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Abstract

Residual oil can be mobilized by reducing the interfacial tension between oil and water and/or by altering the wettability of 
the rock through surfactant flooding. Recently natural surfactants have been considered as opposite to synthetic surfactants 
due to environmental problems associated with synthetic surfactants. This work introduces a plant-based natural surfactant 
named Matricaria Chamomilla as an agent of reservoir rock wettability alteration. Qualitative and quantitative methods were 
used to measure rock samples' wettability. For this purpose, flotation wettability, separation wettability, and the pendant drop 
method were used. The results show that Matricaria Chamomilla extract (MCE) changes the reservoir rock wettability to some 
degree equivalent to other natural surfactants. The highest wettability variation was observed at 12%wt MCE concentration 
with 28% change and 21% for critical micelle concentration (CMC) of 5.5%wt.  
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Introduction

Generally, Enhanced Oil Recovery (EOR) schemes can 
be categorized into thermal and non-thermal methods 
depending on whether or not heat is employed. Non-Thermal 
EOR methods consist of chemical and gas injection and 
engineered water processes [1]. Surfactant flooding has been 
implemented as one of the main Chemical EOR methods 
(CEOR), especially for sandstone reservoirs [2,3]. Recently, 
the application of surfactant flooding becoming a reality by 
targeting more challenging reservoirs such as carbonated 
ones [4]. Surfactant flooding improves oil recovery by 
reduction of interfacial tension between oil and aqueous 
phases and wettability alteration of the reservoir rock [5-
7]. Wettability is one of the main reservoir rock features 
that can have an effect on all measured core properties, 

such as relative permeability and capillary pressure [8,9]. 
It is extremely important to evaluate improved recovery 
methods in all phases, from primary production to water 
flooding, chemical flooding, and microbial oil recovery 
[10-16]. Lake, et al. have conducted an extensive literature 
survey on wettability. Various parameters should be 
considered, including environmental effects, surfactant cost, 
surfactant losses (adsorption onto rock face), interfacial 
tension reduction, and oil recovery [17]. Different varieties 
of surfactants are used for enhanced oil recovery in the 
world. All these surfactants have a high price, which causes 
the chemical process to be uneconomical in some situations 
[18]. A comprehensive review by Kamal and his co-workers 
was conducted on surfactant flooding for sandstone and 
carbonate reservoirs, emphasizing phase behavior, interfacial 
tension (IFT), structure-property, and adsorption. Also, the 
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recent trends, future challenges, and limitations for EOR 
were thoroughly reviewed. It was concluded that most of the 
reported surfactant flooding was conducted in sandstone 
reservoirs with low temperature and low salinity, while high 
temperature and high salinity in carbonate reservoirs are 
still challenging [16]. In addition, wettability alteration of 
carbonate rock through surfactant and foam application was 
found to be essential for fractured reservoirs concerning oil 
recovery improvement [19,20].

Due to the environmental problems with industrial 
surfactants, the applicability of natural-based or 
biodegradable surfactants has turned into an interesting 
subject for many researchers in recent years [21-26]. 
Natural surfactants classification is like the classification of 
chemical surfactants. They are nonionic, cationic, anionic, 
and amphoteric types [27]. Maryami Nejad [23] used a 
commercial surfactant (Triton x-100) and a natural plant 
surfactant (Zizyphus Spina-Christi) to investigate the 
wettability alteration of oil-wet carbonate rock. The results 
show that Triton X-100 has a higher potential for wettability 
alteration of the carbonate rock sample towards the water-
wet condition than Zizyphus Spina-Christi (called Cedar). 
Ahmadi, et al. [24] investigated wettability alteration by 
three commercial surfactants (Cationic C16TAB, Anionic 
SDS, nonionic Triton X-100 (TX100)) and natural-based 
surfactant, which derived from roots of Glycyrrhiza Glabra by 
implementing contact angle measurements. Wettability tests 
were conducted on oil-wetted calcite crystals. All surfactants 
could reduce the oil wetness of the initially oil-wet surface, 
but none of them made the surface water-wet. Ravi, et al. 
[25] investigated the wettability alteration of carbonate rock 
by Mulberry leaf extract. They stated that the wettability of 
oil-wet carbonate rocks in the best state altered from about 
150 to 30 degrees. They concluded that Mulberry leaf extract 
precipitated or adsorbed on the rock surface considerably 
affects wettability alteration.

An extensive review of the application of natural 
surfactants for enhanced oil recovery was provided by Bachari, 
et al. [28]. It was concluded that natural surfactants could 
provide new prospects due to their lower cost, availability, 
biodegradability, and being environmentally friendly. The 
Matricaria Chamomilla is one of the oldest acknowledged 
herbs of old medicine that goes back to the Asteraceae family 
[29]. Chamomilla is one of two species generally used for 
making the herbal infusion and one of the herbs containing 
flavonoid compounds [30]. Also, it is the primary and active 
chemical element in chamomile flowers, mainly flavonoids 
[31]. The Matricaria Chamomilla is low in price compared 
with synthetic surfactants and is abundantly accessible in 
the Middle East, Central Asia, and Eastern Europe. Recently 
El Mihyaoui, et al. [32] provided a comprehensive review 
on the application of Matricaria Chamomilla. In this review, 

reports on the taxonomy, botanical and ecology description, 
ethnomedicinal usages, phytochemistry, biological and 
pharmacological properties, probable application in different 
industries, and encapsulation were thoroughly gathered and 
critically evaluated.

This paper examined the feasibility of Matricaria 
Chamomilla extract for porous media wettability alteration 
usable for chemical oil recovery processes. Qualitative and 
quantitative approaches were used for this purpose. Floating 
and separation wettability tests were used for the qualitative 
wettability, and the contact angle approach was used for 
the quantitative wettability tests. The two approaches 
were implemented to demonstrate the total effects of 
the Matricaria Chamomilla hydro glycolic extract on the 
carbonate rock sample wettability. 

Method and Materials

In this study, carbonate core was taken from an oilfield 
for the wettability measurement. The core sample was 
crushed and sorted with 270 mesh sieves (53 microns) for 
floating wettability and separation wettability tests. The 
core was cautiously cut into pellets and polished to obtain 
a flat and smooth surface for contact angle measurement. 
The distilled water utilized throughout this study was 
reverse osmosis (RO) produced in the laboratory. Crude oil 
and Kerosene were used as the oil phase. The concentration 
of the Matricaria Chamomilla varied from zero to 12% by 
weight. The MCE critical micelle concentration (CMC) was 
reported to be about 5.5 % by weight [33]. The wettability of 
rock samples was measured by qualitative and quantitative 
wettability tests.

Qualitative Wettability Tests

The qualitative wettability tests were conducted on 
crushed limestone rock samples to check the Matricaria 
Chamomilla’s effectiveness in altering the wettability of the 
crude-oil aged crushed rock samples. Rock material was 
crushed and sorted with 270 mesh sieves. The crushed 
rock sample was cleaned with toluene and dried in an oven. 
Some crushed rock samples were aged with crude oil at 
90°C for several weeks. Using these clean and aged crushed 
rock samples, two qualitative tests were conducted on aged 
oil-wet rock samples to determine the wettability state, as 
explained below [34].

Flotation Test: In this test, 0.2 gram of crushed rock sample 
was added to a testing tube occupied with distilled water. 
The crushed rock sample is characterized as oil-wet if the 
rock material floated on top of the water (Figure 1(a)) and as 
water-wet, if the crushed rock sank to the bottom of the test 
tube (Figure 1(b)).

https://medwinpublishers.com/PPEJ/


Petroleum & Petrochemical Engineering Journal 
3

Kharrat R and Shadizadeh SS. Experimental Investigation of Reservoir Rock Wettability 
Alteration by Matricaria Chamomilla Extract. Pet Petro Chem Eng J 2022, 6(3): 000308.

Copyright© Kharrat R and Shadizadeh SS.

Figure 1: Flotation test (a) oil-wet rock and (b) water-wet 
rock [34].

Two-phase separation test: In this test, 0.2 gram of 
prepared crushed rock was weighed and poured into a 
testing tube. Then, 20 ml of distilled water was added to the 
crushed rock samples, followed by 20 ml of crude oil. The 
testing tube was gently shaken, and then it was allowed to 
settle. The amount of crushed rock samples remaining in 
each phase gives a qualitative wettability index. If all crushed 
rock samples remain in the oil phase, then the material is 
strongly oil-wet, as shown in Figure 2(a). If they sink into the 
aqueous phase, where carrying with it a “shell” of oil, it is 
water-wet, as shown in Figure 2(b) [34].

Figure 2: Two-phase separation test (a) oil-wet and (b) 
water-wet rock [34].

Quantitative Wettability Test

The contact angle test was used as a quantitative 
wettability test in this work. The core was carefully cut 
and polished in order to obtain a flat and smooth surface 
for contact angle measurement by using the Sessile drop 

method. The sessile drop approach and modified sessile 
drop approach are the most generally used contact angle 
measurement in reservoir petroleum tests [15]. According 
to this approach, when water and oil come in contact with 
a solid surface, the wetting fluid will adhere and spread 
over the solid and push back the non-wetting fluid. At the 
addressed interface of two fluids and the solid surface, a 
contact angle will form and can record by imaging with 
optical devices. A sessile drop device was utilized in contact 
angle measurements, as shown in Figure 3. This device can 
automatically place a drop on the surface and measure the 
contact angle by its image processing software.

Figure 3: Sessile drop device for wettability measurement.

 The following procedures were implemented for conducting 
contact angle measurement:
(1) Clean pellet rock samples were aged in crude oil for 

two weeks at 90 ◦C. Figure 4 shows pellet core samples 
before and after aging with crude oil. 

Figure 4: Pellet rock samples: (a) dry and (b) aged with 
crude oil.

(2) Then, the pellet rock sample’s surfaces were rinsed with 
Kerosene to remove crude oil from the surface to obtain a 
smooth oil-wet surface, and they were dried with air.
(3) Pellet rock samples were placed in different Matricaria 
Chamomilla extract solutions and were aged for one week, as 
shown in Figure 5.
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Figure 5: Pellet core samples aging with various aqueous 
solutions of Matricaria Chamomilla extract: (a) first-day 
aging and (b) one-week aging.

(4) Pellet rock samples were removed from different 
Matricaria Chamomilla extract solutions, which were quickly 
rinsed with water and then placed on a clean surface to dry 
in the air.
(5) The contact angle was measured by submerging the 
pellet rock samples in Kerosene and placing a drop of water 
on them. For the water-wet surface, the contact angle is < 
90◦, and for the oil-wet surface, the contact angle is > 90◦. 

Results and Discussion

Qualitative Wettability Tests

Qualitative tests were conducted to evaluate the ability of 
the Matricaria Chamomilla extract to change the wettability 
of oil-wet rock. As explained before, Matricaria Chamomilla 
extract was prepared in a beaker, and 0.2 gram of wet oil 
crushed rock sample was poured into the surfactant solution 
for one-week aging. Then the clean, oil-wet, and treated 
crushed rock samples were used for qualitative wettability 
tests.

Flotation Test: Crushed rock samples were aged with crude 
oil and treated with 5.5 wt % Matricaria Chamomilla extract 
solution, and they were slowly poured on top of distilled water 
level. The results are shown in Figure 6. The clean crushed 
samples instantly sunk in the water, which shows strongly 
water-wet, as shown in Figure 6(a). The oil-wet crushed rock 
sample floated on the water’s top even after several days, 
as shown in Figure 6(b). The treated crushed rock sample 
instantly sunk in a 5.5 wt % Matricaria Chamomilla extract 
solution, as shown in Figure 6(c). In these tests, the alteration 

of oil-wet crushed rock sample to water-wet by Matricaria 
Chamomilla extract is the prestigious performance and 
robustness.

Figure 6: Flotation wettability test: (a) clean crushed rock 
sample, (b) oil-wet crushed sample, and (c) treated oil-
wet crushed sample with Matricaria Chamomilla extract 
solution.

Two-phase separation test: Figure 7 shows two phases of 
separation test results. The crushed rock sample treated with 
5.5 wt % Matricaria Chamomilla extract stayed in the water 
phase compared to the non-treated sample, which depicts 
a complete oil-wet state. Separation tests showed that the 
Matricaria Chamomilla extract changed the oil-wet crushed 
rock sample to water-wet, as seen in Figure 7(c).

Figure 7: Two-phase separation wettability test: (a) clean 
crushed rock sample, (b) Oil wet crushed sample, and 
(c) treated the oil-wet crushed sample with Matricaria 
Chamomilla extract solution.

Quantitative Wettability Test

The contact angle test was used as a quantitative 
wettability test in this work. Pellet rock samples were aged 
with crude oil and treated with various aqueous solutions 
of Matricaria Chamomilla extract. The contact angle was 
measured by a droplet of distilled water on a pellet rock 
sample in the presence of Kerosene. The concentration 
varied from zero to 12%. Figure 8 shows the photographic 
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contact angle alteration of pellet rock surface aging with 
various aqueous solutions of Matricaria Chamomilla extract 
in Kerosene as an oil phase at room temperature and 
atmospheric pressure conditions. The contact angle of the 
rock sample before treatment with Matricaria Chamomilla 
extract (i.e., 0 %) is strongly oil-wet, as seen in Figure 8. 

Figure 8: Photographic of contact angle alteration of 
pellet rock surface aging with various aqueous solutions of 
Matricaria Chamomilla extract in Kerosene as oil phase at 
room temperature and atmospheric pressure conditions.

Figure 9: Contact angle alteration of pellet rock surface 
aging with various aqueous solutions of Matricaria 
Chamomilla extract in Kerosene as oil phase at room 
temperature and atmospheric pressure conditions.

The addition of aqueous solutions of Matricaria 
Chamomilla extract changed the oil-wet pellet rock samples 
more toward neutral wet, as shown in Figure 9. The highest 
wettability variation was observed at 12%wt concentration 
with 28% change and for the CMC concentration was 21%. 

Comparison of Wettability Alteration by Various 
Surfactants

Due to the environmental fates of industrial surfactants, 
applications of biodegradable or natural-based surfactants 
turn into an interesting subject for many researchers in 
recent years [21-25]. The wettability of the oil-wet rocks 
was decreased due to the application of these surfactants. 
Figure 10 shows the final contact angle of treated oil-
wet rocks with different industrial and plant surfactants 
and Matricaria Chamomilla extract. As seen in Figure 
10, Matricaria Chamomilla extract effect on wettability 
alteration is similar to other plant surfactants, and it is 
more effective than synthetic surfactants used in chemical 
enhanced oil recovery.

Figure 10: Comparison of wettability alteration by 
Matricaria Chamomilla extract with other commercial and 
natural plant surfactants.

Surfactants are surface-active substances that consist of 
a polar (hydrophilic) head and a nonpolar (hydrophobic) tail 
and have an affinity to aqueous and non-aqueous phases due 
to their amphiphilic nature. They can reduce the interfacial 
tension between the aqueous and oil phase and alter the 
reservoir wettability, from oil-wet to less oil wet, to promote 
more oil displacement [35]. Wettability is altered through 
ion-pairing between the hydrophilic head and the adsorbed 
basic components of the crude oil on sandstone rock; and the 
ion pairs formation with the adsorbed acidic components 
of the crude oil on carbonate surfaces [36]. The wettability 
alteration of the Matricaria Chamomilla extract as observed 
in this study and its interfacial tension reduction as reported 
by Shadizadeh and Kharrat [33] can be used for enhanced oil 
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recovery of oil-wet and natural wet reservoirs through water 
relative permeability alteration. The observed change of 
oil-wet to less oil-wet is compatible with the most available 
surfactants. This might be due to its amphiphilic nature 
which reduced not only the IF [33] but also the contact angle.

Conclusions

This study investigated the feasibility of Matricaria 
Chamomilla extract as a surfactant agent for reservoir 
rock wettability-alteration usable for chemical oil recovery 
processes. Qualitative wettability tests (floating wettability 
and separation wettability tests) and quantitative wettability 
tests (contact angle using the pendant drop method) were 
implemented to demonstrate the total effects of the Matricaria 
Chamomilla extract on the reservoir rock wettability.
Based on this study, the following conclusions were obtained.
1. The treated crushed rock sample instantly sunk in 

5.5 wt % Matricaria Chamomilla extract solution in 
the flotation wettability test. Alteration of oil-wet 
crushed rock sample toward water-wet by Matricaria 
Chamomilla extract is the prestigious performance and 
robustness. Also, separation tests showed that Matricaria 
Chamomilla extract changed the oil-wet crushed rock 
sample to water wet, where the treated crushed rock 
sample instantly sunk in the water phase.

2. In the contact angle test, various aqueous solutions of 
Matricaria Chamomilla extract changed the oil-wet pellet 
rock samples toward neutral wet. The highest wettability 
variation was observed at 12%wt concentration with 
28% change and for the CMC concentration of 5.5% was 
21%.

3. The Matricaria Chamomilla extract effect on wettability 
alteration is similar to other plant surfactants. The 
wettability alteration of Matricaria chamomilla extract 
is more effective than synthetic surfactants used in 
chemical enhanced oil recovery. 

4. Due to the environmental fates of the synthetic 
surfactants and the low cost of Matricaria Chamomilla 
extract, it can be used in chemical-enhanced oil recovery. 
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