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Fig. 1. Experimental setup: 1) Cylindrical refrigerant pipe, 2) chilling cycle via R12 refrigerant (internal chilling), 3)
hydrate formation zone, 4) Test solution, 5) double-glazed chamber or thermal jacket, 6) thermostatic bath (external
chilling), 7) drain valve, 8) view window, 9) digital microscope camera, 10) computer, 11) thermocouple 1, 12)
thermocouple 2, 13) manometer, 14) viewer and data control system, 15) solution inlet valve, 16) primary brine solution
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Fig. 2. Images of ice growing crystals during the freezing process
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Table 1. Desalination results for different NaCl concentrations

Initial

Experiment Concentration EC Final EC' Removal
method (gr/L) (us/em) (ps/cm) Efficiency (%)
0.03 79.90 43.80 45
0.29 587.00 286.00 51
Freezing method 1.80 3520.00 2040.00 42
10.00 17760.00 9850.00 44
19.00 33100.00 20900.00 37
30.00 49600.00 35100.00 29
0.03 79.90 33.70 58
0.29 587.00 129.00 78
Hydrate method 1.80 3520.00 1145.00 67
10.00 17760.00 6210.00 65
19.00 33100.00 14250.00 57
30.00 49600.00 24400.00 51

Table 2. Desalination results for different NaBr concentrations

Experiment Concentration Initial EC Final EC Removal Efficiency
method (gr/L) (ns/cm) (ps/cm) (%)
0.10 126.20 38.80 69
0.25 305.00 79.60 74
Freezing method 0.51 593.00 177.30 70
1.00 1161.00 474.00 59
3.00 3380.00 1921.00 43
0.10 126.20 38.10 70
0.25 305.00 54.10 82
Hydrate method 0.51 593.00 72.50 88
1.00 1161.00 162.80 86
3.00 3380.00 682.00 80
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Fig. 5. Water desalination efficiency in presence of NaBr
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Fig. 3. Freezing point depression at different NaCl
concentrations (Karamoddin 2014)
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Table 3. Ratio of enhancements in the NaCl and NaBr removal efficiencies of the hydrate method to those of the
freezing method

Ratio of
enhancements in

NaCl concentration (gr/L) e

Ratio of enhancements

NaBr concentration in removal efficiencies

of the hydrate (gr/L) of the hydrate method
method to freezing to freezing method
method

0.03 1.28 0.10 1.01
0.29 1.53 0.25 1.1
1.80 1.59 0.51 1.25
10.00 1.48 1.00 1.45
19.00 1.54 3.00 1.86
30.00 1.76
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