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Table 1  Pitzer pammeters of nitrates at 25°C in Pitzer s original paper
B(O) B(l) Milax /mol
NaNO3 0. 0068 0 1783 —0 00072 [ 11] 10 77372
KNO; —0 0816 0. 0494 0. 00660 3 8mol [ 11] 3 75183
Mg(NO3) 2 0 3671 1. 5848 —0 02062 [ 17] 5. 06567
2.1.2 KNO3 # Pitzer 54
Hamer, W. J. Wu,
Yung—Chi, 1972 “ 7"
(J. Phys. Chem. Ref. Data)” & 1—1 § :
; 2.0
13 (K.S. Pitzer 30,
Pitzer ), g
KNO3 E ;
KNO 3 , 0. 001 mol
3.6mol 24 s
KNO3  Pitzer , 2
. 1
W. J. Hamer ~ Yung— Chi, W '? Fig 1 Comparison of the calculated coefficients with
KNO; , the orginal literature values
2 KNO;
Table 2 KNOj parameters obtained from different ways of fitting
RO g @ R G
1 @ — (0 08442 009139 0. 007500 47410 4
% v — 008239 0 08085 0. 006875 0. 999986 70510 *
24 O+24 v —0 08251 0. 079830 0. 006955 0. 999977 70510 *
KNO;  Pitzer . B = — 0.08251; KNO;

B =0, 07983; C'” = 0. 006955.



4 . iNa K Mg /NO3.Cl.S03 —H20 25T 23
24 o= Al /n, 10. 830 mol, . 67
5% 10 4 3% 10 * 6mol . 6 mol
3.5 mol s
0. 0017( 0. 29 %), 2,
0. 00023 ( 0.09%).
KNO;3 .
, 1 . NalNOs3 Pitzer
1 : KNO3 B® =0.004003, B’ = 0. 002005, C'*’ =
Pitzer —0. 0000822. NaNO;
2.1.3 NaNO; # Pitzer 5% . 67 o= 2
NaNO;  Pitzer . Pitzer  |Al /n, 6.5X<10 %,
. A. R Robinson 4.8X10 * 10.83 mol
NaNO3 0. 0015 ( 0. 19%),
, 6.0 mol,  NaNOs 0. 00054 (
25°C 10. 77 mol, 0.17%).
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Table 3 NaNOs parameters obtained from different ways of fitting
B () B a C(<I>) R
67 7 0 0039675 0. 20225 — 0. 00007939 0. 999886 990X 10 *
67 @ 0. 00382227 0 210406 — (0. 000061 542 0. 998430 736X 10 *
67 v+e61 @ 0 0040034 0 200464 — (. 000082189 0. 999874 948X 10 *
34 7 — 0 0408716 0. 4498549 0. 00803656 0. 974650 397X 10 2
34 O — 0 0477777 0. 64465 0. 00888544 Q0 960652 3 66X 10 2
34 v+34 @ — 0 0419644 0. 42957 0. 0081843 0 969867 3 81X10 2
[15—18]
Mg (NO3 )2 ) ) 26 Os'motic Coleﬁicienm‘of Mg(NO,), Solutions
-0~ Osm.Coeff Of Robinson
4 2efl 5 Sz
R. A. Ronibson PRIl AL F
Mg (NO3)2 , 2
0.1 ~5.0 mol, 21 « Sadowska
0.09284 ~4.9297 mol, 49 A A e
R. F. Platford MeCl —
Mg (NO3)—H,0 CaCh— Ca(NO3)2—H,0 W
; Mg (NO3 )2 S5
18 . 0.4607 ~ Molality of MgNO),
5.0710 mol. 3 , 4 Me( NOS),
. M. Todorovic Fig 4 Comparison of the osmotic coefficients of Mg(NO3) ,
3 Mg (NO3 ) ) solutions with respect to values provided by different authers
Mg(NO3 ), ’ .,
0 ’ 0oz~ 10 50mol
1 0504 mol. 0.013( 0. 55%),
4 ’ RE. Platbond 0. 065 ( 1. 36%).
R A Ronibeon ’ NaNO3 . KNO; Mg (NOs3 ),
T. Sadowska 1.5 mol , Pitzer ’
R A. Ronibson ‘ ( N Pitfer
0.1~5.0mol Mg (NO ), o Na', K°, Mg~ /CL
Pitger , B(O):O- 3097, B(l) — 17820, SOz , NO3; —Hx0 s
¢ Y =—10,006435. ’ 4
Mg (NO3 )a _
’ 3 KNOs3.NaNO3.Mg (NO3 ):Pitzer
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X 10~2, ox 4 KNO3.NaNO3 . Mg (NO3),  Pitzer
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Table 4 Pitzer coefficients of nitrate components in the system obtained from refitting
g c® My
NaNOs 0. 004003 0. 2005 — 0. 0000822 10. 83 mol [ 13 9x 10 *
KNO, — 0 08251 0. 07983 0. 006955 3 5 mol [ 12 7%10 *
Mg(NO3), 0 3297 1. 7820 — 0. 006435 5 mol [ 17] 9x10 3
5 KNO;
Table 5 Comparison of the caleulated and experimental the modynamic properties of KNO solutions
No. m @ Y
1 0 001 0. 988 0. 9881 0. 0001 0. 964 0 9644 0 0004
2 0 005 0 974 0. 9744 0 0004 0.924 0 9243 0 0003
3 0 01 0. 965 0 9649 —. 00001 0. 896 0 8966 0 0006
4 0 05 0. 929 0. 9294 0 0004 0. 797 0 7971 0 0001
5 0 10 0. 906 0 9063 0. 0003 0. 735 Q0 7360 0 0010
6 0 50 0 821 0 8204 —. 00006 0. 546 0 5464 0 0004
7 1. 00 0. 758 0 7573 —. 0007 0. 444 0 4438 —. 00002
8 2 00 0 667 0 6670 0. 0000 0 332 0 3327 0 0007
9 300 0 602 0 6023 0. 0003 0. 269 0 2689 —0 001
10 3 50 0 579 05773  —.00017 0. 246 0. 2462 0. 0002
KNO3 3
5, : :
Pitzer
3.50 mol ,
—0. 0017 0. 0002, 0.29% .
0.09%.
NaNOs 6 4
10. 83 mol w2 M- vx
0.0015. 0. 0005 0.19% Zx X w
0. 15%. . M, X, voH:0,
Mg (NO3), ’ (D s
, K @
, My X voH20=wiM ™ HoxX 4 vol20
) @
0.55% 1.36%.
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Table 6 Comparison of the calculated and experimental thetrmodynamic properties of NaNOs solutions
No. m @ @ Y Y
1 0. 001 0. 9882 0. 9883 0. 0001 0 9647 0 9648 0. 0001
2 0. 005 0. 9753 0 9754 00001 0. 9259 0. 9260 0. 0001
3 0 01 0. 9666 0. 9667 00001 0. 8997 0. 8999 0. 0002
4 005 0 9372 0. 9376 0 0004 0. 8100 0. 8107 0. 0007
5 0 10 0. 9207 0 9213 0. 0006 0. 7586 0 7597 0. 0011
6 0. 50 0. 8765 0. 8766 00001 0 6171 0 6182 0. 0011
7 L 00 0 8542 0 8531 —. 0011 0. 5499 0. 5500 0. 0001
8 2 00 0 8277 0. 8261 —. 0016 0. 4797 04791 —. 0006
9 300 0 8104 0. 8098 —. 0006 0. 4381 0 4378 —. 0003
10 4 00 0. 7984 0. 7991 00007 0. 4092 04094 0. 0002
11 5. 00 0. 7905 0. 7917 0 0012 0. 3878 0. 3883 0. 0005
12 6 00 0. 7855 0. 7866 0 0011 0 3712 0 3717 0. 0005
13 7. 00 0. 7826 0 7830 0 0004 0. 3580 0 3583 0. 0003
14 8 00 0. 7808 0. 7804 —. 0004 0 3471 0 3471 0. 0000
15 9. 00 0. 7794 0. 7785 —. 0009 0. 3378 0 3376 —. 0002
16 10. 00 0. 7775 0 7772 —. 0003 03293 03293 0. 0000
17 10 83 0. 7749 0 7764 0. 0015 0 3227 0 3232 0. 0005
7 Mg(NO3),
Table 7 Comparison of the calculated and experimental thermodynamic properties of Mg(NO3)2 solutions
No. m @ @ Y Y
1 0 10 0 857 0. 8645 00075 0 523 0 5314 0. 0084
2 0 50 0. 940 09310 0. 0090 0. 470 0 4712 0. 0012
3 1. 00 1 074 1. 0613 —. 0127 0 537 0 5316 —. 0054
4 2 00 L 372 L 3792 0 0072 0 837 0 8382 0. 0012
5 300 L 710 L. 7166 0. 0066 1. 452 1. 4600 0. 0080
6 4 00 2 043 2 0476 0. 0046 2 600 2 6149 0 0149
7 5. 00 2 376 2 3628 —. 0132 4 750 4. 6852 —. 0648
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Table 8 Calculated solubility products of KNO3 NaNO3z and Mg(NO3), solutions at 25 C
/% /mol T+ Sp In(Sp)
KNO3 27.5 3. 7518 [ 19 0 236425 0 92629 0 7868158 —0 239761
NaNOs; 47 8 100 7737 [ 19 0 323633 0 73978 12 157295 2 497929
Mg(NO3) » 42 9 5. 0657 [ 20 4. 866399 0. 52081 1195. 8348 7. 086600
[10] Pitzer, K S., Mayorga G.. Thermodynamics of electrolytes 1I.
Activity and osmotic wefficients for strong electiolytes with one
[ s R s R or both ions univalent[ J] . J. Phys. Chem , 1973, 77(19). 2300
C ). — 2308.
[J]. , 2000, 32(1):9— 11. [11] Robinson, R A, Stokes R M. Electolyte Solutions[ N] . 2nd
2 s , s ed. Revised London: Butterworths, 1965 512.
) [12] Hamer, W. J. , Wu, Yung— Chi Osmotic coefficients and mean
(. , 2000 32(5); 37— 40. activity oefficients of uni — univalent electrolytes in water at
(3 ) , 25°C[]]. J. Phys Chem Ref Data 1972, 1(4); 1047— 1099.
R [J] . IM&P [13] Wu, Yung— Chi , Hamer, W. J. , Revised values of the osmotic
, 200 (12:1—4 coefficients and mean activity coefficients of sodium nitrate in
[4] s R R water at 25 C[ ]| . J. Phys Chem. Ref Data 1980, 9(2); 513—
C []. M&p 518.
,2004, (8):6— 7, 11. [14] Teresa Sadowska, Wlodzimierz Libus, Thermodynamic properties
[5) Nat, K/, %27, NO; —H,0 and swolution equilibria of aqueous bivalent transition metal ni-
[ . 2004 32(3). 67— 70. trates and magnesium nitrate[ J] . J. Solution Chem. , 1982, 11
6] . Na®. K7/ CI7, 8027, NOy — H,0 (7); 457468
Clegg— Pitzer 1. ( D, [ 15] M. Todowvic R Nikovie, Osmotic and activity wefficients of
2003, 20(4): 403—406. { xKNO;+ (1—x)Mg(NO5),} (aq) at the temperature 298. 15K
[7 s . The A pplication of the Local Composition Model [ J]. J. Chem. Thermody namics, 1992 24 937— 941.
for the Sysem K, Na™/ I, S03, NO; — H,0[ J]. [16] M. Todorovic, R Nikovic Osmotic and activity coefficients of
( ), 2003, 20(4):399— 402. {(xMg (NO;), + (1—x)MgS0,} Caq) at the temperature
[8] s 29%. 15K[ J] . J. Chem Themodynamics, 1995, 27, 369— 375.
[ . 2002, 14(2). 65— 67. [ 171 M. Todowvie R Nikovie J. Miladinovic Osmotic and activity
[9 s s coefficients of {yK23041 (1—y)Mg(NO3),} (aq)at the tem-
[J. , 2003, 15 perature 298. 15K[ J| . J. Chem Themmodynamics, 1998 30 (7).

(4), 6566, 74

847 8523.



28 13

[18] Platford R F Thermodynamics of mixed salts solutions: Excess cosienBbix cuctem, Tav [[] M) . T'ocxumanat, Jlern g, 1961.

Gibhs energies of mixing for the six ternary systems formed from [20] A 'b.3naHoBcKwi, U, A, , CPaBOUHKK 3KCTIe PAMEHT AT hHbIX
aqueous Mg Cly, Mg(NO,) , CaCl, and Ca(NO;), at 25°(] J]..
J. Chem Themmodynamics, 1971, 3( ?): 319— 324.

[19 AD. 3ImaHOBCKHH , 1, TJ, , ClT ;A BOYHUK 3K CTie PUMeEH TaJIBBHBBIX 1963.

JAHHBIX MO ACTBOMMOCTM MHO OKOMIIOHEHTHBIX  BOILHO-

COJIeHBIX cucreM, Tom [V[ M . Tocxuvspar, JlenuH fan,

JAHHBIX IO  PacTBO MMOCTM MHO OKOMIIOHEHTHBIX — BOJHO -

Thermodynamic Model and Prediction of Solubilities in the System
Na , K, Mg> /NO; , CI , SO; —H,0 at 298.16K

[ . Pitzer Parameters for the System

HUANG Xue-li's SONG Peng—sheng2
(1. llege of Chanistry and Chemical Engineaing, Xinjiang University, Urumgqi 830046, China ;
2. Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining 810008, China )

Abstract: In order to model thermodynamic properties and predict the solubilities of Na . K", Mg2+/NO§ ,
CI ,S0i —H0 system using the Pitzer ion-interaction approach, Pitzer parameters for nitrates NaNO3,
KNO3, Mg(NO3), are necessary. They were given for concentration up to 6 mol in the original papers of Pitzer
and co-workers. Thermodynamics data sources of nitrates and their evaluation are described in details. New sets
of Pitzer parameters for the three nitrates are presented in this paper.
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