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Co-existence of phases was studied in the CaO and Na,O - rich concen-
tration region of the system by means of X -ray phase analysis. The results
have not proved the existence of two phases described in literature as
CaNa4(P0Oy4); and CaNasP20s,.

INTRODUCTION

The present study is a part of a wider program dealing with the co-existence
of phases in the five-component oxide system CaO—MgO—Na,0—P,05—S8i0,.

Table 1
Melting temperatures of compounds present in the system CaO—Na;O—P,0s
i Abbreviated Character Melting point
Compound | symbol of melting temperature References
l a) : b) °C

NaPO; NP C 627 5,6,9, 14,15
Ca(POs3), CP C c 4,13,14,15
CaNa(POj3); C2NP I 749 15
CaNa,(POs)s CN2P C 738 14,15
N&ngO]o n N5P3 I 620 5, 6, 9
Ca7P5032 C7P5 I d l, 4
Na,P.,0, N2P C 955 5,6,7,8,9
Ca,P,04 c2p C 1355 1,2,3,16
CaNa,P,0, CNP — e 9, 12, 13,16
NazPO, N3P C f 7,8,9,18,19
Ca3(P0O,)2 Cc3Pp C g 1,2,3,10
CaNa,(PO4)2 CN2P C 1750 9,13,16
CasNaz(PO4)s C5NP2 S h 10
CaNaPO, C2NP C 1850 10, 16, 22
CayP20, C4P I 1720 1,2,3
CaNagP20o CN3P C 1800 9,13,16

a) C = CaO, N = Na,0, P = P,0s

b) C — congruent melting, I — incongruent melting, S — phase stable at subsolidus temperatu-
res.

c) Considerable differences in melting temperatures: 965 °C [15], 984 °C[13].

d) The compound exists within the temperature interval of ca 800 °C—900 °C (1], the bottom
existence limit is not specified.

o) Two independent descriptions of the melting of this substance are given: congruent mel-
ting at 1060 °C [12], incongruent melting at 814 °C [9], [13], [16].

f) Two independent data on the melting temperature are given: DTA — 1583 °C {8], [9], hot
stage microscopy — 1512 °C [7]. )

g) Melting temperature is specified by values 1777 °C [2] and 1800 °C [3].

k) The substance is stable at subsolidus temperatures (1000 °C to 1400 °C) [10].
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The three-component system CaO—Na,O—P,05 has so far been studied by
numerous. authors [1—16]. Some of the data given on the substances present
in the system are summarized in Table I. The co-existence of phases is to be
treated within the concentration range of up to 50 mol percent P,0s only.
The proper experimental work is concerned only with the CaO- and MgO-rich
concentration range of the system.

As shown by literary data, the co-existence of phases in the system CaO—
Na,0—P,0; can be illustrated by the diagram in Fig. 1. The binary subsystems
Ca0—P,0s and Na,0—P,0s have already been well investigated [1—9].
Among the ternary compositions of the system CaO—Na,0—DP,0s, Ando and
Matsuno [10] studied the connecting line Cas(P0O4),—CaNaP0O,. Kapralik and
Potanéok [11]found that the CaO—CaNaPO, connecting linerepresents a quasi-
binary system. The connecting line Na,P,0,—Ca,;P,0, was studied by Bergman
and Goryacheva [12] as well as by Berak and Znamierowska [9], [13], the
connecting line NaPO;—Ca(PO3), by Morey [14] and Grenier, Martin and
Durif [15]. Co-existence of phases in the other concentration ranges of the
system CaO—Na,0—P,0s (IFig. 1) follows from the papers by Berak and
Znamierowska [9], [13], [16], who carried out extensive studies of phase equi-
libria over numerous sections through the system within the concentration
region limited by the compounds Na3;PO,—NaPO;—Ca(PO3),—Ca,P.0,—
CH-NEI‘PO4—C£INEI‘6P209 .

Within the framework of their investigations of the system Ca(P03),—Na,0,
Berak and Znamierowska [9], [13] also described two new ternary compounds
CaNa,(P0O,), and CaNagP,0s which are also included in Fig. 1.

EXPERIMENTAL

The samples were prepared by evaporating the solutions obtained by mixing
together aqueous solutions of Ca(NOs),, NaNO3z and NH,H,PO,. The standard
solutions were mixed in proportions by volume so as to ensure the required
chemical composition of the sample.

The following reagents were employed in the preparation of the solutions:
CaCO; A.R., ignited at 450 °C,

NaNO;s; A.R., ignited at 250 °C,

NH,H,PO, A.R., dried at 100 °C

HNO; A.R.

The solutions were evaporated to dry residues. The intermediate product
obtained was heated at 600 °C in order to eliminate volatile components and
to decompose the nitrates present. The final heating was effected in air at
temperaturs listed in Table II.

The crystalline phases arising in the samples were identified by means of
powder diffraction patterns provided by the Philips 1540 diffractometer
employing CuKea radiation. The lattice constants were refined by the least
squares method using the Lindquist and Wengelin program [17].

RESULTS AND DISCUSSION

The samples investigated and the results of phase analyses together with the
respective temperature regimes are specified in Table II. The chemical compo-
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sition of samples was selected so as to maintain the simple molar ratios of the
oxides in question. The chemical composition of each sample is expressed by
means of the corresponding figurative point in the three-component system
Ca0O—Na,0—P,0s. Abbreviated symbols designating the respective com-
pounds are employed in Table II.

Table 11

Phase analysis results for the system CaO—Na,0—P,0s

Sample il Temperature ‘ Identified
iy connecting . .
Sample composition i regime crystalline
ine o
a) [°C/hr) phases
b) |
1 C2N3P2 C2NP-N2P 800/5 N2P, B C2NP
2 C2N9P5 C2NP-4N2P, 600/5 N2P, BC2NP
3 CN12P4 4N3P-C 1000/3 «-N3P, C
4 CN6P2 2N3P-C 1000/3 «-N3P, C
5 CN3P N3P-C 1000/3 «-N3P, C
6 C4N3P N3P-4 C 1000/3 C;, «N3P
7 CN2P C3P-2 N3P 700/4 o-N3P, 3-C2NP
8 C2NP 2C3P-N3P 700/4 3-C2NP
9 CO6NP C2NP-4 C 700/4 C, fC2NP
10 C6NP2 C5NP2-C 1050/2 C5NP2, C
11 CO6NP2 C4P-C2NP 700/4 C4P*, BC2NP

a) The same form of abbreviated designation is used as in Table 1 and Iig. 1. The sample compo-
sition is specified by figurative points in the C-N-P system rolated to molar proportions of
the components.

b) The concentrations of samples are ‘visualized’ by specifying the connecting line.which has
been proved stable. The ratio of the end terms of this connecting line characterizes a sample
of chemical composition identical with the corresponding figurative point (column II of the
Table).

*) The symbol C4P represents hydroxyl apatite in this casc.-

Various ignition temperatures were selected which ensured complete reacting
of the components. The extent of solid solutions was not followed.

The results of the present study with respect to co-existence of phases in the
sub-solidus region of the system CaO—Na,O—P,0s indicate to certain changes
which are included in the revided diagram in Fig. 2.

In the concentration range of the system between the meta- and pyrophos-
phate connecting lines two connecting lines were formally supplemented,
namely that for CaNa,P,0,—Ca;Ps0;, (CNP—C7P5) and that for CaNa,P,0,—
CaNa(PO:); (CNP—C2NP3). The co-existence of none of the two couples of
phases was proved; however , it follows from the phase co-existence known so
far. The connecting line CaNa,P,0;—Ca;P;503, is obviously significant only at
those temperatures where the Ca,Ps03, compound is stable.

Hill, Faust and Reynolds [4] reported that this compound exists within the
temperature range of 915 °C to 980 °C only. Kreidler and Hummel [1] found
this compound to be stable even at 800 °C, i.e. that its stability is not ruled
out even at temperatures lower than 800 °C.

The connecting line CaNa,P,0,—CaNa(PO3)sis based on a study by Grenier,
Martin and Durif [15] who described the compound CaNa(POj); following
a new evaluation of the NaPO;—Ca(PO:), phase diagram.
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The main difference between Tigs. 1 and 2 is that the latter does not include
compounds CaNagP,00 and CaNa,(PO,), described by Berak and Znamierowska

N

c GPGP GP GR CP P
IMig. 1. Co-existence of phases in the system CaO—-Na,O-P,0s (on the basis of literary data);
*) The compounds present in the system are designated by abbreviated symbols (C = CaO,
N = NaZO, P = PzOs, CzNP = 2Ca0 . Na;O . PzOs = 20&N&P04, etc.).

N

prd d

c GP GP GP R CP ' P

Iig. 2. Revised co-existence of phases in the system CaO-Na20-P,0s;
*) Co-existence of phases marked by dashed connecting lines was not established exprimen-
tally.
**) Phases C5NP2 co-exist when C5NP2 has its existence region [10] and when hydroxyl
apatite 1s not stable [1], [20].
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Co-Eaistence of Phases in the System, CaO— Na,0—P105

[9], [13], [16]. For the compound CaNa¢P,0o, Berak and Znamierowska [13]
even specify its indexed powder diffraction record, according to which the
substance crystallized in the hexagonal system and has lattice constants
a=12.064,c=1885A. '

According to the present study the samples corresponding to the compounds
considered by their compositions lie in the two-component regions. The sample
having chemical composition CaNasP,04 consists of CaO and «-Naz;PO,4. Both
these phases are cubic with a face-centered unit cell and their mixture
exhibits a relatively simple diffraction record. The error in the identification of
this powder diffraction record by Berak and Znamierowska [13] is probably
due to the fact that at the time of their work the diffraction data of o-Na;PO,
were not yet known.

This NazPO, modification was described by Palazzi and Rézy [18] who
designated it as y-NazPO,4, as well as by Majling [19]. Table ILI brings the
so-far most complete list of its diffraction lines.

Table 111

List of o-NazPQy, diffraction lines (o = 7.419 (1) A)

dni (exp.) dnxa (cale) | . dny1 (exp.) | dnx (cale)
hkl [A] [A] 1|1, I hkl [A] [A] | 1[I,
|

111 4.2100 4.2837 50 | 620 1.1740 1.1731 4
200 3.7200 3.7097 15 533 1.1320 1.1315 <1
220 2.6300 2.6232 100 444 1.0710 1.0709 1
222 2.1440 2.1418 b5 551 1.0390 1.0389 <1
400 1.8550 1.8458 22 624 0.9917 0.9915 1
422 1.5150 1.5145 17 731 0.9663 0.96569 <1
333 1.4290 1.4279 3 660 0.8750 0.8743 <1
440 1.3120 1.3116 b5 840 0.8295 0.8294 <1
531 1.2540 1.2541 2

*) The powder diffraction record was taken using silicon as internal standard at a goniometer
scanning rate of 1/4 ° 2 ®/min. The NazPO, sample was heated for 5 hours at 800 °C. The phase
stabilization was effected by adding 1 9% by wt. of CaO. The intensities were measured by
counting the pulses.

The authors of the present study have determined the lattice constants of
the two phases comprising the sample having the chemical composition
CaNasP,0, and obtained the following values: a; = 4.8107(5) A, a, =
= 7.401(3) A. These values represent the lattice constants of CaO and
o-NaaPO,4 respectively. NazPO, was found in all the samples analyzed in its
high-temperature modification oo which means that the presence of Ca2* ions
has a stabilizing effect on this modification. The powder diffraction record
presented by Corbridge and Tromans [21] represents the same Na;PO4 modi-
fication.

Another sample corresponding by its chemical composition to CaNas(POa)2
was likewise found to comprise two phases, namely p-CaNaPO, and «-NasPO,.

Fig. 2 includes still another change as compared with Fig. 1, i.e. that in
place of the connecting line CaNa,;P,0;—NazPO, (CNP—N3P) given in Fig. 1,
connecting line CaNaPOs—Na,P,0, (C2NP—N2P) is given as a stable one
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in Fig. 2. The co-existence of phases CaNaPO, and Na,P,0, was established
according to phase analysis of samples 1 and 2 (Table 1I).

The co-existence of phases within the concentration region of the system
delimited by the compounds CaO—Caz(P0,),—CaNaPO, has not so far been
investigated. One of the boundary systems, Cas(PO4),—CaNaPO, was studied
in detail by Ando and Matsuno [10]. Extensive formation of solid solutions
between « and o-Caz(P04), and e-CaNaPO, takes ploce in the sub-solidus region
of this system. Above 1000 °C there is the existence region of a solid solution
to which the composition CasNa,(PO4) has been ascribed and which has been
designated as phase A by the above authors. Its indexed diffraction recording
indicates that the structure of this phase may be regarded as a superstructure
derived from «-CaNaPO,.

When a sample of the figurative point C6NP2 (Table II), situated at the point
of intersection of connecting lines CaNaPO,—Ca,P,0o (C2NP—C4P) and
CasNa,(PO4)s—CaO (C5NP2—C) had been ignited in vacuo (p = 10-3 torr)
at 1050 °C, the reaction product comprised (a0 and a phase which has been
identified as phase A [10].

The co-existence of phases implied in Ifig. 2 is related to conditions where
hydroxyl apatite is not stable [1], [20]. In such cases CaO will co-exist with
the corresponding solid solution on the connecting line Cas(P0O4)2—CaNaPO,
within this concentration region of the system. When the C6NP2 had been
annealed inairthe reaction product contained hydroxyl apatite and p-CaNaPOs,.
Several unidentified low-intensity diffraction lines were present in the diffrac-
tion record of this sample.

The ignition temperatures had to be increased in order to ensure that the
reactions would yield the required phases. The powder diffraction records from
this concentration region of the system could therefore not be reliably identi-
fied owing to the similarities of the structures and the resulting extensive
formation of solid solutions.

CONCLUSION

The paper deals with the co-existence of phases in the system CaO—Na,0—
P05 on the basis of results obtained so far in the studies of phase equilibria
and phase co-existence in the system, as well as on the basis of experimental
results obtained by the authors within the framework of the present study.

The conclusions of the present study are in disagreement with study [9]
according to which the system includes two ternary compounds, namely
CaNagP,00 and CaNay(PO,),. Both these compounds have been identified as
mixtures of two phases.
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KOEXISTENCIA IrAZ V SUSTAVE CaO—Na,0—P,Ps

Jan Majling, Ivan Kaprilik, Dusan Miklo$

Ustav anorganickej chémie SAT, Bratislava

Predlozend prdca sumarizuje doteraj$ie povnatky o koexistencii faz a fazovych rovno-
vihach v stistave CaO—Na,0—P,05 v jej konecentraénej oblasti s obsahom P,0s < 50 mo-
lovych %. Prdca tiez zahriiuje vlastné studium koexistencie faz v niektorych zvolenych
a spornych rezoch stistavou (Tab. LI) pri subsolidusovych teplotdch.

Vysledkom préce je diagram na obr. 2, ktory zahriiuje koexistenciu {4z véetné vlastného
stadia a je konfrontovany s diagramom koexistencic faz podla doterajsich literdrnych
poznatkov (obr. 1).

Zmeny v koexistencii fdz vyplyvaji hlavne zo skutoénosti, %e v tejto préci, na zdklade
difralkéne) analyzy praskovych vroriek, sa nepotvrdila existencia dvoch terndrnych
zli¢enin doteraz v literatiire uvddzanych ako CaNa,(POs); a CaNasP20s. Vzorky odpove-
dajicich stechiometrii boli identifikované ako zmesi dvoch féz a to 3-CaNaPOs a o-Na;POs
v prvom pripade a CaO a «-Na;PO, v druhom pripade. Praskovy difrakény zdznam
«-NazPO4 je uvedeny.

K priprave vzoriek sa pouzili zricdené vodné roztoky (Ca(NOs),, NaNOs a NH H.PO).
Vysledné roztoky, ktoré zabezpcedovali poZzadované koncentrdacie vzoriek sa odparovali
do suchych zvyskov. Medzi produkty sa zahrievali pri 600 °C a neskorsie pri pecifikova-
nych teplotdch.

Obr. 1. Koextstencia faz v sustave CaO-~Na,0-P,0s (na zdklade literdrnych udajov);

*) zludeniny pritomné v sustave st oznadené skratenymi symbolmi (C=Ca0O, N =Na.0,
P =DP,0;s, C2NP =2Ca0 . Na,0 . P;0s =2CaNaOP, « pod).
Obr. 2. Revidovand koexistencia faz v sustave CaO-Na,0-P20s;

*) koexistencia faz zndzornend Giarkovanymi spojnicamt nebola exprimentdlne wréovand,
**) fazy CsNP, a C koexistuji za podmienolk, kedy mda oblast existencie CsNT2 [10] ¢ nie
je stabilng hydroxylapatit {1], [20].
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COCYHIECTBOBARME A3 B CHCTEME CaO—Na,0—P,0s

fha Maitmsur, IBan Kanpamnnk, Hyman Murmour

Hucmumym neopaanunecroti xumuuw CAH, Bpamuc.iaca

B npepgaraemoii pabore cyMMIPYIOTCS IO CHX IIOp HOJIYUYEHHEIE JAHHLIC O COCYHICCTBO-
BaHIM (a3 11 0 (asoBbix pasHoBechsax B ciicreMe CaO—Na,0—P,0s B obuacTi ee KOHICH~
Tpamn ¢ cogepxanueM P20s < 50 MousipHLIX NpoIeHTOB. B pafoTy BRIIOUCHO TaKMC caMo
PaccMOTPEHIIe COCYIIECTBOBHII (a3 B HCKOTOPLIX 1130 PaNMHLIX I CIOPHLIX CCUCHIIX CIICTEMOM’
(tab. 2) mpm TeMIlepaTypax HIDKe COIILyca.

PesyubraToM paboTLl ABJIsIeTCST larpaMMa Ha DHC. 2, BKJIOYAIOINIAsi COCYIICCTBOBAHIIC
(a3 1 IoJNyyeHHAsT HA OCHOBEe COOCTBEHIIOro m3yueuusi. IJama pmarpamMma CoOIOCTaBIISICTCSI
¢ JnarpaMMoii cocyniecTBOBaHIA (pad corVIACHO NOCYMHLIM JaHHBIM IO iutepatype (pic. 1).

HamernreHus cocymecTBoBanNsI (pa3 BLITCKAIOT IPexie Bcero 13 (paxTa, YTO B 3TOil padore,
Ha OcHOBe AM(PPAKIMOHHOI'O aHaJl3a IOPOMKO0OpPasHEIX 00pa3moB, He IOATBEPAIIOCH
CYINECTBOBAHNE JIBYX TEPHADHLIX COEJUIHEHIH, IIPIBOAIMEIX IO CIX II0p B JIITEpaType Kak
CaNas(P04)2 1 CaNasP20s. O6pasinl COOTBETCTBYIONIIIX CTEXHOMETPIil OB yCTAHOBIICHLI
raKk cMmecu ABYX (ha3, a umcHHO B—CaNaPOs nm o—NasPO4 B nepsom cayuae, 1 CaO n
a—NasPO, Bo BrOpoM cayuac. IlopmroBas mudpaxipgionHast 3amnch o«—NazPO, upi-
BOJINTCH.

Jlast noaryuenmst o0paswmon npiMesisiieh pasdasieisie Bogusle pactBophl Ca(NOs),,
NaNO; u NH4II,PO,. IIoayucHHbe B KOHEUHOM IITOre pacTBOPLI, obccieuBasmie Tpedye-
MEIC ROHIIEHTPANI 00pa31oB, YIapUBaJHNCE IO CYXIIX OCTATROB. I1pOMEKYTOUHEIE MPOAYKTH
HarpesaJich npi 600 °C i 1o33e 1P YTOUHEHHBIX TCMIIepaTypax.

Puc. 1. Cocywgecmeosarue paz ¢ cucmese CaO—Na0—P,0s (na ocnose auneiinna dannvz);
*) coeduienus, NPUCYMCMBYIoWUE 6 cUCmete, 0003HAUEHBL COEPAUIEHHBIMU CUMEOAAMU
(C=Ca0, N = Na0, P =P;0s, C;NP =2Ca0.Na;0.P,0s =22CaNaPO,4 u m. n.).

Puc. 2. Hepecsompernoe cocyuecmeosarie ¢az ¢ cucmese CaO—Na,O—P,0s; *) cocy-
wecmeogarue fas, U06PANCCHILOE UINDUOCANNBIMU  COCOUNRANOUIUMU, INCNEPUMEH-
maavko e onpedeadaocw, **) dasvt CsNP2 11 C cocyugecmeyrom npu yeaosuu Haauvus
obaacmu  cocywyecmeosanua CsNPy [10] w necmabuavnocmu 2udporcuaanamuma

[1], [20].
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