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ABSTRACT 

In this work, organo-montmorillonite (organo-Mt) and organo-synthetic mica 

(organo-mica), obtained by quaternary or primary amine cations 

(octadecyltrimethylammonium (ODTMA) or octadecyl-amine (ODA), 

respectively) exchanged at 50% and 100% of their respective CEC, were 

thoroughly characterized and tested for pyrimethanil uptake. The interlayer 

entrance of both surfactants for Mt loaded at 50% and 100% CEC indicated a 

close basal space (of around 1.5 and 1.8 nm, respectively). However, for 

synthetic mica (Na-Mica-4) the basal space shifted to higher values (3.5 and 3.9 

nm and 4.7 and 5.0 nm, for ODTMA and ODA at 50% and 100% CEC, 

respectively) than those of organo-Mts, keeping the interlayer surface partially 

free for ODTMA-Mica-4 samples. Tg analysis revealed that the actual ODA 

loadings were around 40% and 80% for both clays and for ODTMA exchanged 

Mts, while the actual ODTMA loading for organo-mica samples did not exceed 

10.6%. The decrease of negative zeta potential evidenced the presence of ODA 

or ODTMA at the external surfaces of organo-Mt, while the zeta potential curves 
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for organo-mica samples described the system as a mixture of individual 

surfactants and Na-Mica-4 sample. Total specific surface area (TSSA) and 

contact angle (CA) measurements revealed a general hydrophobicity increment 

with the presence of both surfactants. Interrelations of these parameters point 

out the different affinity and steric hindrance of the polar head of both 

surfactants with the solid surfaces, which also conditioned pyrimethanil 

adsorption.  

 

1. INTRODUCTION 

 

Mica and montmorillonite (Mt) are 2:1 (tetrahedral-octahedral-tetrahedral) 

silicates with negative charge coming from different isomorphic substitutions in 

their structures. These substitutions arises from Si4+ exchanged by Al3+ in the 

tetrahedral sheet, while Al3+ was exchanged by Mg2+ or Fe2+ ions in the 

octahedral sheet. Such negative charge surfaces are balanced by the presence 

of alkaline or alkaline earth cations (Li+, Na+, K+, Ca2+ and/or Mg2+) in the 

interlayer for Mt and mainly Na+ for mica; these coordinated cations between Mt 

or mica sheets are surrounded by water molecules. Their main properties, such 

as swelling, cation exchange capacity (CEC) and specific surface area, are 

related to their chemical composition. Natural micas have no swelling capacity 

due to the strong electrostatic attraction between layers [1], while the presence 

of Na+ at the Mt interlayer allows it to attain a swelling capacity of more than 35 

cc [2]. The synthetic fluorine mica, Na-Mica-4, used in this work has overcome 

this limitation and swells in water, besides being the most highly charged clay 

mineral with a cation exchange capacity of up to 4.68 mmol/g [3, 4]. Both the 

swelling capacity and high CEC properties have determined the applications of 

Mt and Na-Mica-4, mainly as adsorbents of inorganic cations [5-7] and 

agricultural pesticides [8, 9]. 

To enlarge the technological application of clays, one of the strategies used 

is to tailor the structure by surfactant loading, turning clays into organo-clays.  

The replacement of raw Na+ and the surface interaction with surfactants such 

as alkylammonium cations have been proved to protect the mineral structure 

from acid degradation, causing changes in the interlayer thickness [10, 11], 
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modifying the electrical charge surface [12], and also the hydrophilic to 

hydrophobic character [13]. Particularly, changes of electric surface charge 

generated by surfactant loading modify the coagulation state of the system, 

driving the aggregation of the particles and the stacking of the surfactant 

molecules on the surface of the clays [14]. Especially, when the surfactant 

loading exceeds 100%, of Mt CEC flotation and re-suspension of the system 

occurs [15].  

Notwithstanding the advantages of the organo-clays, it must be taken into 

account that a different toxicity was assigned to the alkylammonium cations with 

different chain length, and their release due to the low-strength interaction 

(hydrophobic) on the outer surface of clays would produce an unwanted 

contamination. In its application in aqueous effluents, the possible 

contamination would be reduced by electrostatic attraction with the negative 

charge colloids present. 

Knowledge of the physicochemical properties of organo-clays and the 

interrelation among them has a major influence on their use in barriers, 

flammability resistance, biomedical applications, catalytic reactions, adsorption, 

water treatment, and waste disposal, among others [16-22].  

Our recent works evidenced the high potential of organo-Mt [23-25] and 

organo-micas [26, 27] to adsorb organic pollutants. We mainly used quaternary 

and primary ammonium cations to synthesize and characterize organo-Mt and 

organo-mica, respectively. However, to our knowledge, few studies are reported 

in the literature referring to the interrelation among structure, surface electric 

charge, and hydrophobicity changes generated by quaternary and primary 

ammonium cation exchange in synthetic mica and Mt, respectively. 

Post-harvest fungicides are applied to fruits to decrease economic losses 

(usually more than 90% in untreated fruits) caused by fungal decomposition 

[28]. The use of these products generates large volumes of wastewater with 

high fungicide concentrations, which are maintained for different periods of time 

in artificial lagoons to generate maximum aerobic degradation, and reduce 

environmental pollution. Because the aerobic degradation is not always total 

and contaminated lagoons are point pollution sources, adsorption treatments 

can be used to retain the fungicides before their discharge into natural water 
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sources. Thiabendazole (TBZ) is one of the main fungicides used in fruit 

production to control mold, blight and other fungi. The resistance to TBZ found 

in 2004, caused by its intensive use, led to the introduction of new fungicides 

effective against blue (Botrytis cinerea) and gray mold (Lobesia botrana) [29, 

30]. Pyrimethanil (PRM) is a new fungicide employed to replace TBZ, being one 

of the most resistant to degradation fungicides used in grapevines [31], 

although it is classified as a reduced risk fungicide by the US Environmental 

Protection Agency [32]. 

The increasing use of PRM has raised concerns about the disposal of 

agricultural effluents, and the adsorption treatment could allow its removal from 

contaminated sources. 

In this study, the structure, surface charge and hydrophobicity of raw 

montmorillonite, synthetic Na-Mica-4 and their exchanged products with two 

loadings of octadecyltrimethyl (ODTMA) or octadecyl (ODA) ammonium are 

deeply characterized with a combination of techniques, and the results are 

compared. The knowledge acquired here would help understand the 

interactions of both organo-clays in order to improve the wide technological 

applications of these materials. Moreover, the adsorption of pyrimethanil 

fungicide was particularly evaluated.  

 

2. EXPERIMENTAL SECTION 

2.1. Materials 

 

A Patagonian (Rio Negro province) Mt sample, supplied by Castiglioni Pes 

and Co., was used as received. The main properties of Mt were specific surface 

area (SSA), 34.0 m2/g [2]; cation exchange capacity (CEC), 0.83 mmol/g clay; 

isoelectric point (IEP), 2.7; and apparent diameter (Dapp), 674 ± 51 nm [33]. 

The XRD analysis of the raw Mt sample indicated that the mineralogical 

composition was Na-montmorillonite (>99%) with quartz and feldspars as minor 

phases. The structural formula determined from the chemical analysis of 

purified Mt was [(Si3.83Al0.11) (Al1.43Fe3+
0.26Mg0.30) O10 (OH)2] Na0.30 Ca0.09 

K0.01.[2]. 
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Na-Mica-4 was synthesized by the NaCl melt method following the procedure 

described by Alba et al. [4]. Briefly, the reactants SiO2, Al(OH)3, MgF2, and NaCl 

were weighed and mixed in an agate mortar until the mixture became 

homogeneous. They were then heated in a platinum crucible at 900 °C for 15 h 

at a heating rate of 10 °C/min. The solid was separated by filtration, washed 

with distilled water, dried at room temperature, and then ground in an agate 

mortar. The Na-Mica-4 had a SSA of 4.26 m2/g, CEC of 4.68 mmol/g on an 

anhydrous basis, and its structural formula was Na4 [Si4Al4] Mg6O20F4 nH2O 

[34]. 

SiO2 (CAS no. 112945-52-5, 99.8% purity), Al(OH)3 (CAS no. 21645-51-2), 

MgF2 (CAS no. 7783-40-6), and NaCl (CAS no. 7647-14-5, ≥99.5% purity) used 

for Na-Mica-4 synthesis were purchased from Sigma-Aldrich (Madrid, Spain). 

Octadecyl-amine (ODA) (CAS no. 124-30-1, ≥99.0% purity), molecular weight 

(MW) = 269.51 g/mol and critical micelle concentration (CMC), 0.4 mM [35], 

was also from Sigma Aldrich. Octadecyltrimethylammonium (ODTMA) bromide 

(≥97%), MW = 392.50 g/mol and CMC, 0.3 mM [36], was supplied by Aldrich 

Chemical Co. (Milwaukee, WI, USA). 

Pyrimethanil (PRM) PESTANAL®, analytical standard (purity 99.9%) was 

supplied by Fluka-Sigma-Aldrich and used as received. Its physicochemical 

properties are MW = 199.25 g/mol; solubility in water, 121 mg/L at 25 °C, and 

pKa = 3.52 (weak base) [37]. 

 

2.2. Organic functionalization of Mt and Na-Mica-4 with ODA / ODTMA 

(organo-Mt and organo-mica) 

 

ODA-Mica-4 and ODA-Mt samples were obtained by a cation-exchange 

reaction between Na-Mica-4 or Mt and the corresponding amount of ODA to 

obtain 0.5 and 1 CEC of organo-mica and organo-Mt, respectively. Briefly, the 

primary amine was dissolved in an equivalent amount of HCl (0.1 M) and the 

resulting mixture was stirred for 3 h at 80 °C. The alkylammonium solution was 

then mixed with 10 g/L of Na-Mica-4 or Mt, stirred (200 rpm) for 3 h at 80 ºC, 

and centrifuged at 8000 rpm. The products were washed three times with 

distilled water, and finally dried at room temperature and labeled by adding the 
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theoretical surfactant loading to the name of the absorbent (ODA-Mica-50, 

ODA-Mica-100, ODA-Mt-50, ODA-Mt-100).  

ODTMA-Mt and ODTMA-Mica-4 samples were prepared using the 

corresponding amount of ODTMA to obtain 0.5 and 1 CEC of Na-Mica-4 or Mt, 

respectively. The ODTMA solutions were stirred (200 rpm) for 2 h at 60 °C with 

10 g/L of Na-Mica-4 or Mt. All products were washed three times with distilled 

water to remove the counterion excess (tested by AgNO3), lyophilized, and 

ground manually in an agate mortar. The modified products were labeled 

ODTMA-Mica-50, ODTMA-Mica-100, ODTMA-Mt-50 and ODTMA-Mt-100.  

 

2.3. Characterization methods  

 

XRD patterns (reflection peak 001) were collected on powder samples over a 

2θ range from 1° to 30° with a counting time of 0.1 s/step and 0.03° (2θ) step 

size, using a Bruker D8 Advance A25 diffractometer (Bruker, Germany) aligned 

in Bragg-Brentano geometry, operated at 40 kV and 30 mA with Cu Kα 

radiation.  

The average number of clay platelets stacked (n) and its modification by 

different functionalization were determined as in previous work [38], through the 

following equation: 

 

n = 1 + (D001/d001)   (1) 

 

where the mean crystallite domain size, D001, was determined by the Scherrer 

equation, and d001 was the basal spacing of 001 reflection of the clay layers 

[39]. 

Thermogravimetric (Tg) experiments were conducted on the samples using a 

Rigaku TH 8121-Thermo Plus EVO2 with alumina as a reference. Samples (20 

mg) were placed in alumina crucibles and heated from 30 to 1000 °C at a 

scanning rate of 10 °C/min in air atmosphere. The differential thermogravimetric 

(DTg) curves were directly derived from the corresponding Tg curves. The 

actual surfactant loading for all the organically exchanged samples was 

obtained by calculation from the Tg values in the temperature range from 150 to 
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800 ºC, or from 170 to 900 ºC, for surfactant loaded Mt or Na-Mica-4 samples, 

respectively. In organically exchanged Mt the mass loss of Mt structural 

hydroxyl groups was taken into account [40], while for organically exchanged 

mica, due to its fluorinate structure, the structural hydroxyl groups were 

disregarded [34]. 

Electrokinetic potentials were determined using a Brookhaven 90Plus/Bi-

MAS Multi Angle Particle Sizing analyzer (Brookhaven Instruments Corporation, 

New York, USA) at λ = 635 nm; 15 mW solid state laser; scattering angle, 90º; 

temperature, 25 ºC, and Pd electrode. The electrophoretic mobility was 

converted into zeta potential using the Smoluchowski equation [41]. For each 

determination, 0.05 g of the sample was dispersed in 50 mL of 10-3 M KCl 

solution, and the slurry was stirred. To generate zeta potential versus pH 

curves, the slurry pH was adjusted using dilute HCl and KOH solutions followed 

by magnetic stirring until the equilibrium was established (10 min). 

The total specific surface area (TSSA) value was determined by water vapor 

adsorption with relative humidity control (rh = 0.56) as described previously [42]. 

The particle size distribution was performed in water media on raw Mt and 

Na-Mica-4 samples employing a Mastersizer 2000 particle size analyzer 

(Malvern Instruments, UK). The results represented the mean value of nine 

measurements. 

For contact angle (CA) measurements, all samples (0.5 g) were pressed in 

disc shape of 150 mm diameter using uniaxial pressure (34.3 MPa) and they 

were sanded to smooth the roughness of the surface. Then, the sessile drop 

method was used. This method has already been used to evaluate the 

wettability properties of the surface of micas and montmorillonites [43, 44]. A 

drop of deionized water (V= 30 µL) was placed on the sample and after 30 ms, 

when the mechanical perturbations ended, the CA was measured using the 

photographic camera of the L74PT1600 Linseis thermal microscope at room 

temperature. The images were analyzed with a plug-in as described by Stalder 

et al. [45] for the open-source software ImageJ V. 1.46r [46]. 

 

2.4. PRM adsorption 
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The adsorption experiments were carried out in batch conditions, with an 

adsorbent/adsorbate ratio of 1 g/L using a PRM concentration of 80 mg/L, for 24 

h at 20 ºC, under continuous stirring (200 rpm) in Corex glass bottles. A pH of 

approximately 6.5 remained constant during the adsorption process in all 

samples. After the contact time, the suspensions were centrifuged at 6,000 rpm 

for 15 min. The concentration of PRM in the supernatants was analyzed by high 

performance liquid chromatography (HPLC) coupled with UV-visible detection (λ 

= 270 nm) using a Shimadzu HPLC C18 column (4.6 mm × 250 mm, 4.6 µm). 

The mobile phase was a 70/30 acetonitrile/water mixture flowing at 1 mL/min. 

The volume injected in the chromatography system was 20 µL. The presence of 

different amounts of surfactants was checked so they did not interfere with the 

PRM determination. The amount of adsorbed PRM, q (µmol PRM/g clay), was 

determined as the difference between the initial PRM concentration (Ci) and the 

concentration after contact time (Ce).  

The adsorption percentage was calculated by the following expression: 

 

%adsorption = (Ci-Ce) / Ci ×100%   (2) 

 

3. RESULTS  

3.1. XRD patterns 

 

The shift of the basal reflection allows following the incorporation of 

surfactant into the interlayer of the Mt or Na-Mica-4 samples. Fig. 1A and B 

show the XRD patterns of Mt and Na-Mica-4 (and their respective organo-Mt 

and -Mica-4 products), respectively.  

The 001 value found for the Mt sample (Fig. 1A) was 1.26 nm with a shoulder 

at 1.43 nm. The structural formula of Mt indicated that Na+ and Ca2+ were the 

main cations present in the interlayer. The 001 peak deconvolution (Fig. S1 in 

the Supplementary material), with an R2 fit of 0.996, corresponds to the 

existence of an heterogeneous interlayer resulting from the presence of Na+ 

and Ca2+ [47]. The ratio of the areas, within the peak 001, Na/Ca = 1.18, was 

related to the greater presence of Na+ than Ca2+, as indicated by the structural 

formula.  
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For Mt, the 001 value shift from 1.26 nm (Fig. 1A) to higher values depended 

on the amount and type of surfactant loaded (ODTMA or ODA). The interlayer 

space of ODTMA-Mt and ODA-Mt samples was determined by subtracting the 

space of dehydrated Mt (0.97 nm) from the 001 value.  

The calculated interlayer spaces for ODTMA-Mt samples were 0.46 and 0.88 

nm, for 50% and 100% CEC, respectively. The values found for ODTMA-Mt-50 

and ODTMA-Mt-100 samples were consistent with previous data [12] and 

indicate a lateral monolayer and pseudo-trilayer or a paraffin-like 

monomolecular arrangement of the surfactant, respectively [48]. Particularly, in 

the ODTMA-Mt-50 sample, the 001 peak deconvolution (inset in Fig. 1A) 

indicated the existence of two overlapping peaks at 1.43 and 1.64 nm, which 

correspond to a transition of surfactant arrangement with an interlayer increase 

of 0.46 and 0.67 nm, respectively, with an R2 of 0.996, and a ratio area of 1.26 

[11]. Furthermore, in hexadecyltrimethylammonium exchanged Mt, XPS 

measurements showed a complete replacement of the original Na+ cations and 

only one third of the original Ca2+ [49]. The presence of this hydrated remnant 

Ca2+ and the lateral monolayer arrangement of ODTMA explain the increase of 

the interlayer space found in ODTMA-Mt-50 sample.  

For ODA-Mt samples, the interlayer space was 0.53 and 0.79 nm for ODA-

Mt-50 and ODA-Mt-100 samples, respectively [16]. Additionally, as in ODTMA-

Mt-50, in ODA-Mt-50 sample the 001 peak deconvolution (inset in Fig. 1A) 

indicated the existence of two peaks at 1.61 and 1.43 nm, with an R2 of 0.997, 

and a ratio area of 1.33. This behavior could be explained by the interlayer 

heterogeneity, generated by the ODA arrangement similar to that of ODTMA, 

and the presence of some remnant hydrated Ca2+. Despite the similar 

arrangement found for both surfactants, it was evidenced that the exchange 

with quaternary amine cations caused a greater expansion of the interlayer 

space than the primary ones, which would be related to the larger size of the 

quaternary amine heads. 

The average number of platelets stacked with high crystalline order, n, 

determined by eq. 1, provided an unambiguous indication of the stacking order 

of the clay platelets. The n values obtained were: 8.8, 12.8, 9.8, 11.8 and 10.7 

for Mt, ODTMA-Mt-50, ODTMA-Mt-100, ODA-Mt-50 and ODA-Mt-100 samples, 
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respectively. The increase of n value at both low surfactant loadings (0.5 CEC) 

and further decreases at larger loadings agree with data of previous work [38, 

39], for hexadecyltrimethylammonium loaded Mt samples. Huang et al. 2017 

[39] explained the increase in the average number of platelets stacked at low 

surfactant loading by a bridging interaction of the organic cations between 

different basal clay planes, producing an interconnection when the monolayer is 

formed. While at higher surfactant loading, the larger interlamellar distances 

generated by pseudo-trilayer or paraffin-like monomolecular layers introduce 

disorder in the stacking direction of the layers, decreasing the average number 

of stacked platelets. These behaviors reflected significant structural changes in 

the organo-clays whichever quaternary or primary amine cations were loaded. 

 

Fig. 1.  XRD patterns of (A) Mt and (B) Na-Mica-4 and the respective ODA / 

ODTMA loaded samples. Insets: deconvolution of 001 peak for indicated 

samples. 

 

The basal space of Na-Mica-4 sample at 1.22 nm and the well-ordered 

sequence of the 00l reflection [50] are shown in Fig. 1B. 

In ODTMA loaded Na-Mica-4 at 50% and 100% CEC, the basal space at 

1.22 nm [50] remained unchanged, and several higher-order peaks were 

observed at lower 2θ in Fig. 1B (1.75 and 3.52 nm, and 2.40 and 2.77 nm for 

ODTMA-Mica-50 and ODTMA-Mica-100 samples, respectively), whose 

intensities seem to increase with the amount of ODTMA exchanged. As 

explained above for ODTMA-Mt, a heterogeneous interlayer space results from 

the different arrangements or random orientation of ODTMA [48]. Particularly, 

the peak at 3.99 nm in ODTMA-Mica-100 sample was related to the presence of 
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a superstructure of ionic pairs (ODTMA+ Br-) [48]. However, Tamura and 

Nakazawa [51] assigned this interlayer spacing to a paraffin-like arrangement of 

the surfactant. Furthermore, for ODTMA-Mica-50 and ODTMA-Mica-100 

samples, the 004 peak at 0.30 nm indicated that the interlayer space remained 

partially free of ODTMA. The presence of Na+ ions remaining at the interlayer in 

ODTMA-Mica samples was evidenced by the high intensity of 1.22 and 0.30 nm 

peaks, which was in agreement with recent results [52], indicating a great 

difficulty in achieving complete intercalation [53] and leading to the formation of 

a product that combines the functionality of a surfactant with the structural 

properties of the inorganic component.  

For ODA modified Na-Mica-4 samples, the well-ordered sequence of the 00l 

reflection is in agreement with Pazos et al. [50]. The peak at 1.22 nm of Na-

Mica-4 is assigned to the presence of Na+ in the interlayer; the ODA by Na+ 

exchange decreases the intensity of this peak in ODA-Mica-50 and -100 

samples with respect to Na-Mica-4. The basal space at 4.75 and 5.02 nm for 

ODA-Mica-50 and ODA-Mica-100 samples, respectively, which indicated an 

interlayer increase of 3.78 and 4.05 nm, respectively, also corresponds to a 

paraffin-like arrangement of the surfactant (>2.20 nm) [12]. 

The comparison of the peak intensity of 1.22 nm between mica samples 

exchanged with ODA or ODTMA would indicate a different amount of surfactant 

exchanged, as will be determined in the next section. In addition, these results 

suggest a greater affinity of the mica surface with the primary amine cations 

with respect to the quaternary ones, contrary to that found for Mt sample. 

For Na-Mica-4 and its products loaded with surfactant, the average number 

of platelets stacked with high crystalline order, n, could not be determined due 

to the large errors generated by the closeness of the low full width at half 

maximum of the reflection peak with the instrumental width. 

 

3.2. Thermogravimetric analysis 

 

Thermogravimetric analysis was used to confirm clay modification by 

surfactant loading and to determine the actual % CEC.  
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Fig. 2.  Derivative plot of thermal degradation (DTg) for A) Mt and ODTMA / 

ODA loaded Mt samples, and B) Na-Mica-4 and ODTMA / ODA loaded mica 

samples. 

 

The thermal decomposition of Mt was analyzed in three temperature ranges, 

while for its surfactant loaded forms four temperature ranges were needed in 

order to take into account different interactions or association mechanisms 

between the clay and the surfactant (Fig. 2A) [54].  

 

Table 1.  Percentage of mass loss in Mt and organo-Mt and actual surfactant 

loaded with respect to the % CEC Mt. The mass loss of net ODTMA was added 

in order to evidence its full combustion up to 800 °C. 

Sample 

% mass loss 
% CEC 

loaded 
25-150 

(ºC) 

150-300 

(ºC) 

300-550 

(ºC) 

550-800 

(ºC) 

ODTMA 1.2 78.4 12.3 2.8  

 
Loss of 

water 

Van der 

Waals 

Cation 

Exchange 

Dehydroxylation 

layered silicate 
 

Mt 14.3 1.0 0.9 3.0 - 

ODTMA-Mt-50 5.9 2.5 6.5 7.9 40.6 

ODTMA-Mt-100 4.0 10.5 8.6 9.5 88.0 

ODA-Mt- 50 4.6 2.2 6.3 8.9 47.5 

ODA-Mt-100 1.7 3.3 10.5 10.6 76.4 
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For Mt sample a 14.3% mass loss at temperature < 150 °C was attributed to 

the loss of physically adsorbed water (Table 1). The 150 to 550 °C range 

assigned to surfactant decomposition showed a low mass loss [54, 55]. In the 

550 and 800 °C range, a mass loss of 3.0% represented by a DTg peak at 664 

°C was assigned to the loss of structural hydroxyl groups. 

Loading of Mt samples with ODTMA produced a decrease in the mass loss of 

water at temperature <150 °C with respect to that found in Mt sample (Table 1). 

This effect was mainly associated with Na+ and its hydration sphere exchange 

with ODTMA+ within the interlayer (Fig. 1 A), with the subsequent decrease of 

the DTg peak with respect to that of Mt at 83 °C (Fig. 2A). In the 150-800 °C 

range, an increase in mass loss was observed compared to that of Mt sample 

(Table 1), giving an actual ODTMA loading of 40.6% and 88.0% CEC in 

ODTMA-Mt-50 and ODTMA-Mt-100 samples, respectively. These data were 

consistent with those found in previous work [33]. This temperature range was 

divided into two new ranges (from 150 to 300 and from 300 to 550 °C, Tables 1 

and 2), assigned to Van der Waals and cation exchange interactions between 

Mt and the surfactant (Fig. 2A) [11]. In the ODTMA-Mt-50 sample, the cation 

exchange of ODTMA within the Mt interlayer sites generated a peak at around 

305 °C, with a mass loss of 6.5 % (Table 1). Particularly, for ODTMA-Mt-100 

sample, the cation exchange mechanism created a shoulder at around 305 °C, 

and the van der Waals interactions produced a peak at 255 °C (Fig. 2A) [11], 

with a mass loss of 8.5% and 10.5%, respectively (Table 1). The general 

decrease in thermal stability of ODTMA exchanged Mt samples that occurs 

when the surfactant loading increase is in agreement with previous work [33].  

In the third step of decomposition (550-800 ºC), there was a shift of the DTg 

peak of Mt (664 ºC) to lower temperatures (around 580-597 °C), which was 

attributed to the surfactant penetration into the ditrigonal cavity of the clay [56]. 

Besides, a last organic matter oxidation step occurred at 677 °C in ODTMA-Mt-

100 sample [56].  

For ODA-Mt the DTg curve observed was similar to that of ODTMA-Mt, at the 

first temperature range (<120 °C) (Fig. 2A). However, while the mass loss in 

ODA-Mt-50 and ODTMA-Mt-50 samples was similar, a lower mass loss was 

found in ODA-Mt-100 with respect to ODTMA-Mt-100 samples (Table 1). This 
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indicates a lower water replacement from the interlayer or physisorbed in the 

former sample. The calculated CEC loaded was 47.5% and 76.4% for ODA-Mt-

50 and ODA-Mt-100 respectively (Table 1). In ODA-Mt-50 and -100 sample the 

DTg peaks assigned to van der Waals and cation exchange interactions 

appeared at higher temperature (292 and 335 °C, respectively) than those 

found for ODTMA-Mt samples, indicating stronger interactions within ODA and 

the Mt surface. Le Pluart et al. [57] assigned the appearance of a DTg peak at 

around 250 °C to n-octylamine ions physisorbed on Mt, which were completely 

removed by water washing, while the washing did not remove the ionically 

bonded ions in the interlayer. This behavior is in agreement with the results of 

Cowan and White [58], who measured the free energy values of ion exchange 

for primary amines adsorbed on Mt and reported that the adsorptive forces are 

overcome by the solvating effect of the water molecules. The presence of n-

octylamine ions physisorbed on Mt could overestimate the calculation of the % 

of the CEC exchanged with ODA surfactant (Table 1). In this work, both ODA-

Mica and ODA-Mt samples were washed only with water to achieve a better 

comparison between these samples, because washing of Mt with alcohols also 

produces its interlayer intercalation and a reduction in the interlayer space [24, 

59].  

At the highest temperature range (550-800 °C), the ODA loaded Mt samples 

showed a mass loss and DTg peaks similar to those of ODTMA loaded Mt 

samples. 

The thermal decomposition of Na-Mica-4 and its organo-mica products (Fig. 

2B) was analyzed in almost the same temperature ranges as those for Mt and 

organo-Mt samples, which correspond to water loss and surfactant 

decomposition, respectively [60]. The DTg of Na-Mica-4 showed a mass loss of 

5.3% (Table 2) attributed to the water molecules released from the interlayer 

space, which produced a DTg peak at 83 °C (Fig. 2B).  

 

Table 2.  Percentage of mass loss in Na-Mica-4 and organo-micas and actual 

surfactant loaded with respect to the % CEC of Na-Mica-4. 

Sample % mass loss % CEC 
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25-120 

(ºC) 

120-270 

(ºC) 

270-400 

(ºC) 

400-800 

(ºC) 

loaded 

ODA 2.7 45.4 51.1 0.5 - 

 
Loss of 

water 

Van der 

Waals 

Cation 

Exchange 

Dehydroxylation 

layered silicate 
 

Na-Mica-4  5.3 0.1 0.1 1.0 - 

ODTMA-Mica-50  5.9 2.9 0.9 2.1 2.6 

ODTMA-Mica-100  5.6 11.0 1.9 1.7 10.6 

ODA-Mica-50 2.2 9.1 14.2 13.8 43.1 

ODA-Mica-100 3.1 28.6 13.8 12.3 88.6 

 

For ODTMA loaded Na-Mica-4, at the lower temperature range (<120 °C), 

the mass loss (Table 2) and DTg peak remained similar to those found for the 

Na-Mica-4 sample, irrespective of the surfactant amount loaded.  

The 120-900 °C range was used to calculate the actual ODTMA-Mica loaded 

samples, being of 2.6 and 10.6% CEC exchanged for ODTMA-Mica-50 and 

ODTMA-Mica-100 samples, respectively (Table 2). The low surfactant 

exchange in ODTMA-Mica-50 sample, due to its difficulty to attain a complete 

intercalation [53], was confirmed by the presence of a 004 peak, indicative of a 

main interlayer space free of surfactant (Fig. 1B) or incomplete Na+ replacement 

by the organic ions at the interlayer of the synthetic mica, and formation of ionic 

pairs as indicated by XRD (Fig. 1B).  

The DTg peaks at 230 and 259 °C present in ODTMA-Mica-100 sample 

could be attributed to surfactant molecules weakly adsorbed on the clay surface 

by van der Waals interactions, or ionic pairs as indicated in Section 3.1.  

The steric effects of the quaternary amine cations in ODTMA-Mica-100 and 

ODTMA-Mica-50 samples pose a greater difficulty that prevents the coexistence 

of organic and inorganic species [52], leading to the low amount of ODTMA 

loaded (Table 2).  

The mass loss, within 120 and 900 °C, determined for ODA-Mica samples 

(Table 2) was higher than that of ODA-Mt samples (Table 1).However, the 

actual % CEC values obtained were similar due to the different CEC values of 
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both Na-Mica-4 and Mt samples. Additionally, the presence of physisorbed ODA 

in mica samples could overestimate the calculation of % CEC loaded values. 

For ODA loaded mica samples, at the lower temperature range (<120 °C), 

the DTg peak for water loss remained at the same temperature, with a mass 

loss slightly lower than that found for Na-Mica-4, indicating that the mass loss 

was not related to the ODA amount loaded. From 120 to 900 °C five DTg peaks 

at 193, 230, 259, 300 and 509 °C were found. The peak at 193 °C in ODA-Mica-

50 and also that at 230 °C in ODA-Mica-100 sample can be assigned to 

physisorbed ODA as ionic pairs, as in ODA-Mt samples (at 292 °C). The DTg 

peaks at 259 and 300 °C were related to the simultaneous presence of 

alkylammonium ions as ionic pairs and exchanged, respectively, in both ODA-

Mica-50 and ODA-Mica-100 samples [50]. The DTg peak at 509 °C could be 

attributed to residual charcoal from organic matter oxidation [61].  

The cation exchange decrease from 88.6% CEC (ODA-Mica-100) to 43.1% 

CEC (ODA-Mica-50) shown in Table 2 was in agreement with the higher Na+ 

exchange obtained for ODA-Mica-100 than for ODA-Mica-50 identified by XRD 

analysis. This higher amount of Na+ exchanged by ODA in ODA-Mica-100 than 

in ODA-Mica-50 samples generated the intensity decrease of the peak at 1.22 

nm in both samples. 

 

3.3. Zeta potential data 

 

The electrical charge surface measured by the micro-electrophoresis method 

allows evaluating the electrical surface charge changes at the external surface 

produced by the surfactant loading, because the neutral constancy of the 

interlayer remains with the cation exchange [62]. Fig. 3 (A to D) shows zeta 

potential vs. pH curves for Mt, Na-Mica-4 and the respective ODTMA / ODA 

loaded samples.  
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Fig. 3.  Zeta potential versus pH curves for (A) (�) Mt, (�) ODTMA-Mt-50 and 

(����) ODTMA-Mt-100; (B) (�) Mt, (⊳) ODA-Mt-50, (����) and ODA-Mt-100; (C) () 

Na-Mica-4, (����) ODTMA-Mica-50, and (����) ODTMA-Mica-100; and (D) () Na-

Mica-4, (����) ODA- Mica-50, and (����)ODA-Mica-100 samples. 

 

The pH-independent zeta potential behavior (at around -30 mV) over the 

entire pH range (from pH 3 to 10) for Mt sample (Fig. 3A and B) is produced by 

a constant surface potential (structural or basal sites) and variable charge (edge 

sites). The flat curve found for Mt sample is similar to that previously published 

[63]. 

ODTMA loading on Mt (Fig. 3A) produced a decrease in the raw negative 

surface electric charge of about 10 mV in ODTMA-Mt-50 sample and a reversal 

to positive surface electric charge in ODTMA-Mt-100 sample [12]. The electric 

charge behavior of the latter sample was due to an external surface coverage 

increase [64] and the ammonium group arrangement in head to tail orientation 

[65].  

After ODA loading on Mt (Fig. 3B) the actual surfactant amounts were close 

to those of ODTMA (Table 1); however, only a slight decrease of negative 
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surface electric charge was attained with respect to that of Mt sample. In order 

to explain this behavior, two effects must be taken into account. First, due to the 

smaller size of the ammonium head groups in the ODA (-NH3
+) compared to the 

ODTMA [-N(CH3)3
+] surfactant, when their concentrations increase the former 

can be arranged mostly perpendicularly to the surface [66], decreasing the 

initial negative surface charge and without electric charge investment. However, 

the steric hindrance of ammonium head groups of ODTMA generated a head-

tail orientation on the surface, which exposed the positive head groups, and 

consequently the negative surface electric charge was reversed (Fig. 3A). The 

second effect, as reported by Wang et al. [67], was assigned to the possibility of 

primary ammonium head groups to generate additional hydrogen bonds with 

water molecules and chloride anions onto clay surfaces, and consequently if a 

positive surface charge is generated, it would be almost neutralized [66, 67].  

The negative zeta potential, from 0 to -30 mV at the pH range studied, 

obtained for Na-Mica-4 (Fig. 3C and D) was in agreement with data found for 

raw mica [68]. 

ODTMA loading of Na-Mica-4 produced a complete reversal of the initial 

negative to high positive electric charge values (Fig. 3C). Taking into account 

that the XRD analysis indicated that the surface of the interlayer remained 

partially free of ODTMA, the positive electric charge observed in both ODTMA-

Mica samples, despite their low % of CEC exchanged, could be assigned to 

ODTMA loading occurring mainly on Na-Mica-4 external surface. However, the 

high positive zeta potential values obtained (around 50 mV) for both samples 

cannot be correlated, as in ODTMA-Mt-100 sample, with the amount of 

surfactant exchanged (Table 2). This behavior could be explained by the 

presence of ODTMA as free ionic pairs of the Na-Mica-4 surface acting as a 

mixture with the latter. This demeanor has been previously described in 

mixtures of soil components [69], where another electric charge parameter, 

such as the point of zero charge (PZC) of the mixture, was related to the 

surface provided by each component and their individual PZC [70]. In order to 

determine the presence of an arrangement as a mixture of the components of 

ODTMA-Mica samples, a mechanical mixture of Na-Mica-4 and solid ODTMABr 

(ratio 40:7 w/w), corresponding to the same amounts by weight of the sample 
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ODTMA-Mica-100, was evaluated by zeta potential measurements. Since 10% 

CEC ODTMABr solution corresponds to a concentration = 0.47 mM ODTMABr, 

which is higher than its CMC (0.3 mM), micelles can be formed. The zeta 

potential value of an ODTMABr suspension with a concentration higher than its 

CMC was also measured check for the micelle formation. The zeta potential 

value of ODTMABr solution reached 70 mV, and the zeta potential curve 

obtained for the Na-Mica-4/ODTMA mixture (Fig. S2 in the Supplementary 

material) was close to that of ODTMA-Mica-50 and ODTMA-Mica-100 samples. 

According to these observations, it can be suggested that the positive zeta 

potential in ODTMA-Mica-50 and ODTMA-Mica-100 samples was generated by 

their suspensions acting like mixtures of Na-Mica-4 and surfactant components, 

the latter released from the surface to the solution. 

For Na-Mica-4 loading with ODA, the electric charge reversal only occurred 

in ODA-Mica-100 sample, which has a loading percentage close to the CEC of 

Na-Mica-4 (Table 2). This behavior could be attributed to the release of ODA to 

the solution at low pH, because of the high solubility and stability of the primary 

alkylammonium cations in acid solutions [36]. This electric charge reversal was 

not seen in ODA-Mt-100 sample, and was assigned to the presence of stronger 

interactions between ODA and the surface of Mt than with the surface of Na-

Mica-4. This behavior was corroborated by a DTg peak at higher temperature 

for the former surface (Fig. 2A). Particularly, in the zeta potential curve of ODA-

Mica-50 sample, due to its low ODA loading, the electric charge inversion was 

not observed, except at acid pH in agreement with the behavior mentioned 

previously. 

 

3.4. Total specific surface area and hydrophobicity 

 

As described in a previous study [23], an underestimation of the SSA of 

swelling clays may occur when nitrogen is used as a probe molecule due to 

specific interactions between nitrogen and the polar interlayer surface sites [23]. 

Consequently, the use of nitrogen only allows the determination of the external 

specific surface area (ESSA) of the clay [71], which accounts for up to 10% of 

the total specific surface area (TSSA) depending on the particle size and mainly 
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on the amount of stacked sheets of the tactoids formed [23]. In contrast, the use 

of water vapor as probe molecule allows the determination of the TSSA as a 

sum of the inner (interlayer) surface and the external one [23]. It should be 

noted that for comparative purposes, the determination of TSSA by water 

adsorption must be carried out under conditions of similar initial degassing, 

constant rh = 56% during equilibration and taking into account that the residual 

water content strongly depends on the inorganic cation present in the interlayer 

of the raw clay [72]. 

 

Table 3.  TSSA and CA values of raw Na-Mica-4, Mt and their ODTMA / ODA 

loaded samples. 

Sample 
TSSA 

(m2/g) 

CA 

(°) 

Mt 358 ± 6 57 ± 5 

ODTMA-Mt-50 125 ± 4 76 ± 2 

ODTMA-Mt-100 84 ± 2 80 ± 3 

ODA-Mt- 50 185 ± 2 106 ± 3 

ODA-Mt-100 49 ± 8 96 ± 2 

Na-Mica-4  202 ± 10 33 ± 2  

ODTMA-Mica-50 169 ± 9 51 ± 1 

ODTMA-Mica-100 159 ± 2 52 ± 3 

ODA-Mica-50 74 ± 7 110 ± 2 

ODA-Mica-100 58 ± 1 99 ± 1 

 

The sum behavior of TSSA value is evidenced by the values of 202 and 358 

m2/g obtained for Na-Mica-4 and Mt, respectively (Table 3), compared to the 

lower SSA values of 4.3 and 34.0 m2/g attained for the same samples, 

respectively. It is worth noting that the SEM analyses of Na-Mica-4 and Mt 

samples published previously [73, 74], respectively, indicate hexagonal 

morphology and curved plates with face-to-edge contacts between particles, 

respectively, with estimated particle sizes from 2 to 10 µm and from around 1 

µm, respectively, which are in line with the decrease in both surface area 

values. In order to corroborate the particle size values obtained by SEM 
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observation elsewhere, determinations of particle size distribution values were 

performed in this work (Fig. S3, in the Supplementary material). The Na-Mica-4 

sample showed a bimodal distribution with D50 = 96.4 µm, while for Mt sample a 

trimodal distribution was found with D50 = 7.1 µm. Both D50 values obtained, 

despite the morphology differences within Mt and Na-Mica-4 samples, point to a 

lower specific surface value for the latter sample, in agreement with Table 3 

results. 

The occupancy of the organo-clay surface by surfactants produced a general 

decrease in the TSSA values by the interlayer occupancy indicated by XRD 

measurements, compared to the corresponding raw clay, and irrespective of the 

surfactant used (Table 3). 

However, the variation in TSSA values with the loading increase in ODTMA 

and ODA in Mt or Na-Mica-4 samples (Tables 1 and 2, respectively) indicated a 

different behavior of each surfactant.  

In order to evaluate the hydrophilicity/hydrophobicity changes of ODA and 

ODTMA loaded samples, the TSSA, CA (Table 3) and the % CEC values 

(Tables 1 and 2) were 3 D plotted (Fig. 4). TSSA, CA values and % CEC= 0 for 

Mt and Na-Mica-4 samples were also added for comparison purposes. The 

accuracy of the method used to determine CA in this work was verified by the 

CA value of 57º obtained for Mt (Table 3) that is close to that reported for a 

reference Mt and obtained with a commercial CA microscope [49].  

The general increase in CA values with ODTMA and ODA loadings (Table 3) 

confirms the increased hydrophobic property with respect to the hydrophilic 

surface of Mt and Na-Mica-4 samples.  
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Fig. 4.  3D plot of % CEC, TSSA and CA values for .(A) (�) Mt, (�) ODTMA-Mt-

50 and (�) ODTMA-Mt-100, (⊳) ODA-Mt-50, (�) and ODA-Mt-100; (B) () Na-

Mica-4, (����) ODTMA-Mica-50, and (����) ODTMA-Mica-100, (����) ODA- Mica-50, 

and (����)ODA-Mica-100 samples. The CEC value of raw samples (Mt and Na-

Mica-4 samples) was taken as zero in order to compare TSSA and CA values 

with the % CEC increase of the respective surfactant loaded. The dotted lines 

indicate the point projections to the ZX and ZY planes. 

 

The CA values were higher for ODA than for ODTMA loaded samples. This 

effect can be associated with the orientation of both molecules on the surface. 

As mentioned above, the polar group of some ODTMA molecules could not be 

in contact with the surfaces due to the steric hindrance (head-tail arrangement 

orientation), while the ODA molecules make that surface contact (arrangement 

of the hydrophobic tail opposite the surface).  

For ODTMA loaded Mt samples, a decrease and an increase of the TSSA 

and CA values, respectively, with the surfactant content was observed (Fig. 4A). 

However, for ODTMA loaded Na-Mica-4 samples (Fig. 4B), while the TSSA 

values decreased, the CA values remained almost constant. Roughly, ODTMA 

loaded Mt samples showed a general hydrophobicity increase, while for 

ODTMA loaded Na-Mica-4 samples constant hydrophobicity (CA values) from 

the external surface confirmed a low surfactant presence (Table 2), as was 

indicated by zeta potential measurements.  

For ODA loaded samples (Mt and Na-Mica-4), the TSSA values were again 

directly related to the organic content (Fig. 4), as for ODTMA loaded samples. 

However, although CA values showed a hydrophobicity increase with the 

presence of this surfactant in around 40% of CEC (Tables 1 and 2), higher ODA 

loading (76.4% CEC) produced a subsequent decrease in CA values. These 

effects on TSSA and CA values indicated a different 

hydrophilicity/hydrophobicity behavior on the total and external surfaces of both 

samples with ODA loading. 

It is important to note that the difference of TSSA values between both ODA-

Mt samples (136 m2/g) is greater than that for ODA-mica samples (16 m2/g), 
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while for CA values these differences remained constant (10 °). These effects 

were associated with the lower amount of ODA present in the ODA-Mt than in 

ODA-Mica-4 samples (mass loss percentage in Tables 1 and 2), which were not 

reflected by the % CEC loaded value comparison between them due to the 

different Mt and Na-Mica-4 CEC´s. The presence of ODA molecules mostly on 

the internal rather than on the external surface of both samples, evidenced by 

the results of XRD and zeta potential (Fig. 1 and 3), was corroborated by the 

TSSA and CA differences found.  

Summing up, the opposite change in the hydrophilicity/hydrophobicity 

behavior found within the ODTMA and ODA loaded samples indicates not only 

the different affinity, but also the different steric hindrance of the polar head of 

both surfactants with the solid surfaces, in agreement with that reported recently 

by Pesquera et al. [52] in organo-micas. 

 

3.5. PRM Adsorption 

 

A first approach to study PRM adsorption onto all clay samples was made by 

using a PRM solution at Ci = 80 mg/L (Fig. 5).  

The different adsorption behaviors between raw Na-Mica-4 and Mt samples 

could be assigned to the acidic nature of Mt and also to the cationic exchange 

of PRM at the Mt interlayer as was found in previous work [75]. 

PRM adsorption attained 30% for Mt sample, and although the adsorption 

increased with the loading of both surfactants, for ODA it did not exceed 25%, 

while for ODTMA it reached 50%. The greater PRM retention for ODTMA than 

for ODA exchanged surfactant in Mt sample, despite the similar surfactant 

amount exchanged (Table 1), could be explained by more hydrophobic 

interactions between the organic fraction and the fungicide [75], which are 

generated by the higher polar head of ODTMA than ODA molecules. This 

behavior also explains the increase of PRM adsorption with the increase in the 

loading of both surfactants. 

In Na-Mica-4 sample the PRM adsorption percentage was lower than 10%, 

and a general adsorption decrease was found for all surfactant exchanged 

samples. The similar PRM adsorption found for both ODTMA exchanged micas, 
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within the error values, could be related to the low ODTMA loaded/loading 

(Table 2). However, for ODA exchanged mica samples the slight PRM 

adsorption increase found with this surfactant amount loaded could be assigned 

to a freer external surface of the ODA-Mica-100 than ODA-Mica-50 samples, as 

shown by the zeta potential analysis (Fig. 3 D). 

 
Fig. 5. PRM adsorption percentage of indicated samples. 
 

4. CONCLUSIONS 

XRD indicated similar arrangements of both surfactants in organo-Mt and 

organo-mica interlayer samples with a paraffin-like arrangement formed with the 

higher surfactant loading. However, in ODTMA-Mica-4 samples a partially free 

interlayer surface was found in addition to the paraffin-like arrangement. 

Evaluation of surfactant loading amount by Tg analysis showed values of 

around 40% and 80% of the respective CEC for ODA-Mt and ODA-Mica-4 

samples and also for ODTMA-Mt samples, while only 2.6% and 10.6% of CEC 

was found for ODTMA-Mica-4. The presence of both surfactants in the external 

surface of Mt was followed by changes in the surface electric charges, which 

increased the hydrophobic properties of the loaded products. However, in 

ODTMA-Mica-4 samples, the behavior of surface electric charges indicated the 

presence of particles as a mixture of surfactant ion pairs and clay, despite 

attaining a hydrophobic behavior greater than that of Na-Mica-4 sample. In 

ODA-Mica-4 samples, different effects were related to the actual surfactant 
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loading. At low ODA loading, a slight decrease of surface negative electric 

charge was found, while at high ODA loading, the surfactant was released into 

the solution. 

For ODTMA loaded samples a hydrophobicity increase with the surfactant 

content was found, while ODA loading increase generated an opposite behavior 

in CA and TSSA values, which indicated the presence of ODA molecules mostly 

on the internal rather than on the external surface of both samples. 

The more acidic nature of Mt than Na-Mica-4 sample and the existence of 

PRM cationic exchange in Mt could be responsible for the PRM adsorption 

differences found in these samples. The higher PRM adsorption increase with 

ODTMA than ODA surfactants loaded in Mt sample could be explained by more 

hydrophobic interactions between the organic fraction and the fungicide when 

quaternary ammonium was employed. However, for Na-Mica-4 exchanged 

samples the PRM adsorption decrease with respect to the initial Na-Mica-4 

sample was assigned to the low surfactant amount for ODTMA loaded samples, 

and for ODA exchanged samples a freer outer surface with ODA increase could 

be responsible for the slight PRM adsorption increase found. 
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Figure Captions 

Fig. 1.  XRD patterns of (A) Mt and (B) Na-Mica-4 and the respective ODA / 

ODTMA loaded samples. Insets: deconvolution of 001 peak for indicated 

samples. 

 

Fig. 2.  Derivative plot of thermal degradation (DTg) for A) Mt and ODTMA / 

ODA loaded Mt samples, and B) Na-Mica-4 and ODTMA / ODA loaded mica 

samples. 

 

Fig. 3.  Zeta potential versus pH curves for (A) (�) Mt, (�) ODTMA-Mt-50 and 

(����) ODTMA-Mt-100; (B) (�) Mt, (⊳) ODA-Mt-50, (����) and ODA-Mt-100; (C) () 

Na-Mica-4, (����) ODTMA-Mica-50, and (����) ODTMA-Mica-100; and (D) () Na-

Mica-4, (����) ODA- Mica-50, and (����)ODA-Mica-100 samples. 

 

Fig. 4.  3D plot of % CEC, TSSA and CA values for: (A) (�) Mt, (�) ODTMA-Mt-

50 and (�) ODTMA-Mt-100, (⊳) ODA-Mt-50, (�) and ODA-Mt-100; (B) () Na-

Mica-4, (����) ODTMA-Mica-50, and (����) ODTMA-Mica-100, (����) ODA- Mica-50, 

and (����)ODA-Mica-100 samples. The CEC value of raw samples (Mt and Na-

Mica-4 samples) was taken as zero in order to compare TSSA and CA values 

with the % CEC increase of the respective surfactant loaded. The dotted lines 

indicate the point projections to the ZX and ZY planes. 

 

Fig. 5. PRM adsorption percentage of indicated samples. 
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Highlights 
 
• Raw Mt and synthetic mica were exchanged with primary and quaternary 
alkylammonium. 
• A partial free interlayer surface was found in ODTMA-Mica-4 samples. 
• The zeta potential indicated mixture of surfactant ion pairs and clay in 
ODTMA-Mica-4 samples. 
• Hydrophobicity in both organo-clay increased with the ODTMA content. 
• The low PRM adsorption in organo-mica samples was related to surfactant 
freer outer surface. 
 


