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RESEARCH PAPER.

Tot Kembers of the lsad
Incustries Association, Inc.s

Wo are attaching s reprint froa the Journal of ths American

Ceramic Soclety entitled, "Dilatcmetric and X-Ray Data for Lead
Caopounds, II",

As you can seo, this is the nsocond in a series of papers on
thermal -expansica properties of crystalline lsad ¢apounds. One
of the eauthore of this paper is the LIA—Expanded Research Project
fellow at The Pennsylvania State University, working under a
ceraric ressarch grant. The other author is his faculty supervisor
and Chairmen of the Dept. of Ceramis Technology.

Printing of this papar in the Ceramic Society Journal has, of
courss, given it wide distribution throughout the ceranic industry,
and we have purchased only a linited mmber of reprints for dis-
tribution whero we think it will os beneficial,

Kecbers can obtain additional coples from us—-up to 25 free

of cherge--and larger quantities at our cost of 104 each as long
as the supply lasts,

Very truly yours,
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Jerams F, Smith
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Dilatometric and X-Ray Data for Lead Compounds, |i 3
} by J. F. ARGYLE snd F. A. HUMMEL 3
- Caloge of Minerol Indyatrieg, The Poarayhvania Stete Univensity, Univenity Fark, Penaryivanie 3
1 3
1 ongruent mclting for PO, 2t 163°C wnd for PO, 3

Linear thermal-erpansion dets are presented for
PbALO, Pb.GeO. PbMoO, POWO,, the perov-
skite-type structures POMgWO,, Pb.FeTaO,,
and Pb.Fe, WO, and the apatite-type structures
PbuSiON VO, Pb.GeO,1VO,1, snd Pdw
1G¢0,)1PO,),. X-ray powder data are given, and
the behevior of the compournds is correlated with
peevious information from the literature.
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L Invroduction

1 was pointed out in Part Tof this woe! that auee data on
l the thermal expunsen Ichaviw of arotatline bead wom-

trunds are peoesary to pecdict betler their behavior in
omplex cerami syalems orumps e of crystal mixtures or glass.
erystal agorepates

Data fx ten aangasinds are [weented in thia pajer, three
of which have the jenvshile tyje strscture, three the ajatite-
tape structure, and twe the scheclite Uy for structure.

. Lherature

(1) Perovikire-Type Compovads

Senclenkil, Agramwslava, and Tajpea? climed that
1 P MW (211400 M- Wik), PnFeTaA) (31740 Fedhye o
Tadh), sod 11aFe WO, (U Fedd,- Wik all had 3 penov-
slite 1y structure.

{2) Apotite-Type Compovads

Mecker xnd Wondratucheh® shaned that P (S€OMVK),
(RIS 0 VAR, PIN(GeO0VO), (10 Ce)y- VL), und
Pl (GO0, (110Gt 140 all had sn apatite like

vructure. They gave the @ wnd ¢ parameters, ¢ g tulion,
- and cvngruent melling points as {ollows
Comgrmemt
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(3) Leod Molybdate ond Leod Tungaiote

Jaeger and Germst uasd beating curves and thermsalaratvais
to detennine melting poants, inversions, and hquidus cueves
i the svatems IO WO, and Par Mokl They clained

at NZINC. PYWO, wae rrpeetad 1o undenio a reveruble
ey aphic transition at X3T4C

[4) Lleod Alumiacte cad Leod Germonate

Geller and Hunting® warked in the system 114)-AlL0),
snd suizested the emstence of 3 comprund P10 ALO,
This ocvangeand brraks dows sagadiv at 100 C o form heta
Ahand lhjud  These imvesiators fednted ot that this
tiecakdiw i nay e true e mcruent melting oc it moy be a de-
mpesition aonvkrated at 9700 LIV C by the volatilization
of 'O

Shut s cluimed that 21143 Ced ). melted inan AL4), cruable
[omed 3 homogencns glass ferher and Womndratachek?
showed that 2110 Gt miclted i 4 platinum cruaible rapadly
ervatallize, end sugpeted that the glass ofvained by Schuts®
was pectably stabilized by disedyved Al£); feom the crut k.

Keowsved Mardle 1, 1902, revived e received Auguse 29,
12 Comtnbutr st Noo R 6 ftoam the Codlege of Minera] a-
dustew~, The Iennabvan SMate Uanersty,

The wnters arr, pegactnely, Lead  Ervpamded Reswarch
Program kil and peedesve, [epaitment of Ceramie Teche
medogy, Codbige od Minetal Industines, The Irnovyivania State
University

Y3 F Mgl amd LA Hunoa L “IRLtanctric and X-Ray
1rata for Lead Compraands, 1,7 S, Am Cerum. S, 4 1] 452 -
57 (1)

TGN Saokenslal, A 1 Agrancasava, and VN Lapere,
“New Fernadeetrns of Cranpley Crengemation: 111 Pty MWy,
PnFe, W and PWFeTun,"  Fii Treed e, 1, Wror

ey

* Ludwnig Metker and 1ans Wendratschek, “Comnponsnds of
Apatite Taje Steucture,” Faeludr Minerol | 33, 18 93 (1957),

Y¥ M Jacger and I C Canins, " The Sulphate, Chnate,
Aoy Intate 2wl Tungitate Binary Systemns of Lead,” 2, onorg ».
ailgem Chem , 119, 14% 5 (1021)

*HOF Getlor amf E N Bunting, “Repuat on the Systems
Lead Ovide Mumina and Lead Orwele Numina Sadwe,” S, Kee
srarch Nutl Bur Nawdarde, JU (S 255 00 (10635, KP 104
Ceram Ahste , 23 3] 20 C1BA4)

S Waliran Schuty, “Ine keistallchnnsche Vermandtachaft
awischen Conmanium uud Sdwiam” (Crytal Chanical Relation
Betwerr Cetgnanivin amd Sabic-m), Z physik Chem B3I, 202 8
P P TW AR TR TR LT 1

T Lodwig Merker and Hans ‘Vemlratochek, “Einige Remer.
kungen rum Weiathemblat und germanat uml deren Glasig.
keit” (head Onthemibicute and Cermanate, and Their Glasy
Chatacterd tlastech Beo [ 30 [11) 871 T3 ()UNT)
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Toble L Cakining ond Firing Treatments tor Leod 10
Compownds [ SPY0 GeOy PyOy
3 Frtae r SP0 CeOy Y20y
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fit. Experimental Procedures r
Al compxmitions were made from op chemicah After
weighing. the butches were hand mixed in a glave meortar »nith or
acetone for 15 10 20 minutes, air dried, and thea heated Jowdy
in & Clobar furnace to 30°C and held foe 4 oy to exped F
volatiles.  The Datches were remined, given a “fint cukina.
ton™ foe 2§ hours, cooled, temued, and given & “secuad cala- -02 = P 4 «‘30 . &(;0 L OOLOQ

fnation,” as shown in Table L. .

After the seevnd cukination, the hatches were pround,
mnived with a2 Carlewax wlution, nodulized through a 20
thesh sicve, and peesd inta 10 By 1- by 1om bars 2t 100
I~ The speciinens were fired sbowly to the temperaturey
indicated in Tablke 1 und held fir 6 hours until the bar was
sinteredt to 2 relatively dense oondition.

Note that several vodatile cvides (1700, WO, Vg, PAY)
Moy und Cad ) mete imvubved in the prejaration of thee
companitims. By the uswe of rejeated b temparature
cakining. repeated grinding und miring. and carefufly ¢henen
f.nal <intering temperatutes {of cuch compe sition. it is fghly
grobuble that biws due to volitilization were neghoible

Thennal expanvion runs were tnade in 2 venicsd fused
wuhica dilatmneter, usng a heating rate of 1°C ot bewr
The expansions wite measured by dul zagen which were
acvusate 1o 110009 in At deast two runs were made on
cach qocimen.  Any Aattening of the eyjunsion  sve near
its high temjerature extremity s prolubly due to doforma-
tiom of the sjecimen undet the weight of the fused silica trans-
micsioen tube (alwnt 5% g

X ray difftaction patterns were olstained on a2 Neackn
difftactenneter uning Cu Ka radiaten.  The sjecinens were
ground to juss & X meh deve and padied inte sample
holders in such & way as to mininize the punsibility of any
peeferred orientation of the cryvslal aggregate.  The samples
were tun Intween 10° and 80 20 ut §° s minute, this rate
Being adequate 10 give putterns suituble for qualitztive sden-
Gficution juirpares. The strongest paak of cach futtern was
fully ucenmnesdated on the tevurding chart by plaang thin
nikel foils i front of the ounter 1uhe when jwak intensitics
required it High tonjerature Noray pottorns were ob-
tained with a platinum wound furmace Bxinicd on » Notekn
diffractameter. A finely ground specimen was packed into a
1M depession slide and sintered in place fir scveral hewrs at a
tempmrature ahout 50°C higher than the temperature sub-
sequently tsed to obtain the diffraction pattern This pen-
codure was used 1o prevent any eftect of sintering on the prmi-
tiona or intensities of the X ray reflections at clavated tem-
pratures

IV, Experimental Results and Discussion
(1) Perovikite-Type Structures

The hincar thenmal expansion curves of 21710 Mpo WO,
APHO- Tedty- WO, and 4100 Ted )y Ta 0, are shown in Fig.

Temp (%C)

g 1. Unver hermal 02penacn of pororibive ond 0 potien

. 3P0 -Fed i WO  and 41000 Fed iy Ta Oy huve cuntinuoany
expanuen curves, but 2P0 MO WO, shows a disow-
tinuity, with a murbof negative expansioa heginning at about
FC Smedendit, Agranaandava, and Isupnav? claimed that
210 MO WO, undergoes an antiferroelectne transition
at 39°C, which antsjands 1o the tanperature below whick
thievampmund <hem s 2 mazrked npegative expansion.

The X ray diffractien duta for theve three awnpounds are
shown in Tablke 11 .

(2) Apotte-Type Structures
The linear thermal expansion characteristicy of 5PH0--
G- PO, SPH)- 5105V, wnd SP10-Ge(3y V04 are

Toble M. X-Ray Diffioction Data for Compounds with
Perovikite-Type Structure
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1948 x : :‘l'-'g ;’3’ L2l = e 1. Unesr Surmol eipomion of wherltetype compovands, P3O -
MO, et 2O
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1 te}) 4 Y L] A
@ 169 L] 1 3
1 813 3 LAl \d
) Y S 1N v 1 g L] . . .
1 K1 s T 3 » 1 xxr 2 X-ray diffiaction data weore then oltainal Ietween room
14878 [} tanperature and U Cacshonnin Toble IV, lriemteneting
. 1 : 1 e 3 o note that beth PO, and I'BALL), after relatively rapad
: a‘: ,3 : '.:L, l” : ,:: l; coing to Rum Letijatatufe < piaf ek tengcratuses do
1 a0 1 8w 13 1 89 V2 A give pattems wlhich ugter with the oeginad nean tom-
—_- it —— jerature gutterns (which are ie esscintial agreenent with
ASTM Lata* Lo the twacoanpeambht I hoavver, the spax
et s kel overnit, vy cbee azreeient with the enpinal
pellem i oltained Flee data indicate 8 prdable re-
arrar, ement of the beuvy meta] atams in thew Gangeunds
at hivh tempetatures and a vy pevmouked e jandence
shown io Fig. 1. Afl the curves are cntinuous and the three oa lime in returning 1o the neam tenijarature cenhgitation *
* cumpeunds have almnnt identical tinear thermal exjansions The line splitting edecrvel in PO, at hich tem)eratures
During the final fiing of these har sjacimens it was noted may indicate 2 transition fr.om the tetragnal )hechte strae.
that the edges became slightly munded atove atawt 20°C; ture tnone of bwer symmetey, .
. the fining thorefore was halted at this temperature since good :nf" twa “""l"“""" "‘-““’ the same yace creap as CaWoy
sintening hud already produced 2 suitable eapansion speci- (C¢a = 14 @) aud similar lattier jaramnctersas foflows:
men. Under the optical micnmcupe raly the spatite phase
was olmerved in these specimiens, nuaking it highly likely that - . FinAwe
the rous fing process was due to koss of oxide Camjanents frm CaW), 5242 (")
the 3j<- onea surface,  Dhfferential thermal asalysis rung PNy 5 41 [ty
were made on amall portions of the bar specimens, giving . 5 41 )
melting temperatures of 8TACC (51142 80y VL)), #5°C hwo, :,::“"" 70 :::
(OO Gy PAY), and O°C (HIDO-CeOy- V() each
t fature was 7° to X° ek ! by Merker und . . .
\:.:‘;L“.r:‘:’;ka,‘ 7 to 8% Lekow those peported by Merker Araki* has shown that the I'h kais are asymmetricully sur-
The X ray (iiﬂrudicm data for these compounds are shown rocnded by oxvgens in PLATAh, similar 1o othet Jead com-
in Table 111, _ .
@ {3) Lleod Tuapiote and Lead Molybdote S ASTM Duta Fides.  Aincrican Sowety for Teating and Ma- .
The lincar thermal-expansion curves of PHWO, and tetiais, Philadelphia, I U
PhMl) are shown in Fig. 2. Jacger and Genms® claimed SL G oStién and Anng Lise Nalander, “Onagen Praitions
. . et IR amog in Tungstates and Mol hdates with Sednelite Structee,” ke,
that I'LWO, h..n a reversbile inverion n(..\“ L but l’tr Kemi. Slinceal Gend . 17A (41 § 27 11981},
present expansion curve docs not ahow an inflection wt this " ar Araht, “Cry stal St ture of Walfenite, AL O™
juint and & DT A run showed no heat effect, Nov U Kyota, Ser 828,100 61057 ) G Englishy,
B can -~ > Y " ” - v T Saio o s o s i o s 2l P
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prtmnds, such as the onide, for exampde.  Tutriaducten of dead {4) Leod Germonate and Leod Aluminate
mto the structure not anby expands the Litticr (espaeiially The litewr thermal expansion characted tics of 2114 3o Oy
in the ¢ direetion) bat alv brings about a change in the hcal and 1140 AlL ), are hown in Fig. 2.
) etivignnment of Uie koot don il in e aymmsetey of the The X ruy deffraction data for 2100 GeQ xnd PLO- ALO
structure at high tetugurature rebative Lo o temperuture are shown in Tuble V. The data foe PO AL, are in good
The high temperature dilfraction patterns of - PLWO, agreement with the peevions work of Celler and Runting *
st PN were obtaned by punning at 1 per miinute, and
4l s temperatures the ypetunens nay ot have been fully
equditwated 16 the extent needed for geasd thermal expansicon V. Summary and Conclusions
data The high tempetatuce Xoray data theceflote were tut (1) Appregate theamad expundon duta oa 20MQ- M- Wiy,
uswd for the cakalation of g and ¢ expanvon oxflicents AMO-Fe - Wiy 41700 - FeOp- Ta )y, AFLO- S0, Vi,
ot for comparivn with the linear didatinetne data AP GeOy Vi ST Getn POy, PO WOy, P M),
.
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(1onthanrd writ (duma)

2114 Gy, amad 140 AL, ahoow thut the exyjunsons range
from atesst © 300 17 in the inten al frum foean teinjerature
to g

()X rav diffractim [utterns bave been panided which
can le used to sdmntily the foregiang ommpvunds, and vme
alnrrvatems o the high temparature structural changes in
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1D, and PLWO, have teen made which emphasize the
nerdd o detailed X ray studies of thee csayounds
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