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Determination and calculation of phase equilibrium for N,N’-bis-
(2-hydroxypropyl)-piperazine—sodium sulphate—water ternary system
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Abstract: The solid-liquid equilibrium
data of  N,N’-bis-(2-hydroxypropyl)- 0 100
piperazine (HPP)-sodium sulphate—water
ternary system were determined by
isothermal method at 273.15 and 298.15 K
under ambient pressure by wet-residue
method. The components of invariant points
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analysis. Two isothermal phase diagrams

were plotted according to the equilibrium 298.15Kt027315K

data. There were four crystalline regions in

the course of crystallization (pure Na;SO4-10H,0, pure Na;SO4, mixed Na;SO4-10H,0 and NazSO4, mixed NazSO4
and HPP, respectively) at 298.15 K. Meanwhile, there were three crystallization regions (pure Na;SO4-10H,0, mixed
Na2S04-10H20 and HPP, mixed Na;SO4-10H,0, Na:SO., HPP, respectively) at 273.15 K. With the decrease of
temperature, the crystallization regions of pure Na,SO4-10H,0 increased and the solubility of sodium sulfate decreased
obviously. The presence of HPP decreased the phase transition temperature between Na;SO4 and NaxSO4-10H-0,
resulting in the existence of pure Na;SO;, crystalline region at 298.15 K. But there was not crystallization zone of pure
Na2S04-10H20 at 273.15 K. Moreover, the existence of pure HPP crystalline region had not been found at 273.15 and
298.15 K, that meant if the concentration of HPP was lower than the solubility of HPP in water, HPP would not
crystallize in the frozen crystallization process. Furthermore, the modified Pitzer model of single component electrolyte
was used to correlate the phase equilibrium data of the system. By means of the solubility data, the Pitzer parameters
and solution equilibrium constants of Na;SO4 and Na>;SO4-10H,0 in the system were calculated by multiple linear
regression. Using the Pitzer model to calculate the theoretical data of phase equilibrium, the relative root mean square
deviation between the calculated data and the experimental data was no more than 0.0290, which proved that the
modified single component electrolyte Pitzer equation can be applied to the calculation of this system.
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Table 1 Experimental solid—liquid phase equilrium data of HPP—Na,SO4—H-0O ternary system at 273.15 K

Composition of liquid phase,

Composition, m/g

Composition of wet residue, I .
Equilibrium solid

No. o /Wt% wr/Wt% phase
HPP Na SO, H,O HPP Na SO, H,O HPP Na SO, H,0
1 (Point Dy in Fig.2) 0.0000  15.0000 85.0000  0.00 451 95.49 0.00 20.98 79.02 Na,S0,-10H,0
2 2.,0000  15.0000 83.0000 2.76 3.82 93.41 2.49 19.17 78.34 Na,S04-10H,0
3 5.5000 6.0000 88.5000 5.98 3.19 90.83 5.55 7.49 86.96 Na,S0,-10H,0
4 9.0000 5.0000 86.0000 9.80 2.28 87.92 8.90 6.56 84.54 Na,S0,-10H,0
5 14.0000  4.0000 82.0000 15.31 1.63 83.06 13.61 5.38 81.02 Na,S0,-10H,0
6 17.0000  3.0000  80.0000 18.11 131 80.58 15.79 6.82 77.39 Na,S04-10H,0
7 195000  3.0000  77.5000 20.91 0.17 78.92 18.89 5.60 75.51 Na,S0,-10H,0
8 22.0000 3.0000 75.0000 23.28 0.82 75.90 21.15 5.48 73.37 Na,S04-10H,0
9 26.0000 25000 71.5000 27.45 0.57 71.98 25.47 3.95 70.58 Na,S0,-10H,0
10 (Point C; in Fig.2) ~ 43.0000  10.0000 47.0000 41.40 0.00 58.60 45.32 21.78 32.90 Na,S04-10H,0+HPP
11 45,0000 0.0000 55.0000 41.38 0.00 58.62 ND ND ND HPP

Note: ND means not be determined
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Fig.2 Solid-liquid equilibrium phase diagram of
HPP—-Na2S04+—Hz0 ternary system at 273.15 K
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Fig.3 Solid-liquid equilibrium phase diagram of
HPP—Na2S04—H20 ternary system at 298.15 K
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Table 2 Experimental solid—liquid phase equilibrium data of HPP—Na2SO4—H-0 ternary system at 298.15 K

Composition of liquid phase,

Composition, m/g

Composition of wet

No. o /wt% residue, wr/Wt% Equilibrium solid phase
HPP Na,SO4 H,0 HPP Na;SO4 H,O HPP Na;SO4 H,O
1 (Point D, in Fig.3) 0.0000  30.0000  70.0000 0.00 2156 7844  0.00 3341 66.59 Na;S0,4-10H,0
2 2.0000  24.0000 74.0000 2.58 19.56 77.86 2.44 26.35 71.21 Na S04 10H,0
3 5.0000 22.0000 73.0000 6.41 16.72  76.87  3.59 28.80 67.61 Na,S0,-10H,0
4 (Point F, in Fig.3) 6.0000  22.0000 72.0000 7.35 15.56 77.09 451 33.74 61.75  NazS04-10H,0+NazSO,4
5 10.0000 22.0000  68.0000 10.23 1334 7643 722 43.87 48.90 Na,SO,
6 17.0000 14.0000  69.0000 17.87 8.50 7363  15.90 15.85 68.25 NazS04
7 29.0000 10.0000  61.0000 31.74 253 65.73 2443 24.34 51.23 Na,SO4
8 34.0000 7.50000 58.5000 35.92 181 62.27  32.08 10.87 57.05 Na,SO4
9 42.0000  4.0000  54.0000 43.25 0.72 56.03 41.28 6.28 52.44 Na,SO4
10 (Point C, in Fig.3) ~ 52.0000 14.5000  33.5000 49.73 0.00 50.27 5238 17.83 29.79 Na;SO4+HPP
11 52.0000 0.0000  48.0000 49.70 0.00 50.30 ND ND ND HPP
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Table 3 Values of coefficient a in Eq.(3)24
Pitzer parameter ai a as ag as a
ONaps04 -3.32x103 —-2.93x10° 2.80x1073 -1.32x10°® 5.54x10* 6.67x102
FONas04 -3.57x103 -3.00x10° 2.74%x1073 -1.22x10°® 6.10x104 7.12x102
Cfagsos 3.69x10? 3.16x10! —2.95x107* 1.35x1077 —6.23x103 ~7.36x10!
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Table 4 Calculated results of Pitzer parameters of
HPP—Na,SO4+—H0 ternary system

Temperature/K L ONas04 ONazs04 CNazsos
273.15 0.0127 1.0930 0.0063
298.15 0.0460 0.9335 —0.0048

R 5T PR KV JEE (Mg 50, AT Mipp) ORI T 1R o THERLRE

— R AR IERS , SEHf5E muee, BT Matlab 3PER
FA AR IEARYE T B Minagso,o T 55 10 5 8 JBE JK 94 FE 2 6
RS IR AE AT LR . 1%k & 273.15 Fl1 298.15
K FHE R EE IR 6. WLLEH, KA Pitzer 77
PRV RV R S LI B A&, THEAFH I 7 i R
#(RMSD)%> 54 0.0060 1 0.0290, SEz&6E 5t S AH 1%
ZERLN

#* 5 HPP-Na:SOs—H:0 =tk RRB T EEH(K)
Table 5 Solution equilibrium constant (K) of HPP—Na>SO4—H-0 ternary system

Temperature/K AHPP-Na,S0, AHPP-Na,50,-10H,0 INKna,s0, INKna,s0,10H,0 R?
273.15 - 0.6646 - —5.5457 0.9986
298.15 0.5284 0.3853 -1.9262 —2.7430 0.9959

#* 6 HPP-Na;SO:-H:0 =LA RINARRE LI ESITEEXTLE
Table 6 Comparison of experimental and calculation solubility of HPP—Na2SO4—H-0 ternary system

273.15K 298.15 K
No. Experimental data Calculated data Experimental data Calculated data
ONa,50,/ WL wrppl/ W% Na,s0,/ W% ®rpp/ W% Na,s0,/ W% ®rpp/ W% ONa,50,/ W% rpp/ W%

1 451 0.00 447 0.00 21.56 0.00 21.77 0.00
2 3.82 2.76 3.77 2.76 19.56 2.58 19.63 2.58
3 3.19 5.98 3.06 5.99 16.72 6.41 16.55 6.42
4 2.28 9.80 2.36 9.79 15.56 7.35 15.85 7.32
5 1.63 15.31 1.58 15.32 13.34 10.23 13.74 10.18
6 131 18.11 1.27 18.12 8.50 17.87 8.63 17.84
7 0.17 20.91 0.18 20.91 2.53 31.74 3.07 31.56
8 0.82 23.28 0.83 23.28 1.81 35.92 2.08 35.82
9 0.57 27.45 0.56 27.45 0.72 43.25 0.96 43.15

Experimental Experimental
= Calculated = Calculated
100 0 100 0
0 20 40 60 80 100 0 20 40 60 80 100
NaZSO4 HPP NE:IZSO4 HPP

(a) 273.15K

(b) 298.15 K

K 5 273.15 1 298.15 K  HPP—-Na:SO4—H20 =G4k & A K
Fig.5 The phase diagram of HPP—Na2SOs—H-0 ternary system at 273.15 and 298.15 K
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