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Abstract: The complete degradation of tetracycline still is a challenge for TiO2-based photocatalysts
under simulated solar light irradiation. To tackle this challenge, we devise Ag nanoparticles (Ag NPs)
confined in shell-in-shell hollow TiO» photocatalyst (HTAT). This strategy mainly involves the
construction of CPS@TiO: core-shell composites, the form of TiO; inner shell, AgNPs loading by
photo-deposition, the assembly of TiO outer shell, and phase transition of anatase TiO> by calcination
at 450°C. All characterizations including TEM, STEM Mapping, BET, and XPS confirm the unique
structure of the as-synthesized HTAT photocatalyst. As expected, the complete degradation of
tetracycline (TC and TCH) can be realized by using HTAT photocatalyst under simulated solar light
irradiation because its TiO2 two shells simultaneously take part in the photodegrading reaction of TC
or TCH. The transformation intermediates and degradation pathway were analyzed by LC/MS. Our
work effectively overcomes the disadvantages of many previously reported TiO»>-based
photocatalysts for the incomplete degradation of tetracycline.
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The abuse of tetracycline has led to a series of environmental problems due to its high toxicity,
persistence and carcinogenicity. [1-3] TiOz-assisted photocatalytic degradation has been considered
as an efficient method for the removal of organic pollutants due to its strong oxidizing ability. [4,5]
For example, Du et al [6] synthesized three-dimensional porous CdS/TiO; with 67.1% degradation
rate of tetracycline (TC) under visible light irradiation. Wang et al [7] reported that as-synthesized
Au-TiO; hold visible-degradation (74%) of TC. Yang et al [8] used TiO, microtubes as visible-light
photocatalyst and obtained 76% removal rate of TC under visible-light irradiation. Unfortunately, it
is still very difficult in achieving efficient or complete degradation of TC for TiO,-based
photocatalysts due to the unique macromolecular ring structure of TC. [1, 9, 10]

Various strategies have been introduced to enhance removal rate of TC. For example, Shi et al
[11] reported that CuxO-TiO: composite exhibited a 88.81% removal rate of tetracycline
hydrochloride under simulated solar light irradiation. Shao et al [12] prepared three-dimensional
Ag3P0O4/TiO2@MoS; photocatalyst with high photodegradation rate (92%) of TC under 800 w xenon
arc lamp irradiation. Ahmadi et al [13] reported that the remove of TC was as high as 100% under UV
light irradiation for MWCNT/TiO> photocatalyst. Clearly, intense light source is very efficient
method to achieve high degradation rate of TC. Compared with UV light irradiation, simulated solar-
light-driven photocatalytic process is a green technology for sewage treatment. [14] However, it is
still a challenge for completely degrading TC via TiO»-based photocatalysts under simulated solar
light irradiation. [11,15-17] Therefore, the novel design is very important in exploring TiO2-based
photocatalysts for the complete degradation of tetracycline. Recently, our group successfully
constructed SiO>-Ag@TiO, composite with enhanced catalytic efficiency for degrading TC in
comparison with directly immobilizing silver nanoparticles onto the surface of TiO» by introducing

confined effect. [18] However, it is still hard to achieve complete removal of TC because SiO» itself



does not take part in the photocatalytic process. [19]

In this work, we present the first attempt to explore new TiO2 photocatalyst with an excellent
photocatalytic activity and reusability by using Ag NPs confined in shell-in-shell hollow TiO> (HTAT).
The hollow/porous structure of as-synthesized photocatalyst not only boosts the diffusion of reactants
by lowering diffusion resistance, but also traps incident light for a long time and achieves high
efficiency for photon utilization. Furthermore, the introduction of confined effect can exhibit higher
efficiency towards the degradation of pollutants because Ag NPs are used as “linker” between TiO»
two shells. Compared with TiO; single shell and SiO>@TiO; hybrid shell, more importantly, the as-
synthesized photocatalyst can take full advantages of TiO: two shells by introducing Ag NPs as
“electron reservoir and electron transfer channel”, substantially improving separation efficiency of
photogenerated e/h" pairs. As a result, the as-synthesized HTAT photocatalyst manifests complete
removal of tetracycline (TC and TCH) and excellent recyclability, opening a new pathway for

constructing other semiconductor photocatalysts with shell-in-shell structure.

2. Experimental

2.1. Materials

Tetrabutyl titanate was obtained from J&K Chemical Technology. Styrene (St), tetracycline (TC),
tetracycline hydrochloride (TCH), and absolute ethanol were available from Sinopharm Chemical
Reagent Co., Ltds and were used without purification except styrene that was removed inhibitor with

sodium hydroxide (5wt.%).
2.2. Synthesis of hollow TiO inner shell (HT).

The CPS@TiO: spheres were synthesized according to our previous works [20,21] and then the

CPS template was calcined at 300 °C for 10 h to prepare hollow TiO: inner shell.

2.3. Ag nanoparticles (Ag NPs) loading



Photo-deposition has been widely used to prepare TiO2-supported metal NPs. [22] Typically, 350
mg of HT was dispersed into 5% of ethanol aqueous solution (50 mL), followed by addition of
glycerol (6.3g) and AgNOs (8mg), subsequently, the system was purged with N> for lh. After
irradiation of simulated sunlight (XHA350 W, 350 W) for 5h, the suspension was centrifuged, washed

and dried at 80 °C, obtaining hollow TiO2-Ag spheres.
2.4. Preparation of Ag NPs confined in shell-in-shell hollow TiO. photocatalyst (HTAT)

The hollow TiO2-Ag was modified with ATS and further coated by using TBT (1g) under H20 (3
ml) to generate TiO:2 outer shell, finally the photocatalyst was obtained by calcined at 450 ‘C and

reduction with NaBHa.
2.5. Characterization

Transmission electron microscope (TEM), scanning electron microscope (SEM), and STEM
Mapping were used to measure the architecture of as-synthesized HTAT. In addition, Energy
dispersive X-ray (EDX), XRD, XPS, and UV-vis spectroscopy were used to characterize crystal,

bonding energy and absorption spectrum of TiO2-Ag@TiO; spheres.
2.6. Photodegrading experiment

The photocatalytic efficiency of the HTAT were investigated towards the degradation of
tetracycline (TC) and tetracycline hydrochloride (TCH) aqueous solution (20 mg/L, 50 ml) using
HTAT as photocatalyst (0.1 mg/ml) under visible light (A >420 nm) or simulated solar light (350W
Xe lamp) irradiation. The suspension was magnetically stirred for 30 min in dark to ensure the
establishment of adsorption equilibrium before light irradiation. Finally, 3 mL samples were
withdrawn from the degradation system, then centrifuged and analyzed by UV—vis spectra (A= ~357

nm).[23, 24]

3. Results and discussion



3.1. The construction and characterization of TiO2-Ag@TiO>

Scheme 1 briefly demonstrated the design ideas and synthetic pathway of TiO2-Ag@TiOo. Firstly,
CPS@TiO: colloidal spheres (white powders) were synthesized according to our previous publication.
[20,21] After that, CPS was removed by calcination at 300°C to prepare hollow TiO> inner shell.
Secondly, under light illumination, Ag NPs was loaded on the surface of hollow TiO> inner shell
through photo-deposition technique, forming brown TiO>-Ag spheres. Subsequently, TiO>-Ag was
further coated through sol-gel reaction of TBT, producing TiO2-Ag@TiO> precursors. Finally, the

gray TiO2-Ag@TiO: photocatalyst was formed after calcination at 450 °C and reduced by NaBHa.

Scheme 1. Formation pathway of hollow TiO,-Ag@TiO: photocatalyst

Fig. 1 displays TEM and SEM images of HTAT. As demonstrated in Fig. 1a, the obvious difference
of gray scale shows the hollow nature of HTAT. Further closer observation of the TEM image suggests
that the overlap of TiOz two shells indicated by red arrows is able to be seen. Such shell-in-shell
hollow TiOz structure is further confirmed by a higher magnification TEM image of HTAT (Fig. 1b).
On the other hand, the typical SEM image (Fig. 1c) of broken spheres also demonstrates the hollow
nature of the as-synthesized HTAT. Moreover, there are many black dots (Ag NPs) homogeneously
anchored to the TiO> inner shell in each HTAT sphere, as shown in Fig. 1a,b. The average size of Ag
NPs is ~5.83 nm evaluated from the images (Fig.1a,b), which facilitates photo-generated electron
transfer and boosts photocatalytic process. [18§]

EDX analysis was applied to measure chemical composition distribution of HTAT. Fig. 2 indicates
that Ti and O signals are presented in the form of whole HTAT sphere, while the Ag signal (deep red)

is mainly dispersed in the HTAT spheres. Compared with the same condensation steps of single



hollow TiO; (HT) in N; adsorption and desorption, [25] the as-synthesized HTAT exhibits a
representative type IV curve (Fig. 1d), suggesting a shell-in-shell structure. Further observation
reveals that HTAT possess a higher specific surface area (~75.9m?/g), which is twice higher than that
of HT (~32.7 m?/g). All these results confirm that the HTAT photocatalyst with a shell-in-shell

structure has been successfully prepared.

Fig .1. TEM (a, b), SEM (c) images of HTAT and (d) N2 adsorption/desorption isotherms of HTAT, HT, and the

pore-size distribution of HTAT (insert).

Fig 2. EDX spectrum of areas (a), STEM image (b) and EDX mapping of the HTAT photocatalyst (d: Ti, e: O, f:

Ag, and g: C).

3.2. Crystal structure characterization

The crystal structure of HTAT photocatalyst is analyzed by the powder X-ray diffraction (XRD),
as shown in Fig 3. There are five diffraction peaks located at 20 = 25.3°, 38°, 48.1°, 62.8°, 75.2°,
which are consistent with (101), (004), (200), (204), (215) crystal planes of anatase (JCPDS: 21-
1272), respectively. [26,27] Incidentally, the peaks of Ag NPs are not seen in HTAT because of the
low proportion (~1.1wt.%) of Ag NPs in the HTAT, indicating that the peaks corresponding to Ag
NPs is not able to be distinguished in the dominating TiO» patterns because of much stronger peaks’

intensities of Ti0,.[28,44]

Fig.3 XRD patterns of TiO»-Ag@TiO; spheres



3.3. XPS analysis and UV-vis spectra of HTAT

X-ray photo-electron spectroscopy (XPS) was used to study the chemical states of the elements in
the HTAT. Fig. 4a shows the existence of O, Ti, Ag and C in the form of Ols, Ti2p, Ag3d, and Cls.
Fig. 4b exhibits Ti2p spectrum of HTAT. The peaks located at 458.51 and 464.29¢V are attributed to
Ti2ps2 and Ti2pi2, [27] a positively shift of (~0.3 eV) of Ti2ps»2 and (~0.57 eV) of Ti2pi2 can be
found for HTAT compared with the corresponding binding energies of P25 (458.21 and 463.72 eV).
The increase in the binding energies may be ascribed to the action between Ag NPs, carbon and host
TiOs. Fig. 4c shows the XPS spectrum of Ols, there is a peak at 530.1 eV related to the bulk oxygen
bound of TiOs. Also, the peak at 533.2 eV is responsible for hydroxyl groups adsorbed onto the
surface of TiO». [20,27] In the case of Ag3d (Fig. 4d), the symmetrical peaks at 367.3 and 373.3eV
can be ascribed to the Ag3ds» and Ag3ds., respectively, the spin energy separation of the Ag 3d
doublet is 6.0 eV, indicating that Ag is in good agreement with metallic Ag. [22,29] The peaks centered
at 284.84, 286.31 and 288.77 eV in Cls spectrum are indicated as C-C, C=0 and C-O-Ti bonds,
respectively (Fig. 4e). The peak at 284.84 eV is attributed to the vestigial carbon, while other peaks

are designated as the existence of oxygen bound substances in HTAT spheres.[18,20]

Fig. 4. (a) Full-scale XPS spectra of HTAT, (b) Ti2p, (c) Ols, (d) Ag 3d, (e) Cls for HTAT sample.

The UV—vis absorbance data provide a clear evidence that Ag NPs was anchored on HTAT
photocatalyst. The Ag nanoparticles loaded on the surface of single-shelled hollow TiO2 (HTA) and
P25 were used as reference photocatalysts, as shown in Fig. 5. The absorption edge of P25 is at 400
nm, which is in a good agreement with the intrinsic band energy of pure TiO2 (~3.2 V). [30] After
the immobilization of Ag NPs , the resulted HTA shows a visible-light absorption range due to the

surface plasmon resonance effect[31]. In addition, the as-synthesized HTAT exhibits the strongest



visible-light absorption (400-600 nm) compared with HTA and P25.

Fig. 5. UV-vis absorption spectra of the HTAT, HTA and P25

3.4. Photocatalytic degradation of TC under visible- light irradiation

Under visible light irradiation, the photocatalytic performance of as-synthesized HTAT was
measured by degrading TC. The silver NPs loaded on the surface of hollow TiO> spheres (HTA) and
hollow TiO; spheres (HT) were employed as reference photocatalysts, as shown in Fig. 6. Fig.6a
indicates that the removal rate of TC is almost negligible after visible-light irradiation, suggesting
that TC itself is extremely hard to be mineralized. [32] After 40 min irradiation, HT photocatalyst can
degrade ~24.1% TC, slightly below the removal value (~32.4%) of TC for HTA photocatalyst because
of the surface plasmon resonance of Ag NPs. By contrast, the as-synthesized HTAT photocatalyst
exhibits the highest degradation rate of TC (~70%) under the same photocatalytic conditions (40 min)
because of confined effect and TiO2 two shells. [18] Even if the extension of time (120 min) is used,
the removal rate of TC is only ~58% for HTA photocatalyst, indicating that HTAT exhibits three times
faster degradation rate of TC than traditional HTA photocatalyst. [18] Furthermore, the photocatalytic
efficiency of HTAT was further compared with similar-structured SiO2-Ag@TiO2 (HSAT)
photocatalyst by referring our previously work. [18] Under the same experimental conditions, the
degradation rate of TC achieves a significant improvement for as-synthesized HTAT because it can

take full advantages of TiO2 two shells via Ag NPs linkage.

Fig 6. Photocatalytic performances of HTAT, HTA and HT (a), and HSAT, HTAT (b) for visible-light degradation

of TC



3.5. Photocatalytic degradation of TC under simulated solar light irradiation

As afore-mentioned, we expect that the as-synthesized HTAT photocatalyst can completely
degrade tetracycline under simulated solar light irradiation, effectively working out the incomplete
degradation of tetracycline for TiO;-based photocatalysts.[16] Therefore, the degradation experiment
of TC was further investigated for HTAT photocatalyst under simulated solar light irradiation, while
HTA and HT were also used as reference photocatalysts, as demonstrated in Fig. 7. Compared with
the visible-light removal rate of TC, the value of TC is slightly increased to 8.8% after 100 min
irradiation, further confirming that TC itself is very hard to be degraded even under simulated solar
light irradiation. [24,33] The removal rates of TC for HT and HTA photocatalysts are further increased
to 86% and 95.2% under the same photocatalytic conditions, respectively. Excitedly, the HTAT
photocatalyst can exhibit 99.9% TC removal efficiency, indicating that TC has been completely
degraded under simulated solar light irradiation. The excellently photocatalytic efficiency is further
confirmed by degrading tetracycline hydrochloride (TCH), as demonstrated in Fig.7b. Compared with
the degradation of TC, the removal rate of TCH for HTA photocatalyst slightly decreases to ~91.8%
after 80 min irradiation (simulated solar light), while as-synthesized HTAT still exhibits a complete
degradation (100%) of TCH under the same condition. The photocatalytic results strongly confirm
that the HTAT manifests excellent photocatalytic efficiency towards the degradation of tetracycline
(TC or TCH), effectively overcoming the disadvantages of many previously reported TiO>-based

photocatalysts for the incomplete degradation of tetracycline. [11,15-17]

Fig 7. Photocatalytic activity of HTAT, HTA and HT for simulated solar-light degradation of TC (a) and TCH (b)

3.6. Role of active oxidative species

To ascertain main active oxidative species towards the degradation of TC, trapping experiments



were carried out by adding various scavengers such as nitrogen (N2), Immol of t-butanol (t-BuOH)
and 1mmol of triethanolamine (TEOA). [6,34,35] As shown in Fig 8, the addition of N> substantially
restrains the light activity of HTAT, indicating that «O?” is crucial active specie for TC degradation.[ 6]
When TEOA is added, a decrease in degradation rate (~80.6%) of TC is obtained, indicating that h*
is also main active specie under photodegrading process. [34] By contrast, the addition of t-BuOH
does not cause the obviously change for the removal rate of TC, suggesting that *OH does not play a

positive role for the photocatalytic reaction. [35]

Fig .8. Photocatalytic performances of HTAT for degrading TC in the existence of trapping agents

3.7. TC photodegradation Mechanism and Pathway

To study the photocatalytic mechanism of HTAT, charge separation efficiency was investigated by
testing transient photocurrent response and using EIS Nyquist plots . Fig.9a shows that HTAT exhibits
an enhanced photocurrent intensity than HTA under simulated solar light irradiation, indicating the
higher transfer efficiency of photogenerated charges for HTAT [1, 4]. This is further confirmed by a
much smaller semicircle in the Nyquist plots, as shown in Fig.9b. Additionally, time-resolved
transient photoluminescence (PL) spectroscopy was used to analyse the survival time of
photogenerated pairs of HTAT and HTA. As shown in Fig.9c, the transient PL decay trace of the
HTAT shows a PL lifetime of ~10.28ns, while the PL lifetime for HTA attains ~7.23 ns. The longer
PL lifetime of HTAT suggests that HTAT manifests the faster separation of electron/hole pairs [45].
These results provide clear evidence that the confinement effect of Ag NPs, which links the two TiO>
shells and act as electron reservoirs and electron transfer channels, inhibit the charge recombination

and prolong the lifetime of charge carriers.



To further clarify the photocatalytic degradation mechanism of TC by HTAT, the electron spin
resonance (ESR) spin-trapping with DMPO was conducted under simulated solar light irradiation to
detect radicals generated during the catalytic processes. Fig. 10a shows that each system has four
characteristic peaks with intensity ratio of 1:2:2:1 for DMPO--OH adducts, indicating the generation
of -OH radicals. The intensive of DMPO--OH peaks when HTAT was applied was significantly
stronger compared to HTA. This indicates that more -OH are produced after irradiation which is in
agreement with previous studies [45,46]. More importantly, Fig.10b indicates that HTAT resulted in
higher *O>" signal intensity, which is in agreement with the free radicals trapping experiments.
Therefore, the ESR spin-trapping results confirmed that Ag NPs confined in shell-in-shell hollow
TiO, (HTAT) photocatalyst products more radicals to degrade TC under simulated solar light
irradiation. The conclusion is in accordance with the results of TC degradation efficiency and PL

spectra.

Fig. 10 ESR spectra of (a) DMPO--OH adduct and (b) DMPO-+O5" adduct over HTAT and HTA.

Based on photoelectrochemical properties and experimental evidences, a probable degradation-
mechanism according to unique shell-in-shell structure of HTAT was proposed in this work, as
demonstrated in Sheme.2. Ag NPs serves as light harvester and produces many electrons under
visible-light irradiation. Whist photo-generated electrons can be fast migrated onto the surfaces of the
inner and outer TiO> shells because Ag NPs can be acted as electron transfer channel, and thus reduce
the dissolved O easily, resulting in an improved degradation rate of TC.

Under simulated solar light irradiation, two TiO shells both are excited and generate lots of h'/e”
pairs, subsequently, the photo-induced electrons rapidly migrate into the Ag NPs “reservoirs”,

considerably improving the separation efficiency of h'/e” pairs (Fig.9 and Fig.10), meanwhile, the



high oxidation power of holes left behind in the deep level of TiO> can directly degrade TC, [36]
which agrees well with the fact that h* is also main active specie under photodegrading process (Fig.8).
Therefore, two TiO; shells can simultaneously take part in the photodegrading reaction of TC because
of the “bridge” of Ag NPs, resulting in complete degradation of TC. By contrast, hollow TiO> or
SiO2@TiO2 hybrid photocatalyst only utilizes TiO: single shell, resulting in the incomplete removal
of TC. Compared with previously reported TiO>-based photocatalysts, moreover, the larger surface
area, more photocatalytic active sites, and higher utilization rate of incident light due to the shell-in-

shell structure and two TiO: shells of HTAT also play positive roles for the degradation of TC.

Scheme 2. Mechanism of photocatalytic degradation

To obtain the degradation pathway of TC, photodegradation intermediates were detected by MS
during the photocatalytic process, as shown in Fig.11. The product with m/z =445 was ascribed to the
molecular weight of TC. Unlike -OH oxidation mechanism and pathway [37,38], Possible two main
degradation pathways of TC by-O,~ were proposed because the larger intermediates with m/z=461 or
475 generated by hydroxylation reaction were not detected in this study, indicating that *OH did not
play a positive role for the photocatalytic reaction, as demonstrated in Fig.8. After simulative sunlight
irradiation, the N-methyl group of TC molecule were lost, producing the product 1 (m/z=416) [39].
Subsequently, the carboatomic ring or acylamino in product 1 was cleaved to generate product 2
(m/z=333) and product 3 (m/z=345). Because of the strong oxidizing -O> , the product 2 and 3 could
be further oxidized to gain an intermediate with m/z=305 (product 4) and m/z=303 (product 5),
respectively. [40,41] The product 6 (m/z=260) and product 7 (m/z=279) were detected by losing the
carboxyl group or methanol in carboatomic ring under further attacked by -O, . Owing to the open-

ring reactions and the loss of some functional groups, some small molecular organics such as acids



and alcohols could be generated due to further degradation of intermediates. Finally, CO2, H>O and

inorganic ions were ultimately converted in the HTAT system.

Fig.11. The proposed photodegradation pathways of TC

3.8. Recyclability of TiO2-Ag@TiO: photocatalyst

It has been proved that metal nanoparticles modified TiOz photocatalysts hold good recyclability
under photodegrading process. [42,43] However, such recyclability can be obtained only under mild
conditions.[18] In principle, the as-synthesized HTAT photocatalyst should offer superior
recyclability even under very harsh conditions because Ag NPs is tightly protected by TiO2 two shells,
considerably enhancing its practical potential. To confirm the hypothesis, a reusability experiment for
the degradation of TC was conducted under simulated solar irradiation using HTAT and HTA
photocatalysts. After each photodegrading experiment, the sample was separated, stirred with HCI
(3mol/L solution, 45ml) for 2h, rinsed and dried under UV light (GHX-2-300W) irradiation and then
reused for the next test.

Fig.12a illustrates that HTAT still can degrade TC completely even after five recycling runs,
implying that HTAT possess an extremely photocatalytic stability for the removal of tetracycline in
wastewater. By contrast, the degradation rate of TC catalyzed by the HTA decreases significantly
from 95.2% to 79% in the second cycle. Interestingly, the degradation rate of TC does not further
drop with the increase in number of cycles, which is mainly ascribed to the photocatalytic activity of
TiO; itself because Ag NPs may be corroded completely after HCI treatment. Although HT
photocatalyst presents a lower degradation rate of TC (86%) that HTA in first photodegrading test,

the same value (Fig.12b) is obtained for HTA and HT after the second cycle, indicating that the



activity of Ag NPs for HTA photocatalyst has lost completely after HCI treatment. The results strongly
confirm that the as-synthesized HTAT exhibits a superior recyclability after HCIl treatment,
substantially broadening its practical potential, especially for the degradation of acidic antibiotics

such as TCH.

Fig. 12. Cycling tests for the degradation of TC using HTAT, HTA and HT photocatalyst

4, Conclusion

In summary, we explore Ag NP confined in shell-in-shell hollow TiO> photocatalyst. During
the photodegrading process, TiOz two shells can simultaneously participate in the photocatalytic
reaction by introducing Ag NPs as “electron reservoir and electron transfer channel” between TiO2
two shells. As a result, the HTAT photocatalyst exhibits an increased visible-light catalytic efficiency
towards the degradation of TC in comparison with hollow TiO2, Ag modified TiO2, and SiO»-
Ag@TiOz photocatalysts. Excitedly, the complete removal and excellent recyclability of tetracycline
can be achieved by using HTAT as photocatalyst under simulated light irradiation because of its
unique shell-in-shell structure and confined effect. Therefore, the as-synthesized HTAT opens a new

window for the design and construction of other semiconductor photocatalysts with two shells.
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Scheme 1. Formation pathway of hollow TiO2-Ag@TiO2 photocatalyst
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Fig .1. TEM (a, b), SEM (c) images of HTAT and (d) N2 adsorption/desorption isotherms of HTAT, HT, and the pore-size distribution

of HTAT (insert).



200 nm

1200 nm 1200 nm 1200 nm 200 nm

Fig 2. EDX spectrum of areas (a), STEM image (b) and EDX mapping of the HTAT photocatalyst (d: Ti, e: O, f: Ag, and g: C).

Intensity(a.u.)

JCPDS:21-1272

I Y
20 30 40 50 60 70 80
2 Thea(degree)

Fig.3 XRD patterns of TiO2-Ag@TiO> spheres
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Fig 7. Photocatalytic activity of HTAT, HTA and HT for simulated solar-light degradation of TC (a) and TCH (b)
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