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Table 1 Solubility data for the ternary system NH,ClO,-NaCiO—H;0 .

Temp. Liquid phase(Wt.%) Wet solid phase (Wt.%) )
solid phase
(T) NH,CIO, NaClO, H;0 NH(CIO, NaCl0, H,0
40 0 71.5 28.5 - - - SPH*
1.6 71.3 27.1 33.6 . 54.0 12.4 SPH+NH,CIO,
1.9 63.4 34.7 36.3 41.5 22.2 NH,CIO,
4.8 51.2 4.0 64.4 19.2 16.4 NH,CIO,
12.3 25.5 62.2 69.8 8.1 22.1 NH,CI0,
26.1 0 73.9 — — - NH,CO,
30 0 67.8 32.2 - — — SPH
1.5 67.5 31.0 27.7 54.5 17.8 SPH+NH,CI10,
2.0 57.0 41.0 62.8 21.9 15.3 NH,CIO,
5.0 44.2 50.8 58.2 18.8 23.0 NH,CIO,
10.8 2.3 66.9 69.9 6.9 23.2 NH,CIO,
22.0 0 78.0 - — — NH,CIO,
0 0 62.1 37.9 —_ — - SPH
1.3 62.1 36.6 24.7 51.6 23.7 SPH+NH,CIO,
2.0 49.4 48.6 54.4 22.9 22.7 NHCIO,
3.9 31.1 65.0 65.0 10.3- 24.7 NH,CIO,
6.0 15.1 78.9 70.4 4.5 25.1 NH,CIO,
10.6 0 89.4 - - — NH,CIO,
-15 0 57.6 42.4 - - — SPH
1.1 57.5 41.4 18.5 53.5 28.0 SPH+NH,CIO,
1.4 45.7 52.9 52.5 21.9 25.6 NH,CIO,
1.6 39.1 59.3 52.7 18.0 29.3 NH.CIO, -
2.3 30.9 66.8 40.2 16.3 43.5 NH,C10,+H;0
0 36.9 63.1 - - - H.,0

*SPH ; NaCl0,-H;0

Invariant point data for the ternary system of NH,C10-NaCl0,~-H,;0
Temperature ; —35C
Composition ; NH,CIO, 0.5Wt.%, NaCl0,53.2Wt.%, H,0 46.3Wt.%
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Table 2 Solubility data for the ternary system NaNO;-NaClO-H,0

Temp. Liquid phase (Wt.%) Wet solid phase (Wt.%) .
solid phase
() NaNO, NaClO, H,0 NaNO; NaClo, H,0
40 0 71.5 28.5 — — — SPH*
4.4 66.8 28.8 2.4 78.3 19.3 SPH
10.6 64.7 24.7 36.5 47.4 16.1 SPH+NaNO,
15.8 54.1 30.1 63.0 24.2 12.8 NaNO,
24.3 42.8 32.9 70.9 16.9 12.2 NaNO,;
38.7 18.4 42.9 77.6 7.3 15.1 NaNO;
50.8 0 49.2 — - - NaNO;
30 0 67.9 32.1 - - - SPH
6.0 65.1 28.9 2.5 80.5 17.0 SPH
11.6 61.1 27.3 19.4 64.1 16.5 SPH+NaNO,
17.2 49.4 33.4 70.1 16.7 13.2 NaNO,
22.7 41.1 36.2 66.8 17.9 15.3 NaNO,
32.0 25.9 42.1 76.8 8.0 15.2 NaNO,
48.4 0 51.6 - — —_ NaNO,
0 0 61.8 38.2 — —_ — SPH
4.5 60.2 35.3 2.9 70.4 26.7 SPH
10.7 57.2 32.1 38.5 41.6 19.9 SPH+NaNO,
TR 53.5 35.4 54.3 28.3 17.4 NaNO,;
21.4 32.0 46.6 70.1 12.8 17.1 NaNO,
30.7 19.5 49.8 74.7 7.4 17.9 NaNO;
33.9 12.1 54.0 72.6 4.8 22.6 NaNO,;
42.2 0 57.8 - — — NaNO,
-15 0 37.9 62.1 - - - H;0
8.5 28.8 62.7 6.9 22.5 70.6 H0
15.9 20.1 64.0 13.5 17.1 69.4 H,0
33.1 0 66.9 — — - H0
0 61.6 38.4 - - — SPH
3.8 59.2 37.0 2.6 70.4 27.0 SPH
10.0 55.8 34.2 25.3 52.4 22.3 SPH+NaNO,
"13.8 46.7 39.5 61.0 21.1 17.9 NaNO,;
17.8 37.1 45.1 66.2 15.8 18.0 NaNO,
23.7 25.4 50.9 71.1 10.1 18.8 NaNO,
38.6 0 61.4 - - - NaNO;
-25 0 59.9 40.1 - — - SPH
4.9 55.1 40.0 2.6 9.3 28.1 SPH
9.6 52.3 38.1 23.2 52.9 23.9 SPH +NaNO,
12.9 4.3 42.8 51.6 25.6 22.8 NaNO;
17.9 28.5 53.6 38.5 13.2 48.3 NaNO,+H,0
6.4 39.4 54.2 5.3 34.8 59.9 H,0
0 48.1 51.9 — _ - H;0

*SPH ; NaClO,-H.0

Invariant point data for the ternary system of NaNO,;-NaCl0,~-H,0
Temperature ; — 46T
Composition ; NaNQO,10.0Wt.%, NaCl0,48.8Wt.%, H,0 41.2Wt.%
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Table 3 Solubility data for the quaternary system
NH,NO;+NaCl0,=NH,CI0,+NaNO; at 40T
(l) NH4CIO|“NH4N03—N3N03"H20 system

Liquid phase (Wt.%) Wet solid phase (Wt.%)
Solid phase*
NH(CIO, NH,NO, NaNO; H,0* NH,CI0, NH,NO, NaNO;

1.7 88.3 0 0.305 — —_ — AP+AN
10.9 78.6 10.5 0.251 51.2 43.8 4.9 AP+AN
10.2 66.0 23.8  0.208 "~ 53.8 26.4 19.8  AP+AN+SN

6.6 69.4 24.0 0.230 60.2 1.8 38.0 SN+AN

0 74.3 25.7 0.259 — — — SN+AN
11.8 56.4 3.8 0.295 41.9 16.6 41.5 SN+AP
14.8 47.0 38.2 0.340 50.8 10.7 38.5 SN+AP
19.6 18.7 61.7 0.608 54.9 9.6 35.5 SN+AP
24.7 7.1 68.2 0.672 30.2 3.2 66.6 SN+AP

(2) NH,CI0,-NaNO;-NaCl0,-H,0 system

NHCO,  NaNO, NaClO, H,0* NHCIO,  NaNO, NaClO, Solid phase®
2.2 0 97.8  0.371 — - - SPH+AP
2.3 5.0 927  0.365 16.7 3.2 80.1  SPH+AP
2.0 13.5 8.5 0.278 3.4 129 53.7 SPH+AP+SN
0 14.1 85.9 0.329 - - et SPH+SN
1.8 2.5 73.7  0.388 3.0 3.8 3.2 SN+AP
6.9 29.7 63. 4 0.485 45.1 34.8 20.1 SN+AP

10.5 ALl 484 0.565 13.6 41.2 9.2 SN+AP

15.7 5.2 3.1 0.609 27.3 67.7 5.0 SN+AP

23.0 61.5 9.5  0.661 40.0 50.5 9.5  SN+AP
*H,0fTotal salts(Wt./Wt.)

AN ; NH,NO,, AP ; NH,CIO,, SN ; NaNO,, SPH ; NaClO,-H,0
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Table 4 Solid phase and degrees of freedom at
isothermal and isobaric conditions in

Fig.5
Area Solid phase Degrees of freedom

AGQH SP 2
BEPQG AP 2
CFPE AN 2
DHQPE SN 2
GQ SP+AP 1
EP AN+AP 1
FP SN+AN 1
HQ SN+SP 1
PQ SN+AP 1
P AP+AN+SP 0
Q SN+SP+AP 0

G SP+AP 0*

E SP+AP 0*

F SN+AN 0*

H SN+SP 0*

*Ternary invariant point
SP; NaClQ,, AP; NH,CIO,, AN;NH,NO;, SN;
NaNOQ;
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Table 5 Liquid-Solid equilibrium data for NaCiO,

—NH4N03—H20
Mixtures Liqud phase Solid phase
SP AN H,0 AP SN AN AP AN
5 9 15 0 8.5 91.5 0 100
10 90 15 4.5 10.8 84.7 8.5 91.5
SP ; NaCl0,, AN ; NH,NO,, AP;NH,IO,, SN;
NaNO,
iLE L,
4. & B

AP-SP-XK 3 2 %O F-HRBE % —15° ~40C D
BEGBCERLL, 3RFBAKILAPOS Y,
SP 53.2%, H,046.3%,(wt%) ©, #HBEE2-35
CTHo1
¥/, SN-SP-KIBAFRTIL—-25"~40CHOBEH
HoRBEY fFH L, JERERE L TSN10.0%,
SP48.8%, H,041.2%(wt%), tiBE—-46T%
87,

Ebhiz, SP-AN-KEF_rEDACI BT 5F
HREBRLFR L, SEREROAR LAY CRT
LXRDOFADTH B,

SP/AP/SN/H,0=8. 5/54. 6/19. 7/17. 2( &5 P)
AP/SNISP/H;0=1. 6/10. 6/66. 1/21. 7( £1Q)
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Solubility of Some Nitrates in Aqueous Solution (X)
Phase Equilibrium of Reciprocal Salt pair : Ammonium
Nitrate-Sodium Perchlorate-Water System

by Yasutake HARA®, Miyako AKIYOSHI"
and Hidetugu NAKAMURA"®

Phase diagrams of two ternary systems ammonium perchlorate (AP)-sodium per-
chlorate(SP)-water and sodium nitrate (SN)-SP- water at various temperatures were
made by the residual method. Ternary eutectic composition by weight for the former con-
tains 0. 595 AP, 53.29% SP, 46.3% H,0 at —35T, and for the later contains 10. 0%
SN, 48.89% SP, 41.2% H,O at ~46TC.

Phase relations for the quaternary system of reciprocal salt pair, ammonjum nitrate
(AN)-SP-water were studied by the residual method at 40C. In every composition AN
could not be found to coexistence with SP in solid. X-ray analysis and phase diagram
revealed that the reaction NH4;NO;+NaNO;=NH,C10;+NaNO; proceeds completely.

(*Department of Environmental Science, Kyushu Institute of Technology,

Sensui—cho, Tobata-ku, Kitakyushu-shi, Japan)
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