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Introduction

One of the most widely used methods for oil production
in enhanced oil recovery (EOR) is gas injection into
the reservoir. The main advantage of gas injection over
water injection is its high microscopic displacement
efficiency (ED), which results in lower residual oil
saturation in the reservoir. However, significant
challenges exist in gas injection EOR, including
unfavorable mobility ratio and the low viscosity of
gas compared to oil. These issues lead to viscose
fingering and reduced sweep efficiency. Moreover, all
these factors contribute to the low macroscopic sweep
efficiency of gas injection, leaving a portion of the oil
trapped in the reservoir. Foam injection has therefore
been proposed as a potential solution to this problem.
Foam can improve gas mobility and significantly
reduce gas permeability by increasing its viscosity [2-
4].

Recent studies have extensively examined the impact
of oil components on foam stability. However, the main
challenge lies in identifying surfactants that exhibit
greater stability in the presence of oil compounds. This
characteristic enhances foam stability and improves
its injection into oil reservoirs. The findings of this
research can contribute to optimizing oil recovery
processes and increasing their efficiency.

Materials and Methods
The anionic surfactant sodium dodecyl sulfate (SDS),

with the molecular formula NaC H,.SO, and a purity
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of over 99%, was purchased from Merck. Additionally,
in this project, the cationic surfactant CTAB was used,
with a purity of 98%. The fluids used in this research
were toluene and n-heptane, obtained from Merck with
a purity exceeding 99%. The water used in this project
was high-quality deionized water with a conductivity
of 0.1 ps/cm.

In this project, the static “Ross-Miles” method was used
to evaluate foam stability under ambient temperature
and pressure conditions. In the static method, both
surfactants were used at three concentration levels:
0.5, 1, and 1.5 CMC. Furthermore, the fluids (toluene
and n-heptane) were employed at two volumetric
percentages: 1 and 4%. Six different oil mixtures, each
tested at two volumetric percentages (1% and 4%), are
presented in the following Table 1.

Table 1 Oil Samples Prepared for Experimental Testing.

Oil Type | n-Heptane (vol%) Toluene (vol%)
Oil Type 1 - 100
Oil Type 2 20 80
Oil Type 3 30 70
Oil Type 4 40 60
Oil Type 5 50 50
Oil Type 6 100 -
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Result and Discussion

In this research, various experiments were designed
and conducted to measure and examine the effects of
polar compounds on the stability of foam generated by
two different types of anionic and cationic surfactants.
The primary objective The primary objective was
to identify the surfactant that exhibits superior
performance in the presence of polar oil components.

Foam Stability of SDS and CTAB

In the first phase of foam stability experiments, pure
solutions of both surfactants were utilized. Foam
stability was then measured using the Ross-Miles
method for both the cationic and anionic surfactants.
Figures | and 2 present a summary of the experimental
results and the foam half-life obtained for each test.
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Fig. 1 Foam stability of SDS surfactant.
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Fig. 2 Foam stability of CTAB surfactant.

The results presented in Figures | and 2 indicate
that increasing the concentration of both surfactants
up to the CMC point, significantly enhances foam
stability. However, further increases in the surfactant
concentration beyond the CMC does not lead to
noticeable improvements in foam stability, which it
remains relatively constant.

Apossible explanation for this phenomenon is the chain-
to-chain interaction between surfactant molecules,
leading to the formation of a bilayer structure.
Beyond the CMC, additional surfactant concentration
no longer contributes to surface adsorption at the
interface. Instead, surfactant molecules aggregate into
micelles, where hydrophilic head groups associate
through proximity and bonding, forming a secondary
layer. Consequently, the hydrophobic tails remain in

the bulk solution rather than orienting at the interface,
reducing their impact on foam stability [5-9].

SDS Stability in the Presence of Six Different Oil
Types

The impact of six different oil compositions (as listed
in Table 1) on foam stability was investigated using
SDS at 1 CMC concentration. Moreover, two distinct
oil volumetric percentages (1 and 4 vol%) were
selected to evaluate the effect of the oil phase on foam
durability.

According to the experimental results illustrated in Fig.
3, the presence of an oil phase significantly reduces
foam stability. Moreover, the comparison between
toluene and n-heptane reveals that n-heptane (Oil Type
6) has a considerably greater destructive effect on
foam stability compared to toluene.
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Fig. 3 The effect of SDS surfactant in the presence of 6
different types of oil.

This finding highlights that saturated alkane
compounds contribute more to foam degradation than
unsaturated aromatic hydrocarbons such as toluene.
Additionally, given that toluene exhibits higher
viscosity than n-heptane, foam destruction in the
presence of a higher viscosity phase occurs at a slower
rate, delaying the foam collapse process [10].

CTAB Stability in the Presence of Six Different Qil
Types

Next, the foam stability of the cationic surfactant
CTAB in the presence of six different oil types was
examined. According to the Fig. 4, it is evident that
concentration of polar oil components has a negative
negative effect on foam stability, similar to its influence
on anionic surfactants. Furthermore, as the oil polarity
concentration increases from 1 to 4 vol%, its adverse
impact on foam stability becomes more pronounced.
According to Fig. 4, the foam stability of CTAB in the
presence of Oil Type 1 and Oil Type 6 at a 1 vol%
volumetric concentration is 3,793 seconds and 2,460
seconds, respectively. This indicates that n-heptane
reduces foam stability significantly more than toluene,
emphasizing the role of hydrocarbon composition in
surfactant performance.
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Fig. 4 The effect of CTAB surfactant in the presence of 6
different types of oil.

According to Figure 4, the foam stability of CTAB in
the presence of Oil Type 1 and Oil Type 6 at a 1%
volumetric concentration is 3,793 seconds and 2,460
seconds, respectively. This indicates that n-heptane
reduces foam stability significantly more than toluene,
emphasizing the role of hydrocarbon composition in
surfactant performance.

Conclusions

* Foam stability improves with surfactant concentration
up to the CMC point, beyond which stability remains
constant.

* SDS produces smaller, more symmetrical foam
bubbles, .foam bubbles, resulting in a lower foam
decay rate and enhanced stability compared to CTAB.
* Anionic SDS foam is more stable than cationic CTAB
foam due to stronger electrostatic repulsion.

* n-Heptane has a more destructive effect on foam
stability than toluene for both surfactants.

» SDS experiences less foam degradation from oil
components compared to CTAB, CTAB, indicating
a greater resistance of SDS to oil-induced foam
destabilization.
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100 0 6 oil
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Table 2 Viscosity of the oil components.
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Table 3. Summary of the foam stability with both anionic and cationic surfactants in the presence of six different oil samples.
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e o ZiliSE 5 4 (S )lSo B e
23,5 50 p9-2 (5l 5 5l 6 VL oy 4
g ol odad e Ml a5 ot 8, b
S o slres (45,0 A (S b Sei 3)b
O clad 4 Sl )‘ o— QL,.& YL sle clale

S Ol Sg i al py SlSS ja— slppo
2 RS eiaY IS S LSS o Gl )_"'L'
R U

Sbbce gl 5l S

1F el oy edale alEl L e sl
3 54y CTAB 4 SDS oS5 (g, lsly o>
5 halS ol 4 Il s sl oo sislS 1+ 5 YR
Ol oSl e TYA WY il e S s jo-i
s 55 Al p s 51 5 Yoo sliane ,Lsd,
A (S 9 ymogdle a5 a il o Selgs lawgs
i 3529 9 (S Smbad do 4 Lops >l
Sobiwlg pS iiS om p oloul a4 ,0l8 (S, I m
S 9 ofmgt (LSS 5 Loy Lo (553
304l i Seey ol ol o LTAB il
g 039—ed Joe (2l3Slen &0t Yo gLackile



IWF-VPY amiuo AFF widasl g crages AFD o ko “QU“’;
’

dslio ;0 SDS Syl coliSs e ols flid mols
5 o gl 0 g )l CTAB L
ol azg JoB S ol aes o lis 09>
L bS89 99 ) AiSpo p Sglite o3l S
S g i (o) Bk el (i BLS S
Ol Simly 4 jeSmmg 45 by i i
e D9—bos pod (Al 50 @l 2 ge
S a5 e el ol L aS ald s e
ol saelal ol (o daS OS5 o 55 ]
258 Sl eeai echle AolBIL ioes 0ol o0
o=lioml plige 5l i g lblans j by (5 S)ss

sy, e

& 75 4o

. . " .. N . p . )Q SDS 5 CTAB
e Jol> Jod malia s cwloaba Sy
Lol o o SSliSS )5 90 ;0 5l Jool> ped g,k
.o .. , . ﬁu

2 pgd (g lanl el ole jo aS ol s mols
A e 3l e 5 S8k 0t e Sl
wle cols L5 ped (gl o asle Slo il

915 LoliSS g 4 Caand SDS gl iS5

ey bgs o 35 allge 05l 5l (B ey ) sl S ey s e 0 6,V s, 5| CTAB
slops au (Sopd Se-& 3ok 5l o a5 w Bl o
Sliwly xSl S e n 52 )bl e 5 OliSS 9
o=l 3150 5 0 e Jae iS5 gla o Ly
SDS  Sgl ciliS g Sl aS ols s asllas
b8 SlS 5 L slacds gle slalaze o

O—ied g Sl 5 S, slacls LSS
)jl_?u 6LmT>L¢;> O Gw)ﬁ asdlo ‘55)_3.3 oL?q‘

Cled 4o g ubaz LSS u i SGo 5l aS eog

S o S sl Lol ey 50
Lol o o SSliSS )5 90 50 5l ol ped g,k

@35l Gl g ped e b 4 sl e i Libe S e i e

&l
[1]. Li, S., Li, Z., & Wang, P. (2016). Experimental study of the stabilization of CO, foam by sodium dodecyl
sulfate and hydrophobic nanoparticles. Industrial & Engineering Chemistry Research, 55(5), 1243-1253.https://
doi/.org/10.1021/acs.iecr.5b04443.
[2]. Nguyen, P., H. Fadaei, and D. Sinton. (2014). Pore-scale assessment of nanoparticle-stabilized CO, foam for
enhanced oil recovery. Energy & Fuels, 28(10), 6221-6227. https://doi.org/10.1021/ef5011995.
[3]. Rafati, R., H. Hamidi, and A. K. Idris. (2012). Application of sustainable foaming agents to control the
mobility of carbon dioxide in enhanced oil recovery. Egyptian Journal of Petroleum, 21(2), 155-163. https://doi.
org/10.2118/163287-MS.
[4]. Sun, Q., Z. Li, S. Li, et al. (2014). Utilization of surfactant-stabilized foam for enhanced oil recovery by
adding nanoparticles. Energy & Fuels, 28(4), 2384-2394. https://doi.org/10.1021/ef402453b.
[5]. Hussain, A., et al. (2017). Effect of oil on gravity segregation in SAG foam flooding. In IOR 2017-19th Eu-
ropean Symposium on Improved Oil Recovery.https://doi.org/10.3997/2214-4609.201700342.
[6]. Rossen, W. R. (1996). Foams in enhanced oil recovery. In Foams: Theory, Measurements and Applications,
57, 413-464.
[7]. Valenzuela, G., et al. (2013). Foam sclerosants are more stable at lower temperatures. European Journal of
Vascular and Endovascular Surgery, 46(5), 593-599. https://doi.org/10.1016/j.ejvs.2013.08.012.
[8]. Rosen, M. J., & J. T. Kunjappu. (2012). Surfactants and interfacial phenomena. John Wiley & Sons.https://
doi.org/10.1002/9781118228920
[9]. Bello, A., A. Ivanova, D. Bakulin, et al. (2024). An experimental study of foam-oil interactions for nonion-
ic-based binary surfactant systems under high salinity conditions. Scientific Reports, 14(1), 12208 https://doi.
org/10.1038/s41598-024-62610-1.
[10]. Lu, T., Z. Li, & L. Du. (2024). Enhancing foam stability and addressing asphaltene deposition for improved
oil recovery in CCUS applications using aerogel nanoparticles. Chemical Engineering Journal, 481, 148290.
https://doi.org/10.1016/j.cej.2023.148290.



)M 9 0o dgls oSS g £95 il aEiolo;] anlllas

[11]. Youssif, M. L., A. E. Shoukry, K. V. Sharma, L. Goual, & M. Piri. (2024). The effects of brine salinity and
surfactant concentration on foam performance in fractured media. Energy & Fuels, 38(20), 19494-19508.https://
doi.org/10.1021/acs.energyfuels.4c02706.

[12]. Lee, J., A. Nikolov, & D. Wasan. (2012). Stability of aqueous foams in the presence of oil: On the impor-
tance of dispersed vs solubilized oil. Industrial & Engineering Chemistry Research, 52(1), 66-72.https://doi.
org/10.1021/ie301102m.

[13]. Simjoo, M., T. Rezaei, A. Andrianov, & P. L. J. Zitha. (2013). Foam stability in the presence of oil: Effect of
surfactant concentration and oil type. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 438,
148-158. https://doi.org/10.1016/j.colsurfa.2013.05.062.

[14]. Lee, J., A. Nikolov, & D. Wasan. (2014). Surfactant micelles containing solubilized oil decrease foam film
thickness stability. Journal of Colloid and Interface Science, 415, 18-25. https://doi.org/10.1016/].jcis.2013.10.014.
[15]. Piroird, K., E. Lorenceau, & A. L. Biance. (2014). Oil repartition in a foam film architecture. Soft Matter,
10(36), 7061-7067 https:// doi.org/10.1039/C4SM00538D.

[16]. Sonoda, J., T. Sakai, & Y. Inomata. (2014). Liquid oil that flows in spaces of aqueous foam without defoam-
ing. The Journal of Physical Chemistry B, 118(18), 5114-5119. https://doi.org/10.1021/jp501599v.

[17]. Sun, L., W. Pu, J. Xin, P. Wei, B. Wang, Y. Li, & C. Yuan. (2015). High temperature and oil tolerance
of surfactant foam/polymer—surfactant foam. RSC Advances, 5(30), 23410-23418. https://doi.org/10.1039/
C4RA17216].

[18]. Osei-Bonsu, K., N. Shokri, & P. Grassia. (2015). Foam stability in the presence and absence of hydrocar-
bons: From bubble-to bulk-scale. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 481, 514-
526. https://doi.org/10.1016/j.colsurfa.2015.06.023.

[19]. Tang, J., S. V. Bonnieu, & W. R. Rossen. (2017). The effect of oil on steady-state foam flow regimes in po-
rous media. In IOR 2017-19th European Symposium on Improved Oil Recovery. https://doi.org/10.3997/2214-
4609.201700345.

[20]. Varade, S. R., & P. Ghosh. (2017). Foaming in aqueous solutions of zwitterionic surfactant: Effects of oil
and salts. Journal of Dispersion Science and Technology, 38, 1-15. https://doi.org/10.1080/01932691.2017.128
35009.

[21]. Beheshti, E., S. Riahi, & M. Riazi. (2022). Impacts of oil components on the stability of aqueous bulk CO,
foams: An experimental study. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 648, 129328.
https://doi.org/10.1016/j.colsurfa.2022.129328.

[22]. Wang, Z., Y. Xu, N. Khan, C. Zhu, & Y. Gao. (2023). Effects of the surfactant, polymer, and crude oil prop-
erties on the formation and stabilization of oil-based foam liquid films: Insights from the microscale. Journal of
Molecular Liquids, 373, 121194. https:// doi.org/10.1016/j.molliq.2022.121194

[23]. Balakirisnan, A., Jaafar, M. Z., Sidek, M. A., Yakasai, F., Nwaichi, P. I., Ridzuan, N., ... & Agi, A. (2024,
August). Effect of Oil Polarity on Surfactant Foam Properties at Bulk and Macroscopic Scale. In SPE Nigeria
Annual International Conference and Exhibition (p. D021S012R005). SPE.https://doi.org/10.2118/221592-MS
[24]. Babamahmoudi, S., & S. Riahi. (2018). Application of nanoparticle for enhancement of foam stability in
the presence of crude oil: Experimental investigation. Journal of Molecular Liquids, 264, 499-509. https://doi.
org/10.1016/J.MOLLIQ.2018.04.093.

[25]. Naskar, B. (2025). Micellization and physicochemical properties of CTAB in aqueous solution: Interfacial
properties, energetics, and aggregation number at 290 to 323 K. Colloids and Interfaces, 9(1), 4. https://doi.
org/10.3390/colloids9010004.

[26]. Parvaneh, R., S. Riahi, & M. N. Lotfollahi. (2022). Experimental evaluation of a polymer foam agent on
foam stability: Concern to surfactant, nanoparticle, and salinity. SPE Journal, 27(3), 1462—1479. https://doi.
org/10.2118/209209-PA.

[27]. Majeed, T., T. I. Selling, & M. S. Kamal. (2020). Foam stability: The interplay between salt, surfactant,
and critical micelle concentration. Journal of Petroleum Science and Engineering, 187, 106871. https://doi.
org/10.1016/j.petrol.2019.106871.

[28].Massarweh, O., & A. S. Abushaikha. (2020). The use of surfactants in enhanced oil recovery: A review of
recent advances. Energy Reports, 6, 3150-3178. https://doi.org/10.1016/j.egyr.2020.11.009.

[29]. Parvaneh, R., R. Kianpour & S. Riahi. (2025). Experimental Investigation of New Eco-Friendly Nanosized
Particles as Foam Stabilizers Under High Salinity Conditions. https://doi.org/10.1016/j.surfin.2025.107913.
[30]. Palizdan, S., et al. (2020). Experimental study of in-situ W/O emulsification during the injection of MgSO,
and Na,CO, solutions in a glass micromodel. Oil & Gas Science and Technology, 75, 54.https://doi.org/10.2516/
0gst/2020072.

[31]. Rafati, R., et al. (2018). Experimental investigation of emulsified oil dispersion on bulk foam stability.
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 554, 110—121. https://doi.org/10.1016/j.



+e? 3
WWFFY axio NFF woaw! g NFO oylols - g Jlio
et it S —

colsurfa.2018.06.043.

[32]. Fainerman, V. B., R. Miller, E. V. Aksenenko, & A. V. Makievski. (2001). Equilibrium adsorption properties
of single and mixed surfactant solutions. In Studies in Interface Science (Vol. 13, pp. 189-285). Elsevier.https://
doi.org/10.1016/S1383-7303(01)80064-8

[33]. Schramm, L. L., & J. J. Novosad. (1990). Micro-visualization of foam interactions with a crude oil. Colloids
and Surfaces, 46(1),21-43. https://doi.org/10.1016/0166-6622(90)80046-7.

[34]. Bergeron, V. (1993). Forces and Structure in Surfactant-Laden Thin-Films. Ph. D. Thesis. (Note: DOIs are
typically not assigned to PhD theses unless published by a specific publi



