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Co-existence oj phases was stiidied in the CaO and Na20 - rich concen­
tration region oj the system by means oj X-ray phase analysis. The resU,/ts 
have not proved the existence oj two phases described in literatU,re as 
CaNa.(P04), ancl CaNaoP209. 

INTRODUCTION 

The present study is a part of a wider program dealing with the co-existence 
ofphases in the five-component oxide system CaO-MgO-Na20-P205-Si02. 

Table I 

Melting temperatures of compounds present in the system CaO-Na2O-P2O, 

I. ' 
Abbreviated Character Melting point 

Compound symbol of melting temperature References 
a) b) oc 

NaPO3 NP C 627 5, 6, 9, 14,15 
Ca(PO3), CP C C 4, 13, 14, 15 
CaNa(PO3)J C2NP I 749 15 
CaNa4(PO3)o CN2P C 738 14, 15 
Na,P,O 10 N5P3 I 620 5,6,9 
Ca7P,O,2 C7P5 I d l, 4 
Na.P2O1 N2P C 955 5, 6, 7, 8, 9 
Ca2P2O1 C2P C 1355 1, 2, 3, 16 
CaNa2P2O1 CNP - e 9, 12, 13,16 
Na3PO• N3P C f 7,8,9, 18, 19 
Ca3(PO4), C3P C g l, 2, 3, 10 
CaNa4(PO4), CN2P C 1750 9, 13, 16 
Ca5Na2(PO•l• C5NP2 s h 10 
CaNaPO4 C2NP C 1850 10, 16, 22 
Ca.P2O9 C4P I 1720 1, 2, 3 
CaNa6P2O9 CN3P C 1800 9, 13, 16 

a) C .= CaO, N = Na2O, P = P2Os
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 [l], the bcittom

existence limit is not specified.
e) 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 tlu'ee-component system CaO-Na2O-P2O5 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 Tahle I. The co-existence of phases is to be 
treated within the concentration range of up to 50 mol percent P2O5 only. 
The proper experimental work is concerned only with the CaO- and I\1gO-rich 
concentration range of the system. 

As shown by literary data, the co-existence of phases in the system CaO­
N a2O-P2O5 can be illustrated by the diagram in Fig. 1. The binary subsystems 
CaO-P2O5 and Na2O-P2Os have already been well investigated [1-9]. 
Among the ternary compositions of the system CaO-Na2O-P2O5 , Ando and 
I\1atsuno [10] studied the connecting line Ca3(PO4)z-CaNaPO4 . Kaprálik and 
Potančok [11] found that the CaO-CaN aPO4 connecting line represents a quasi­
binary system. The connecting line Na4P2O7-Ca2P2O7 was studied by Bergman 
and Goryacheva [12] as well as by Berak and Znamierowska [9], [13], the 
connecting line NaPO3-Ca(PO3)z by lVIorey [14] ancl Grenier, Martin and 
Durif [15]. Co-existence of pha.ses in the other concentration ranges of the 
system CaO-Na2O-P2Os (Fig. 1) follows from the papers by Berak ancl 
Znamierowska [9], [13], [16], who carriecl out extensive stuclies of phase equi­
libria ovér numerous sections through the system within the concentration 
region limitecl by the compouncls Na,3PO4-NaPO3-Ca(PO3)z-Ca2P2O7-

CaNaPO4-CaNa6P2O9. 

Within the frarnework oft]:teir investigations ofthe system Ca(PO3)z-Na2O, 
Berak and Zna.mierowska [9], [13] also described two ne--w ternary cornpounds 
CaNa4(PO4)z and CaNa6P2O9 ,vhich a.re also included in Fig. 1. 

EXPERIMENTAL 

The samples were prepared by evaporating the solutions obtained by mixing 
together aqueous solutions of Ca(NO3)z, N aNO3 and NH4H2PO4 . The standard 
solutions were mixed in proportions by volume so as to ensme the required 
chemical composition of the sample. 

The following reagents were employed in the preparation of the solutions: 
CaOO3 A.R., ignitecl at 450 °0, 
NaNO3 A.R., ignited at 250 °0, 
NH4H2PO4 A.R., dried at 100 °0 
HNO3 A.R. 

The solutions were evaporated to clry residues. The intermediate product 
obtainecl was heated at 600 °0 in order to eliminate volatile components and 
to decompose the nitrates present. The final heating was effectecl in air at 
temperaturs listecl in Tahle II. 

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

RESULTS AND DISCUSSION · 

The samples invéstigated ancl the results of phase analyses together with the 
respective temperature regimes are specified in Tahle II. The chemical compo-
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sition of samples was selected so a;s to maintain the simple molar ratios of the 
oxides in question. The chemical composition óf each sample is expressed by 
means of the corresponding figurative point in the three-component system 
CaO-Na2O-P2O5• Abbreviated symbols designating the respective com­
pounds are employed in Table II. 

Table II 

Phase analysis results for the system CaO-Na2O-P2O5 

I Sample 
Stabla 

Tempera ture Identified 
Sample composition 

connecting 
regime crystalline 

I
a) 

line 
[ 0O/hr] phases 

b) 

1 C2N3P2 C2NP-N2P 800/5 N2P, � C2NP 
2 C2N9P5 C2NP-4N2P. 600/5 N2P, �C2NP 
3 CN12P4 4N3P-C 1000/3 a-N3P, C 
4 CN6P2 2N3P-C 1000/3 a-N3P, C
5 CN3P N3P-C 1000/3 a-N3P, C 
6 C4N3P N3P-4 C 1000/3 C; aN3P
7 CN2P C3P-2 N3P 700/4 a-N3P, �-C2NP
8 C2NP 2O3P-N3P 700/4 �-C2NP
9 C6NP C2NP-4 C 700/4 C, �C2NP

10 C6NP2 C5NP2-C 1050/2 C5NP2, C 
11 C6NP2 C4P-C2NP 700/4 C4P*, �C2NP 

a) The same fonn of abbreviated designation is used as in Table I and Fig. 1. The sample compo­
sition is specified by figmative points in the C-N-P system related 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 tenns oť this connecting line characterizes a sample
of chemical composition identical with the corresponding figurative point (column II of the
Table).

*) The symbol O4P represents hydroxyl apatite in this case.-

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 stud)'- with respect to co-existence of phases in the 
sub-solidus region ofthe system CaO-Na2O-P2O5 indicate to certain changes 
which are includecl in the reviclecl diagram in Fig. 2. 

In the concentration range of the system between the meta- ancl pyrophos­
phate connecting lines two connecting lines were formally supplementecl, 
namely that for CaNa2P2O7-Ca7P5O32 (CNP-C7P5) ancl that for CaNa2P2O7-
CaNa(PO:!h (CNP-C2NP3). The co-existence of none of the two couples of 
phases was provecl; however , it follows from the phase co-existence lmown so 
far. The connecting line CaNa2P2O7-Ca7P5O32 is obviously significant only at 
those temperatures where the Ca7P5O32 compouncl is stable. 

Hill, Faust ancl Reynolcls [4] reportecl that this compound exists within the 
temperature range of 915 °0 to 980 °0 only. Kreicller and Hummel [l] founcl 
this compouncl to be stable even at 800 °0, i.e. that �ts stability is not ruled 
out even at temperatures lower than 800 °0. 

The connecting line CaNa2P2O7-CaNa(PO3h is based on a study by Grenier, 
Martin and Durif [15] who described the compound CaNa(PO3)3 following 
a new evaluation of the NaPO3-Ca(PO3)i phase diagram. 
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The main difference between Figs. 1 and 2 is that the latter does not include 
compounds CaNa6P209 and CaNa4(P04)i described by Berak and Znamierowska 

N 

Fig. 1. Co-existence oj phases in the system CaO-Na20-P20s (on the basis oj literary data); 
*) The cómpounds present in the system are designated by abbreviated symbols (C = CaO, 
N = Na20, P = P20s, C2NP = 2Ca0 . Na20 . P20s = 2CaNaPO., etc.). 

N 

C p 

Fig. 2. Revised co-existence oj phases in the system CaO-Na20-P20s; 
*) Co-existence oj 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 is not stable [1], [20]. 
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Co-Existence oj Phases' in the System OaO-Na20-P20s 

[9], [13], [16). For the compound CaNa6P2O9 , Berak and Znamierowska [13] 
even specify its indexed powder diffraction record, according to which the 
slibstance crystallized in the hexagonal system and. has lattice constants 
a = 12.06 A, c = 18.85 A. 

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 CaNa6P2O9 consists of CaO and a-Na3PO4 . Both 
these phases are cubic with a face-centered unit cell and their mixture 
·exhibits a relatively simple diffraction record. The error in the identificatioli of
this powder diffraction record by Bera.k and Znamierowska [13] is probably
due to the fact that at the time of their work the diffraction data· of a-Na3PO4 

were not yet known.
This Na3PO4 modification was described by Palazzi and Rézy [18] who 

designated it as y-Na3PO4 , as well as by Majling [19). Tahle III brings the 
so-far most complete list of its diffraction lines. 

hkl 
I 

d1tk1 (exp.) 
[Á] 

lll 4.2100 
200 3.7200 
220 2.6300 
222 2.1440 
400 1.8550 
422 1.5150 
333 1.4290 
440 1.3120 
531 1.2540 

Table III 

List oť a-Na3PO4 diffraction lines (a0 = 7.419 (1) A) 

I 

d11kl (calc) 
[Á] I I/lo 

4.2837 50 
3.7097 15 
2.6232 100 
2.1418 5 
1.8458 22 
1.5145 17 
1.4279 3 
1.3116 5 
1.2541 2 

hkl 

620 
533 
444 
551 
624 
731 
660 
840 

cl11k1 (exp.) 
[AJ 

1.1740 
1.1320 
1.0710 
1.0390 
0.9917 
0.9663 
0.8750 
0.8295 

d11k1 (calc) 
[Á] 

1.17.31 
1.1315 
1.0709 
1.0389 
0.9915 
0.9659 
0.8743 
0.8294 

I 

I/lo I 
4 

<l 

. 1 
<l 

1 
<l 

<l 

<l 

*) The powder diffraction record was taken using silicon as interna! standard at a goniometer 
scanning rate of 1/4 ° 2 0/min. The Na3PO4 sample was heated for 5 hours at 800 °C, The phase 
stabilization was effected by adding 1 % 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 
CaNa6P2O9 and obtained the following values: a1 = 4.8107(5) A, a2 = 
= 7.401(3) A. These values represent the lattice constants of CaO and 
a-Na3PQ4 respectively. Na3PO4 was foúnd in all the samples analyzed in its
high-temperature modification ct. which means that the presence of Caz+ ions
has a stabUizing effect on this modification. The powder diffraction record
presented by Corbridge and Tromans [21] represents the same Na3PO4 modi­
fication.

Another sample corresponding by its chemical composition to CaNa4(PO4)z 
was likewise found to comprise two phases, namely �-CaNaPO4 and o::-Na3PO4 . 

Fig. 2 includes still another change as compared with Fig. 1, i.e. that in 
place ofthe connecting line CaNa2P2O7-Na3PO4 (CNP-N3P) given in Fig. 1, 
connecting line CaNaPO4-Na4P2O7 (C2NP-N2P) is given as a stable one 
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in Fig. 2. The co-existence of phases CaNaPO4 and Na4P2O7 was established 
according to phase analysis of sarnples l and 2 (Tahle II). 

The co-existence of phases within the concentration region of the system 
delimited by the compounds CaO-CaJ(PO4)z-CaNaPO4 has not so far been 
investigated. One of the boundary systems, Ca3(PO4)z-CaNaPO4 was studied 
in detail by Audo and Matsuno [10). Extensive formation of solid solutions 
between Cl. and C1.-Ca,3(PO4)z and et.-CaNaPO4 takes ploce in the sub-solidus region 
of this system. Above 1000 °0 there is the existence region oť a solid solution 
to which the composition Ca5Na2(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 ťrom C1.-CaNaPO4. 

When a sample oťthe figurative point C6NP2 (Tahle II), situated at the point 
of intersection of connecting lines CaNaPO4-Ca4P2O9 (C2NP-C4P). and 
Ca5Na2(PO4)4-CaO (C5NP2-C) had been ignited in vacuo (p = 10-3 torr) 
at 105.0 °0, the reaction product comprised CaO and a phase which has been 
identified as phase A [10]. 

The co-existence of phases implicd in Fig. 2 is related to conditions where 
hydroxyl apatite is not stable [ l ], [20). In such cases Ca.O will co-exist with 
the corresponding solid solution on the connecting line Ca3(PO4)2-Ca.NaPO4 

within this concentration region of the system. ,When the C6NP2 had been 
annealed in air the reaction prod uct contained hydroxyl apatite and �-Ca.N aPO 4. 
Several unidentified low-intensity diffraction lines were present in the diffrac­
tion record of this sample. 

The ignition temperatures ha,d to be increased in order to ensure that the 
reactions would yield the required phases. The powder diffraction recorcls 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 pa per deals with the co-existence of phases in the system CaO-N a2O­
P2O5 on the basís of results obtaíned so far in the studies of phase equilibria 
and phase co-existence in the system, as well as on the basís of experimental 
results obtainecl 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 th� system includes two ternary compounds, namely 
CaNa6P2O9 and CaNa4(PO4)z . Both these compounds have been identified as 
mixtures of two phases. 
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ICOEXISTENCIA FÁZ V S ÚSTAVE CaO-Na2O-P2Ps 

Ján Majling, Ivan Kapnílik, Dušan Mikloš 

Ústav annrgcmiclcej chémie SA V, Bmt·islava 

Preclložená práca sumarizuje doterajšie poznatky o koexistencii fáz a fázových rovno­
váhach v sústave CaO-Na2O-P2O5 v :jej koncentračnej oblasti s obsahom P2O5 � 50 mó­
lových %- Práca tiež zahrňuje vlastné štúdiurn koexist;encie fáz v niektorých zvolených 
a sporných rezoch sústavou (Tab. II) pri subsolidusových teplotách. 

Výsleclkom práce je diagram na obr. 2, ktorý zahrňuje kocxistenciu fáz včetně vlastného 
štúdia a je konfrontovaný s cfoigramom koexistencic ťáz poclfa doterajších literárnych 
poznatkov (obr. 1). 

Zmeny v koexistenci i fáz vyplývajú hlavne w skutočnosti, že v tejto prací, na základe 
difrakčnej analýzy práškových vzoriek, sa nepotvrdila existencia clvoch ternárnych 
:r.lúčenín cloteraz v 1iteratúre uváclzaných ako CaNa4(PO5)i a CaNa6P2O9• Vzorky odpove­
dajúcich stechiometrií bolí identifikované ako zmesi clvoch ťáz a to �-CaNaPO. a o:-Na3PO. 
v prvom prípacle a CaO a o:-Na3PO4 v clruhom prípade. Práškový difrakčný záznam 
o:-Na3PO. je uvedený. 

K príprave vzoriek sa použili zrioclené vodné roztoky (Ca(NO3)i, NaNO3 a NH.R2PO). 
Výsledné roztoky, ktoré zabezpečovali požadované koncentrácie vzoriek sa odparovali 
clo suchých zvyškov. Meclú produkty sa zahrievali pri 600 °C a neskoršie pri špecifikova­
ných teplotách. 

Obr. 1. K.oexistencia fáz v sústave CaO-Na2O-P2O5 (na zálclacle literárnych údajov); 
*) zlúčeniny prítornné v sústave sú označené slcrátenými syinbolmi (C =CaO, N =Na2O, 
P =P2Os, C2NP =2CaO. Na2O. P2Os =2CaNaOP4 a pod). 
Obr. 2. Revidovaná lcoexistencia fáz v sústave CaO-Na2O-P2Os; 

*) lcoe.1;istencia fáz znázornená čiarlcovanými spojnicami nebola exprimentálne určovaná, 
**) fázy CsNP2 a C lcoexistiijú za poclmienolc, lcecly má oblast' existencie CsNP2 [10] a nie 
je stabilný hydroxylapatit [1], [20]. 
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C OCYm;ECTBOBAI-IHE clJA3 D Cl'ICTEME CaO-Na2O-P2Os 

Hu i\fa11JJ11Rr, Hnau Harrpamm, ,ll;y1.IIaH M1rnJJoUI 

Mncmwnym neopaanw1ec1wií xu.,iiuu CAH, Bpamuc.iaaa 

B npewraraeM011 pa6oTe cyMMHPYIOTCH p:o cnx rrop rroJJytJeHHr,re p:anHue o cocyrI(ecrno� 
Bamu1 <Pa8 11 o <Pa80BbIX paBH0Becm1x B CHCTeMe CaO-Na2O-P2Os n o6JJaCTH ee I<0HI(en­
TpaI\HH C cop:epmamrnM P2Os ;;:;; 50 M0JilipHblX npoo;eIIT0B. B pa6oTy Dl(JJI0'JeH0 TaHiI<e caM0 
paCCM0TpeHHe cocyr.I(eCTB0BHHfl <Jia8 B neH0T0pb!X Il86pannux H cnopnr,1x ce•iemrn.x CHCTeMOll 
(Ta6. 2) npn TeMrrepaTypax nHme coJmp:yca. 

Pe8yJibTaTOM pa60TI,I fIDJI!IeTCfl )l;HarpaMMa Ha pne. 2, DHJII0'IUIOIJWfl cocyil\eCTB0BaHHe 
<{la8 H II0JiyqeuHaH Ha 0CH0Be co6CTDeHIIOro n3yqemrn. Hama p:narpaMMU C0JI0CTUDJifleTCfl 
c p:HarpaMMOi.i: cocyil\eCTD0Bamrn <Pa8 corJiacHo p:ocynm,IM p:aHHbIM no m1Tepa'i'ype (pHc. 'l). 

1faMeHeHHfl cocylI(ecTnonannfl <{la8 BUTCirnIOT npemp:e ncero H8 <Pm,Ta, qTo n STOll pa6oTe, 
Ha ocnone p:mppamvromrnro aHamrna rropoIIlrwo6pa3HblX o6paau;on, ne rrop:Tnepp:rmocr, 
cy1.1-1ecTB0Bamrn l\BYX Tep1rnpm,TX coel(HHeHHH, rrpHD0Jl:HMbTX ,\O cnx rrop B JIHTepaType HaH 
CaN a4(PO.)i H CaN a6P209. O6paa1-1u cooTneTCTBYIOil.\HX cTexno1.rnTpH11 6uJIH ycrnH0DJieHJ,I 
1rnH cMec11 J\BYX <Paa, a IIMCHH0 �-CaNaPO4 n a-Na3PQ4 n rrepnoM CJ1yqae, H CaO n 
a-Na3PO4 no BT0J)0M cJ1y•rne. ITopll!IWBafl l\Hqipam-1HonHafl aarrrrcr, a-Na3PO. rrpn­
B0/l:HTCH.

,IJ;Jm II0JIY'JeHIIH o6pa3D;OB rrp11Me1rnJJHCI, pa3Ó8BJJOHHLJe D0,\HLie paCTB0pbI Ca(N03}2, 
N aN 03 H N H4I-JiPO4. IloJry•rnHHI,re B Houe•rnoM HTore pacTnopr,r, 06ecrreq1rnaBmue Tpe6ye­
Mhre IWH[.\eHTpao;nH o6paau;on, ynapHDaJUICb p:o cyxrrx 0CTaTIWB. II poMemyT0'lHhll:) np0,\fHTI,I • 
HarpenaJIHCJ, npH 600 °C 1i rroame rrpH yToqHeHHLTX Te�mepa1·ypax. 

Puc. 1. Cocyu1ecniaoamrne· gjcrn a cucme.,iw CaO-Na2O-P2Os (Ha ocHoae Jl,lll-!eii�ib1x aawibix); 
*) coe8unenu.11,, npucymcmay10u1zi.e a cucme,,ie, o6oana•ieHbi co1,:pau1-eHHbuiu c1ut.1JoJ1,a.,ii1.{ 
(C = Ca O, N = Na20, P = P2Os, C2NP = 2CaO . Na2O . P2Os = 22CaNaPO. u m. n.). 

Puc. 2. Ilepec.,iiompemioe _cocyu1ecmaoaa11,11e giaa a cu.cmu,.e CaO-Na2O-P2Os; *) cocy­
'UfťCmaoaanue gjaa, uao6pa,,cauwe uunpuxoaa.1-1.1-tbl.Mll coe8w-1mouw,1iu, a1,c11epu.,i1eH­
,naJ1,bHO ne onpe8eJ1.'l,Jl,OCb, **) rpaabi° C,N P2 H C cocyilfecmay1om npu ycJl,O/luu HG.Jl,ll'tll/1, 
06J1,acmzi cocyilfecmaoaaHU8. C,NP2 [10] 11. Hec111a611J1,bHoc11111 au.8po1,cuJ1a11a11umw 
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