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Abstract Sand particles from Cancun, Mexico were

studied using a number of advanced spectroscopic and

microscopic techniques. The main chemical composition of

sand particles was confirmed to be calcium carbonate by

X-ray photoelectron spectroscopy and IR spectroscopic

analysis. X-ray diffraction analysis revealed that the sand

particles are aragonite, which has an Orthorhom-

bic—Dipyramidal crystal structure. The morphological

study of the sand particles by scanning electron microscopy

and transmission electron microscopy revealed the presence

of a highly porous channel-like structure in the sand parti-

cles. The sorption isotherm indicates that Cancun sand is a

mesoporous material. The specific surface area of Cancun

sand was determined to be 2.259 m2/g by BET measure-

ment, which is significantly higher than that of Florida sand

and other forms of natural aragonite and calcite. Further-

more, it was found that the porous sand particles can adsorb

gold nanoparticles of the size of a few nanometers very

efficiently. The distribution of gold nanoparticles demon-

strated a channel-like porous inner structure of the sand

particles. We also prepared a polymer composite material

by mixing the sand particles with a poly(methyl methac-

rylate) matrix. SEM analysis of the composite materials

showed a good interfacial adhesion between sand particles

and polymer matrix. These results suggest that Cancun

sand, as a natural macro- and mesoporous material, may

find promising applications in filtration, pollution control,

composite materials and biomaterials development.

Introduction

Porous materials are very important for catalysis, separa-

tion, hydrogen storage, water purification, biomedical and

many other applications [1–7]. Recently, a great amount of

effort has been invested on the synthesis of porous mate-

rials [1, 8–14]. Successes have been achieved in preparing

not only porous metal oxides, but also porous membranes

[8], porous semiconductors [9] and even metal-organic

porous crystals [1, 10–14]. However, the cost of synthetic

porous materials is generally high and the disposal of these

synthetic materials after use may cause significant burden

to the environment.

On the other hand, nature has produced many porous

materials. For example, diatomaceous earth, natural porous

silica which is primarily composed of the fossilized

remains of Diatoms, has been extensively used as filtering

agent, absorbent and insulating material in industry

[15–18]. Another highly porous materials coming from

nature, charcoal, is used routinely for water treatment,

purification and air filtering [19, 20]. Corals and some sea

shells are currently being studied extensively as potential

biomaterials for artificial bone development [21, 22].

Natural porous materials are environmentally friendly,
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abundant, low cost, and in many cases recyclable. The

search for and study of new natural porous materials will

continue to be an interesting and important venue in

materials research.

Beach sand from Cancun, Mexico has recently caught

our attention as a natural porous material. Cancun, Mexico

is well known for its white sand, turquoise sea water, and

soft beach. It has been noticed by many people that the sand

from this area is very ‘‘sticky’’ to human skin and cannot be

easily washed off after swimming. A close examination of a

sand sample shows that some sand particles do not wet very

well in water. As a comparison, sand samples collected

from other geographical locations such as different areas

along Florida coast behave quite differently. This unique

property of Cancun sand stimulated a great interest from us

as a material. In composite material research, it is well

known that a good adhesion between filler particles and a

polymer matrix plays a vital role in determining the prop-

erties of a composite material. The ‘‘sticky’’ nature of

Cancun sand prompted us to believe that Cancun sand may

be a good filler material for composite material develop-

ment. Before any potential application can be further

explored, the first step is to obtain a better knowledge on the

structure and properties of Cancun sand particles. However,

to our knowledge, other than the fact that the main chemical

component of Cancun sand is calcium carbonate [23], there

is not much information available on the structure and

morphology of this natural material.

In present work, we used a number of advanced

microscopic and spectroscopic techniques including X-ray

photoelectron spectroscopy (XPS), X-ray diffraction,

scanning electron microscope (SEM), focused ion beam

(FIB), transmission electron microscopy (TEM) and

Infrared spectroscopy (IR) to conduct a systematic analysis

on the chemical composition, surface morphology and

internal structures of Cancun sand. These studies revealed

that Cancun sand is a macro- to mesoporous material. The

porous nature of sand particles was further confirmed by

BET measurement and a nanoparticle adsorption experi-

ment. We also prepared a composite material by mixing

ground Cancun sand particles with PMMA and found a

good interfacial adhesion between the sand particles and

the polymer. These results suggest that Cancun sand may

find important applications in filtration, pollution control,

and composite material development.

Experimental

Sand sample

Cancun sand sample was collected from the beach area

near the Gran Melia resort in Cancun, Mexico. Florida sand

was collected from Daytona Beach. The particles were

washed with deionized water and dried in air. A porcelain

mortar was used to grind sand into smaller particles for

studies involving the observation of internal structures of

the sand. Florida sand samples collected at Daytona Beach

area were used in some comparison studies. Florida sand

samples were cleaned and processed in the same way as the

Cancun sand before analysis and study.

X-ray photoelectron spectroscopy (XPS)

XPS spectra were obtained in a Phi 5400 XPS system

equipped with an Mg Ka source (1253.6 eV, 300 W) under a

base pressure of 8 · 10–9 torr. For XPS measurement, the

pass energy of the analyzer was fixed to 35.75 eV. The

binding energy scale of spectrometer was calibrated by

using Au 4f7/2 = 84.0 eV and Cu 2p3/2 = 932.67 eV. Peak

fitting was carried out by employing a symmetric Gauss-

Lorentz sum function. The spin-orbit splitting was set at

3.55 eV for Ca 2p signals with a constant respective inten-

sity ratio of 2:1 and 1.79 eV for Sr 3d and 0.69 eV for As 3d

signals with a constant respective intensity ratio of 3:2.

Before peak fitting, a Shirley background was subtracted.

The percentages of elements were determined by nor-

malized XPS areas: C1s peak for carbon, Ca 2p peak for

calcium, O 1s peak for oxygen, Si 2p peak for silicon, Sr 3d

peak for Strontium and As 3d peak for arsenic. The inte-

grated peak area of the corresponding XPS peak is then

divided by the sensitivity factor for the given element to

obtain the normalized peak area. The sensitivity factors

listed in Table 1 were taken from ref. [24].

Scanning electron microscope (SEM)

The specimens were coated with a Pd-Au film by an

Emitech Magnetron Sputter Coater before imaging in order

to avoid electric charge build-up. The specimens then were

observed by a JEOL 6400 SEM at an accelerating voltage

of 5 kV.

Transmission Electron Microscopy (TEM) and Focused

Ion Beam (FIB)

The cross-section of the sand particles was investigated by

a FEI Tecnai F30 TEM. It is equipped with a field emission

gun (FEG) and can operate at an accelerating voltage of

300 kV. It also includes an energy dispersive X-ray

detector for energy dispersive X-ray spectroscopy (EDXS)

elemental analysis. The spot size is about 0.3 nm for the

element analysis. The atomic percentage of elements was

determined by the Cliff-Lorimer ratio technique [25],

which is a standard technique for TEM/EDXS quantitive

analysis. No further correction was applied.
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The cross-section with a thickness less than 0.5 lm for

TEM image was prepared with an FEI 200 TEM Focused

Ion Beam instrument with the ‘‘lift-out’’ technique refined

by Giannuzzi et al. [26, 27]. First, a platinum coating was

deposited to cover a narrow rectangular section of the par-

ticle surface, protecting this area from the focused ion beam

milling. Two deep trenches were then milled out on either

sides of the coated section from top by focused ion beam

with 500 pA current. In the middle, the cross-section was

cut out and transferred onto a standing slot TEM grid. The

sample was further thinned into electron transparency with a

~100 pA beam current from glancing angles, which became

suitable for TEM analysis (see Supporting Information).

Specific surface area and pore diameter measurement

The specific surface area and pore volume-based median

pore diameter was measured by the Brunauer–Emmett–

Teller (BET) method with a Quadrasorb SI Surface Area

and Pore Size Analyzer (Quantachrome Instruments,

measurement and analysis conducted by this company as

well). In the experiment, ~1.0 g of sand sample was used.

The sample was degassed at 473 K under pressure of

1 · 10–4 mbar for 16 h prior to the nitrogen adsorption at

77.3 K. The cross-sectional area of N2 used is 0.162 nm2.

The specific surface area was obtained by analysis of multi-

point BET data [28]. The pore volume and average pore

size is determined by Barrett–Joyner–Halenda (BJH)

method [29], which is based on a modification of classic

Kelvin equation and widely used in pore size analysis of

mesoporous materials.

Nanoparticle adsorption study

The butanethiol-stabilized gold nanoparticles with an

average core diameter around 2–3 nm (synthesized in our

lab) [30] were used to test the adsorption and diffusion of

nanoparticles into the pores of sand particles. A total of

0.3 g grounded sand was mixed with 1 mL nanoparticle

solution in dichloromethane (0.25 wt%). After 24 h, the

sand was filtered and washed by a copious amount of

dichloromethane. The sand particles were then dried in air.

The thin cross-section of the sand particles with gold

nanoparticles was prepared by the FIB technique and

examined with TEM.

Preparation of Cancun sand–polymer composite films

A 30 wt% of poly(methyl methacrylate) (PMMA) solution

was prepared by dissolving PMMA powder (Aldrich,

average molecular weight of 120,000 g/mol) in acetoni-

trile. The sand particles were ground by a porcelain mortar

and then dispersed in PMMA solution. The mixture was

sonicated for at least 5 min to obtain a better dispersion.

The PMMA/gold nanoparticle solution was cast by a

drawdown bar (Paul N. Gardner Company, Inc) on a glass

substrate at 30 mils. Films were obtained after drying at

least overnight in ambient conditions. The dried film was

cut by a knife and the resulted cross-section was examined

by SEM.

Infrared spectroscopy

The infrared spectrum of the ground Cancun sand was

recorded using a PerkinElmer SpectrumTM 100 FT-IR

spectrometer with universal ATR sampling Accessory. The

crystal is made of diamond. The sand powder sample was

placed on a diamond coated ZnSe crystal (d = 1 mm) and

was pressed by a pressure arm to achieve good contact

between sample and crystal during measurement. A back-

ground was taken without sample before each measure-

ment.

X-ray diffraction (XRD)

The ground sand sample was screened by a 75 lm sieve

and then analyzed by using a Rigaku X-ray diffractometer

with Cu Ka radiation (k = 0.15406 nm) at 40 kV and

30 mA settings. The XRD patterns were recorded in the 2h
range of 10�–80�. The data were then analyzed with

JADE7-XRD pattern processing, identification and quan-

tification software.

Table 1 Peak area analysis of

X-ray photoelectron spectrum

of sand particles

BE (eV) Area Sensitivity factor Normalized area Atom%

C 1s 289.3 303.18 0.296 1024.24 13.11

O 1s 531.5 3667.22 0.711 5157.83 66.00

Ca 2p 347.3 1940.71 1.634 1187.71 15.20

Si 2p 102.1 59.48 0.283 210.16 2.69

Sr 3d 132.8 43.31 1.578 27.45 0.35

As 3d 43.3 118.53 0.57 207.94 2.66

Total 7815.33 100.00
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Results and discussion

Chemical composition

The chemical composition of Cancun sand sample was

analyzed by FT-IR spectroscopy and XPS. While FT-IR

spectrum gives the bulky chemical composition, XPS study

of a sample reveals the surface chemical composition of a

material within 10 nm of thickness. In the IR spectrum of

the ground sand sample (Supporting Information, Fig. s-1),

major vibration bands were observed at 711.5 cm–1,

854.2 cm–1, 1082.2 cm–1, and 1449.6 cm–1. Bands at

1449.2 cm–1, 854.2 cm–1, 711.5 cm–1 can be assigned to

asymmetric stretching, in-plane and out-of-plane bending

modes of CO3
2– [31], respectively, confirming that the

major chemical component of Cancun sand is a carbonate

mineral. Figure 1 is the XPS spectrum of the sand sample.

In the spectrum, XPS peaks for C 1s, Ca 2p3/2, and O 1s

were observed at 289.3 eV, 247.3 eV and 531.5 eV,

respectively. These peaks can be assigned to C, Ca, O from

CaCO3 [32]. In addition, three minor peaks were observed

at 132.8 eV, 102.1 eV and 43.3 eV. The peak at 132.8 eV

is assigned to Sr in SrCO3 and the peak at 102.1 eV is

assigned to Si 2p in CaSiO3 [33]. As for the peak at

43.3 eV, it could be attributed to As 3d5/2 for asenic oxide.

The peak area and atomic concentration of each element

are listed in Table 1. The atomic percentages of Ca and C

in the sand sample were 15% and 13%, respectively. This

ratio fits well to the atomic ratio of Ca and C in CaCO3

(1:1). In addition to Ca and C, 2.7% of Si also exists. The

chemical shift of Si 2p corresponds to SiO3
2–, suggesting

the presence of CaSiO3 in the sand particles. In addition,

trace amounts of SrCO3 and some arsenic oxide were also

found from Cancun sand.

Surface area and pore diameter

Figure 2 shows the sorption isotherms of N2 that were

obtained from Cancun sand and Florida sand. The specific

surface area, pore volumes and average pore diameters are

listed in Table 2. For both samples, hysteresis loops asso-

ciated with the occurrence of pore condensation were

observed. According to IUPAC classification, the hystere-

sis loops are characteristic features for type IV isotherms

that are typically observed on mesoporous materials [34].

From the sorption isotherms, it is clear that Cancun sand is

a mesoporous material. This is additionally confirmed by

the fact that the average pore size of Cancun sand obtained

by BJH method is 3.4 nm.

From the analysis of multi-point BET data, the specific

surface area of Cancun sand was determined to be

2.259 m2/g. This value is about 3.5 times larger than the

specific surface area of Florida sand, which is 0.636 m2/g.

This value is also significantly larger than the specific

surface area of Ottawa sand, which is only 0.0485 m2/g

[35], the specific surface area of natural calcite, which is

0.056 m2/g [36], and higher than that of natural aragonite,

which is 1.7 m2/g [37]. In addition, the BET measurement

showed that the pore volume of Cancun sand was

0.004 cm3/g. As a comparison, the pore volume of Florida

sand is 0.001 cm3/g, only one quarter of Cancun sand.
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Table 2 Specific surface area, pore diameter and average pore size of

Cancun sand and Florida sand

Sample Specific surface

area (m2/g)

Pore volume

(cm3/g)

Average pore

size (nm)

Cancun sand 2.259 0.004 3.4

Florida sand 0.636 0.001 3.6
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At a closer look at the isotherm of Cancun sand, a delay

of condensation appears in adsorption curve and a steep

decrease in volume can be observed between relative

pressure of 0.51 and 0.43 in desorption curve. This hys-

teresis phenomenon reflects the existence of ink bottle-like

pores with narrow neck. For ink bottle-like pores, the wide

body is filled at the vapor pressure before condensation

occurs in narrow neck, which results in a delayed

condensation during adsorption. On the other hand, the

pores remain filled until the narrow neck is emptied first at

lower vapor pressure during desorption. This empty pres-

sure is below a characteristic percolation threshold asso-

ciated with an open surface. Therefore, the desorption

curve of the sorption isotherm is significantly steeper than

the adsorption curve [38].

Surface morphology

The SEM images obtained from as collected sand sample

were shown in Fig. 3. The images reveal that the sand

surfaces have different roughness. Some surface areas of

sand particles were broken by bioerosion or wave action.

The apparent porous structure was exposed. From the SEM

images taken on ground sand samples (Fig. 4), it was

clearly shown that Cancun sand contains a large number of

porous channels with the channel dimensions ranging from

several nanometers to about 100 nm. Although we cannot

estimate the average internal pore size of the channels from

SEM analysis, the images corroborate with the results

revealed by BET analysis.

Structural determination

It is well known that calcium carbonate has three anhy-

drous polymorphs: calcite, aragonite and vaterite [39].

These materials have the exactly same chemistry but dif-

ferent crystalline structures. Vaterite is very soluble in

water and is rarely seen in nature. Calcite is considered to

be the most stable form and is widely distributed on the

earth. Calcite has a Trigonal—Hexagonal Scalenohedral

crystal system. As for aragonite, it has an Orthorhom-

bic—Dipyramidal structure and is generally thought to be

unstable under normal surface pressure and temperature.

However, due to biomineralization, aragonite is found

frequently in environment [40].

Since Cancun sand is not soluble in water, vaterite can

be ruled out from its crystalline structure. In order to

identify the structure of Cancun sand, powder XRD anal-

ysis was conducted on the ground Cancun sand sample

(X-ray diffraction spectrum is shown in Supporting Infor-

mation, Fig. s-2). There is a series of sharp peaks observed

in the spectrum, indicating the presence of crystalline

structure in the sand particles. The exact peak locations are

extracted and shown in Fig. s-2b. These peaks perfectly

match to the ones for aragonite calcium carbonate in the

Powder Diffraction File, No. 075-2230, from ICSD (see

Fig. s-2c). Besides those peaks for aragonite, there is a

mediate peak at 2h of about 29� as marked in Fig. s-2a.

According to ref. [31], it may be the peak arising from

calcite. The aragonite structure of Cancun sand is also

supported by re-examining its IR vibration bands from

600 cm–1 to 1,200 cm–1 (Supporting Information, Fig.

s-1b). Typically, aragonite has a characteristic band at

around 1082 cm–1 while calcite lacks this band. Moreover,

aragonite has a doublet band at around 710 cm–1, but cal-

cite does not [31]. Both features of aragonite calcium

carbonate were found in the IR spectrum of Cancun sand:

one mediate band at 1082.2 cm–1 and one doublet band at

711.5 and 699.5 cm–1. Therefore, the Cancun sand can be

determined as aragonite calcium carbonate.

Other than the crystalline structure information, a broad

band was found to span from 15� to 25� in the XRD

spectrum of the sand sample. The baseline was also raised.

Since the very fine powder was screened out before test, it

is reasonable that these two observations might be caused

by amorphous structure or very fine grains that exist in the

sand particles.

The internal morphological structure of the Cancun sand

particles was further characterized by TEM. A very thin

cross section was cut from bulky material by FIB for TEM

Fig. 3 SEM images of as

collected Cancun sand particles

with two different surface

morphologies
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analysis. In Fig. 5a, the uniform black area on the left side

of the image is the platinum coating used to protect the

surface of the sand particle. In the thin cross section area,

many channels with diameter around 100 nm across the

solid matrix (bright area) can be found. The magnified

image (Fig. 5b) shows a strong contrast of dark and bright

areas that are possibly due to the different compositions or

different grain structures of sand particles. Energy disper-

sive X-ray spectroscopy (EDXS) analysis was used to

analyze the composition of both the dark and bright areas.

The results were summarized in the Supporting Informa-

tion (Table s-1 and s-2). From these two tables, it can be

seen that the bright area contains more than 80% of C while

the atomic content of Ca is only around 10%. In contrast,

there is more than 30% of Ca and around 50% of C in the

dark area. Since Ca is heavier than C, more Ca will result

in a darker area in TEM bright field image, which is in

good agreement with TEM image shown in Fig. 5. These

results suggest a heterogeneous structure of Cancun sand

particles.

The grain structures of the dark and bright areas were

further analyzed by electron diffraction with TEM. The

diffraction patterns in Fig. 6a and b were obtained from

the dark and bright areas shown in Fig. 5b, respectively.

The diffraction pattern from the dark area is a twinned

hexagonal like pattern. Since three aragonite crystals can

group together to form a three-membered cyclic twin

crystal, giving a pseudohexagonal facet [41], the pattern we

observed is very likely resulted from the diffraction on this

plane. On the other hand, the diffraction pattern from the

bright area shows two rings and many scattered diffraction

spots. Since the rings in diffraction pattern result from the

existence of very fine grains, this diffraction pattern sug-

gests that the bright area contains fine crystalline with

different orientations. This conclusion was further sup-

ported by high resolution TEM image of sand particles

(Supporting Information, Figure s-4): different orientations

of the grains at nanometer size range were observed.

Therefore, both composition and structure differences

contribute to the dark–bright contrast in TEM image. This

verified that the sand has a chemically and structurally

heterogeneous structure.

Nanoparticle adsorption

Gold nanoparticles are one of the most extensively studied

nanoparticle materials [42]. Gold nanoparticles with

diameters around a few nanometers can be conveniently

Fig. 4 SEM images of ground

Cancun sand particles: (a) at

low magnification; (b) at high

magnification

Fig. 5 TEM image of the cross

section of Cancun sand

particles: (a) at low

magnification; (b) at high

magnification

J Mater Sci (2007) 42:6018–6026 6023

123



prepared by wet chemical methods such as Brust-Schiffrin

reaction [43, 44]. Because of their extremely small

dimensions, we believe that it can be used as a probe to

explore the internal structure of the sand particles. Since

gold is a heavy metal and gold nanoparticles can be easily

imaged by TEM, the TEM image of sand particle after

immobilization of gold nanoparticles could help us to

examine the diffusion of gold nanoparticle in porous

channels of the sand and reveals the structure, dimension

and distribution of internal channels inside the sand parti-

cles.

After dispersing ground sand into the gold nanoparticle

solution, it was found that the gold nanoparticles were

absorbed into the sand within a few seconds. The gold

nanoparticles solution changed from strong black to very

light brown and transparent. Meanwhile, the sand particles

changed color from creamy white to dark gray because of

the deposition of gold nanoparticles. It is further noticed

that the adsorbed gold nanoparticles were trapped very well

in the sand as the particles could not be washed off even by

a copious amount of solvents. In a comparison experiment

with Florida sand, gold nanoparticles were not adsorbed by

the sand. This interesting property of Cancun sand suggests

their potential application in controlling pollution that may

be caused by nanoparticles or other related hazardous

chemical materials.

In order to study the distribution of the gold nanoparti-

cles in sand, a thin layer of cross section of the sand was

prepared by FIB technique and examined by TEM.

Figure 7a shows the outer surface area of the sand parti-

cles, protected by a platinum coating (dark edge in the

image) and Fig. 7b and c are the images obtained from

inner area of sand particle. The black dots appeared in

these pictures showed the presence of gold nanoparticles.

Gold nanoparticles are observed both on the surface

(Fig. 7a) and inside the sand particles (Fig. 7b and c). This

confirms that nanoparticles not only adsorb onto the sur-

face of the sand, but also diffuse into the porous channels

of the sand particles. Interestingly, in some cases, gold

nanoparticles formed some highly ordered linear align-

ments in some areas, suggesting that nano-size channels

with diameter approximately 5 nm exist inside sand parti-

cles. This result is in good agreement with results from the

BET measurement.

The gold nanoparticles used here have an organic thiol

ligand layer on the particle surface, which is used to pre-

vent the aggregation of the gold nanoparticles and also to

make the nanoparticles soluble in organic solvent such as

dichloromethane. The surface of these gold nanoparticles

has a low surface energy. The strong adsorption tendency

of gold nanoparticles to sand particles indicates that the

surface of the sand particles has good affinity towards low

surface energy materials. The results of this study suggest

that Cancun sand particles may be used as an excellent

filtration material to remove both hydrophobic and hydro-

philic nano- and microscopic particles for a wide range of

purification purposes.

Sand particle–polymer interface property

Because of the porous structure and low surface energy of

the Cancun sand particles, we surmised that these sand

particles could form a good adhesion interface with poly-

mers such as PMMA, as suggested in the Introduction. In

order to prove this hypothesis, polymer composite films

that contained Cancun sand or Florida sand were prepared

and the so-formed sand particle–polymer interface was

examined by SEM. From the SEM micrographs as shown

in Fig. 8, clear differences between the interfaces of two

different composite materials can be observed. For Florida

sand–PMMA composite, there is almost no bonding

between the sand particles and polymer matrix. In contrast,

there is a strong adhesion between Cancun sand particles

and PMMA layer. At the interface, the sand particle and the

polymer seemed to be ‘‘fused’’ together. We believe that it

is due to the penetration of hydrophobic polymer molecules

Fig. 6 X-ray diffraction pattern

obtained from a cross-section of

a Cancun sand particle
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into the similarly hydrophobic porous sand particles. A

good interface adhesion between filler particles and poly-

mer matrix is vital for a good mechanical property of a

composite material. The results described here suggest a

promising potential application of Cancun sand for poly-

mer composite material development (Fig. 8)

Fig. 7 TEM images of the

cross-sections of Cancun sand

particles after adsorption of gold

nanoparticles

Fig. 8 SEM images of

interfaces of (a) Florida sand

particle–PMMA composite, and

(b) and (c) Cancun sand

particle–PMMA composite
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Conclusion

The composition, surface morphology and internal struc-

ture of Cancun sand particles were characterized by various

advanced spectroscopic and microscopic techniques. The

XPS and IR results showed that Cancun sand is mainly

composed of calcium carbonate, which is widely observed

in tropical and subtropical environments. The XRD anal-

ysis revealed that Cancun sand is aragonite, which has an

Orthorhombic—Dipyramidal crystal structure. The large

specific surface area and pore volume determined by BET

measurement indicated that Cancun sand is a porous

material with an average pore size of 3.4 nm and a specific

surface area of 2.259 m2/g. SEM and TEM confirmed the

porous structure of Cancun sand and in addition revealed

that there exist channels with size ranging from several to

less than 100 nm inside the sand particles.

Cancun sand showed strong ability in absorbing gold

nanoparticles that are covered with hydrophobic ligands,

indicating that the sand particles have strong affinity to-

wards hydrophobic particles and other chemical species.

This property was also confirmed by a good adhesion at the

interface of sand–PMMA composite. All these properties

suggest that Cancun sand as a natural porous material may

find a wide range of potential applications, particularly in

the areas of filtration, catalysis, pollution control and new

composite material development.
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