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Abstract

Photocatalytic redox reactions occur on the surfatethe catalyst, and
therefore the surface properties of the photocstafyre vital for efficient
catalytic reactions. BMoOg surface co-doped with Ri and Tf* ions was
fabricated through an incipient-wetness impregmatitechnology and
calcination method. The influence of “Niand Tf* co-doping with different
concentrations on the crystal structure, morphqle@y optical properties of
Bi,M0oOs were investigated by different instrumental methoédnd the
characterization results confirm that the surfatd8iogMoOs was doped with
Ni?" and Tf* ions. Under visible-light irradiation, the effea$ Ni** and Tf*
surface co-doping on the photocatalytic activityBopfMoOg were evaluated by
the degradation of rhodamine B, with the resultggssting Ni* and Tf*
co-doping increases visible-light absorption by:NBOs and promotes the
separation of photogenerated charge carriers. \Witimum Nf* and T
co-doping, BiMoOgs surface co-doped with 0.18% WNiand 0.192% Ti
exhibits the greatest photocatalytic activity amabdity in the degradation of

rhodamine B.
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I ntroduction

Bi,MoOg, which possesses alternate perovskite Md@labs and [BO,]*
layers, has been reported as a promising solaggmmenversion material for
water splitting and organic pollutant degradatiower visible-light irradiation
[1-3], which is attributed to its suitable band géh5-2.8 eV) [4-6] and
distinctive structure, which facilitate the sepamatof charges because of
electrostatic interaction between layers.

The photocatalytic activities of BloOg materials are closely related to
their morphology, crystal microstructure, and cosipon. For example,
Bi,M0Og crystals with different morphologies [1], includimanosheets [7],
inverse opals, hollow microspheres [8], yolk-smeitrospheres [9], nanofibers,
microtubes [10], ordered arrays, elm branch—likerdrichical structures [11],
and thin films [12], have been successfully faliedaby different preparation
methods, such as hydrothermal, solvothermal, mo#ait, electrospinning,
microwave, and thermal evaporation deposition nadth®he unique yolk-shell
structure is beneficial for charge separation agidt labsorption, and BV1oOg
with a yolk-shell structure exhibits excellent pbedtalytic performance and
recyclability [9]. At the same time, heterostruesirof BpMoOg, such as
Bi,M0oOg/Ag [13], Bio,M0O¢/Bi [14], Bio,M0O¢/Bi,S; [15], Bi,M0Os/BiOBr [16],
Bi-MoOg/TiO; [17, 18], BbM0oOg/NiTiO3 [19], and BjMoOgAg/CdS [20],
have been developed to enhance the photocatalgticita and stability of
BioM0Os because the formation of well-defined heterojwondi effectively
promotes the separation and suppresses the recatobirof photogenerated
charge carriers. Moreover, to improve the photdgata performance of
Bi,M0Og as acatalyst, doping with ions, including B, Cl, W, afahthanide
ions [21, 22], was applied to influence the composi of BiM0oOs by
changing and controlling the concentration of stefand internal defects [23].
However, it remains a challenge to realize pratapplications of BIMoOs as
a catalyst because of the fast electron-hole rescwtibn, slow carrier

migration, and poor surface chemical states. Hente necessary to explore



ways to address these issues.

It is common knowledge that the three primary psses influencing the
photocatalytic performances of semiconductor phettdgsts are the generation,
separation, and surface diffusion of electron-lpaes. Since the photocatalytic
redox reactions occur on the surface of the cdtadysl the surface properties
of the photocatalyst will greatly affect the thrarementioned processes, it
can be concluded that the surface properties gakfor efficient photocatalytic
reactions. So far, metal ion () doping on the surface of BiloOg by the
incipient-wetness impregnation method has not beported. We believe that
an M"-doped layer is induced near the surface aMBOs by M™ diffusion
after annealing, which can change the generatieparation, and surface
diffusion of the charge carriers. Hence the surtacéng of the photocatalyst to
increase the activity of the photocatalyst and whibzation of solar energy
should be investigated.

In this article, BiMoOg photocatalysts with the surface co-doped withi" Ni
and Tf* ions were fabricated through an incipient-wetn@spregnation
technology and calcination method. The photocatabyttivity of the Tf/Ni?*
co-doped BiMoOs surface was investigated through the degradatibn o
rhodamine B (RhB) under visible-light irradiatiofhe effect of different
doping amounts of N and T was also studied. BfloOg surface co-doped
with 0.18% Nf" and 0.192% T{ (Ni/Ti/BMO-3) showed excellent

visible-light-driven photocatalytic performance.

2. Experimental

2.1. Preparation of pure BioMoOg

All reagents were analytically pure and used withiomther purification. In a
typical solvothermalsynthesis, first, 2 mmol of Bi(N§%-5H,O (0.97 g) was
added to30 mL of ethylene glycol and the resulting mixtwvas magnetically
stirred for 30 min Then1 mmol of NaMoO,-2H,0O (0.242 g)was dissolvedn

Bi®* solution and the resulting mixture wasirred for 20 min. Second, 10 mL of



ethylene glycoivas added to the aforementioned solution hredresulting mixture
was stirred for 120 min at room temperature. Thind, solution was transferred
into a 50 mL Teflon-lined stainless steel autoclamd heated at 160 for 20 h.
After the reaction, the autoclave was cooled tonrrdemperature in air. The
sample was collected by centrifugation, washed wiianol and deionized
water several times, and then dried ati7@or 10 h. Pure BMoOs was

obtained.

2.2. Preparation of Bi,MoOs with the surface co-doped with Ni** and Ti**
The catalysts with Ni and T#* doping on the surface of BloOs were
prepared by incipient-wetness impregnation usin@ldained BiMoOg as a
catalyst support. The Ni (or Ti*") monosupported catalysts were prepared
through impregnation of the aforementioned catasygiports with Ni(NG@)»
(or tetrabutyl titanate) aqueous solution, keptict room temperature for 6 h
and then dried at 80 ° C overnight, and finallycoed at 400 °C for 2 h in air.
Ni®* and Tf* co-supported catalysts were synthesized by the esam
impregnation of the catalyst supports with the esponding Ni(NG), or
tetrabutyl titanate aqueous solution.

The catalysts obtained were denoted as NiI/BMO (&/&vO refers to
Bi,MoOg, and the percentage ofNlis 0.06%), Ti/BMO (the percentage of"Ti
is 0.064%), and Ni/Ti/BMO¢ (wherex = 1, 2, 3, 4, and 5, corresponding to
Ni?*/Ti** loading percentages of 0.06%/0.064%, 0.12%/0.128%8%/0.192%,
0.24%/0.256%, and 0.30%/0.32%, respectively). Thal tontent of Ni* and
Ti** in Bi,MoOs was determined by inductively coupled plasma @ptic
emission spectrometry (Varian 715-ES, Varian, Aalgt). The results indicate
that the Nf* and T contents in Ni/Ti/BMO-3 were 0.176% and 0.181%,

respectively.

2.3. Characterization

The X-ray diffraction (XRD) data were obtained with powder X-ray



diffractometer (Rigaku D/max-2550 PC). X-ray phdtotron spectroscopy
(ESCALab MKII spectrometer with an excitation scmf Mg Ka radiation)
was used to determine the chemical binding stdtélseoconstituent elements.
Scanning electron microscopy (SEM; JEOL S-4800ndmission electron
microscopy (TEM; JEOL JEM-2100F) and high-resolaticEM (JEM-2100F)
images were obtained to investigate the morpholofigthe products. UV-vis
diffuse reflectance spectroscopy (DRS) was perfdrmeth a UV3600
spectrophotometer (SHIMADZU).

2.4. Photocatalytic activity experiments

The catalytic activities of the samples were euv&daby our measuring the
degradation of RhB (maximum absorption peak at ®%3 under visible light
at room temperature (25 °C) according to our pnesiyp reported method [24].
The experimental procedure was as follows: phetocatalyssample (20 mg)
was suspended in 50 mL of RhB solution (5.0 m) to form a suspension.
Afterward, the suspension was stirred in the dank @0 min to ensure an
adsorption-desorption equilibrium. Then the susgegnander magnetic stirring
was placed approximately 10 cm below a xenon lad@O (W, model
PLS-SXE300Beijing PerfectLight ) and an optical filter glasss used to cut
out light of wavelength below 400 nm. About 3.5 mL suspension was
sampled every 20 min and centrifuged. The soluabmhe clear upper layer
was measured with a UV-1901 spectrophotometer (@teanAucy) to obtain
the absorption spectrum of RhB solution. After itegt the solution was
returned from the reactor top. Radical-trappingesixpents were performed by
our adding 1 mM benzoquinone, 1 mM ammonium oxakt@aM AgNG;, and
1 mM tert-butanol to the RhB (50 mL, 5 mg™) solution before the

photocatalysis tests.

3. Results and discussionThe crystalline structures of all as-obtained sa®mpl

were analyzed by powder XRD measurements. Figh@asthe XRD patterns



of the eight synthesized samples. In the XRD pattdr pure BiMoOg, all
diffraction peaks match well with the standard orttombic BpMoOg structure
(JCPDS card no. 21-0102). No obvious peaks of athpurities were detected,
indicating that high-quality orthorhombic phaseN8oOs was obtained. In the
XRD pattern of BiMoOg samples loaded with Riand Tf*, no new peak was
observed in the samples with different loadingsisTis attributed to the
extremely low loading of Nf and Tf* and high dispersion of Riand T on
the BpbM0Og surface. Careful observation of these XRD pattdfig. 1b)
indicates that the doping with Niand T caused a decrease in the intensity of
the peak at 28.3° in W-doped BiMoOg compared with pure ByloOg, which
suggests that Ki and Tf* ions were successfully incorporated in theM&iOg
lattice [25]. The XRD analysis results confirm tlia¢ surface of BMoOgs was
doped with Nf* and Tf* ions by a simple incipient-wetness impregnation
technology and calcination method.

X-ray photoelectron spectroscopy spectra of pureMBOs and
Ni/Ti/BMO-3 are shown in Fig. 2 and were used tdedmine the elemental
composition and chemical state. There are peakS@P and 164.5 eV for pure
BioM0Og and at 159.1 and 164.4 eV for Ni/Ti/BMO-3, corresging to Bi 4%/,
and Bi 4§,2. In Fig. 2c, the binding energy peaks at 232.528%16 eV for pure
BioM0Os and at 232.4 and 235.6 eV for Ni/Ti/BMO-3 are gsed to Mo 3¢},
and Mo 3d), of Mo®" [26, 27]. The binding energy of O 1s is 530.1 e¥gure
BioM0oOgs and 530.0 eV for Ni/Ti/BMO-3. The binding energiet Ni 2p in
Ni/Ti/BMO-3 are 873.6 and 855.6 eV for Ni/Ti/BMO{28, 29]. The binding
energy of Ti was observed to be 465.9 eV [30] inoadance with Ti 2p, in
Ni/Ti/BMO-3. This confirmed that the surface of.BioOg was successfully
doped withNi** and Tf* ions.

The morphologies of pur&i,MoOg, TiI/BMO, Ni/BMO, and Ni/Ti/BMO-x
samples were analyzed by SEM. The images obtainredst@own in Fig. 3.
From these images, we can see that the sampledl ammposed of flowerlike

microspheres with diameters of 1u#81. These microspheres are built from



two-dimensional nanosheets. With increase &t iihd Tf* doping/co-doping
on the surface of BMoOs, the M™-doped BiMoOg microspheres display a
flowerlike shape similar to that of pure;BioOe.

The TEM images in Fig. 4 further verify that thevilerlike microspheres of
Bi,M0oOs and Ni/Ti/BMO-3 comprise two-dimensional nanosheets with a
thickness of 20—-30 nm. Furthermore, the high-rdsmiuTEM images in Fig.
4b and d clearly reveal a set of fringes with t&tspacings of 0.235 and 0.316
nm, ascribed to the (221) and (131) planes gfBDg.

N, adsorption-desorption measurements were perfor(kggl 5). The
Brunauer-Emmett-Teller (BET) surface area of puigBOs is 21.2 ni g™
Ni/Ti/BMO-3 exhibits a slight increase of the BEUirface area (28.9 Trgb).
Moreover, the pore size distributions calculated d®he basis of
Barrett-Joyner-Halenda analysis reveal most pae®fsize approximately 25
nm in both BiMoOg and Ni/Ti/BMO-3 (inset in Fig. 5). Ni/Ti/BMO-3 wt
nanopores and a high BET surface area favors phiailgsis [31].

The optical absorption spectra of ;BibOs, Ni/BMO, Ti/BMO, and
Ni/Ti/BMO-x are shown in Fig. 6a. BloOg exhibits absorption peaks in both
the UV region and the visible region. The onsetthed absorption edge for
Bio,M0Og; is at approximately 470 nm (2.36 eV), which isaccordance with
the literature [31, 32]. It can be see that theouhuction of Nf* and Tf*
broadens and increases the visible-light absorptitensity of ByM0Os. In
comparison with BiMoOs, Ni/BMO, and Ti/BMO, Ni/Ti/BMO-3 clearly
exhibits enhanced absorption in the visible ranged50—700 nm),
corresponding to a band gap of 2.23 eV (Fig. Glggsesting that Ni/Ti/BMO-3
might exhibit good photocatalytic behavior undesilvlie light.

As indicated above, UV-visible absorption resutis Ni/Ti/BMO-3 predict
its improved photocatalytic performance in visiblight. The photocatalytic
performance was tested by the degradation of RhBB Rlisplays a
characteristic absorption peak at a wavelengthrotirad 554 nm and is a

popular probe molecule in heterogeneous catalgictions. For comparison,



the photocatalytic activities of BloOg, Ni/BMO, Ti/BMO, and Ni/Ti/BMOx

(x =1, 2, 4, and 5) were also evaluated under tineeseonditions. Fig. 7a
shows the temporal evolution of the absorption spat of RhB solution with
Ni/Ti/BMO-3 as the catalyst after exposure to Misibght. It can be seen that
the main absorption peak at 554 nm decreases yapitlh increase of the
exposure time and completely disappears after ab@unin, confirming that
the RhB solution can be efficiently photodegraded Ni/Ti/BMO-3. The
photographs of the color change of RhB solutiorartyereveal that RhB was
successfully degraded within 60 min, as shown o Fb. Fig. 7c shows the
photodegradation curves for RhB over different lyata. From the blank
experiment, we confirm that no RhB is degraded ouththe catalysts after 60
min of irradiation. From the adsorption equilibrivwarves (dark), it can be seen
that the different catalysts show very little agdmm ability for RhB after
treatment for 60 min. When P25 and pure;MBIOs are used as the
photocatalyst, only 39.1% and 64.3% of RhB is degda respectively. All the
surface-doped catalysts, such as Ni/BMO, Ti/BMQ] Bi'Ti/BMO-x (x =1, 2,

3, 4, and 5) display higher activities than pureMBiOgs, and the degradation
rate of RhB solution is 87.1%, 92.2%, 88.4%, 90.498,8%, 76.1%, and
88.7%, respectively. Among them, Ni/Ti/BMO-3 disgda the highest
photocatalytic activity, suggesting the optimal giei ratio of NiZ, Ti4", and
BioMoOg is 0.075:0.075:1. In comparison with othepMoOg morphologies
for degradation of RhB [21, 23, 32], Ni/Ti/BMO-3 Hkited enhanced
photocatalytic activity. Moreover, the photocatalytegradation kinetics of
RhB was investigated. The photocatalytic degradatiata were fit to a
pseudo-first-order model [33], -IG(Cy) = kt, wherek is the photocatalytic
reaction rate constant aridis the light irradiation time. Fig. 7d shows the
kinetic curves for RhB under visible-light irrad@t. The reaction rate constant
k is equal to the corresponding slope of the sinadaturve. Thek values for
RhB with P25, BiMoOs, Ni/BMO, Ti/BMO, and Ni/Ti/BMOx (x = 1, 2, 3, 4,
and 5) are 0.0075 = 0.0002 iir0.00147 + 0.00046 mih 0.00320 + 0.00024



min™, 0.0385 + 0.0020 mih 0.0308 + 0.0035 mih 0.0332 + 0.0030 mih
0.0584 + 0.0011 mih 0.0246 + 0.0025 mih and 0.0316 + 0.0031 min
respectively. Notablyk is the highest for Ni/Ti/BMO-3 among the catalysts
and is 4.0, 1.5, and 2.4 times higher than fogMBOs, TI/BMO, and
Ni/Ti/BMO-4, respectively.

The catalyst stability is also an important factor practical application,
and a five-cycle photocatalytic experiment withTWBMO-3 was conducted.
Fig. 8a illustrates the variation of the RhB relaticoncentratiorC/Cy with
irradiation time in the five cycles. In the firsgale the degradation rate of RhB
was 98.3%, and in the second cycle was 98.4%. Alfterprocedure had been
performed five times, the degradation rate was %5.Moreover, the used
Ni/Ti/BMO-3 (Fig. 8b) exhibits SEM features similaio those of fresh
Ni/Ti/BMO-3 (Fig. 3f). These results reveal thaetphotocatalytic activity of
Ni/Ti/BMO-3 can remain stable and efficient duriagganic dye degradation.

To better understand the photocatalytic mechanismidi/BMO-3, the
dominant active species in the photocatalytic pgeagere investigated (Fig. 9).
The scavengers benzoquinone, ammonium oxalate, Agkil tert-butanol
are usually used to capture superoxide, YO photogenerated holes,
photogenerated electrons, and hydroxyl radicaldfs@espectively [34, 35].
As shown in Fig. 9a, RhB degradation was greathhibibed when
benzoquinone was added: the RhB degradation eftigielecreased from 98.8%
to 0.031% after 60 min of reaction, and the dedgiadarate decreased from
0.0584 to 0.00049 mih (Fig. 9d), indicating that superoxide {Q is the
dominant active species. The RhB degradation effiy decreased from 98.8%
to 76.6% when ammonium oxalate was used as thesisgay, indicating that
photogenerated holes were the active species. Hawélve photocatalytic
efficiency of RhB was not affected by the additafrtert-butanol (Fig. 9b) and
silver nitrate (Fig. 9c), suggesting that photogatexl electrons and «OH are
not the dominant active species. Therefore it carctncluded that £© and

photogenerated holes are the dominant active specie



On the basis of the results of the characterizatind photodegradation
tests, three reasons are proposed to account éoerthanced photocatalytic
activity induced by Ni* and Tf* surface doping. The first is the increase in
optical absorption. The UV-visible spectra confidhthat doping with Ni* and
Ti** could enhance visible-light absorption byMo0Os and decrease the band
gap of 2.23 eV. The second reason is that Ni/Ti/BH8l exhibited an increase
of surface area compared with,BioOs due to Nf* and Tf* surface doping.
The third reason is that Niand Tf* on the surface of BMloOg can capture the
photogenerated electrons, and'Nand Tf* ions as electron scavenger agents
react with the photogenerated electrons and resthe recombination of the
electron-hole pairs during the photocatalytic riemcf25,36]. Then the Nf and
Ti** ions transfer the electrons te @dsorbed on the surface of Ni/Ti/BMCo
form superoxide radical (). At the same time, extra holes are produced.
Therefore it is well recognized thatOradicals plays an important role, and
holes play a secondary role in the photodegradationess. The photocatalytic
mechanism is consistent with the results of thepirsg experiment, which

prove that @ and photogenerated holes are the dominant agiaees.

4. Conclusions

Bi,MoOgs photocatalysts surface co-doped with**Nand Tf* ions were
successfully fabricated through an incipient-wesnespregnation technology
and calcination method. The influence of"Nand Ti* concentration on the
morphology and optical properties of;BlioOg catalysts was investigated. The
photocatalytic activity experiment on the degranatiof RhB under
visible-light irradiation indicated that the optimuNi/Ti/BiMO-3 resulted in
about 4.0, 1.5, and 2.4 times increase in the dagjan rate with respect to
pure BpMoQOg, Ti/BMO, and Ni/Ti/BMO-4, respectively. At the santime,
Ni?* and Tf* co-doping can obviously increase visible-light aipsion by
BioMoOg and promote the separation of photogeneratedrefeciand holes.

This study on BiMoOg surface co-doped with Riand T is not only



scientifically interesting and technologically prising for BbMoOg materials

but is also useful for fabrication of other Bi-bdswuaterials.
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Fig. 1. X-ray diffraction patterns of different catalyst8sMO, Bi;MoOsg;
Ni/BMO, Bi>,MoOg surface doped with 0.06% Kjj Ti/BMO, Bi,MoOg surface
doped with 0.064% TT; Ni/Ti/BMO-1, Bi,MoOs surface co-doped with 0.06%
Ni?* and 0.064% Ti"; Ni/Ti/BMO-2, Bi,MoOs surface co-doped with 0.12%
Ni** and 0.128% Ti; Ni/Ti/BMO-3, Bi;MoOs surface co-doped with 0.18%
Ni?* and 0.192% Ti; Ni/Ti/BMO-4, Bi,MoOs surface co-doped with 0.24%
Ni**and 0.256% Ti; Ni/Ti/BMO-5, Bi,MoOs surface co-doped with 0.30%
Ni** and 0.32% T

Fig. 2. (a) X-ray photoelectron spectroscopy (XPS) sunspectrum of
Bi,MoOs surface co-doped with 0.18% “Nliand 0.192% Ti (Ni/Ti/BMO-3).
XPS spectra of Bi (b), Mo (c), and O (d) in,BioOs and Ni/Ti/BMO-3. XPS
spectra of Ni (e) and Ti (f) in Ni/Ti/BMO-3.

Fig. 3. Scanning electron microscopy images of purgViBOs (a), BbMoOg
surface doped with 0.064%“Ti(b), BLMoOg surface doped with 0.06% XN
(c), BibMoOg surface co-doped with 0.06% Niand 0.064% Ti(d), BLMoOs



surface co-doped with 0.12% Niand 0.128% Ti (e), BbMoOgs surface
co-doped with 0.18% Ki and 0.192% T (f), Bi.MoOs surface co-doped with
0.24% Nf*and 0.256% Ti" (g), and BiMoOg surface co-doped with 0.30%
Ni?" and 0.32% Ti (h).

Fig. 4. Transmission electron microscopy images ofMRIOs (a, b) and Ni
Bi,MoOg surface co-doped with 0.18%%liand 0.192% Ti (c, d).

Fig. 5. No adsorption-desorption isotherms o, doOs (BMO) and BpM0Og
surface co-doped with 0.18% Niand 0.192% Ti" (Ni/Ti/BMO-3). The inset
shows the pore size distribution.

Fig. 6. (a) UV-visible spectra and (b) the band gaps thédint catalysts. BMO,
Bi,MoOs; Ni/BMO, Bi,MoOg surface doped with 0.06% Xi Ti/BMO,
Bi,MoOg surface doped with 0.064% “Ti Ni/Ti/BMO-1, Bi,MoOs surface
co-doped with 0.06% KNi and 0.064% Ti; Ni/Ti/BMO-2, Bi,MoOs surface
co-doped with 0.12% Ki and 0.128% Ti:; Ni/Ti/BMO-3, Bi,MoOs surface
co-doped with 0.18% KNi and 0.192% Ti; Ni/Ti/BMO-4, Bi,MoOs surface
co-doped with 0.24% KNiand 0.256% Ti; Ni/Ti/BMO-5, Bi,MoOg surface
co-doped with 0.30% Kif and 0.32% Ty

Fig. 7. (a) UV-visible spectra of rhodamine BRKB) solution with time. (b)
Photographs of the color change RhB solution in the presence @&i,Mo0Og
surface co-doped with 0.18% Niand 0.192% Ti (Ni/Ti/BMO-3) under
visible-light irradiation. (c, d) Photodegradatiomrves and degradation rate constants
(d, inset) forRhB over different catalyst8 MO, BioM0Og; Ni/BMO, Bi,M0Og
surface doped with 0.06% i Ti/BMO, Bi.MoOg surface doped with 0.064%
Ti**; Ni/Ti/BMO-1, Bi,MoOs surface co-doped with 0.06% “Niand 0.064%
Ti**; Ni/Ti/BMO-2, Bi.MoOg surface co-doped with 0.12% “Niand 0.128%
Ti**"; Ni/Ti/BMO-4, Bi,MoOs surface co-doped with 0.24% ‘and 0.256%
Ti**; Ni/Ti/BMO-5, Bi.MoOg surface co-doped with 0.30% FNiand 0.32%
-I-i4+.

Fig. 8. (a) Five cycles in the photocatalytic degradatioih rhodamine B by
Ni/Ti/BMO-3. (b) Scanning electron microscopy image of the uBegMoOg



surface co-doped with 0.18% Niand 0.192% T.

Fig. 9. UV-visible spectra of rhodamineRfHB) solution with time of theRhB
solution overBi,MoOg surface co-doped with 0.18% FNiand 0.192% T
(Ni/Ti/BMO-3) in the presence of (@denzoquinone (BQ) and (hgrt-butanol
(TBA). (c, d) Photodegradation curves and degradatian qamstants (d, inset) for
RhB over Ni/Ti/BMO-3 in the presence different scavenger®O, ammonium

oxalate.

Graphical abstract

Bi,MoOg surface co-doped with Niand Tf* ions was fabricated through an
Incipient-wetness impregnation technology and caliton method. Surface
co-doping of Nf* and T obviously increased visible-light absorption by
BioMoOgs and promoted the separation of photogeneratedgehaarriers.
Bi,MoOg surface co-doped with 0.18% Niand 0.192% Ti exhibits the

greatest photocatalytic activity and stability e tdegradation of rhodamine B.
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Highlights
* Ni/Ti/Bi,M00Og was fabricated through incipient-wetness impregnation.
« Surface co-doping with Ni** and Ti** increased the photocatalytic
activity of BioMo0Oe.
« The amount of Ni** and Ti* surface co-doping affects the catalytic

activity of BioMo0Oe.



