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Cellulose acetate (CA) composite ultrafine fibers containing different TiO, nanoparticle (NP) contents were
synthesized via electrospinning for effective dyeing water treatment. Morphology, chemical composition,
microstructure, thermal properties and photocatalytic degradation efficiency of the fabricated composite
ultrafine fibers were investigated. Scanning Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM) images revealed that TiO, NPs were evenly dispersed on or into the composite
ultrafine fibers and the distribution became denser as the concentration of TiO, NPs increased. This was
also confirmed by Energy Dispersive Spectrometry (EDS), X-ray diffraction (XRD) and Fourier Transform
Infrared Spectrometry (FTIR) analyses. Moreover, the results of XRD showed that the crystal structure of
the TiO, NPs was tetragonal anatase and the TiO, NPs enhanced the amorphous phase of the
electrospun composite ultrafine fibers. FTIR indicated that the introduction of TiO, did not affect the
hydrophilic properties of CA and some interaction took place between CA and TiO,. Thermal gravimetric
(TG) analysis showed that the addition of TiO, improved the thermal stability of the CA ultrafine fibers,

and a higher thermal stability could be achieved with a higher TiO, content. Photocatalytic degradation
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Dye waste water generated from the textile industry has been
considered as one of the major sources of water pollution due to
the high consumption of water in dyeing, printing and finishing
processes. About 20% of the dye is lost in the dyeing process
and is released in the waste water." Generally, waste water
produced from this industry is complex in composition and
variable in nature, highly colored and contaminated, contains a
high level of organic products and hard to be biodegraded.
Beside the aesthetically undesirable appearance, most dyes may
adversely affect ecosystem and may pose potential carcinogenic
and mutagenic risk to humans and aquatic organisms.”™*
Commonly technologies used for dye removal include physical,
chemical, biological methods or various combinations of them.
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for cycling use in dyeing water treatment.

However, these methods are proved to be either inefficient or
cost effective, some even generate secondary.>® For this reason,
photocatalytic process has been proposed as one useful method
to decolorize waste water in recent years because the semi-
conductor photocatalysts it involved can function effectively at
mild condition and very low concentration to completely
minimize the environmental hazard.” Among the various
semiconductor photocatalysts, TiO, (especially in anatase
phase) is believed to be the best for water treatment because of
its high photoactivity, non-toxicity, stability, mechanical
robustness, low cost, and proven ability to convert effectively
carbon from organic compounds to carbon dioxide.*® However,
the major problem of TiO, stem from its significant drawbacks
such as difficult removal from solution for cycling use, tendency
of agglomeration and do harm to living organisms with expo-
sure in environment.'***

In order to solve this problem, great attention has been
focused on incorporating TiO, NPs into some polymer carriers
by means of nanotechnologies, such as self-assembly, phase
separation, sol-gel, and electrospinning. During these fabrica-
tions, electrospinning has been paid much attention to because
it can prepare three-dimensional nano-scale nonwoven mats
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with an extremely large surface-to-volume and high porosity.
Moreover, the composition and structure can be controlled to
achieve desired properties and functionality. The electro-
spinning ultrafine fibers, which not also combine the photo-
catalytic function of TiO, and the nanofiltration function, but
also better exhibit the photocatalytic function of TiO, due to the
increasing surface-area-to-volume ratio may provide a sufficient
area for interaction without agglomeration of NPs. Moreover,
reuse of TiO, can be achieved as the electrospinning nonwoven
mats as carriers."”"> To date, there are some reports about
electrospinning nonwoven mats incorporating TiO, NPs for
water treatment using some polymer carriers, such as PAN,
nylon-6, PVA, and so on.”*” However, all issues with these
membranes are their hydrophobicity which leads to severe
membrane fouling and decline of permeability.*® Although high
fouling tendency of these membranes can be reduced by
changing forming method, their porous structure disappears as
well.” Among all the polymers, cellulose and its derivatives are
considered of significant industrial importance with some
prominent advantages such as low cost, biodegradability, good
mechanical properties, nontoxicity, and high stability to most
organic solvents.” Moreover, they have high density of hydroxyl
groups which will make them less prone to organic fouling.™ So
far, few studies are available on utilization of the natural anti-
fouling property and the photoactivity of the TiO,/cellulose
nanocomposite.

Therefore, the focus of this work is to prepare CA composite
membranes with TiO, NPs using electrospinning of blend of
these materials for dyeing water treatment. In order to obtain
better dispersion of TiO, in CA solution, ultrasonic irradiation
was employed. Aqueous methyl blue (MB) was used to test
photocatalytic activity of membranes with different TiO,
contents. Macro-micro structures and physicochemical prop-
erties of the electrospinning CA/TiO, ultrafine fibers were
analyzed by SEM, TEM, EDS, XRD, FTIR and TG. The photo-
catalytic degradation efficiency of the fabricated composite
ultrafine fibers was investigated. The test results show that the
CA/TiO, nonwoven mats are appropriate candidates for dye
waste water treatment.

Experimental

Materials

Cellulose acetate (CA) (M,, = 30 000, 39.8 wt% acetyl content,
Sigma Aldrich), and TiO, NPs (purity > 99 wt%, Nanjing
XFNANO Materials Tech Co., Ltd., China) were used without
further purification. Acetic acid (98 wt%), acetone (98 wt%) and
MB were purchased from Shanghai Chemical Reagent Co. Ltd.
and used without further purification.

Preparation of electrospinning composite ultrafine fibers

Pure CA solution was prepared by dissolving 14.5 wt% CA in
acetone/acetic acid (2/1, w/w) solvent system and stirring for 3 h
using magnetic stirrer. TiO, NPs at different content (0, 1, 3 and
5 wt%) were added into the CA solution. Then, blend solutions
were placed under sonication for 4 h. Electrospinning was
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carried out at an applied voltage of 17.5 kV, tip-to-collector
distance of 15 cm, and a solution feed rate of 1 mL h™' at
room temperature. The ambient temperature and humidity
were controlled around 23 °C and 70%. The experimental
process is illustrated in Fig. 1.

Characterization of electrospinning composite ultrafine fibers

Morphologies of the ultrafine fibers were analyzed by SEM (S-
4700, Hitachi) and TEM (H-7650, Hitachi). Samples for SEM
were coated with gold and examined at an accelerating voltage
of 15 kV. TEM samples for ultrafine fibers were prepared by
electrospinning directly on a copper grid mesh coated with
carbon for 15 s. Average fiber diameter and its distribution were
obtained by analyzing SEM images using an image analysis
program (Adobe Photoshop 7.0). Distribution of TiO, in the
fibers was studied by EDS (S-3700N, Hitachi). Crystal structure
of TiO, were verified by XRD (model D/max-IIB, Rigaku) with Cu
Ko. radiation (A = 1.5418 A). PeakFit 4.12 software was used to
deconvolve the XRD spectra by Gaussian functions, which were
integrated to evaluate the crystallinity by:

iy > L
o —

Crystallinity(%o) Z n Z I (1)
where I, is the integrated intensity of crystal regions, I, is the
integrated intensity of amorphous regions. Identification of
chemical species on ultrafine fibers was carried out by FTIR
(Nicolet 5700, PE Co., USA) in the range of 400-4000 cm ™" with a
signal resolution of 1 cm™" and a minimum of 16 scans, the
powdered electrospinning mats were pressed into potassium
bromide (KBr) pellets before testing. Deionized water was
employed as the source for the contact angle measurement. The
wetting properties of water droplets on the sample surfaces were

different contents:
0,1,3,5wt%

blended solution

Fig. 1 Schematic illustration of the process for preparing CA
composite ultrafine fibers with different TiO, contents.
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Fig. 2 Dispersion of TiO, NPs (a) in blended solution and viscosity (b) of the blended solution.

characterized using an optical contact-angle meter system (Kriiss
DSA100, Germany). The volume of droplet used for the contact
angle was 6 uL. Thermal properties of the samples were investi-
gated by a thermal analyzer (Diamond 5700, PE Co., Ltd., USA) ata
heating rate of 10 °C min ", temperature range of 40-400 °C and
nitrogen gas flow rate of 120 mL min . TG curves were deter-
mined to characterize thermal stability of the ultrafine fibers.

Photocatalytic measurements

For photocatalytic activity, a 300 W mercury lamp was used as
the simulated UV source. Photocatalytic capacity of as-prepared
ultrafine fibers was evaluated using aqueous MB solution.
Composite nonwoven mats containing different TiO, contents
(0,1, 3 and 5 wt%) with the same size (3 cm x 3 cm) were placed

into a MB aqueous solution (10 mL, 10 mg L~"). Before light
irradiation, the samples were immersed with MB aqueous
solution in quartz reactor at room temperature for 1 h to
establish adsorption equilibrium. The reactor was equipped
with a water quartz jacket to control the reaction temperature.
Samples were taken at regular intervals of time (60 min), and
the concentration of the dye was measured by recording its
absorbance at 627 nm with a UV-visible spectrophotometer
(Shimadzu UV2450, Japan).

Results and discussion

Fig. 2a showed the TiO, NPs had been well dispersed in the
blended spinning solution after 4 h sonication, even though

Fig.3 SEMimages of the electrospinning CA/TiO, composite ultrafine fibers with various TiO, contents: (a) 0 wt%, (b) 1 wt%, (c) 3 wt%, (d) 5 wt%.

This journal is © The Royal Society of Chemistry 2015
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some agglomeration occurred. Fig. 2b showed that the addition
of TiO, NPs increased the viscosity of the solution, and this
increase was more pronounced in solution containing 5 wt%
TiO, NPs. This could be attributed to the increased concentra-
tion of the solution caused by the addition of TiO, NPs. SEM
images of the ultrafine fibers with different TiO, contents were
shown in Fig. 3, which indicated that beadless fibers were
prepared under appropriate conditions and with moderate
incorporation amount of TiO, NPs. As Fig. 3a showed, pure CA
ultrafine fibers showed uniform, smooth and beadles fibers.
With the addition of TiO, NPs, TiO, NPs could be clearly
observed to be deposited on/in the ultrafine fibers evenly and its
presence was denser as its concentration increased (Fig. 3b-d).
However, TiO, NPs were agglomerated to some extent as the
concentration increased due to various factors such as the
charge density/potential of the powder surfaces and van der
Waals forces.”* Seen from Fig. 4, pure CA ultrafine fibers had an
average diameter of 1251 + 316 nm. As the concentration of
TiO, increased from 0 to 5 wt%, the average fiber diameter
increased gradually from 1251 + 316 to 1437 £ 410 nm. The
increase in fiber diameter could be attributed to the increase in
the viscosity of the electrospinning solution when nanoparticles
were incorporated as also observed in other studies,* which can
be proved by Fig. 2. Distribution of TiO, on/in the fibers was
also confirmed by EDS analysis (Fig. 5). As could be seen from
the mapping-scan of Fig. 5b-d, a homogeneous dispersion of
TiO, on/in the ultrafine fibers was observed and that became
denser as the concentration of TiO, NPs increased. The atomic
percentage of Ti increased from 0.96 wt% to 6.29 wt%. Besides,
compared with EDS spectrum for pure CA in Fig. 5a, Fig. 5b-d
also showed that TiO, NPs were well introduced and charac-
teristic Ti Ko at 4.51 keV (ref. 22) were stronger with the
increasing presence of TiO,.

The internal morphology and the dispersion of TiO, NPs on or
into the fibers were further investigated by TEM, presented in
Fig. 6. We can draw the same conclusion as the SEM and EDS
analysis that the incorporation percentage of TiO, NPs on or into
the ultrafine fibers increased as the concentration increased.
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Fig. 4 Diameter distribution of the electrospinning CA@TIO, ultrafine
fibers with different TiO, content.
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Fig. 5 EDS spectrum and distribution of titanium element of the
electrospinning CA/TiO, composite ultrafine fibers with various TiO,
contents: 0 wt% (a), 1 wt% (b), 3 wt% (c), 5 wt% (d).

However, agglomeration also occurred as the content of TiO, NPs
increased. This is due to that it is easier to get aggregated if the
NP content is too high. Meanwhile, it is known that TiO, is easy
to form agglomerates because of its extremely large surface area
which provides a tremendous driving force for particle bonding.*
But this condition can be improved with a longer sonication.’
Fig. 7 showed the XRD patterns of CA/TiO, composite
ultrafine fibers with various TiO, contents. As seen in Fig. 6a,

1pm 1pm

Fig. 6 TEM images of the electrospinning CA/TiO, composite ultra-
fine fibers with various TiO, contents: 0 wt% (a), 1 wt% (b), 3 wt% (c),
5 wt% (d).

This journal is © The Royal Society of Chemistry 2015
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Fig. 7 XRD spectrum of the electrospinning CA/TiO, composite
ultrafine fibers with various TiO, contents: 0 wt% (a), 1 wt% (b), 3 wt%
(c), 5 wt% (d).

the broad peaks appeared below 26 = 20° in the pure CA
ultrafine fibers, corresponding to the semicrystalline structure
of CA nonwoven mats.”® XRD pattern of the composite
nonwoven mats (Fig. 7b-d) exhibited new reflection peaks at 26
= 25.3° 37.8°, 48°, 54° and 55.09°, which were attributed to
TiO, phase with tetragonal anatase structure.”*** As a result,
TiO, NPs were successfully incorporated into the ultrafine
fibers. Most important is that the anatase structure is more
conducive to the photocatalysis than that of the rutile structure.
The peak intensities of the crystalline anatase TiO, were lower
than those of the semicrystalline CA due to the small amount of
TiO, in the composite ultrafine fibers. Besides, as can be seen
from Fig. 7b-d, the peak intensity belong to CA component of
the composite ultrafine fibers were gradually getting weaker and

Intensity (a.u.)

T T T T v T v T v T v
4000 3500 3000 2500 2000 1500
Wavenumber (cm-!)

—
1000 500

Fig. 8 FTIR spectrum of the electrospinning CA/TiO, composite
ultrafine fibers with various TiO, contents: 0 wt% (a), 1 wt% (b), 3 wt%
(c), 5 wt% (d).
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Fig. 9 Contact angle of the electrospinning CA/TiO, composite
ultrafine fibers with various TiO, content.

even disappear while those of TiO, gradually getting stronger as
content of TiO, NPs increased, revealing that the addition of
TiO, NPs enhanced the amorphous phase of the electro-
spinning composite ultrafine fibers. This can be explained that
the existence of TiO, NPs hinders the generation of crystal
lattice and lead to the decrease of CA crystallinity.

To better understand interaction between TiO, and CA
during sample preparation, we further evaluated the mats
through FTIR and the spectra were shown in Fig. 8. It can be
seen that all the samples showed the characteristic peaks of CA
at 3500 cm ™! for —-OH, 2960 cm ™ * for -C-H, 1750 cm ™~ * for >C-O
and 1250 cm ™" and 1040 cm™* for ~C-O- respectively.?> Seen
from Fig. 8b-d, after the incorporation of TiO, NPs, the inten-
sity of peaks for ~OH at 3500 cm™* and -C-H at 2960 cm '
remained same, while those for >C-O at 1750 cm™* and -C-O-
at 1250 cm ™" and 1040 cm™ ' obviously were stronger as the
content of TiO, increased, which revealed that the introduction

111 -
~~~ 804
3
= 60
e—
=
.80
g 40
|[—cA
20 [——CA@TiO2 (1%)
—— CA@TIO2 (3%)
1|—— CA@TiO2 (5%) +
0 L} 1 ] T )
100 200 300 400 500 600

Temperature ('C)

Fig.10 TG graphs of electrospinning CA/TiO, composite ultrafine fibers
with various TiO, contents: 0 wt% (a), 1 wt% (b), 3 wt% (c), 5 wt% (d).
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Fig. 11 UV-visible spectra of electrospinning CA/TiO, composite ultrafine fibers with various TiO, contents: 0 wt% (a), 1 wt% (b), 3 wt% (c), 5 wt%
(d), reduction rates (C/Co) (e) of MB under the composite CA ultrafine fibers with different TiO, contents, and photocatalytic degradation kinetics
(IN(C/Cyp)) (f) of MB under the composite CA ultrafine fibers with different TiO, contents.

of TiO, did not affect the hydrophilic property of CA, and new
>C-0O and -C-O- formed between TiO, and CA.*® The hydro-
philic property of the ultrafine fibers could be proved by the
contact angle (Fig. 9). As shown in Fig. 9, the water droplet
quickly spread and wetted the pure CA ultrafine fibers were
observed, indicating the CA ultrafine fibers were hydrophilic.
With the introduction of TiO,, the contact angle of the
composite ultrafine fibers increased, and when the concen-
tration of TiO, increases to 5 wt%, the contact angle increased
to 61.9 + 4.3°. Although the contact angle increases, the
composite ultrafine fibers were still hydrophilic. Additionally,
the broad peak at 569 cm ™' ranging from 400 cm ™' to 1000
ecm~ ' was the characteristic peak of neat TiO, NPs, which is
assigned to the vibration of Ti-O.*” It verified that anatase TiO,
NPs have been successfully incorporated into composite
ultrafine fibers. Furthermore, it can be seen that with
increasing TiO, percentage in the composition, the specific

peaks of TiO, between 400 cm™' to 1000 cm ' were more
intensive.

40526 | RSC Adv., 2015, 5, 40521-40530

Thermal stability of electrospinning composite ultrafine
fibers was evaluated by TG. Fig. 10 showed the TG curves of
CA/TiO, composite ultrafine fibers with various TiO, contents.
For the pure CA ultrafine fibers, the initial decomposition
temperature was 275 °C, which was lower than that of CA/TiO,
composite ultrafine fibers. It indirectly confirmed the successful
incorporation of TiO, NPs. From the curves, it can be noted that
the composite ultrafine fibers displayed single-stage degrada-
tion, which showed the better thermal stability of composite
ultrafine fibers. The decomposition temperature of composite
ultrafine fibers containing 5 wt% TiO, was lower when
compared with CA composite ultrafine fibers containing 1 and
3 wt% TiO,, this was due to the greater amount of TiO, NPs in
composite ultrafine fibers caused a greater reduction in the
crystallinity of CA. This could be proved by the crystallinity of
the electrospinning membranes. The crystallinity of pure CA is
34.5%, and overall crystallinity of composite electrospinning
membranes with TiO, of 1, 3 and 5 wt% is 39.7%, 44.5% and
49.1% respectively. However, the ratio of crystallinity of the CA

This journal is © The Royal Society of Chemistry 2015
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Fig. 12 Photographs of CA ultrafine fibers with different TiO, contents before (a) and after (b) used for MB degradation, and color change of MB
under CA ultrafine fibers with different TiO, contents after 240 min degradation (c).

in the composite electrospinning membranes with TiO, of 1, 3
and 5 wt% is 28.2%, 16.5% and 3.2% respectively. Nevertheless,
weight loss of composite ultrafine fibers containing 5 wt% TiO,
was still the least, with the percentage were about 90%, 85%,
80%, 60% respectively for 0, 1, 3, 5 wt% TiO, content. Obviously,
the addition of TiO, improved the thermal stability of CA
ultrafine fibers, and residual weight of the composite increased
with the increase of TiO, content. Due to the temperature of the

This journal is © The Royal Society of Chemistry 2015

dye waste water is high, the thermal stability of the CA/TiO,
nonwoven mats is fit for the high temperature.

Catalytic activity of the CA composite ultrafine fibers with
different TiO, contents was compared by the photocatalytic
degradation of MB dye under the irradiation of UV lights. As
shown in Fig. 11a-d, the intensity of the absorption for all
samples decreased to various extents as the degradation of MB.
But the intensity of the absorption for all samples at 627 nm was

RSC Adv., 2015, 5, 40521-40530 | 40527
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Fig. 13 SEM images and distribution of titanium element of the electrospinning CA/TiO, composite ultrafine fibers with various TiO, contents
after used for MB degradation: 0 wt% (a), 1 wt% (b), 3 wt% (c), 5 wt% (d). Scare bar is 70 pm.

B CA/TiO2 (1%)
B CA/TiO2 (3%)
B CA/TiO2 (5%)

100+

Removal rate (%)

1 2 3 4 5
Recycle times

Fig. 14 Recycling test of the electrospinning CA/TiO, composite
ultrafine fibers with various TiO, contents on the MB removal rate
under 240 min of UV light irradiation.

the most intensive at different degradation time, which showed
MB had a characteristic absorption peak at 627 nm and the
intensity of the absorbance at 627 nm was proportional to the
concentration of MB in the solution. Therefore, the rate of
degradation reaction can be determined by measuring the
intensity of the absorbance of the MB solution at 627 nm. The

40528 | RSC Adv., 2015, 5, 40521-40530

degradation of MB followed the first-order reaction kinetics,
which can be defined as In(C/C,) = kt, where C, Cy, k, t is the
concentration after certain reaction time, initial MB concen-
tration, the rate constant and reaction time, respectively.
Fig. 11e showed the reduction rate (C/C,) of MB containing CA
composite ultrafine fibers with different TiO, contents under
the irradiation of UV lights. It is clear that insignificant degra-
dation of MB occurred when neat CA was irradiated with UV
lights, whereas the efficiency of the TiO,/CA composite ultrafine
fibers increased variously by the deposition of different TiO,
contents. For CA ultrafine fibers with 0, 1, 3, 5 wt% TiO,
contents, concentration of MB reduced by about 5%, 20%, 65%,
90% respectively after 240 min degradation. From Fig. 11f, the
reaction constants k for CA ultrafine fibers with 0, 1, 3, 5 wt%
TiO, contents were calculated 0.00052, 0.00113, 0.00558 and
0.00801 min~" respectively. Evidently, a higher reaction
constant of the photocatalytic degradation of MB can be
obtained by CA ultrafine fibers containing higher TiO, contents.

Fig. 12 showed photographs of CA ultrafine fibers containing
different TiO, contents before and after used for MB degrada-
tion and color change of MB containing CA ultrafine fibers with
different TiO, contents after 240 min degradation. Compared
Fig. 12a with Fig. 12b, no obvious size changes for all samples
were found after used for MB degradation except pure CA sample
got blue color on it, which is due to CA's good hydrophilic
property. Seen from Fig. 12c¢, MB dye decolored more thoroughly

This journal is © The Royal Society of Chemistry 2015
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Fig. 15 A schematic illustration of photocatalytic activity of CA/TiO, composite ultrafine fibers.

as TiO, content increased, and the color changed from blue to
completely transparent when its content reached 5 wt%.

Fig. 13 showed the morphology of electrospinning ultrafine
fiber webs after used for MB degradation. When compared to
the SEM images of the samples before used for MB degradation
in Fig. 3, the morphological and fibrous structure of the CA
composite ultrafine fibers after degradation were well main-
tained, and there was no adhesion between the fibers. More-
over, it can be seen from Fig. 13b-d that the TiO, NPs could be
clearly observed to be deposited on/in the ultrafine fibers.
Furthermore, it also can be seen form the results of EDS that
titanium element distributed uniformly in the whole electro-
spinning membrane, indicating that the TiO, NPs distributed
uniformly on/in the ultrafine fibers. As shown in Fig. 14, the MB
removal rate of CA/TiO, composite ultrafine fibers with 1, 3 and
5 wt% TiO, NPs had only decreased a little within 5% after
5 cycles. Therefore, the as-spun CA/TiO, composite ultrafine
fibers were confirmed to be effective for cycling use in dyeing
water treatment.

For better understanding photocatalytic activity of TiO, NPs,
the degradation mechanism of MB was illustrated in Fig. 15. As
illustrated in Fig. 15, the CA/TiO, nanocomposite absorbed
radiation of energy corresponding to its band gap and gener-
ated electron-hole pair. Then, the injected electrons might react
with -OH or H,O to form "OH free radicals. The strong oxidative
‘OH radicals along with some holes would ultimately oxidize
MB and remove it from the water.

Conclusion

The CA/TiO, composite ultrafine fibers containing different
amount of TiO, NPs were successfully prepared by electro-
spinning process. Various test instruments were utilized to
characterize the fabricated composite ultrafine fibers. Catalytic
activity of the composite ultrafine fibers with different TiO,
contents was examined by a reduction reaction of MB. SEM and
TEM images indicated that TiO, NPs had been embedded on or
into the composite ultrafine fibers. Moreover, as the

This journal is © The Royal Society of Chemistry 2015

concentration of TiO, increased, the average fiber diameter of
the fibers increased gradually. EDS and XRD spectrum
confirmed the presence of TiO, NPs in the composite ultrafine
fibers. XRD spectra also confirmed the tetragonal anatase
structure of TiO, NPs. FTIR analysis showed that the introduc-
tion of TiO, didn't affect the hydrophilic property of CA and
some interaction took place between CA and TiO,. TG curves
showed that the addition of TiO, improved the thermal stability
of CA ultrafine fibers, and a higher thermal stability could be
achieved with a higher TiO, content. In addition, all these
analyses revealed that the incorporation percentage of TiO, NPs
on or into the ultrafine fibers increased as its concentration
increased. Photocatalytic degradation of MB showed that a
higher reaction constant of the photocatalytic degradation of
MB can be obtained by CA ultrafine fibers containing higher
TiO, content. The composite ultrafine fibers were effective for
cycling use in dyeing water treatment. Therefore, the CA/TiO,
composite ultrafine fibers with good photocatalytic and natural
antifouling properties, excellent recyclability and stability can
be a promising, economical and environmentally friendly novel
material for potential applications in dyeing water treatment.
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