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ABSTRACT

Three quaternary ammonium cationic salt surfactants, octadecyl trimethyl ammonium chloride (OTAC),
1-hydroxymethyl-octadecyl trimethyl ammonium chloride (HOTAC), 1,1-dihydroxymethyl-octadecyl
trimethyl ammonium chloride (HHOTAC) were purchased to explore the effect of hydroxymethyl
groups on hydrophobic parts of surfactants on surface activities, foam properties, and corrosion inhi-
bition. Those parameters including critical micelle concentration (CMC), the surface tension at the
CMC (Y(o)» maximum surface excess (I _ ), and minimum surface area (A_, ) were calculated to
evaluate the surface activities of surfactants. The results showed that the surface activity increased with
increasing the number of hydroxymethyl groups on hydrophobic parts of surfactants. Foamability
and foam stability of three surfactants were evaluated with the Waring blender method. The results
indicated that when the temperature was 25°C, foamability and foam stability of the surfactant solu-
tion in the absence and presence of NaCl followed the order of HHOTAC > HOTAC > OTAC. In
addition, HHOTAC had the highest inhibition efficiency values compared with OTAC and HOTAC,
this was attributed to the number of hydroxymethyl groups on hydrophobic parts of surfactants.

Keywords: Quaternary ammonium salt cationic surfactant; Surface tension; Foam properties; Corrosion

inhibition

1. Introduction

Surfactant (surface active agent) is an amphiphilic mol-
ecule having a hydrophilic head group and one hydropho-
bic tail group in a single molecule [1,2]. The hydropho-
bic head group may contain a single chain or up to four
chains while the hydrophilic tail group may be a charged
or uncharged polar group [3]. Owning to unique amphi-
philic structure, surfactants are most widely used in differ-
ent fields including the printing industry, textile wetting,
antimicrobial agents as well as in mining and paper man-
ufacturing [4-6]. Cationic surfactants, in particular, are well
known for their antimicrobial activity and are currently
employed as disinfectants, antiseptics, preservative agents,
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bactericides and antistatic agents for decades [7,8]. The
most investigated and commercially-available cationic sur-
factants are amphiphiles based on quaternary ammonium
salts [9]. The positive charges on quaternary ammonium salt
cationic surfactants make them adsorbed to the oppositely
charged surface, which is an especially significant process
in many applications like, emulsifiers, corrosion inhibitors,
antistatic agents and so on [10-14]. Owning to traditional
quaternary ammonium cationic surfactant with a single
chain and single head group, there are obviously limits to
improve their different properties. In order to outstanding
properties including surface activity, foam property, emul-
sion stability and corrosion inhibition, the molecular struc-
tures of quaternary ammonium salts are modified. The
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experimental results indicate that the properties of surfac-
tants can be improved by altering hydrophilic head groups
and hydrophobic tail groups [15].

So far, a large number of studies have focused on the
effect of hydroxyethyl groups in hydrophilic parts on the
properties of quaternary ammonium cationic surfactants.
Sun et al. [16] had prepared a novel quaternary ammonium
salt possessing two alkyl chains and a hydroxyethyl group
and indicated that the surfactant with the hydroxyethyl
group had an outstanding performance on sterilization.
Wang et al. [15] had synthesized two cationic quaternary
ammonium surfactants with hydroxyethyl groups and
investigated the aggregation properties, the conclusion
was made that hydroxyethyl groups played an important
role on these unique aggregation behaviors. Zhang et al.
[17] had characterized a cationic surfactant possessing a
Guerbet-type branched tail and hydroxyl-decorated head
group and indicated that the introduction of the hydrox-
ylated hydrophilic head was an exceedingly dominant to
obtain outstanding performances of the new amphiphilic
material. Ivanova et al. [18] studied molecular insights in the
temperature effect on adsorption of quaternary ammonium
salt cationic surfactants with hydroxyethyl group at the
liquid-liquid interface and concluded that hydrogen bonding
between water molecules and surfactant heads containing
hydroxyethyl group decreased with increasing the tempera-
ture, and thus surfactant molecule solubility in water also
decreased. Therefore, quaternary ammonium salts cationic
surfactant containing hydroxyethyl groups exhibited some
outstanding performances. These researchers concentrated
mainly on the hydroxyethyl groups of hydrophilic parts,
while the studies on hydroxymethyl groups on the hydro-
phobic parts of surfactants were quite rare. Hence, in this
work, octadecyl trimethyl ammonium chloride (OTAC),
1-hydroxymethyl-octadecyl trimethyl ammonium chlo-
ride (HOTAC), 1,1-dihydroxymethyl-octadecyl trimethyl

Table 1

ammonium chloride (HHOTAC) were purchased to study
the effect of hydroxymethyl groups on hydrophobic parts
to surface activity, foam properties and corrosion inhibition.
Various physicochemical parameters such as maximum
surface excess (I, ), minimum surface area (A, ), corro-
sion rate (CR) and inhibition efficiency (1)) were calculated.
In addition, the results were also compared with those of
OTAC.

2. Experimental setup
2.1. Materials

Octadecyltrimethyl ammonium chlorine (99%), denoted
as OTAC for convenience, was obtained from China
National Pharmaceutical Group (Beijing). HOTAC and
HHOTAC were supplied by the China Research Institute
of Daily Chemistry Co., Ltd. The chemical structure, name,
molecular weight, and symbols for the studied surfactants
are shown in Table 1. Sodium chloride more than 99%
purity was supplied from Xian Reagent Co., Ltd., (China).
Hydrochloric acid was purchased from Xian Tiancheng
Reagent Co., Ltd., (China). The distilled water was used in
all experiments.

2.2. Surface tension measurement

The surface tension measures of surfactant solutions
were conducted on a tensiometer K12 (Kriiss Company,
Germany) using the Du Noiiy ring method [9]. Three sur-
factants aqueous solutions with a series of concentrations
were prepared at least one day before the measurement
[19]. The ring was cleaned by ethanol and distilled water
and flamed before the surface tension measurements to
obtain the standard surface tension value, which was gen-
erally 72.00 mN m™ at the temperature of 25°C before each

Chemical structure, nomenclature, molecular weight, and symbols of the surfactants

Chemical structure Nomenclature Molecular Symbol
weight
CHs3
H, ® p
Cq7Hzs—C —N—=CH3 C Octadecyl trimethyl ammonium chlorine 347.5 OTAC
Hs
CH,
H a _ .
CipHgs—C 9 CHs P 1 hydro.xymethylioctadecyl trimethyl 3775 HOTAC
ammonium chloride
HOH,
Hs
CHj
HOH,C
C17H35—\C—®N—CH3 Cp 1,1-dihydroxymethyl-octadecyl trimethyl 4075 HHO-
ammonium chloride ' TAC
HOH,C

Hs
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measurement. All experiments were repeated at least three
times, the tensiometer sensitivity was 0.5 mN m™ and the
reproducibility of the measurements was within +2% [20].

2.3. Foamability and foam stability measurement

It is well known that the foam was generated by many
methods such as the sparge tube technique, gas flow and
whipping [21]. However, the standard method to evalu-
ate foamability and foam stability was the Waring blender
method [22]. Foamability was an important factor, which
demonstrated the difficulty level to generate foam in a sur-
factant solution and it was expressed by the initial volume
(V,) of foam generated immediately after the mechanical
agitation [23]. The foam stability referred to the persistence
of foam or the life span of foam after the surfactant pro-
duces foam, foam stability was usually expressed in terms
of the time (t,, or half-life) required for the foam volume
to collapse to one-half of the initial height [24]. All the
measurements were performed at the temperature of 25°C
and the values of initial foam volume and half-life time were
the averages over three measurements until those values
were reproducible [25].

2.4. Bulk foam analysis

100 mL aqueous solutions of three surfactants were
prepared and blended at 7,000 rpm for 3 min using the
Waring Blender (70125, Waring Ltd., America). The foam
was then poured into a measuring cylinder and the micro-
structure of foam was measured by the optical microscope,
whose light source was the polarized light [26].

2.5. Corrosion inhibition measurement

The inhibiting efficiency of corrosion of the three sur-
factants as corrosion inhibitors for mild steel specimens in
5% HCI solution was measured to utilize the weight-loss
method according to the ASTM Designation G 31-72 [27].
The experimental measurements were performed at a tem-
perature of 50°C. The mild steel specimen done the test had
the following chemical composition: C 0.693%, Si 0.043%,
Mn 1.050%, P 0.069%, Cr 0.058%, Ni 0.074%, Al 0.036%, S
0.290%, Cu 0.167%, V 0.004%, W 0.001%, Mo 0.0143% and
the balance iron. The mild steel specimen surface was
abraded with SiC abrasive papers (grade 400 #, 600 #, 1200
#), degreased and cleaned in a beaker with ethanol and ace-
tone, then rinsed with distilled water, and finally dried in
warm air [28]. The pre-cleaned and weighed mild steel spec-
imen hanged in beakers containing 250 mL test solution was
placed in a thermostatically controlled water bath at 2 h.
To calculate the weight loss, the mild steel specimen was
retrieved from test solution after 2 h, cleaned with distilled
water, air-dried, and finally reweighed utilizing a digital
balance (0.0001 g accuracy) [29]. Each experiment was done
on triplicate coupons and the average corrosion rate (CR,
g m? h') and inhibition efficiency (1, %) were calculated
according to Egs. (1) and (2) [30,31].

A/
S.t

CR )

CR, ... —CR
Tl% — uninhinit inhinit % 100 (2)

CR

uninhinit

where W, and W, are respectively the mass values of mild
steel specimen before and after immersion in the test solu-
tion (g), S is the total area of mild steel specimen (m?), t is
the exposure time (h), CR . .. and CR . . are the values
of corrosion rates in uninhibited and inhibited solutions
(g m2h).

3. Results and discussion
3.1. Surface tension properties

For it to act as an efficient surfactant, a surfactant must
be adsorbed at the interface decreasing the surface tension
and must also form aggregates from a certain concentra-
tion. Since these properties are heavily affected by the
structure, it is fundamental to characterize the potential of
the surfactants from an amphiphilic point of view to find
structure-activity relationships [32]. Based on the mea-
surement of surface tension of the surfactant solution with
a series of concentrations, the surface activity of OTAC,
HOTAC, and HHOTAC in the aqueous solution is evalu-
ated at the temperature of 25°C. The variation in the surface
tension vs. —logC is presented in Fig. 1. The critical micelle
concentration (CMC) and surface tension at the CMC (y )
are summarized in Table 2. From Fig. 1, it is indicated that
the surface tension of three surfactants decreases gradually
when the solution concentration increases, the reason is the
adsorption of surfactant molecules at the gas-liquid inter-
face. The attractive forces between surfactant and water
molecules were much lower than those persisting among
water molecules, thereby resulting in surfactant orien-
tation with hydrophobic tail protruding into the gas and
hydrophilic head acting as a surface anchor [33,34]. When
the surfactant solution concentration is more than CMC,
the surface tension shows almost no change with increas-
ing surfactant solution concentrations, which means that
the adsorption of surfactant molecules have achieved the
saturation at the gas-liquid interface [25].
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Fig. 1. Surface tension vs. logC plot for three surfactants at 25°C.
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Table 2
Surface properties of different surfactants at 25°C

Surfactants CMC (mmol L) Yeme (MN m™) Tepe (MN mM™) r_. (molcm?) A, (nm?)
OTAC 15.39 40.15 31.85 0.25 3.05
HOTAC 13.68 38.93 33.07 0.87 2.59
HHOTAC 12.30 34.19 37.81 1.54 2.06

From Table 2, for three surfactants, the rule of v, val-
ues is HHOTAC < HOTAC < OTAC, which indicates that
the surface activity of quaternary ammonium salts cationic
surfactants with hydroxymethyl groups (HOTAC and
HHOTAC) is somewhat higher than of OTAC. Therefore,
we consider that the number of hydroxymethyl groups plays
a key role in surface activity. It can be explained by the fact
that the existence of hydroxymethyl groups on hydropho-
bic parts in the surfactant near head results in the forma-
tion of additional hydrogen bonds with the nearest water
molecules, which makes that the surfactants containing
hydroxymethyl groups display more affinity to the liquid
phase [18]. As a result, surfactant molecules can be more
closely arranged at the gas-liquid interface. Through the
comparison of OTAC, HOTAC, and HHOTAG, it can be con-
cluded that with the increase of a number of hydroxymethyl
groups on the hydrophobic parts of surfactants, the CMC
values decrease. The conclusion that the more number of
hydroxymethyl groups on the hydrophobic parts of surfac-
tants, the stronger the ability to reduce surface tension [15].

From the surface tension curves, the effectiveness of
surface tension reduction (Il.,.) that is the difference
between the surface tension of distilled water and that at
the CMC values, I1,,. values are calculated using Eq. (3)
[35] and summarized in Table 2. Analyzing the Il val-
ues represented in Table 2 indicates that the main influence
factors of Il . values are hydroxymethyl groups on the
hydrophobic group of surfactants. The larger I, . values of
HHOTAC prove it has better surface activity.

Heye =Yo = Yeme 3)

where v, is the surface tension of distilled water with a
value of 72.00 mN m™ at the temperature of 25°C (mN m™),
Yeumc 18 surface tension at the CMC (mN m™).

To better demonstrate the accumulation extent of sur-
factant molecules at the gas-liquid interface, namely the
maximum surface excess (I'__ )is introduced here, and its val-
ues are obtained by applying the Gibbs adsorption isotherm
Eq. (4) [36]. The minimum area (A, ) can effectively illus-
trate the surface area occupied by one surfactant molecule
at the gas-liquid interface and it is calculated according to
Eq. (5) [37].

P = 5| =21 @
2.303nRT\ 0logC ),

Amin: 1 (5)
NAFmax

where I'__ is the saturated adsorption amount (umol m™),
n is a constant dependent on the specific circumstances,
which is concerning the number of solute species whose
adsorption amount at the interface changes along with the
surfactant concentration, R is the universal gas constant
(8.314 J K* mol™), T is the absolute temperature (K), and
(0y/0logC), is the slope below the CMC in the surface ten-
sion plots. A, is the minimum surface area (nm?), N A is
Avogadro’s constant (6.022 x 10% mol™).

The I'  and A, values of OTAC, HOTAC, and
HHOTAC are summarized in Table 2. As shown in Table
2, the increase of a number of hydroxymethyl groups leads
to increase ' values of surfactants molecules at the gas—
liquid interface, which indicates that the water molecules
exert a high repulsion force on the surfactant molecules, and
the later escape to the interface [38]. When the number of
hydroxymethyl groups increases, the A, values of surfac-
tants decrease. The reason is that the intermolecular hydro-
gen bonds can attract the surfactant molecules to arrange
more compactly in the gas-liquid interface monolayer [15].

3.2. Foam properties

For it to act as an important medium, the foam has
attracted the attention of chemists for a long time by virtue
of wide application in many fields including mineral flo-
tation, food industries, detergent, tertiary oil recovery, and
etc. [39-41]. Nevertheless, the foam is a metastable system
consisting of gas bubbles separated by three-dimensional
water channels and goes through undergoes self-destructive
processes because of the discharge of liquid, the matura-
tion of Ostwald and the merging of bubbles [42,43]. Hence,
it is of great significance to study the foam properties of
different surfactants at the external conditions. In general,
the foam properties of a surfactant is measured in terms of
its foamability, foam stability and size distribution of foam
when exposed to different circumstances, in which the
foamability and foam stability were very important [44].

In our study, the solution concentration of three surfac-
tants is 0.3 wt.% and the foam properties of OTAC, HOTAC
and HHOTAC are measured by the Waring blender method
at the temperature of 25°C. Typically, the initial foam vol-
ume (V) is expressed to foamability, the half-life time (¢,,)
is expressed to foam stability. In Fig. 2, it is observed that
the rule of foamability was HHOTAC > HOTAC > OTAC, so
the surfactant HHOTAC has the most prominent foamabil-
ity by having the greatest initial foam volume in comparison
to OTAC and HOTAC. The reason may be explained that
the intermolecular hydrogen bonding occurring between
the hydroxymethyl groups and water molecules makes the
more affinity of HHOTAC molecules to the liquid phase,



Y. Bai et al. / Desalination and Water Treatment 194 (2020) 143-151 147

which leads to the tighter arrangement of the surfactants
molecules at the interface so that the interaction between
the hydrophobic groups strong and in turn, the interfacial
film becomes tight and the intensity is large, and the foam-
ing is easier [43]. Fig. 2 is the half-life time of three surfac-
tants under the same condition. The half-life time value of
HHOTAC containing two hydroxymethyl groups is more
than 6.9 min, and the half-life time value of OTAC contain-
ing no hydroxymethyl groups OTAC is 5.05 min. Therefore,
the foam stability of OTAC, HOTAC, and HHOTAC is
greatly influenced by the number of hydroxymethyl groups
on the hydrophobic parts of surfactants. When there are
hydroxymethyl groups near the hydrophilic parts, the sur-
factant molecules are tightly arranged in the monolayer,
which reduces the gas diffusion between adjacent bubbles
[45-47]. Thus, HHOTAC forms more stable foam. Besides,
owing to the fact that hydroxymethyl groups in the surfac-
tant near head results in the formation of hydrogen bonds
with the nearest water molecules, which indicates that the
surfactants with hydroxymethyl groups produced weaker
intermolecular cohesion, ultimately leading to the tight and
high strength of the foam boundary film. As a result, the
foam becomes more difficult to ruptures and is also condu-
cive to the thermodynamic stability of the foam system [48].

Based on the results obtained, it is determined that
HHOTAC shows the best performance on foamability and
foam stability compared with OTAC and HOTAC. However,
the changes in HHOTAC solution concentration has a great
influence on foam properties. Hence, it is exceedingly indis-
pensable to investigate foamability and foam stability in
the concentrations range of 0.001-0.5 wt.%. From Fig. 3, it
can be summarized that the foamability and foam stability
of HHOTAC are regular changes with the increase of solu-
tion concentration. That is, with increasing concentration,
the initial foam volume and half-life time increase when
the concentration is less than 0.3 wt.%. Once more than
0.3 wt.%, the initial foam volume and half-life time has
no significant increase and maintain at a relatively stable
value, which indicates that the adsorption capacity of the
surfactant molecules at the gas-liquid interface reaches to
saturation. Therefore, when HHOTAC solution concentra-
tion is 0.3 wt.%, the initial foam volume and half-life time
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Fig. 2. Initial foam volume and half-life time of three surfactants
(0.3 wt.%).

are 360 mL and 6.98 min, respectively, which indicates the
strongest foamability and foam stability at the concentration
of 0.3 wt.% compared to other much higher concentrations.
As a result, 0.3 wt.% is fixed for the optimum surfactant
concentration for further investigations [49].

3.2.1. Microstructure of foams

In order to further investigate the drainage and coales-
cence in bulk bubbles generated OTAC, HOTAC, and
HHOTAC aqueous solution when the concentration is
0.3 wt.%. The microscope with 40-fold magnification is
employed to visualize the microstructure as a function of
time.

From Fig. 4, in the initial state, the gas bubbles are
observed to be dense in OTAC, HOTAC, and HHOTAC,
and these bubbles have good shapes with regular circles
or ellipses. But, the contact between bubbles is not close,
and the size distribution of bubbles is relatively uniform
[23]. It is indicated that these bubbles are comparatively
stable in this condition. At 2 min, HOTAC and HHOTAC
bubbles have better uniformity than OTAC bubbles. As
time passes, in the presence of gravity effect and capillary
pressure between spherical bubbles [50], the exceedingly
obvious change of foam microstructure is taking place, that
is, the big bubbles get even bigger and the small ones dis-
appear gradually result from the drainage and coalescence,
ultimately leading to the reduction of bubbles density.
The noticeable phenomenon is observed that the bubbles of
both OTAC and HOTAC increase rapidly and their distri-
bution are not exceedingly uniform after 5 min, resulting in
the remarkable coalescence between bubbles. After 10 min,
OTAC gas bubbles show the form of the polyhedron as
shown in Fig. 5, which leads to a high development of liquid
drainage. Meanwhile, a loose distribution and a remark-
able disproportionation are detected in HHOTAC bub-
bles, where remain relatively sphericity after 10 min [51].
Consequently, HHOTAC foam shows the slowest coales-
cence in gas bubbles and can develop thicker liquid films
as time goes on. The reason is that due to the large density
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Fig. 3. Initial foam volume and half-life time of HHOTAC at
different concentrations.
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difference between the gas and liquid phases, the process of
film drainage liquid film occurs under the action of grav-
ity, so the liquid film will become thinner. Therefore, this
also suggests that the stability degree of three surfactants:
HHOTAC > HOTAC > OTAC.

3.2.2. Effect of NaCl concentration on the foam ability

At present, almost all the aqueous foams apply in the
petroleum industry are salt-tolerance, which are applicable
to the exploitation of oil in underground high-salt environ-
ments. So, it is essential to focus on surfactant HHOTAC
which has outstanding properties of salt resistance. In the
present study, the influence of inorganic (NaCl) on foamabil-
ity and foam stability are systematically illustrated to further
explore the arrangement of the HHOTAC molecules at the
gas-liquid interface.

At the fixed surfactant HHOTAC solution concentra-
tion of 0.3 wt.%, the variation in the initial foam volume
vs. a series of NaCl solutions concentrations is presented in
Fig. 6, it is indicated that the initial foam volume displays
obvious variation with increasing concentrations of NaCl

Time (min)

OTAC HOTAC

Fig. 4. Microphotographs of foam changes with time.

=)

solutions at the temperature of 25°C. When the NaCl solu-
tion concentration is less than 0.05 mol L, the initial foam
volume increases rapidly with the concentrations increas-
ing. When the concentration is more than 0.05 mol L7, the
initial foam volume in the NaCl solution shows a slightly
declining trend [52]. However, but it is still higher than the
initial foam volume of HHOTAC solution without NaCl.
The above experiments can be seen that adding NaCl to
the surfactant solution, the foamability becomes better.
This is ascribed to the counterions (chloride ion) ionized
by the NaCl in aqueous solution. From Fig. 7, the existence
of counterions near the gas-liquid interface effectively
reduces the repulsion between the positively charged head
group of HHOTAC, which leads to the tight arrangement
of surfactant molecules in the surface adsorption layer.
Eventually, the foamability is improved. Fig. 6 is the half-
life time values of HHOTAC at a series of inorganic con-
centrations. It can be seen in Fig. 4 that the change of NaCl
solution concentrations has an obvious effect on the half-life
time. When the NaCl solution concentration is 0 mol L, the
half-life time of HHOTAC was 6.98 min. The NaCl solution
concentration was 0.15 mol L7, the half-life time is only
3.61 min. From Fig. 7, with the NaCl solution concentra-
tions increasing, the diffused electric doublet layer is com-
pressed, which weakens the repulsion effect of the charges
each other in the solution, thus reducing the thickness of the
membrane. As a result, the foam stability becomes worse.
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Fig. 6. Initial foam volume vs. NaCl solution concentrations.

Fig. 5. Diagram of foam morphology in different phases sphericity and polyhedron.
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Fig. 7. Structural distribution of HHOTAC in solution in the absence and presence of NaCl.

3.2.3. Corrosion inhibition ability

Carbon steel is widely used as the main alloy in the
pharmaceutical industry, petroleum and gas industries, heat
exchangers, process vessels, and others [29]. However, the
corrosion resistance of carbon steel is limited by its suscep-
tibility in aggressive environments, especially in acid medi-
ums [53]. Due to this fact, many attempts have been made
to control this undesirable corrosion and even entire elimi-
nation of it [54]. One common solution to reduce corrosion
is the addition of some surfactants to the acid mediums cor-
rosive medium to form a protective layer on the metal sur-
face and prevent its oxidation. Among the many surfactants
available, quaternary ammonium salts have aroused great
interest because of their inhibition efficiency at a lower con-
centration, since they have positively charged nitrogen atoms
on the hydrophilic part can share free electrons with the free
d-orbital of metals, and the protective layer formed by the
physical or chemical adsorption, ultimately protecting the
metal against corrosion [55-57].

The effect of hydroxymethyl groups on the hydropho-
bic parts of surfactants on the corrosion inhibition of car-
bon steel in 5% HCI solution at 50°C is investigated. The
values of inhibition efficiency (1)) and CR of three inhibi-
tors with 10 mg L obtained from the weight loss method
are summarized in Table 3. It is clear from the table that
the studied surfactants reduce the corrosion of mild steel
in HCI medium distinctly, and the rule of inhibition effi-
ciency is HHOTAC > HOTAC > OTAC, which indicates that
the number of hydroxymethyl groups on the hydrophobic
parts had a significant effect on the inhibition efficiency.
As reported in the literature, in a 5% HCI solution, a mild
steel surface is positively charged [58]. At first, the Cl™ ions

Table 3
Corrosion parameters of mild steel following 2 h in 5% HCI
solution in the presence of three inhibitors with 10 mg L™ at 50°C

Inhibitor Concentration (mg L") CR(gm?h™?) 1 (%)
Blank 0 2.59 -

OTAC 10 0.82 68.29
HOTAC 10 0.69 73.85
HHOTAC 10 0.52 80.09

from HCI solution and CI” ions from surfactants molecules
are adsorbed on the positively charged metal surface thus
changing the charge on the solution side of the steel-solu-
tion interface from positive to negative. The surfactant mol-
ecules containing ammonium groups (A*) are electrostat-
ically adsorbed on the metal surface to form a protective
film (FeCl" A*)_, that protect the metal against corrosion
[59]. The adsorption model is shown in Fig. 8. In addition
to the electrostatic interaction, the hydroxymethyl groups
on the hydrophobic part of HHOTAC can share more free
electrons with the free d-orbital of metals, which results
in the enhanced adsorption of HHOTAC molecules on the
steel surface. Therefore, HHOTAC has the best inhibition
efficiency compared with OTAC and HOTAC.

4. Conclusion

In this paper, OTAC, HOTAC, and HHOTAC were
purchased to study further the relationship between the
structures of surfactants and their surface tension, foam
properties, and corrosion inhibition. It is concluded from
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