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Enhancing HCFC-141b Hydrate Cold Thermal Energy Storage Density by EL
Series Surfactants in Quiescent Conditions
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Abstract To solve the problems of the slow growth rate and low cold thermal energy storage density of refrigerant hydrates , the addition
of surfactants is an effective way to promote hydrate formation. Three polyoxyethylene castor oil (EL) surfactants with different
hydrophilic-lipophilic balance (HLB) values (EL-20, EL-30, and EL-60) were selected as promoters to study their effects on HCFC—
141b hydrate formation. The experimental results showed that the EL series of surfactants significantly reduce the hydrate nucleation
induction time. The system with a mass fraction of 1. 5% EL-20 exhibited the shortest hydrate induction time of 73 min, and the stability
of hydrate formation was good. The micelles formed by the EL surfactants provide more nucleation sites, which accelerate hydrate
formation. The hydrate cold thermal energy storage density is related to the HLB value of the surfactants. The system with a mass fraction of
1. 5% EL-20 had the maximum cold thermal energy storage density of 246. 48 kJ/kg and the fastest hydrate growth rate of 5. 06 kJ/(kg*min),
as EL-20 had a suitable HLB value. There is a "memory" effect during hydrate formation and dissociation cycle. The system with a mass
fraction of 1. 5% EL-20 surfactant exhibited the most favorable performance during the hydrate formation and dissociation cycles. After
seven hydrate formation and dissociation cycles, the increase in temperature remained stable during hydrate formation.
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Tab.1 Experimental materials
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RV — — I [ il

CH,00C(CH,),CH= CHCH,CH(CH,),CH,
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Fig.1 Chemical structure of surfactant
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Tab.2 Experimental system
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Fig.2 Experimental setup
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Fig.3 Stability of emulsions with EL—20(from left to right,
0.5%.1.0%.1.5% and 2.0%)
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Fig.4 Stability of emulsions with EL—30(from left to right,
0.5%.1.0%.1.5% and 2.0%)
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Fig.5 Stability of emulsions with EL—60(from left to right,
1.0%.2.0%.2.5%.3.0% and 4.0%)
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Tab.3 Data of hydrate formation

SR 530 [8]/min - 24375 5 (6] /min 5 I (Al 2 FFE2RT E] /min B2 ) ] /min
E1l >1 440 >1 440 — — —
E2 169, 233, 269, 282, 325 255 52.6 45, 48, 50, 52, 54 50
E3 95, 102, 114, 140, 213 133 42.9 48, 48, 40, 46, 51 47
E4 62, 68, 69, 72, 94 73 10.9 55, 47, 52, 49, 41 49
ES 360, 415, 421, 421, 427 409 24.7 47, 52, 41, 55, 50 51
E6 155, 171, 286, 310, 328 250 72.4 49, 45, 37, 43, 41 43
E7 67, 78, 78, 120, 179 104 41.1 52, 42, 46, 53, 43 47
E8 60, 85, 91, 144, 237 123 63.0 45, 43, 45, 53, 45 46
E9 92, 167, 170, 228, 290 189 66.2 44, 46, 42, 42, 40 43
E10 — — — — —
El1 623, 710, 720, 809, 862 745 83.2 48, 43, 36, 46, 40 42
E12 272, 274, 380, 393, 415 347 61.2 49, 50, 48, 47, 41 47
E13 298, 301, 542, 606, 748 499 175.9 53, 49, 51, 53, 39 49
E14 777, 859, 1064, 1101, 1172 995 150.4 52, 40, 47, 43, 43 45
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Fig.6 Induction time of hydrate formation
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Fig.7 EL series surfactants promote HCFC-141b hydrate formation
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Tab.4 Hydrate cold storage density (b) EL20
ASIR R B9 kEWERKEE
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1.5%EL-20  1.0%EL-30  2.5%FEL-60
L 4 b /4 % =y
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ERHE/(klkg) 247.25 226.02 204.53 . lﬁl‘l,o 125051 g EL /2(? KL 5:0 A FL 60 47t
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Fig.10 Hydrate formation and dissociation cycle in EL-20

system with a mass fraction of 1.5%
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system with a mass fraction of 2.5%
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Fig.14 Mechanism of EL series surfactants to promote hydrate formation
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