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Table 1 Solubility data for the ternary system NaNQ;—Ca(NQ,),—H,0

Liquid phase(Wt.%) Wet solid phase (Wt.%)
Temp. Solid phase
(T) NaNO, Ca(NOs,), H0 NaNO, Ca(NOy), H0
0 42.7 0 57.3 NaNO,
30.5 13.8 55.7 61.5 7.9 30.6 NaNO,
22.8 26.3 50.9 53.7 15.7 30.6 NaNO,
15.3 38.4 46.3 47.8 24.0 28.2 NaNO,
13.3 43.2 43.5 22.1 43.2 4.7 C*+NaNO,
9.5 44.7 45.8 6.3 55.5 38.2 C
7.1 46.2 46.7 5.4 52.9 41.7 C
0 49.6 50.4 C
-10 39.5 0 60.5 NaNO,
33.3 7.8 58.9 69.5 3.4 27.1 NaNO,
25.5 16.8 57.7 61.1 8.3 30.6 NaNO,
18.1 28.7 53.2 51.2 17.4 31.4 NaNO,
15.7 34.9 49.4 45.2 22.1 32.7 NaNOQ;
12.2 37.7 50.1 18.3 40.2 41.5 C+NaNO,
10.1 40.3 49.6 7.2 47.8 45.0 C
7.4 42.1 50.5 6.6 48.3 45.1 C
4.6 43.6 51.8 3.9 46.2 49.9 C
0 45.9 54.1 C
21.8 0 78.2 H,0
15.8 7.9 76.3 13.4 6.7 79.9 H,0
7.2 15.7 77.1 6.3 13.7 80.0 H,0
0 21.9 78.1 H0

*C ;Ca(NQy), - 4H;0

VA'?%'A
NaNO, Weight fraction Ca(NOs)a  NaND, Weight fraction Ca(N0,) s
CNH; Ca(NOs) 2*4Ha0 CKH; Ca(NOs)s*4H,0
Fig. 1 Phase diagram for the ternary system NaNO;  Fig. 2 Phase diagram for the ternary system NaNO;
—Ca(NO,),~H;0 at 0T —Ca(NO;),-H;0 at —10C

Kogyo Kayaku, Vol. 62, No. 6, 1991 —401—



DL EMORBINEL LB ETHE,

3.2 AN-SN-CN-%k 4 XAEDOFH

AN-SN-CN- K4 A FRD 0 CH L —10Cic
B BHRTPEF — # % Table 21277 L, RBR* Fig.
3% X UFig. iTR L1z, TRRZEOERDOEHD
HEYPHERTRL, LRRKFEX N IR T
BB, e KFETLERI0g1Z8T5 77 28T
KL, MEROZHED 3 >OMiiz, 2H#HOKEE
KEDIRFROWRMBRTH b, Table 13 X TEH
DF—-2DRFRYLEBOLHSICRBLT T 4 L
1bDTHBH, VTh B SURBEOBR Y RT
£ (wet solid phase) {2485 L 7=,

BABEROEAR N 3 >0 i ADGE, BDGF,
CEGFLIZHB LB, ThEhOBRIL I >ORMAL
FHIHD, Mxid, ADGELOBH L FHEI=H3
BHiZANTH 5, @iRic BDGF ki b 5 B SN
¢, CEGFLTHIICN(EAM) L EFcH B, =
OXDOHRIISNOBREL—F/NE L, @BDGFD

131758 81 - JRN
ifi &ifii & DS LERDG, EG, FG Eofgfn
BE 2 oL Pz h 5, Al iLEBEOH
BHADG Licd3 L, ZoOBKE PEchsEIRI
AN ESNTH B,
IHioELFEIIZBR L FMICH D DIL, GHDH
BB BB (BRER)0ATHD, BE, EBETIC
HEMSLCHRTELTHAD, Z0L HICEBER
DHHNFETHHiEL, TOBERKETFHEZHHEM,
BIURE, BETIITSBHEY Table 3ic %R
L7,
BEMN-10CITET T2 LBHRELIRPTH0T,
AEROKS BiximT 5, FEROED, E, F,
CHIVELELXESBIIREALBY LY, Zhit
BREDBEKFENEHTRLALRALTHELS
'c‘ﬁbo
RUBEOKF R ERI-RPT 2L, f4«0R
HHORIER S L UVRHOHRP, +OBERS

Table 2 Solubility data for the system NH,NO,—NaNOQ;—Ca(NO;),—H,0

Liquid phase (Wt.%) Wet solid phase(Wt.%)
Temp. Solid phase
() NH,NO; NaNO; c* H,0* NH,NO, NaNO, c* H,0*

0 55.1 30.1 14.8 53.0 64.7 26.7 8.6 30.1 AN* +SN*
49.3 23.0 27.7 49.4 59.7 23.0 17.3 30.7 AN +SN

46.2 18.9 34.9 42.9 24.8 56.7 18.5 2.9 AN +SN

39.7 8.9 51.4 35.1 52.9 13.3 33.8 2.4 AN +SN
38.0 5.5 56.5 32.6 27.2 3.7 69.1 37.0 AN+SN+C

21.7 13.8 64.5 53.2 14.0 27.5 38.5 41.4 SN +C

7.4 20.4 72.2 69.7 3.0 43.1 53.9 39.3 SN +C

41.7 0 58.3 35.7 AN +C

0 23.5 76.5 77.0 SN +C

60.3 39.7 0 56.5 AN +SN

—IO. 51.8 30.2 18.0 63.1 60.4 25.8 13.8 50.3 AN +SN
47.7 22.4 2.9 60.8 53.8 28.1 18.1 31.7 AN +SN

42.0 15.8 42.2 52.9 39.5 33.5 27.0 32.8 AN +SN

39.1 11.2 49.7 44.7 44.5 15.9 39.6 .4 AN +SN
37.9 9.5 52.6 46.8 41.3 15.4 43.3 .7 AN+SN+C

4.8 10.4 54.8 54.7 25.6 31.6 42.8 39.4 SN +C

3.7 12.6 63.7 68.0 20.4 19.3 60.3 56.5 SN +C

11.4 16.0 72.6 77.4 8.8 30.5 60.7 50.4 SN +C

45.2 0 54.8 49.3 . AN +C

0 24.4 75.6 85.4 SN +C

57.7 42.3 0 60.6 AN +SN

*H,0/Total salts(Wt./Wt.)
AN; NH,NO,, SN; NaNO;, C: Ca(NO,), - 4H,0
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NHuNOs (A) D NaN0s(B)  NH,NO,(A) D NaNOs (B)
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Fig. 3 Phase diagram for the four component Fig. 4  Phase diagram for the four component
system NH,NO;—NaNO,~Ca{NO,),—H,0 system NH,NO,;—NaNO;—Ca(NO,),—H,0
at 0C at —10C

Table 3 Solid phase and degrees of freedom at isothermal and
isobaric condition in Fig. 2 and Fig. 3

Area Solid phase Degrees of freedom
ADGE AN 2
BDGF SN 2
CEGF CN 2
DG AN+SN 1
EG AN+CN 1
FG SN+CN 1
G AN+SN+CN 0
D AN+SN 0*
E AN+CN 0*
F SN+CN 0*

*ternary invariant point

AN: NH,NO;, SN; NaNO;, C; Ca(NOj), - 4H,0
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Table 4 Equiribrium data for the mixture of
NH,NO3/NaNOy/Ca (NO;) /H,0=83/10/7/20

Temp. Salts Liquid phase Solid phase
(C) Caled. Found Calcd. Found
0 AN 61 60.7 100 100
SN 23 23.4 0 0
CN 16 15.9 0 0
-10 AN 55 53.1 100 100
SN 27 29.1 0 0
CN 18 17.8 0 0
AN; NH,NNO;, SN; NaNO;, C; Ca(NO;), - 4H;0
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Solubilities of Some Nitrates in Aqueous Solution (XIV)

Phase Equilibrium for the System Ammonium Nitrate-Sodium
Nitrate-Calcium Nitrate-Water

by Yasutake HARA*, Kozue KUWAMURA®*, Yoshiko MATSUMOTO*
and Hidetsugu NAKAMURA*

The phase diagrams for system ammonium nitrate-sodium nitrate-calcium
nitrate-water were determined at 0C and -10T by the residual method.

The results indicated no complex salt, solid solution, or hydrated formation except Ca
(NO3)2 » 4H20 at these temperatures.

The equiribrium situation of four component mixtures, and the composition changes of
liquid and solid phase with temperature can be predicted from these diagrms.

(*Department of Applied Chemistry, Faculty of Engineering, Kyushu Institute of

Technology, Sensui-cho, Tobata, Kitakyushu 804, Japan)
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