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ABSTRACT : Carbon dioxide is one of the greenhouse gases in the atmosphere and much research is underperforming in reducing
carbon dioxide. Geological carbon dioxide storage is considered the primary technique for global warming prevention. So, technic
development for storing carbon dioxide is required. Using surfactant is considered an effective material for geological carbon dioxide
storage. However, research on using surfactants for carbon dioxide sequestration is not enough. In this study, a 2D micromodel
experiment depends on the surfactant type (sodium dodecyl sulfate and sodium dodecylbenzene sulfonate), concentration and carbon
dioxide injection rate. As result, geological carbon dioxide sequestration efficiency is increased according to surfactant concentration
and carbon dioxide injection rate increase. However, efficiency no more increases after critical concentration and rate.
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Table 1. Comparison of main effects of global temperature rise
1.5°C vs 2°C (IPCC, 2018)

1.5°C 2°C

Ecosystems and humans High risk Very high risk

Mid-latitude heatwave
temperature

3°C increase 4°C increase

High latitude cold wave
temperature

4.5°C increase 6°C increase

Coral extinction 70~90% =<99%

Population vulnerable to
climate impact and poverty

Up to hundreds of millions more
by 2050 at 2°C

Water scarce population Up to 50% increase at 2°C

Risk of large-scale . . Medium to
Medium risk . K

extreme events high risk

Sea level rise 0.26~0.77m 0.3~0.93m

Frequency of complete Once in 100 Once in 10
extinction of arctic sea ice years years

oy S s oltetEa 25 9 28 A%
(Carbon Capture and Utilization'Storage, CCUS) 7]<2] A
& ek npskgth CCUSE Hiqfi o]ikslebi v
oA ZHE ottt as A AR ol Atk 71
a2 ¥EsHSlcH(Fig. 2)(Benson & Surles, 2006; White et al.,
2003). AF ARE 91 g 2AL Ao Qe
o] ZAsh= a4 800m A|Fo] A7t Aoz defA et
(Kwon, 2016; GCCSI, 2015; IPCC, 2005). oJAts}etAE 4]
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Fig. 2. Schematic of geological carbon storage (Gim et al., 2013)
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Table 2. Advantage and mechanism on surfactans ionic characteristic (Negin et al., 2017)

Cationic

Non-ionic Amphoteric

Cationic and nonionic
surfactants mixture is most
effective agent for EOR

Advantage

Effective for sandstone
reservoir

. Strong electrolyte tolerance,
Effective for surfactant g Y

e . temperature resistance,
flooding in high salinity i

thermo stability, better

water or hard water R .
wetting and foaming

L. . Carbonate surfaces have
Electrical interaction of . K
. both cation and anion
reservoir pore surface .

exchange sites

Sandstone surfaces
have anion sites

Not effected by reservoir
surface charge

Reducing IFT and

Mechanism . .
wettability alteration

Reducing IFT

Reducing IFT and

Reducing IFT
e wettability alteration

Surfactant molecule }Hydwphr—‘bic portion
@ ~Hydrophilic portion

Critical micelle
concentration
(CMC)

Surface tension (mN/m)
]

Micelles
formed

Surfactant Surface
at surface saturated

o1 1 0 100
Concentration (mg/L)

Fig. 3. Surface tension of a surfactant soltion with increasing
concentration, formation of micelles (Houbraken, 2018)
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Fig. 4. Surfactant classification on ionic characteristic
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Table 3. Physical and chemical properties of surfactant

SDS SDBS
Molecular formula C2H2504SNa CisH29NaOsS
Molecular weight [g/mol] 288.38 348.48
Density [g/cm’] 0.37 1 (at 20°C)
pH 9.1 (at 10g/l) | 7 ~ 10.5 (at 25°C)
CAS number 151-21-3 25155-30-0
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(a) SDS (b) SDBS

Fig. 5. Molecular structure of surfactant use in this study
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Fig. 6. Experiment set up of micromodel system
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Table 4. Experiment condition of CO: injection flow rate

0|2, threshold

SDS SDBS
Water
0.01 0.02 0.01 0.02
1
Flow rat 05 g.i ! 015 !
ow rate 0.1 ‘ 0.5 ' 0.1
[mL/min] 0.05 0.05 0.01 0.05 0.01
001 0.01 0.01

Fig. 7. Procedure of image processing using image j (a) image of
saturated with solution (b) CO2 injected image (c) abstract
difference between (a) and (b) image (d) adjusting contrast
of abstracted image (e) apply bandpass filters (f) apply
threshold (g) apply binary and calculate ratio of black or

white area
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Fig. 10. Displacement ratio on surfactant type
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Table 5. The change of displacement ratio on different flow rate

Surfactant SDS SDBS
Flow rate Water
[mL/min] 0.01 0.02 0.01 0.02
1 87.04 - 90.41 932 94.1
0.5 83.82 | 91.05 90.69 | 88.85 -
0.1 79.48 | 83.06 - - 91.53
0.05 68.95 88.1 - 80.49 -
0.01 47.72 | 88.58 87.91 79.12 85.37
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