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LEAD INDUSTRIES ASSOCIATION, INC.

292 MADISON AVENUK
NEW YORK, N. Y. 10017

February 20, 1964

SUBITCT: REPRRIT Ot
LEAD ETLS

To Henkers of the Lead Industries Association, Ines

Ve have obtained copies of the attached reprint on low-
tenperature, lead-bearirg enamels for steel for distribution to
enamelers, frit manufacturers, grach:2ti ami under-graduate students
in enazeling, and others for wham this study might prove useful.

This work was done at the University of Illinois under a .
research fellowship sponsored by the International Lead Zinc
Research (rganization,

Particularly where students in enamel classes are concerned,
we think this plece will serve to encourage further work with lead.
In addition, this reprint will be offered in the 'Lead Library"
listing in LEAD magazine, which is sent to about 8,000 ceramists.

Moambers m obtain 25 coples of this reprint free of charge,
and larger quantities at our cost of 11 centa per copy.

Very truly yours,
gbmm £ Sl
4 Jerams F. Smith

Enclosure

"

ey

TIPETE. DT




f L1A23996

=

[Repeinted Ttom The Amercon Corame Sy Nulletin, Vid 42, Na 1]

Nememias 7 1vnn

Molybdenum trioxide (MoQ,) in combinstion with lead producet lead molyb-
date crystals which may serve 13 an opacifier in low tempersture enamels. Cryse
tallizstion chatacterstics of lerd molyb=dste, with respect to componttion of the
enamel and heing temperature, were studied.  The influence of size and number
of crystals determined the reflectance characterstics in the + “ible pectrum of
the ensmel.  Methods used in this investigation were Xeray anatysis, differential
thermal analysis, and electron microscopy.

Crystallization Characteristics of Lead Molybdate

in Low-Tcmpcraturc Enameis

R. 8. AMIN

Ergiresing Research Loboratery, Engrneering Department
6L v Port 4o Homeurs & Co, e, Wileington, Ol

R. L, COOK
Ursverwty of Kinek, Urbone, B

Lmrnmn.luwn ENAMELS having opucity cumparable o .

conventional white cnamels and finng temperature as bow as
120°F are difficult o formulate. Cenerally, 8 kad-rvo.
<ilic ste typre of glass iv used for the bow tenperature enatned
1 & cry~talline muterial with a high index of refraction is to be
uwed as an opacher, iU should e ach that it can e caudv
on~tallized into a lurge aember of anall crvstals in the kead
lawo~ihicate cnanel Jdass matnx. The weakened structuee of
fead beevalicate gy soems o favee the anvetallization of
Lupr ionic compkoes Bhe Mol L, WO L Crid2 and Loy ™t
Lead mudvintate, PHMot)y s 2 orystalline compeaind having a
tetragonal scheclite structure like CaWoyg and a4 hizh index of
refraction (2HH-2 #12) The melting qrdnt of FLMuAY s
191°F, which i hich enough to pive a stable oy stalline
greapitate during the firing jrooes of the enanmwl  The
jrutpene of this investigation was to study the arvstallizaten
charactetistics of lead medvhlate in bw -tempreratire cnamcks
tiaed on dead- e nilicate glasses and its reflectance chae-
acteristics in the viuble spectrum.,

Thete ie very little information availabde in litcrature xtsat
the use of fead medy Inlute 28 un upacificr in kor tempetature
cnarels; however, Kaulz? has descrited low-temjerature

Frescated at the Nty -Fourth Anaual Mocting of The Ameri.
can Cerame Serety in New Vork, NV, May 2, 10682 (Ceratmnes
Mcta) Systeiny Ihviskn, No 14-K 0A2).

TW. A Weyh, Coluired Glasses p 141 Siciety of Glaw
Technology, Sheflickd, Fugland, 1951 M0 o, Ceram A0,
1082, Septumber, p 1AM, reprinted by Dawsm's Pall Mall,
Tandom, 1078 541 pp

tKard Kante, “Molylufenum fn Franel: T, Tigoond
Molstadenum Enanels,” 1. Am. Ceram. Snc., 28 [3] To X2
(1),

Vou. 42, Ne 11 (1963)

cnumchs in which Latpe wnants of kead medybedate in the mill
tatedi (1 ducad w cream-white opuque cramel with Gesl afe
herencr 4t anng temperatare of ataat 920 F.

Experimentel
A series of {rit oamjontions ware foemulated to stinly the
cflcrts of varios {0t ceostituents oa the (o stattizaten char.
acterinties of kad medvixlate in bow-temparature enamels,
Feroent oride comprnitions of the fnits ase gives in Tabde 1

Heot Trectment of the Frits ond X-Ray Analysis

Heat tecatment of the {rits wascaried cut in 3 tule furmnace,
Filteen grams of dry grouad frit (197 on X0-modh sicovw) was
heat treated foe 15 minutes at varkars temperatures hetweea
1000° and e F. The heat treated frits wore quantita.
tively analyzed by Xoray duffraction analysis using an intcrnal
staadasd teckinicque.

Enomel Ponel Preparotion
Thie dry ground frits were ulso uwd foe the slip e paration.
The sull hateh used is as follows:

" Ground frit 0 w0
Colbosictal silica 133
Water 35w

Cheancd enunad grade itvn panels with nickel dejanition
of 01010 012 ¢ pret square foot wree peecxidized at 1000°F
for 5 minutes. The panch were ywaved dicectly at a weight
of application of 25 g jer wuare fat and were fied for 15
minutes at varias lemperstures hetween 1O and 1300°F,
The teflectatne « haracteristic in the viatde sjvtoum of the
pancls was obtaired on a reeeding specteophtoneter.
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Results and Discussion

£flect of HarO-PHO-8,04

Frits No. 2 and No. 3 were opuquc and showed all the in-
tense peaks of kad molybabite va the Xoray difftaction jaat-
tern.  Frit No. | sluwed only coe, the it intense preak of
Jead molybdate; the other jraks were st well defined Nooe
of these (rits showed any vidsal sign of orystals at the smelting
temperature of INKCF. It apqears that & cvnuderable
amount of kead molibulate was dissolved i the frit at the
amxlting temperature, but the (rit heviimes & supcrsaturated
solution with pesject tedead moely Infate av it ia couded

Figsure 1 shows the phota of ferecnt kead moels bedate orvtal-
lired versus the temjorature oof heat treatment for fries No 3,
No 2 and No 3 Tla~e reults Qwow that an increase in
Nag) content aleve 15 (0% at the exjense «of either 114 o
By rewited in an im frawe in the sdulehty of Jead meds bedate
in the finng range «f the enamel.  Frat No. 1 may harve maci-
fuum cry stal centent at 4 temperatuze bomer than 100°F,

After the heat treatment ot 1V F, frits No. 2 aad No. 3
showed a Blunh odeuti = aluk ot No 1 did ek, The
bluish cubtatsen wae th g 10 % be due to the st stage of
onvstal fromih i whah the crvstaby woe very amall and there
noan ofect of Ravlach watteting  The Wunh obeation
turned mede mhbste as the temperatute of heat treatment was
increased.
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Fig. L. Uhect of Ne O-PAO 3,0, veriation on e cryvtelitetion of lead
@olybdety i (ompevtom |, 2, ond 3

™

o cedder to get goaed glossy cnamcl, the firing temperature of
eramel Na. 2 was about 1125°F, and that of enamel No. 1 sod
No 3 wae H{7OF.  The spectrophotometes curves of these
cnamels are given in Fig. 2. Here, alys, the increased solu-
tility «f kad wmolyixdate crystals in the Gring range of the
enamei No. | is noticeabde,

Efoct of MeQ} Concenirotion

Ceomprnitiva No. 3 was sclected as 8 base fur this stdy.
To the buse comjenitya oss the molybdenum thoude (Come
pmition Na 4), additions of 0G. 1.0, 3.13, 511, 608, a4
70077 of pudy xdenum trdide were made (Compunitions No.
4 No. §). The fnt with no adkditson of Moty was cleas sod
did ® show auy peaks on the X-ray difftacton pattera.
The frit wath 1 (' % additiom of MO, was shightly opague but
did not show anv foecks o Norav diffraction pettetn. Frits
withX 13,511, ¢ o and T g additions of Mol <howed the
jraks of kead molytcate  Figure 3 shows the role of MOy
concentratica ot the amrant of kead molytslate crystailized
alter hest treatment.  There is 20 increase in the atmnt of
Tead mol bedate enstalhized with each incrrment of nolvb-
denum trioxide  These results of Xorav analysis showed good @
oerclaten with the spectrophotemeter curves (Fig ).
There was a marked incfease in reflectance value with an 1.
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Fig 3. Ffact of MeD; coxomnanon an Ao ryviol-tetor of Yesd solrh-
date i comportam (81 1 13, MeO, (3) S11% Mo, ond (81 7.00%
#eQw

crease in andyvtxdenuin trievide content. A comenition with
o tnedy bdenum tronide addition had a reflectance value of
slightly s than 3077 Probably maost of this reflectance is
ue tas the fresrnce of taalibhos in the cramel structure. Xoqay
Aiffractin ratteens of this frit, heat treated .t varkays tem.
prratures between 1060° gnd 3200 F, did oot show gwesence
of any erystallioe material

Effect of Na,SiF¢

Fat No 3 ontained S 4177 NagsiFe: in this bawe compemi-
tien feas the NayaFy (Compraitkn No, 9, additens of 00,
2R and 437 of NaNFo were made (Compamitnas Na 9
o N Ut Frats with 229 and § 377, athtion of NapSF,
were ofargue white and showed rfak‘ of fead mvdylate.
The frit with no adition of Na S Fy was clear and if et
sbow any jeabs  Fiqure 5 shows that, with increasing
amvunts of NaNFo the maxiamm amcant of lead molyvidate

crystaflired by bheat treatinent has beent shifted to a hicher

trnjetature and, alw, the amaunt of lead molvinlate wasia-
creased  With nu adedition of NuagNFg the maximum ameunt
of lewd anidslalate covatablized in the frit was not newe than 2
to 3% Fiqure 6 shows that the refloctance value was ia-
ctrased with inctcase m NagiF, addithn, and there was fews
effect of Rarvkeigh seatteting It apgean that the increase ia
NagtiFy addition not unly incteused the anaunt of lead
awdyinlate crystallized but alvs igcreased the size of the kead
noly tdate crystals.

Effect of LiO Svbstintion

In baw cumpumition No. 3, 2577 Lif) was sulntituted for
Nagd) (Compeonation N 120, The effect of Lig) on the crys.
tallizatym of Jead molybdate is shown in Fig. 7. The maxi.
mum for the dimmui of fead nudylnlate cystallized was
ahifted from 160 to 1063°F and, alsa, the sdubulity of kead
molvinlate was incrraswed. The specttophotometer curnves
(Fig X} show that the fiting temperature and the neflcctance
value were reduced with Lid) sutstitution.  Enamel No. 12,
whea overfited at 110°H, gave n very low feflectapee value
of about 1247, There were three factors coatrifmiting to this
dectrase in reflectance: (1) the lead moly hdate crystals were

Vou. 42, No. 11 (1963)
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fg. 5 (Mect of He 52, oa the cryvaliation of lead molybdets tn
compovitions |10] T23% Nc,SJ., {1111 4.39%, Na3f, ond {3) 01K

>

dissibved at the higher firing Wmpwrature; (2) the lithia ab-
sitution made the enamed ghiss unwe Auid, and the ubbles
were femoved from the enated matrix during the firing
provesy; and C6 the lithin containing enamel glass was very
reactive and dusdied gppreciable amvounts of iton oxide
formed dueing the preoxidation process of the cleaned metal,
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Frg. 6. (foct of Ma$F( o= By coRoctance of comperiom (10)2.23%
Mo Sf 111) 4.37F Ne S, ond (3] 041D Ne, S8,

Difterential Thermal Analysis

Varwass f2ity showed visual sign of erystal growth by change
in ook aatin {10 Huish white to white as the temperatuce of
heat tecatment was ingeased from 10095° to J1IOF. Frits
Noo % and No 12 wmure sedected foe (s investigaten, A
tunually ceatrethod DTA apparatus was used.

The therme o tams of frits No. 3and No 12 are gven in Fig.
2. Am cudahenn duc 1o the wates removal was ofwerved at
1Wn? 16 2057F for tvah the frite. Tn fnt No.o 12 substitution
of 257 Liid Fa Nadd howed a decrease in temperature of
cryatal gromth enathorm from 11757 0 T075°F, A dectease
i tomparatare from JLAP to HO'F was abw olnerved foe
mavitntm ervatal contont on beat treatnent of the frit

Electron Microscopy
A matoeac investisatid of Deat treated thin Glms of
enamed gliss bt Nec S0 died nog previde eagh infennaton
atrast the orvatad latat aned the size of the Sead molvistate
vstals This was due ta the small size, probably bokow
0 2%, oA the lead medilalate cevstale This fact was alsw
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Pig. 2. Efect of L O on the ¢ ystoliavtion of lead molybdete ia tom-
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Fg 8 (et of LO m the reflectarce W compostons (3] 12.55% NeQ,
0.0%, L0, cad {12) 10.05% NeO, 2.5% LIO.

evidant frun the spoctrsphotometer curves of the enamel
pancls.  They showed bigher reflectance value in the shirter
wavehength region of the visible spectrum because of the
small size of the crystals.

Tramel No. 3 was sclected for clectron microscope study.
Pancls with an application of 25 g jxf square fied and fired at
HMTF for 13 minutes were used for the rejlication. A
cleaner! funcd was ctehed for 2 minutes by 5.4 ¢ glacial acetic
acid solution in water.  An intermediate replica of the etched
surface was prepared wsing Fax Fim plastic tape,  Carbon
feplica was prepared frem the iutermediate replica. Carbos
tephica was exannned in an RCA-EMU mode! electron micro-
scofe. An dectron micrograph (Fig 10) shows one dense and
a few sparse arras of kad molybdate orystale  This study
shawed that nkat of the kead molybrlate crystals present in the
cratuel gLy miatrix were acieular.  Some irregularly shuped
crystals were alwo prewent. The $ongitudinal dimension of the
crystaly tanged fram 0005 to 02s. The other irregularly
shajed crystals mete all telow 0104 in size.  These rosults
explain the Rarvkich scattering observad in the ypectropho-
tometer curve of cnanwl No. 3. The culor of the kead nudyb-
date crystuls itt macro size is pale yellow, tat, due to the small
size of the crystabs bekow 024, the enamel appears bluish

CRYSTAL
i GROWTH
EXOTHERMS
Na |
S No. S

\ / M0 REMOVAL ENDOTHERMS

S oo

TEMPCRATURE (*F)

Fig 9. Darmogiom of frite [3) 12.55% Ne,O, 0.0% 1O ond (12)
10.09% NeC, 2.3% U0,
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£ig. 10, Ulecwen muregraph of leed wohybdate csyvels I snamel Na. 3.

white. The cream-white cuba olmerved by Kaute! was
prutatdy due ta the larger size of the kead molybdate crystals.

Summary

1. Lead owolvbdate crystallized in a8 Jow-temperature
enamel glass matrix into a large number of small ¢z ystals and
impurted %o the cnamel & reflectance value of 03 to WFg.
The vpacity oitained is comparatle to the white enamcks in
which conventional opacificrs, such as titania, nrconia, and
antimoay uxile, are used.

2. The vlecrvation of melt condition and ke results of
X-ray diffitaction snalysis isbicated that siasy of the {rits
were superaturated with kead mudybdate.

Distritusted hy;

3 b varions enamel comtitients bave marked influence
on the ory stullization of Yead ov.lyindate.

W A it oxide content of more that 150590 in these
cnamels increased the solululity of lead inlylxtate to
4 onsideryble extent und  adversely affccted the
opucity,

b An increase in molyidenuin tioxide conteat from 1.06
to THF increased the amvmnl of kad molyladate
oryatallized and the reffectance value,

.. Sulivm sbionthiende additkms up o 8 WG increased
the tenerature of maximum amount of lead nndytxdate
drystallized by heat treatment wnd, aba, the amaunt
hat was crystallized.

d. Sutntitution of 2 56, hithia for wxia luwered the tem-
perature of marimum crystal oontent by K3°P, ia.
crvared the slulality of kead mulybdate, and lowered
the firiay temjxrature of the enamel.

4. Infferential thermal saalynis of two frits (No. 3 and
Na. 12) showed the arysal growth exotherms. The tempera-
ture of the exatherms were close to the temperature at which
maximum anvaint of ead molvbdate crystal content was ob-
sceved on heat treatment of the frits.

3. Ekctron michimcupe study of the fead sxolybdate orys-
tals preent in enamel No. 3 showed that ment of the cryvitals
were acicular and some were irregularly shaped.  The vize of
the cntals tanged (rom 0635 to 0 25 T he small size of the
crystals gave un cxplanation for the Rayleigh scattering. %
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