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Abstract  Refrigerant hydrates have potential applications in air-conditioning systems as phase-change cold-storage materials.
However, refrigerants are insoluble in water, the nucleation of hydrates in static systems is slow, and the actual cold storage density is
low. Surfactants can improve the refrigerant hydrate formation. In this study, fatty acid polyoxyethylene esters (LAE-4 and LAE-9) and
fatty alcohol polyoxyethylene ethers (AEO-4 and AEO-9) were used to accelerate the hydrate formation. It was found that the amount of
surfactant added affected the hydrate formation. The hydrate-formation induction time with a mass fraction of 2. 5% AEO-9 was the
shortest (63 min). Hydrate exhibited the largest cold storage density (246. 10 kJ/kg) and its growth rate reached 4. 47 kJ/(kg*min)
when the mass fraction of AEO-9 added was 2. 5%. Surfactants with short hydrophilicities caused the droplets of the emulsion to become
large and stratified, whereas surfactants with long hydrophilicities improved the stability of the emulsions. The hydrophobic ester bonds
in LAE-9 promoted rapid hydrate formation. Hydrate showed a “memory” effect. There was no evident induction time for hydrate
reformation. The stability of emulsions played a pivotal role in hydrate formation. The LAE-9 emulsion system exhibited the best stability

in the hydrate formation/dissociation cycle.
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Fig.1 Molecular structure of surfactants
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Fig.2 Experimental device
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Tab.1 Experimental system
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Fig.3 Five parallel tests of hydrate formation
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Tab.2 Experimental results

LB 1753 5 0] /min 15953 1 ] /min 15 S ) A 22 KA WA KB [E] /min 54 K R /min
El 397,675,741,111,795 544 256 34,33,35,41,42 37
E2 231,123,62,45,170 126 69 41,42,48,41,39 42
E3 379,198,75,251,138 208 104 26,43,47,37,44 39
E4 353,315,666,217,288 368 156 45,41,42,44,48 44
ES 417,243,330,344,628 392 130 41,35,41,42,57 43
E6 455,207,145,297,403 301 116 57,54,55,23,49 48
E7 290,218,128,157,380 235 92 53,51,56,51,53 53
E8 60,50,145,158,76 95 45 51,55,59,61,48 55
E9 232,181,263,92,124 178 64 41,60,60,56,59 55
E10 447,350,284,469,217 353 95 47,57,49,66,45 53
El1 149,278,324,215,197 233 62 39,49,61,42,38 46
E12 207,63,284,245,148 189 78 45,48,47,45,49 47
E13 166,100,313,442,111 226 132 49,54,58,41,50 46
E14 247,275,149,287,103 212 82 43,39,41,41,42 41
El15 187,132,117,203,265 151 59 45,42,40,43,42 42
El6 110,134,63,129,178 121 43 41,49,38,41,47 43
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E18 188,132,126,148,207 160 36 40,44,45,47,43 44
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Fig.4 Comparison of hydrate induction time and variance
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Fig.5 Temperature change curve of warm water and hydrate

as they reach thermal equilibrium
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Fig.6 Comparison of cold storage density and generation rate
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Tab.3 The cold storage density and growth rate of hydrates

NI Tt 385 (%) e m/(klikg) PEIFR R/ (Kkg) A K /[k)/ (kg min) ]
0.5 82.35 113.99 111.87 102.74 2.78
1.0 143.83 127.10 131.38 134.10 3.19
LAE-4
1.5 105.2 121.52 118.09 114.94 2.95
2.0 112.38 85.26 99.51 99.05 2.25
1.0 92.32 116.56 105.06 104.65 2.43
2.0 121.29 124.37 121.24 122.30 2.55
LAE-9 3.0 172.5 176.24 177.31 175.35 3.31
4.0 245.21 251.00 242.08 246.10 4.47
5.0 176.77 160.61 186.04 174.47 3.17
1.0 89.32 86.03 83.84 86.40 1.63
1.5 127.72 126.82 125.56 127.27 2.77
AEO-4
2.0 165.35 166.74 162.99 165.03 3.51
3.0 149.06 142.27 161.64 150.99 3.28
0.5 147.88 141.20 147.56 145.55 3.55
1.5 164.39 163.32 143.45 157.05 3.74
AEO-9 2.0 152.69 165.68 164.08 160.82 3.74
2.5 161.73 170.38 171.12 167.74 3.99
3.0 146.56 142.96 138.42 142.98 3.25
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Fig.8 Cycling process of hydrate formation and dissociation
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