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A new cellulose/aragonite composite material was fabricated by deposition of needle-like aragonite 

calcium carbonate crystals on the surface of ultrathin titania gel film modified filter paper. The titania-

modified filter paper after preculeation with calcium carbonate nanoparticles was put in the classic 

geothermal water for the growth of the needle-like aragonite calcium carbonate crystals, and the needle-

like calcium carbonate crystals were guaranteed to be pure aragonite. The mechanism of the formation of 10 

the pure aragonite crystals is that the calcium carbonate crystals may undergo a dissolution and 

recrystallization process. After the surface modification with monolayer of sodium stearate, this 

composite material was endowed with superhydrophobic property showing a water contact angle of 153°.  

 

Introduction 15 

Calcium carbonate is a well-known abundant biocompatible 

inorganic biomineral over the variety of functional inorganic 

crystals. It has been reported that calcium carbonate based 

composite materials possess significant potentials in various 

fields such as orthopedic implants,1,2 drug delivery systems3,4 and 20 

optical sensors.5 Calcite which has the square shape is the most 

stable phase of calcium carbonate crystals. The metastable phase 

of calcium carbonate, aragonite, is unstable and may quickly 

transform to calcite when it forms. The aragonite crystals have 

special morphologies like rod or needle-shaped particles 25 

compared with the square shape calcite crystals, which have been 

employed as additives in the products of paper, plastic and 

rubber.6−8 A number of attempts have been made to control the 

morphologies of the calcium carbonate crystals and to get high 

phase purity of which.9−12 For examples, adding poly(acrylic acid) 30 

(PAA),13−16 poly(ethylenimine) (PEI)17 or poly(vinyl alcohol) 

(PVA)18 to the crystal growth systems generate the metastable 

phases of calcium carbonate. It was reported that the employment 

of water-soluble terpolymers lead to the formation of calcium 

carbonate with unique morphologies.19,20 The results showed that 35 

the functional groups like hydroxyl, carboxyl and amino in the 

polymers could interact with calcium ions to form complex 

compounds which restrained the transformation from metastable 

crystal phase to calcite. Besides the addition of polymer additives, 

the functionalization and supramolecular organization of 5-40 

hexadecyloxyisophthalic acid made the nucleation of aragonite 

happen at the air/water interface.21      

Magnesium ion has been proven to have important influence 

on the formation of aragonite crystals.22−24 It may inhibit the 

nucleation and growth of calcite because of the difficulty in 45 

dehydration of magnesium ions.25 And Mg2+ increases the 

solubility of calcite by subsitituing Ca2+ in calcite lattices.26 As a 

result, with the presence of magnesium ions along with other 

additives, the formation of aragonite crystals became controllable. 

The classical geothermal water consisting of calcium, magnesium, 50 

sulfate and other ions was studied for the precipitation of 

aragonite phase calcium carbonate on the specimen surface.27  

Natural cellulose substances with three-dimensional 

sophisticated hierarchical structure  are adopted as ideal templates 

and scaffolds to fabricate novel functional artificial materials.28−34 
55 

The combination of natural cellulose substances with inorganic 

crystals such as hydroxyapatite crystals,35 calcium carbonate,36−42 

copper oxide,43 zinc oxide44−48 and cadmium selenide28 crystals 

has driven much attention. The chemical reactions and 

interactions involved in the growth and deposition of the 60 

inorganic crystals on natural cellulose substances have been 

studied. Meanwhile, these composite materials have been proven 

to have potential applications in strain sensor,44 

antibacterium,45,48 photocatalysis of rhodamine46 and optical 

material.28 As a result of the known superiority of the natural 65 

cellulose substances and the calcium carbonate crystals, designing 
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cellulose/CaCO3 composites has attracted much interest.36−42 

However, there are still difficulties in immobilizing aragonite 

crystals with high purity on cellulose substances ascribing to the 

instability of aragonite phase. Whether the microwave-assisted 

method,36 hydrothermal method,37,40 or the other solution-based 5 

methods38,39,41,42 only got the single phase of calcite or the 

mixture of calcite and aragonite. 

Calcium carbonate crystals which have specific morphologies 

have been used for fabricating the superhydrophobic surfaces that 

have a water contact angle of greater than 150°.27,49 A cactuslike 10 

aragonite coating modified with sodium stearate was deposited on 

the surface of stainless steel inspired by fouling mineralization in 

the classical geothermal water. The fabricated composite material  

showed good superhydrophobic property.27 The cellulose 

substances, such as filter paper, cotton, cloth, are known as 15 

hydrophilic materials. Various methods have been done to make 

cellulose substances have the astonishing superhydrophobic 

feature.33,50−54 By simply coating the linerboard paper with the 

fatty acid modified precipitated calcium carbonate suspension, a 

superhydrophobic paper surface was generated.50 In our previous 20 

works, a superhydrophobic cellulose material was made by self-

assembly of long alkyl chain silane monolayer on the surface of 

titania-modified filter paper.53 And reversible photo-responsive 

wettability was acquired by decorating the titania-modified filter 

paper with photo-sensitive azobenzene monolayer.54 After 25 

etching the filter paper in alkaline solution and the deposition of 

titania gel films and fluorinated siloxane, the obtained cellulose 

material became an amphiphobic material with the inhibition of 

the adhesion of bacteria.33  

The modification of cellulose substance like common 30 

commercial filter paper with nanometer-thick titania gel films 

through surface sol−gel process make the inert cellulose surface 

more chemically active for further surface modification.55 In this 

work, we immobilized the needle-like aragonite crystals on the 

surface of titania-modified filter paper by prenucleation treatment 35 

and immersing in the classical geothermal water for 48 h at 50 

°C. After assembly of low surface energetic substance like 

sodium stearate, the obtained bulk hybrid material shows 

superhydrophobic features (Scheme 1). The deposition of 

ultrathin titania gel films and the use of the geothermal water are 40 

proven to be the essential factors for the pure aragonite phase to 

form and grow. We introduce a facile and low-cost methodology 

to change the hydrophilic filter paper to bulk superhydrophobic 

material by depositing calcium carbonate crystals on the surface 

of the titania-modified filter paper, of which the crystal phase and 45 

the morphology of the calcium carbonate crystals have been 

simply controlled. 

Experimental 

Chemicals 

Filter paper (quantitative ashless) was bought from Hangzhou 50 

Whatman-Xinhua Filter Paper Co., Ltd. (China). Titanium n-

butoxide (Ti(OnBu)4, TBT) was bought from Sigma-Aldrich, and 

poly (acrylic acid) (PAA, 50 wt% solution in water) was 

purchased from J&K Chemicals. All the other chemicals were 

guaranteed reagents and were used without further purification. 55 

Milli-Q water (resistivity, 18.2 MΩ cm) was used in all the 

related cases.   

Growth of calcium carbonate on the titania-modified filter 
paper  

Five layers of ultrathin titania gel films were deposited onto each 60 

cellulose nanofibres of the filter paper by means of the surface 

sol−gel process according to our previous work, using Ti(OnBu)4 

(100 mM) in 1 : 1 ethanol−toluene (v : v) as precursor solution 

(Scheme 1a).55 The thickness of the 5-layer titania ultrathin films 

was approximate 2.5 nm. A piece of dried titania-modified filter 65 

paper was put in a glass beaker containing 50.0 mL of CaCl2 

solution (0.2 M, pH 9.90) and kept for half an hour at 80 °C to let 

sufficient Ca2+ adsorbing onto the fibres of the titania gel films 

decorated filter paper through the proton exchange between the 

positively charged Ca2+ and the hydroxyl groups in the titania gel 70 

films. Then the decorated filter paper was washed thoroughly by 

pure water and put into another beaker containing 50.0 mL of 

Na2CO3 solution (0.3 M, pH 11.50). At the same time, the above 

50.0 mL of CaCl2 solution was quickly added with fiercely 

stirring and kept for 5 min at 80 °C to make the titania-modified 75 

filter paper fibres covered with calcium carbonate nucleus 

(Scheme 1b). Then the sample was washed with water and dried 

in air. The final pH value of the supernate after the prenucleation 

process was measured to be 10.89. After the prenucleation 

process, the sample was put into a glass beaker containing 1.0 L 80 

of the classical geothermal water (pH 8.11) which consists of 

NaCl (3.641 g L–1), Na2SO4 (0.113 g L–1), NaHCO3 (0.332 g L–1), 

MgCl2⋅6H2O (0.328 g L–1), CaCl2 (0.284 g L–1) and KCl (0.177 g 

L–1), and kept for a certain period of time (6, 12, 24 and 48 hours) 

at 50 °C to complete the growth of calcium carbonate crystals. 85 

The pH values of the geothermal water was 8.30, 8.46, 8.45 and 

8.44 after the 6, 12, 24 and 48-h calcium carbonate crystal growth 

processes, respectively. Eventually, CaCO3 coated titania-

modified filter paper was obtained, denoted as paper/(TiO2)5/ 

(CaCO3-x) where x refers to the different hours for the growth of 90 

calcium carbonate crystals in the geothermal water (Scheme 1c). 

And then the sample was washed by pure water and dried in air.  

As a control experiment, a monolayer of PAA was deposited 

on the 5-layer titania modified filter paper. After deposition of 

one layer of PAA,56 the prenucleation, growth of aragonite were 95 

exactly the same as those of the titania-modified filter paper 

sample mentioned above. The final sample obtained was denoted 

as paper/(TiO2)5/PAA/(CaCO3-x) where x refers to the different 

hours for the growth of calcium carbonate crystals in the 

geothermal water.  100 

Another control experiment was carried out using quartz plate 

as substrate for the growth of calcium carbonate crystals. Five 

layers of ultrathin titania gel films were deposited onto the 

surface of the quartz plate referring to the previous work.57 Also 

the prenucleation, growth of aragonite processes were exactly the 105 

same as those of the titania-modified filter paper samples 

mentioned above, except the growth time of the calcium 

carbonate crystals was only 48 h. The final obtained sample was 

denoted as quartz/(TiO2)5/(CaCO3-48).  

Surface modification with sodium stearate 110 

The CaCO3 coated titania-modified filter paper was immersed in 

3.0 wt% sodium stearate solution for 30 min at 80 °C, followed 

by washed with pure water and dried at 80 °C for 10 min. The 
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sodium stearate which is a common kind of low surface energy 

substances was self-assembled to form a monolayer onto the 

surface of the calcium carbonate crystals that grew on the surface 

of the titania-modified filter paper (Scheme 1d). 

Characterizations 5 

Specimens which were cut into 1.0×1.0 cm2 rectangular sheets 

were used for FE-SEM examinations. FE-SEM micrographs were 

obtained on a CorlzeisD Utral 55 instrument working at an 

acceleration voltage of 5 kV, the specimens were sputtered with 

gold to increase conductivity. For transmission electron 10 

microscope examinations, the aragonite crystals were dispersed in 

ethanol after scraped from the surface of the 

paper/(TiO2)5/(CaCO3-48) sample and the resulting suspension 

was dropped onto carbon-coated copper grid followed by drying 

in air. TEM and HR-TEM micrographs were acquired on a 15 

Philip-FEI TECNAI G2 F30 S-TWIN apparatus at an 

acceleration voltage of 300 kV. X-ray diffraction (XRD) patterns 

was obtained by Rigaku UltimaIV using a CuKα (λ = 0.15405 

nm) radiation source. Raman spectra were obtained using a Jobin 

Yvon LabRam HR UV Raman spectrometer operating at the 20 

excitation wavelength of 532 nm. The wettability of the CaCO3 

coated titania-modified filter paper and quartz plate after 

modification with sodium stearate was characterized by 

measuring the water contact angle (CA) utilizing a commercial 

contact angle meter (Powereach, JC2000C1, Shanghai, China) at 25 

ambient temperature using a water droplet of 5.0 µL. 

 

Results and discussion 

Characterizations of the CaCO3 coated titania-modified filter 
paper 30 

The 5-layer titania-modified filter paper samples after 

prenucleation treatment were immersed in the classic geothermal 

water for different hours to accomplish the growth of calcium 

carbonate crystals (Scheme 1). The obtained composite material 

maintains the morphology of the initial bulk filter paper (the 35 

insert photo in Fig. 1d). As shown in Fig. 1a, when the growth 

time was 6 h, there were both square-shaped calcite and needle-

like aragonite crystals on the surface of the titania-modified filter 

paper. When the crystal growth time extended to 12 h, the 

amounts of the calcite crystals decreased and the need-like 40 

aragonite crystals became more (Fig. 1b).  

The surfaces of the titania-modified filter papers were almost 

entirely covered with needle-like aragonite and the square calcite 

was barely found after the immersion time extending to 24 h and 

48 h, and the aragonite crystals grew much larger after 48 h of 45 

crystal growth compared with the paper/(TiO2)5/(CaCO3-24) 

sample (Fig. 1c and 1d). As seen from the enlarged image of the 

aragonite crystals in Fig. 1e, the length of the needle-like 

aragonite crystals ranges from several to tens of micrometers. Fig. 

1f is the cross-sectional view of the CaCO3 coated titania-50 

modified filter paper after immersing in the geothermal water for 

48 h, from which the thickness of the calcium carbonate crystal 

coating is estimated to be 30 µm.  

TEM micrograph of an isolated aragonite crystal scraped from 

the paper/(TiO2)5/(CaCO3-48) sample is shown in Fig. 2a. The 55 

width of the aragonite crystal is less than 1 µm which is in 

accordance with the SEM observation given in Fig. 1e. From the 

HR-TEM micrograph shown in Fig. 2b, the lattice spacing was 

measured to be 0.237 nm corresponding to the (112) lattice plane 

of aragonite crystal, which confirms the formation of aragonite 60 

phase crystals. 

Fig. 3 gives the XRD patterns of the four composite materials 

that obtained by the growth of CaCO3 crystals on the surface of 

the titania-modified filter paper in the classical geothermal water 

for 6 h, 12 h, 24 h and 48 h. The three peaks appearing at 15°, 65 

16.5° and 23° are the characteristic peaks of the cellulose 

substance itself indexing to (101), (101) and (002) respectively in 

all the four spectra,58 which show no change in all the four 

samples of the different hours for the growth of calcium 

carbonate crystals. In the spectra of paper/(TiO2)5/(CaCO3-6) and 70 

paper/(TiO2)5/(CaCO3-12) samples, except for the peaks of 

cellulose substance, only the characteristic diffraction peak of 

(104) of calcite at 29° was clear, which suggest that the main 

crystal phase was calcite and very few aragonite crystals formed 

within 24 hours. And the main peaks of aragonite at 26°, 27°, 46° 75 

and 48° indexing to (111), (021), (221) and (202) respectively 

became obvious in the spectra of the paper/(TiO2)5/(CaCO3-24) 

and paper/(TiO2)5/(CaCO3-48) samples, meanwhile the 

characteristic diffraction peak of calcite at 29° vanished. The 

results show that aragonite phase became dominant and the 80 

calcite crystals decreased until the CaCO3 coating consists of 

pure aragonite crystals.      

Fig. 4 shows the Raman spectra of the same four samples that 

used for XRD characterization. There were four main peaks of 

aragonite appeared in the Raman spectra, the peaks at 151 cm−1 
85 

and 206 cm−1 corresponding to lattice mode of CO3
2−, the peak at 

704 cm−1 due to in-plane bending of CO3
2− and the peak at 1085 

cm−1 corresponding to symmetric stretching of CO3
2−.59 In the 

spectrum of the paper/(TiO2)5/(CaCO3-6) sample, only the peak 

at 1085 cm−1 was clear. And with the increasement of the 90 

immersion time, the four typical Raman spectral lines of 

aragonite became stronger. The Raman spectra give the 

consistent results with the XRD patterns, which imply that the 

calcite phase was dominant at the beginning of the growth of 

CaCO3 crystals, and with the extending of the growth time, a 95 

relatively high phase purity of aragonite coating was obtained at 

the experimental condition employed above. 

Without the ultrathin titania gel films pre-deposited on the 

surface of the filter paper, the CaCO3 coating on the surface of 

the blank filter paper was the mixture of calcite and aragonite 100 

crystals and the coverage of the calcium carbonate crystals was 

much lower. Undergoing the same prenucleation and crystal 

growth processes employing the blank filter paper as a control 

experiment, the obtained samples were denoted as paper/(CaCO3-

x), where x refers to the different crystal growth hours. There 105 

were very few calcium carbonate crystals formed on the surface 

of the blank filter paper even after 48 h of crystal growth in the 

geothermal water, and clearly the calcite crystals existed in all the 

four samples (Fig. 5). The coverage of aragonite crystals on the 

surface of the blank filter paper was obviously much lower 110 

compared with the samples with pre-coated titania ultrathin films 

(Fig. 1). These results imply that the pre-modification with 

ultrathin titania gel films is necessary for the growth of high 

phase purity and coverage of aragonite crystals. The activated 
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hydroxyl groups in the titania gel films captured more calcium 

ions because of the proton exchange between -OH and Ca2+,35 

and the resulting complex compounds formed on the surface of 

the aragonite crystals slowed down the speed of the 

transformation from aragonite to calcite and restrained the growth 5 

of calcite.36,60  

It was reported that the carboxyl groups have the same or even 

stronger effects on the control of calcium carbonate crystals 

growth than the hydroxyl groups do.13−16,42,60 The utilizing of 

PAA made the coverage of calcium carbonate crystals on the 10 

cellulose fibres much higer.42 Here, another PAA layer was 

deposited on the surface of the titania-modified filter paper and 

the same processes of prenucleation and crystal growth were used 

to conduct a control experiment. The samples created were 

denoted as paper/(TiO2)5/PAA/(CaCO3-x), where x refers to the 15 

hours for calcium carbonate crystal to grow. As seen from Fig. 

S1, the coverage of calcium carbonate crystals was a bit larger 

than the ones that without the modification with ultrathin titania 

gel films (Fig. 5), however much lower than the ones with the 

modification of ultrathin titania gel films (Fig. 1). And there were 20 

still lots of calcite crystals on the surface of the sample even after 

48 h of crystal growth (Fig. S1, ESI†). These observations are 

identical with the XRD patterns shown in Fig. S2. There were 

characteristic peaks of calcite at 29° in all the four spectra. 

Compared with the previous works, the addition of PAA indeed 25 

increased the coverage of calcium carbonate crystal on the surface 

of cellulose fibres, however the carboxyl groups of PAA are more 

compatible for the nucleation of calcite phase.16,41,42,60 As a result, 

the employment of PAA led to the pure phase of calcite42 or the 

mixture of different calcium carbonate crystal phases,13,16 instead 30 

of the pure phase of aragonite in this work. The generation of 

high phase purity of aragonite crystals needs accurate control of 

the additives like the appropriate molecular weight of PEI17 or the 

appropriate amounts of PVA.18 Whereas, in our system, the 5-

layer titania ultrathin films are enough for the formation of high 35 

phase purity of aragonite crystals.  

Compared with the SEM images shown in Fig. 1, the calcium 

carbonate crystals on the surface of the titania-modified quartz 

plate were really rare (Fig. S3, ESI†). The three-dimensional 

sophisticated structure and the relatively high roughness of the 40 

filter paper supply plenty of sites for the adsorption of calcium 

ions, thus more calcium carbonate crystals immobilized on the 

surface of the titania-modified filter paper. Nevertheless, on the 

surface of the two-dimensional planar substances like quartz 

plate, even with the decoration of ultrathin titania gel films, 45 

calcium carbonate crystals are difficult to be immobilized.  

Mechanism of the formation of pure aragonite on the surface 
of the titania-modified filter paper 

The classical geothermal water used for the growth of calcium 

carbonate crystals contains the necessary ions like calcium ions 50 

and bicarbonate ions for the calcium carbonate crystals to form 

and grow. The ultrathin titania gel films pre-deposited on the 

surface of filter paper have the similar stable function for the 

aragonite phase crystals as the added magnesium ions in the 

geothermal water.16,27,61,62 Because after the proton exchange 55 

between the -OH groups in the titania gel films and the Ca2+ ions 

in the geothermal water, the complex compounds generated on 

the surface of the decorated filter paper favour for the formation 

and growth of aragonite crystals. The formation and growth of 

aragonite and the disappearance of calcite may experience a 60 

dissolution and recrystallization process (Scheme 2). Calcite is 

the most stable phase of calcium carbonate, which quickly formed 

when the titania-modified filter paper was immersed in the 

geothermal water at 50 °C. With the extending of the crystal 

growth time, the formed calcite crystals dissolved and 65 

recrystallized gradually to the aragonite phase. This dissolution 

and recrystallization process almost completed after 24 h (Fig. 3) 

and the aragonite crystals grew larger with the increasement of 

the immersion time seen from the results of the above SEM 

characterizations (Fig. 1). Finally, through this dissolution and 70 

recrystallization process in the classic geothermal water, the 

calcium carbonate crystals grown on the surface of the titania-

modified filter paper transformed to pure aragonite phase 

referring to the XRD results (Fig. 3). 

Wettability of the CaCO3 coated titania-modified filter paper 75 

The wettability of the CaCO3 coated titania-modified filter paper 

samples was evaluated by the measure of water contact angle. 

Without the surface modification with sodium stearate, the water 

drops were quickly absorbed into the CaCO3 coated titania-

modified filter paper samples because the CaCO3 coating, titania 80 

gel films and filter paper are all hydrophilic. After the 

modification with a monolayer of sodium stearate, the 

hydrophilic surfaces of the CaCO3 coated titania-modified filter 

paper samples became hydrophobic. As seen in Fig. 6, the 

samples of which crystal growth time did not reach to 48 h 85 

showed the smaller contact angle values around 145°. After the 

growth time of the calcium carbonate crystals extended to 48 

hours, the paper/(TiO2)5/(CaCO3-48) sample with surface 

modification gave a contact angle value of water of 153° ± 1° 

which is greater than the superhydrophobic limitation (150°). 90 

However, the paper/(CaCO3-48) and the paper/(TiO2)5/PAA/ 

(CaCO3-48) samples with the modification of sodium stearate 

only gave the contact angle values of water around 100°. The 

changes of the wettability are corresponding to the changes of the 

roughness provided by the needle-like aragonite crystals on the 95 

surface of the samples. As seen from the Fig. 1d, the largest 

roughness came from the paper/(TiO2)5/(CaCO3-48) sample. 

Hence, after the surface modification with sodium stearate, the 

sample was endowed with superhydrophobic feature. On the 

contrary, the mixture of calcite and aragonite crystals and the 100 

lower coverage of calcium carbonate crystals of the 

paper/(CaCO3-48) (Fig. 5d) and the paper/(TiO2)5/PAA/(CaCO3-

48) (Fig. S2d, ESI†) samples with surface modification led to 

much lower contact angle values. And compared with the work 

by using linerboard paper and the fatty acid modified precipitated 105 

calcium carbonate suspension to fabricate superhydrophobic 

material,31 the calcium carbonate crystals on the surface of the 

paper/(TiO2)5/(CaCO3-48) sample in this work had the uniform 

morphology and high phase purity, and the composite material 

introduced here had the better superhydrophobic property. 110 

The quartz/(TiO2)5/(CaCO3-48) sample after the modification 

with sodium stearate gives the water contact angle value of only 

40° (Fig. S3, ESI†). The surface roughness supplied by the 

CaCO3 coating was much lower on the quartz/(TiO2)5/(CaCO3-

48) sample. The needle-like aragonite crystal coating captures 115 

lots of air to reduce the water/air contact area which makes the 
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contribution to the hydrophobicity. As a result, compared with 

the sophisticated porous structure of the filter paper samples, the 

two-dimensional planar structure of the quartz plate is a main 

defect. All the results of the crystal phase, morphology of calcium 

carbonate crystals and the water contact angle values imply the 5 

success of fabricating a bulk superhydrophobic composite 

material combining the unique morphology and physical 

properties from the initial natural cellulose substance and high 

phase purity of aragonite together. 

 10 

Conclusions 

In conclusion, a facile way of growing pure aragonite crystals on 

the surface of the titania-modified filter papers has been 

introduced to fabricate cellulose/CaCO3 composite material. 

After the prenucleation treatment and immersing in the 15 

geothermal water, the surface of the titania-modified filter paper 

was fully covered with needle-like aragonite crystals. The pre-

modification with ultrathin titania gel films has been proven to be 

necessary and essential for the formation and stabilization of the 

aragonite crystals. It shows that the CaCO3 coating on the surface 20 

of the titania-modified filter paper may experience a dissolution 

and recrystallization process to become pure aragonite phase. 

This brand new cellulose/CaCO3 composite material has a 

relatively high aragonite phase purity compared with the other 

previous works which were only calcite phase or the mixture of 25 

calcite and aragonite. With the unique morphology and physical 

properties inheriting from the filter paper and the self-assembly 

of a monolayer of low surface energetic sodium stearate, this 

cellulose/CaCO3 composite material was endowed with 

superhydrophobic property with a water contact angle of 153°, 30 

which has a potential specific application in superhydrophobic 

materials. The needle shaped aragonite crystals are expected to 

show promising applications in biomedical fields, and the 

aragonite based composite materials were reported to be applied 

in the cleanup of contaminated water.63 Moreover, the present 35 

work shows promising potentials for designing and fabrication of 

artificial biomaterials with the combination of natural cellulose 

substances and various functional substances.   
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Scheme/Figure Legends: 
 

Scheme 1 Illustration of the fabrication process of the superhydrophobic 

aragonite phase CaCO3 coated titania-modified filter paper. 40 

 

Fig. 1. SEM micrographs of samples (a) paper/(TiO2)5/(CaCO3-6); (b) 

paper/(TiO2)5/(CaCO3-12); (c) paper/(TiO2)5/(CaCO3-24); (d) paper/ 

(TiO2)5/(CaCO3-48), the inset is a photo of the sample. (e) The enlarged 

SEM image of (d), (f) The cross-sectional SEM micrograph of sample 45 

paper/ (TiO2)5/(CaCO3-48).    
 

Fig. 2 (a) TEM and (b) HR-TEM micrographs of the aragonite crystal that 

scraped from the surface of the paper/(TiO2)5/(CaCO3-48) sample. 
 50 

Fig. 3 XRD patterns of samples (a) paper/(TiO2)5/(CaCO3-6), (b) 

paper/(TiO2)5/(CaCO3-12), (c) paper/(TiO2)5/(CaCO3-24), and (d) 

paper/(TiO2)5/(CaCO3-48). 

 

Fig. 4 Raman spectra of samples (a) paper/(TiO2)5/(CaCO3-6), (b) 55 

paper/(TiO2)5/(CaCO3-12), (c) paper/(TiO2)5/(CaCO3-24), and (d) paper/ 

(TiO2)5/(CaCO3-48). 

 

Fig. 5 SEM micrographs of samples (a) paper/(CaCO3-6), (b) 

paper/(CaCO3-12), (c) paper/(CaCO3-24), (d) paper/(CaCO3-48). (e−h) 60 

The enlarged images of (a−d) respectively. The arrows refer to the calcite 

crystals. 

 

Scheme 2 The dissolution and recrystallization process of the formation 

and growth of aragonite crystals. 65 

 

Fig. 6 Water droplet pictures on the surfaces of samples (a) 

paper/(TiO2)5/(CaCO3-6), (b) paper/(TiO2)5/(CaCO3-12), (c) paper/ 

(TiO2)5/(CaCO3-24), and (d) paper/(TiO2)5/(CaCO3-48) after modifica-

tion with sodium stearate. 70 
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Illustration of the fabrication process of the superhydrophobic aragonite phase CaCO3 coated titania-
modified filter paper.  
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SEM micrographs of samples (a) paper/(TiO2)5/(CaCO3-6); (b) paper/(TiO2)5/(CaCO3-12); (c) 
paper/(TiO2)5/(CaCO3-24); (d) paper/ (TiO2)5/(CaCO3-48), the inset is a photo of the sample. (e) The 

enlarged SEM image of (d), (f) The cross-sectional SEM micrograph of sample paper/(TiO2)5/(CaCO3-48).    
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(a) TEM and (b) HR-TEM micrographs of the aragonite crystal that scraped from the surface of the 
paper/(TiO2)5/(CaCO3-48) sample.  
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XRD patterns of samples (a) paper/(TiO2)5/(CaCO3-6), (b) paper/(TiO2)5/(CaCO3-12), (c) 

paper/(TiO2)5/(CaCO3-24), and (d) paper/(TiO2)5/(CaCO3-48).  

21x18mm (600 x 600 DPI)  

 

 

Page 11 of 15 CrystEngComm

C
ry

st
E

n
g

C
o

m
m

 A
cc

ep
te

d
 M

an
u

sc
ri

p
t



  

 

 

Raman spectra of samples (a) paper/(TiO2)5/(CaCO3-6), (b) paper/(TiO2)5/(CaCO3-12), (c) 

paper/(TiO2)5/(CaCO3-24), and (d) paper/ (TiO2)5/(CaCO3-48).  
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SEM micrographs of samples (a) paper/(CaCO3-6), (b) paper/(CaCO3-12), (c) paper/(CaCO3-24), (d) 
paper/(CaCO3-48). (e−h) The enlarged images of (a−d) respectively. The arrows refer to the calcite 

crystals.  
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The dissolution and recrystallization process of the formation and growth of aragonite crystals.  
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Water droplet pictures on the surfaces of samples (a) paper/(TiO2)5/(CaCO3-6), (b) paper/(TiO2)5/(CaCO3-

12), (c) paper/(TiO2)5/(CaCO3-24), and (d) paper/(TiO2)5/(CaCO3-48) after modifica-tion with sodium 

stearate.  
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