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LEAD INDUSTRIES ASSOCIATION

2902 MADISON AVENUE

NEW YORK 17, N. Y,

Hovember 7, 1960
SUBJECT: REPRINT COF IEAD CERAMIG

RESEARCH_PAPER

70 Menbers of the Lead Industries Assocntio_m

¥We are attaching a reprint froa the Journal of the American
Cerunic Society entitled, "Cilatometric and X-Ray Data for Lead Com-
pounds.®

As you will see, one of the authors of this paper is the LIA
fellow at the Pennsylvania State University working under one of our
ceramic rasearch grants and the other author is his faculty supervisor,
Information reported is the result of the first year of work by our
fellow which comprises the academic year 1958-59. This fellowship i»
now entering its third year and additional papers are to be expected
as a result of it, Printing of the paper in the Ceraric Society Jour-
nal has, of course, given it wide distribution throughout the ceranic
industry and we have purchased a limited mumber of reprrints to be used
in answering irquiries and for personal distribution whers we think it
will be beneficial.

Kembers can obtain additional copies from us up to 25 free
of charge and copies in cuantity at our cost of 10¢ each, as long as
our limited supply lasts.

Very truly yours,
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Dilatometric and X-Ray Data for Lead Compounds, |

by J. F. ARGYLE and F. A. HUMMAEL
Coflege of Minerel Induatrion, The Ponnayivania State University, University Pork, Peaneyivania

Linesr thermal data are pr d for
lead silicate, lead phosptnte. 12ad borosilicate,
and lead silicoph ds. X-ray

powder dats for the wmpound: are givew, o~4
Frevious phase equilibria and X-ray data are
discussed briefly.

L Introductien
15 influctce of kead oxide «m the thermal-exjuwasion char-
acteristics of glaswes. glazes, and enamels has been ex-
tensively investiceted  and wmany dara are available
Fre many types of lead plus<es «ne already Lnows the ex
pansin chuaractenstics of can easily predict what changes in
expansion will occur by raising or fowenng the kead content
In amtrast, veny few thermalexpunsion data are aval
able for crystalline kad eomjrands  The shjcctive of this
sories of aafers is to jeinide new exjunson and X-ray data
«a synthetic lead ompraunds It is anticijated that these
data will be uscful in ca<es where a cry~talline lead-cuntaining
ceramic is prejared hy nucleatioa and devitesfication of high
fead glasses or by sintering ¢ reaction of crystalline com-
pounds.
. Ldercture
(1) Leod Siicates
Celict, Creamer, and Bunting! comfirmed the existence of
three Jead silicate ommpeunds in 184 and McMurdie and
Bunting! later studicd theie X rav potterns.  Other wirkers,
m particular Krakaw and Valhrameev,! have postelated
compaunds of the cvmpenitin SPLO Sy and 3PHO- 2860y,
the latter cxrespoading to the natural minerad barywlite

{2) Leod Phosphotes

1n 1912 Kroll* fiund five onja-unds in the binary system
PO P in the fance U o 40 mole 0 Pas Later, Andres
and Fischer® dexcribed 8 metupbrnphate und Schuls® studicd 8
tetrapbosphate (1 2POY

(3) Leod Boroslicate

Ceeller und Dunting® worked cut phase relations in the ayv»
tem PHO-BO4-84); and repreted the existence of & oom
pound SPHO-BOy- S0y 1t was aid to melt incoagruently

at 331°C. o form 2PbO-SKY and liquid.  Moore and Eitet*
classified the ternary compound as an apatite aiter X-ay
cxaminatioa.

(4) Leod STicophosphutes
Paets: and Dietzel® exphued the ternary system and re-
purteG SPUO-§/4),- S0y as a distinct compound. A second

Recoived [roember 9, JWA, revieed cvpy fvrived Maren 17,
1w, Comtribution Noo # 26, Callege of Mineral Industries,
The Peanss lvania State Universaty .

The wrters wre, tespectively, Lead Indnstrics Asscistion
felkm and pndeser, Department of Ceramic Technalogy, Cal
tege «of Mineral tudustrics, The Feonsyivania State Usicorsity.
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phase, 16PbO-P/Oy- 2Si0,, was reported, but there is some
doult about its existence.
Broge' patented refractory compositions in the

svstem  with  the empirical formalas (PLO)r4 o (Si02)e- -
(P)),. where the ratio of y to x is 0.35 to 0.70. In this
range he cliims three compounds, SPUO-3Si04- 2Py,
IPH0- 250y PyOv.  and  111V0-3Si0;-3PCs. ARl these
compounds are claimed to have very high melting points,
the 5:3:2 comjwosition no¢ melting at 1700°C., the 3:2:1 not
melting at 1300°C., and the 11:8:3 not melting at 1400°C.
It is likely that these are empdrical formulas rather thaa true
compounds in the usual chemical scuse.

fil. Experimental Procedures

Compositions were made frem ¢ p. kad carbonate, silicic
acid, lrgic acid, and diummemium hydrogen pho<phate
After weighing, the batches were hand mixed in a gluss mortar
with acctene for 13 to 20 minutes and allowed o air-dry over-
nightt The batches wrre then heated yently in s Globar
furnace to aftow such components as diammonium hydroyes
phosphate and bore acid w cunvert to the required oxide.
The initial cakining termperatures were Lept Jow enugh
CUO*C. for § heaurs) ta expel HO, NH,. and COy but to pee-
vent the krs of components such as B, or POy

After kow-temperature cakining, the batches were fired
10 temperatures sufficent to cause cumplete or partial re-
action to occur (Tabde 1), The mixtures were cooled, gnaund,
remived, and then fired until cemplete equiibrium was at-
tained, as indicated by X-ray deTraction and petrographic
examination,

After the final calcnation, the hatches were ground,
mixed with a Carbowax solutem, and forced through a
20 mesh sieve, after which they were pressed ‘nto 10- by
1. by 1cm. bars at 100 1L per sq. in.  The specimens were

fired slowly to & point below the temperature of liquid forma- .

tin foe the particular compund and held until the bar was
sintered to a relatively dense conditioe.  Heat-Ureatments are
shown in Table 1.

The crystal size of each compamund remained a0 small after
caldination and final firing that the microscupe was used only
to determine that the phases were homogenewus.  The growth
of larger crystals suitable fre determination of opticud peop-
ertics would require the use of tempxraturcs above the fusim

® B C Broge, “Lead Silicnphphate Compemitions and Prre-
eves e Preparing Them,” U S Pat Na. 2,703,500, Sepe. 1R,
195G, Ceram. Abstr , 1987, January. p 22

point of the congruendy melting compounds. It was found
that volatilization of constituents was not a scrious

wien calcniag and firing was done 25°C. or more below the
fusion temperatures. Above the fusion temperatures, it
was found that vaporization was appeciable, especially in the
phosphates.  Hallee and Cook?’ have recendy jrovided quas-
titative data va the volatility of Jead silicate melts.

Thermalexpansion runs were made in & fused silica ver-
tical dilatoneter, using & heating rate of 120°C. per howt
The expansions were ed by dial gauges which were
accurate 10 Y in. At least two runs were made on each
specimen.

X-ray diffraction patterns were obtained on a Nurelco
diffractometer using CuKa radiation. The specimens were
ground to pass a 200-mesh sieve and packed into sample
holders in such a way as to minimize the ~oasibility of any
preferred anientation of the crystal aggiegate.  The samplee
were run between 10° and $0° 2 at 1° 2 per mimute.
While the samples were being run, a scale factor of 4, a mul-
tiplicr of 1, 2nd a time cunstant of 4 were used, the strongest
peak of the paticrn being brought completely onto the record-
ing chart by placing thin mickel foils in froat of the counter
tube when peak intensitics required it

V. Experimental Results and Discussion

(1 Leod STicutes

The existence of the three compounds PbO-S0;, 2PLC- -
$i0,. and 4PLO- S0y was verified, the data agreeing with that
of Geller, Creamcer, and Nunting.!  Attempls were made to
synthesize the two previoudy suggested compounds 3PH0O- -
Si); and 30250, by the usual solid-state methods and
sl by devitrification of a glass in the case of SPLO- 280y,
All the attemjis failed, the X.ray difftuction patlerns yield-
ing a mixture of 41'1Q - 50, and 2PHO - S10y in the case of the
3: 1 compenition and 2900 - Si0, and PLO- SOy in the case of
the 3:2 ompunitio.  These data show that these two com-
pounds peobably do not exist in the binary system PbO-SiOy
under normal conditions of temperatuse and pressure.

The expmnsion curves (Fig. 1) are continuous ia the cases
of 140 800y and 2P0O- 8y, but the 4P1O- S¢0; curve showy
a discontinuity duc ta the reversible inversion of y-4PL0--
SiOy to 841050y Acaxding to Celler, Creamer, and

VR L. Hallse and R. L. Cork, “Volatility Studies of Lead
Silicute Melta,” J. Am Ceram Sac , 41 {91 331-36 (1958).

.
h)
Scptember 1960 Dilstometric and X-Ray Data for Lead Compounds, I 453",
Table . Componition and Cakining and Firing Tr ts for Lead Compound A
Weieht per crot _ Calcinetlona Piring of bare
- Tem Time Temp. Time
Crmpmitien PO RN LY ry °C (e} *C. (ne.) @
PH0O-Si0y 78.81 21.19 50 4 It (-]
2PHO S0y 88 14 11.868 725 24 725 (]
$PLO - Si0y 93.71 6.2v 00 38 7 [
R 61.12 33.R8 350 12 350 (3
3PL0- 2P0y V0.22 9.7 40 u 0 ¢
2P0 P, 5.89 2411 800 4 800 [ ]
5Pb0- 2P0 .72 0.8 900 24 6
3PLO- POy 82.50 17.50 250 24 *0 L4
1PH0 - POy 86 30 13.70 200 24 500 [}
EPHYO-PO, @215 7.83 800 4 [ ]
SPUO- Py - Sy 84.67 4.58 10.77 0 24 o0 [ ]
SPLO - By Si0y 0.5 5.5 4.8 500 p{} 500 []
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Bunting' a reverible @ to a nversion occurs at (20°C
[his inverden cannot be casly demonstrated by thermal
expansion methods <nce the inversion temperuture is enlv
4*C. hckow the incongruent melting point of 4160 - S0y

Althemgh the X ray diffraction data (Table 11} agree s
sonably well with that of McMurdie and Bunting.? certain
minoe variations are appatent, esje 1My with regard to &
spacings. A significant variation oocurs in the case of 41PH0)-
§i0y, where the relative intensatics +f (e twa strongest lines
are reversed.

(2} Lead Phosphates

The existence of the five comjumuads claimed by Kroll!
and the two claimed by Andress and Fischer® and Schulst
was verified. Thus, in the binary system PbO-P0, there
exist seven compounds, namely, 1:1. 3:2, 2:1, 5:2, 3:1,
4:1,and 8:1.

Sume difficulty was encountered in prepaning these com
pounds and obtaining reliable X-ray diffraction patterns
Although the starting materials reacted readily, complete
equilibeium was not always attained, mixed phases being com-
mon.  This difficulty was circumveated by pressing peliets
1 cm. in diaineter and appeoximately 1 cm. Jong under & pres-
sune of 1000 1. per sq. in. Specimens were ground and ce-

Dilatometrsc and X-Ruay Duta for Lead Compounds, { 158

wixed after initial calcinution wnd partiuf reaction and thea
pressed into peliets The pelkts were fired to temperatures
where eomplete reaction occurred, as determined by checking
with Xoruy methods until the patterns alitained gave no
further change on prolonged heating

The thermal expansion curves are shown in Fig, 2 for
cach compound except the $:1. 1t was impossible 10 fire &
pressed bar of this connpound for thetmal expansion uirposes,
since the large volume change o passing thrasgh the inversion
at 2H6°C. always shuttered the bas to . powder.  Kpoll®
showed that the 4:1 and 3:1 compuounds had reversible in.
versions at 2wi® and 177°C, respectively.  These data were
confirmed in these experiments, but the thermal behaviae
<hown in Fig. 2 also indicates inversions or discontinuitics in
the 3:2 und 8. I comngeunds.

Duferential thermal unalysis data va these two cotnpounds
shawed no peaks covresponding to the discuntinnitics in the
thermal-expansion curves. | h as great care was taken
to assure comprund comprsitions of exact stoichiometrie
ratio and tn aveid mixtures of phases and vonequilibrium
conditions, there is at present no explanation for these anom-
alies.

The X+ay diffruction data {or the scven cempounds are
given in Tahle 111, The patterns of the 1:1. 3:1, 5-2, and

Toble B X-Ray Diffraction Data for lecd Phosphates

diawd 2.0 Py 1 dlan) 1t
PO POy

& 8 z.9% 37 1.5% 3

[~ 33 29 is 1845 O

23 o8 2w 12 181 12
8.61 K 278 16 1.7 7
s.01 8 292 3 1.737 17
507 25 20 18 \ o 10
4.850 9 267 0 1670 2
4.72 2 RS b1s 1 &1t ]
418 10 2.5 b t R 1
4.35 1w 249 n 1.519 s
390 o -4 16 1.380 v
382 37 2H 13 1447 [
3.7 A 2 3 L4 4
35 5% 28 8 134 4
341 a2 218 18 t 3w s
3.3% H 213 k] 1 X4 5
32 ] 200 2 [ &
324 8 24 3 1 65 [ ]
322 s 1 v b- 1242 [}
3m k) e 14

IPHO 2O,

7.5 9 2% w 1. *
¢ 61 L 100 19 157 18
55 4 267 » 1o n
8.0% 29 28 4 1.69 10
[ X, B 20 n |.670 1“4
4.72 » M 4 1.80 3
4.5 17 ) k4| [ K] 4
3.8 3 2 18 1.6i6 3
b B n 22 10 1 ong ]
am a3 2 e 1 542 [
382 100 218 3 1.817 s
14 k) 213 38 (.49 10
I 3 108 2t 1.3 3
In M 208 12 1.3  }
I 100 20 It 146 [}
308 2 1 oG 13 .32 4
2.m 2 1.8 3 | 1) 4
.7 20 1 e u

(Tadle 111 concluded on Jolloxing page)
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t:1 compounds were very cemplicated, containimg a large
aumber of pecaks. In gunceal, the compounds with & higher
fead content gave somewhat sinipler patteras, but this was
not due salely ta the increasing absorption of X rays as the
fead content increased, as shown by the fact that the 2:1
ard 3:1 compounds bad a simpler pattera than the 4:1
compound.

It is obvious that there was one extremely strong fe-
flection for the 3:1 compound and in the data given in Table
I11 it secms that alf other peaks were of relatively fow intensity.
To bring the 2.25-a u. line comphtely onto the strip chart, &
time constant of 16 and several nickel foils had to be used.
If the standard conditions previously described were used
(scale factor of 4, multiplicr of 1, and time constant of 4),
the secund strongest 3 12-a.u. peak would have an intensity
of 53 sgainst 410 lor the 2.25-a u. line.

(3) Leod Sicophosphate ond Lead Boroulicate

The thermal-expansion ichavioe and X-ray diffraction data
fue the 5:1: 1 compounds are shown in Fig. 3 and Talle IV,
respectively.  The thermal expansion of the buomsilicate
is considerably Jess ths - that of the silicophosphate over the
same temperature range.

v. § y and Conclusi

(1) Aggregate thermalexpansion data on fead silicate,
kead phesphate, Jead beuvssilicate, and kad sdicophosphate
cempounds show that the fer cent expansious range from
about 06 to abrut 1.4 in tbe interval frien rone tempera-
ture to 700°C.

(2) The existence of several kead compounds has Lees
substantiated and X-ray diffraction data which can he used
{ue their identification have teen pronided.
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Table [V. X-Roy Diffraction Data for Lecd Sificophasghcte ond Leod Borasilicate

lan)y 1ty ‘aud RO diand ik
SPYO- ByOw- ey
[ X1] 4 In 17 2m 10
LX) 4 E L] ) 2 15
a8 5 29 i 1 v 13
428 4 2 4 L FRLT ] 13
42 a9 1 . 103 13
4.00 a 2. 100 1N ¢
3 &7 4 27 0 1 N4 23
37 4 28 7 17w 13
35 14 237 3 186 4
3 4 1R ] 1.8 <
I 39 224 4 1498 []
L -] L] 22 e 1 4% 3
318 7 244 10 t 3. 2
APLO - PO, - SOy
4% 4 224 4 108 b
42 b2 ] 218 [ 1 0 3
4.00 2 212 5 1 a0 10
366 L] 204 18 1.53 [ ]
L 2 1 =i 1" tye, 4
32 27 1 948 17 131 )
1% 100 1 e 12 t oy .
bR k) 1889 109 3
L a7 [ G
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