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Studies on the HFC-134a hydrate formation in seawater with addition of

the edible surfactants

A Ram Kim

Department of Chemical Engineering, The Graduate School

Pukyong National University

Abstract

At the present, there are several primary methods used in seawater
desalination; multi-stage distillation, reverse osmosis, etc. Those methods
require a large amount of fuel and electric power, and thus a rather
novel technology using gas hydrate formation has recently emerged as
an alternative. With the advantages such as environment-friendliness and
low operational cost, this technology is still struggling to solve several
practical operational challenges. Among them, [ was focused on the slow
kinetics of gas hydrate formation, which would critically affect the

throughput (productivity) of the whole process.

Gas hydrates are inclusion compounds with the cage structure formed
by hydrogen bonding of water molecules at low temperature (but, above

the normal freezing point of water) and high pressure. Objective gas can

_Vi_



be any of methane, ethane, propane, HFC, HCFC, etc. According to the
size of objective gas combined with cage type of water molecules, there
exist three different structures; so called, structure I (sl), structure II

(sll), and the structure H (sH).

Returning back to the point, I was to improve the Kkinetics of gas
hydrate formation by using promotors. Because this study has to be
incorporated to the development of desalination process producing
potable water, three Kkinds of edible surfactants were selected as
promotors; lecithin from amphoteric surfactants, carrageenan and
polysorbate80 from anionic surfactants. Non-edible cationic surfactants
were excluded. Then, the kinetics of R-134a hydrate formation was
checked out by varying the concentration of surfactants and the salinity
of seawater. Surfactants were supposed to decrease the surface tension

of water molecules on the interface of hydrate particles and liquid.

From the experimental results, it was clearly observed that the rate of
R-134a hydrate formation increases with the addition of edible
surfactants as expected. The effect as a promotor has an order;

carrageenan = polysorbate80 > lecithin.

- Vil -
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Table 1. Common desalination technologies [8]

Desalination methods

Characteristics

Reverse osmosis (RO)

Membrane processes, the most common system in use. A semi-penetrable membrane

separates two solutions of different concentrations.

Electrodialysis
(ED/EDR)

Membrane processes. A bundle of membrane is placed between two electrodes and an
electric field is induced. It is mostly suitable for brackish water and for the remediation
of polluted wells.

Multi stage flash
(MSF)

Evaporation processes, in combination with power stations. The system includes a series
of compartments. The flow of hot water into a compartment in which there is low
pressure results in the evaporation of part of the water

Multi effect distillation
(MED)

Evaporation process, based on the cycle of latent heat when generating steam, usually

used in combination with power stations.

Vapor compression

distillation

Evaporation processes based on the principle of a heat pump. Repeat cycle of

condensation and evaporation
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Table 2. Comparison of MSF, RO, and gas hydrate technology [9]

MSF

RO

Gas hydrate

Physio-chemical principal

Flash evaporation

Solute diffusion

Phase change process

Temperature (°C) 90-120 20-35 Vicinity of 0
Pressure (Bar) below 1 55-70 4.5-6.5 (Propane hydrate)
Capacity (ton/day) 1000 1000 1000
Capital Investment (M%) 2.93 2.3 5.46
Operating cost ($/ton) 2 3.23 1.2
Total Product Cost ($/ton) 3.26 4.47 2.76

Maintenance

Corrosion issue

Membrane replacement

No maintenance
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Figure 1. Energy consumption for distillation, membrane and
hydrate [9]
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Table 3. Solubility of significant components of natural gas in
water at 20°C [20]

P Solubility(g,,./kgyater)
CH, 0.024
C,H, 0.060
Co, 1.600
73 3.700
N, 0.018
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Cavity types Hydrate structure Guest molecules

Methans, ethane,
carbon dioxide
and 5o on

Propandg,
iso-butans
and so on

Mathane + nechexana,
methane + cyclohaptane,
and 5o on

Figure 3. Structure of gas hydrate [17]
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Table 4. Properties of gas

hydrate [17]

Hydrate crystal structure I il
Cavity Small Large Small Large Small Medium Large
Number of cavities per
. 2 6 16 8 3 2 1
unit cell
Average cavity radius (A) 3.95 4.33 3.91 4.73 3.91 4.06 5.71
Coordination number 20 24 20 28 20 20 36
Number of waters per
} 46 136 34
unit cell
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Table 5. List of edible surfactants [27]

Name

Alias

glycerin esters of fatty acids

glycerin esters

sodium lauryl sulfate

lauryl sulfate Na

lecithin

rennet casein

sorbitan esters of fatty acids

sorbitan esters

magnesium stearate

stearic acid Mg

stearate calcium

stearic acid Ca

sodium stearoyl lactylate

stearoyl lactylate Na

calcium stearoyl lactylate

stearoyl lactylate Ca

alginic acid

sodium aluminuim phosphate

aluminuim phosphate Na

yucca extract

sucrose fatty acid ester

sucrose fatty acid ester

sodium lactate lactate Na
gelatin
carrageenan
casein
sodium caseinate casein Na

candelila wax

quillaia extract

triacetin

pectin

polysorbate20

polysorbate60

polysorbate6h

polysorbate80

propylene glycol

propylene glycol esters of fatty acids

propylene glycol esters

enzymatically decomposed lecithin
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Computer 5

1. Gas bombe 2. Regulator 3. Vessel 4. Reactor

5. T-P sensor 6. Magnetic driver 7. Computer 8. Chiller

Figure 5. Schematic diagram of experimental apparatus
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Figure 6. Hydrate induction time with lecithin 200 ppm in

seawater of 3.5% salinity

_30_



(a) 0 sec (b) 600 sec (c) 812 sec

(d) 930 sec (e) 1020 sec

Figure 7. Haziness in the reactor wall with lecithin 200 ppm in

seawater of 3.5% salinity
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Figure 8. Hydrate induction time with carrageenan 200 ppm in

seawater 3.5% salinity
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(a) 0 sec (b) 600 sec (c) 741 sec

(d) 900 sec (e) 1200 sec

Figure 9. Haziness in the reactor wall with carrageenan 200 ppm

in seawater of 3.5% salinity
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Figure 10. Hydrate induction time with polysorbate80 200 ppm

in seawater of 3.5% salinity
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(b) 600 sec (c) 717 sec

(d) 780 sec (e) 960 sec

Figure 11. Haziness in the reactor wall with polysorbate80 200

ppm in seawater of 3.5% salinity
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Figure 12. Hydrate induction time with lecithin in

salinity
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Figure 13. Hydrate induction time with lecithin in seawater
3.25% salinity
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Figure 14. Hydrate induction time with lecithin in seawater of 3.5%
salinity
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Figure 16. Hydrate induction time with carrageenan in seawater of
3.25%
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Figure 17. Hydrate induction time with carrageenan in seawater of
3.5% salinity
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Figure 18. Hydrate induction time with polysorbate80 in seawater
of 3.0% salinity
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Figure 19. Hydrate induction time with polysorbate80 in seawater
of 3.25% salinity
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Figure 20. Hydrate induction time with polysorbate80 in seawater

of 3.5% salinity
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