

The leaded piots envmels viod for decovahng hphiag
fetwas haees ¢ sulicasatiy low thecmel espanson t»
predwce @ ratitociery B

Sumnary
Faamcis for glass can he roughly divided into two
Froups; the hwmorcudant of Bon-roustant enamch
(Flixes No. 14)and the roidam type enamcts (Fliaes
No $.101
Lcad otide i the primary flux in glase coamch,
Rorie oxide s oaly maoderately active as 3 fluting
apent; however, @ i eatremcly valuahle for the raduc-
trnr of cuefficient of expansion. [t lowen chemical
durability sery rapudly as it i icreased.
Cadmtivm ovidke is saluable as a fluting aperd and
oential as 3 dabilizer oe the pasduction of beight
tedh and cadmium sclloma,
Bt wxhium and lthiem ovides are valuable
fluting agents priniding (o the addition of larper
amaounts of silica amd fur the introduction of ttania .
and zitconia. The aliali otidey, hmarer, raine the ’
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woeflicient of expansion very rapidly and reduce chem.
ical durabdity.

The altali Auorides are good Autes and aid in the
development of bright reds. However, they increase
evpansion and reduce durability,

Silica contributes matcrially 1o chemical durability,
apevially acnd resistance. It Jowen the cocfficient of
expanvion and increasey melling temperature.

Titanua i valuable for the improvensent of acd
resistance.

Zirconia is evsential 1o the production of enamehy
having good allali resistance,

Lead Solubllity Test

Materials Required
1. 20 gramy glass ador ground in akcohol and

water,
. Glaws tea cupn o nappics of about 180 cc.
capacity.
Mandand fead avctate sotutron,
. Heins's dintitied white vinegar.
Scveral 250 co. Pyren bealens.
. Hydrogen sulphide.

Procedure

Filty prams of the cobor bring tested is milled in a
hall aull wah about 20 oc. of a misture of 3 purts
wuer and 1 part aloohal for a period of fiftcea to
iwenty minutax. The cohyr b transcrred 10 a spray
Rotile and two or three drope of 40 percent slution
of magneuum sulphate n added. This will improve
the \praving ualiticy of the color considerably. Aftey
thvy are sprased, the pieces of giaw ate jlaced sn a
Liln of fumage ot ahout 700000 F, and the 1em.
perature carmred Lp 1o HIOO o 1150 FL depending on
the exact 1ape of cofor heing fired. They are held &t
this icmpetature for a periad of ten (o fitteen minatss
and allimed to and in the furnace. The color i then

ready for tenting.

e

2 A s~

One hundred co of Heing's distilled white vinegar iy
placed in a 250 oc. beaker and brwght to & boil. Tha
v poured into the cup or nappy heing tedted and
allowed o cool (or exacily onc-half hour. The vinegar
is then poured back into the original beaker withow
poficing or in any way disurbing the surface of the
color, Hydrogen Sulphide is then bubbled through
the lead-containing vincgar foc a perod af three and
vac-hall minutes The culor developed is thea come
pared with the color of freshiy preparcd standands

A standand solution of kad acetate is prepared by
dinsolving 10X mgm. of kad axctate TP Crywah
(Ph «C_H,0.),¢ 3 HO) i Heinz's white distilled
vincgar and then made up 10 exactly 300 cc. Cne <X,
of this slution is Jiluted 1o 100 cx. with vincpar and
placed 1n a2 280 ¢c. beaker. This i equivakent 10 2
parts of PHO por million pants of sinegar. Two cc. of
kad acctate solutma diluted to 1N ¢c. with vinegar
A ogenakent 10 4 parts PRO per millioa, and v na,

Through this standard sofution iy bubbled hydro-
gen sulphaie toe a period of three and oncdalf min-
utex. The codor of this dandard wlutioa i then com-
pared with the color of the vincgar from the test. If
the lkead wolublity of the enamel teing tested exceads
20 pants per mithon, the color of the vincgar after
bubbling the hydrogen swiphide thiough t will be o0
dark as to make compariwn inacrurate o imponaible,
In thiv casc. # v neconary 1o tale an sliqud and
dilute it 10 2 witaMe concentration. We hase found
that for mMxat casex. 3 28 cc. aliquat dudcted 1o 10 o,
with vitecpar works quite acll

In tunning kead wolubility tovis, it B adhvivable 10
run all of them in duplivate. If the glass eing uswed
hav aa capanuon of more thun ) x 10 °C. it s
advissble 1o marm the cups of ALppics ia W ater helore
founng the vincgar into them. This will avind brezd.
age. Color comparraon dwld he made in Jiffused
daslight 0a a whrte table 1op ¢ other white material,




