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Abstract. The features of the surface changes of the RbTe1sWos506 photocatalyst during polymerization
processes involving methyl methacrylate (MMA) under irradiation with visible light A= 400-700 nm at a tem-
perature of 20-25 °C, as well as regeneration conditions for its reuse, have been studied. The realization of
a chemical reaction in a mixture of a photocatalyst and a monomer is determined by its kinetic parameters
and the concentration of reacting particles. The formation of OHe radicals, which are active in radical
polymerization, occurs in this case by both ways: interacting between water molecules adsorbed on the sur-
face, as well as during the recovery of oxygen dissolved in water. Due to the high reactivity of the hydroxyl
radical, an active process of radical polymerization of MMA could be expected. However, the formation of
polymethyl methacrylate (PMMA) in the reaction takes place with a low conversion — the formation of 5-10%
polymer, which is related to changes on the surface of the complex oxide RbTe15Wo 506 during the reaction.
Scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS) methods have been used
to investigate the catalyst surface. The presence of organic and polymer substrates was revealed on the
catalyst surface after the reaction. As a result of the catalyst treatment by ultrasound in an aqueous emul-
sion, polymer macromolecules are not identified on the surface, but chemically adsorbed monomer and oli-
gomers formed under the ultrasound destruction of the polymer are presented. Other methods of cleaning
the catalyst surface by washing in different solutions as chloroform and tetrahydrofuran also are not effective
and cause the adsorbates transformations on the surface. It leads to decreasing the RbTe15W, 506 catalyst's
activity for repeated polymerization. Thus, to successful regeneration of the catalyst's powder not only ultra-
sound treatment is required, but also heating it at 300—400 °C to remove organic substrates.
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AHHOMauyus. M3ydyeHbl ocobeHHOCMU U3MEHEeHUs nogepxHocmu ¢homokamarnusamopa RbTe15Wos06 6
rofIUMepPU3ayUOHHbIX rpoyeccax ¢ ydacmuem memunmvemakpunama (MMA) npu obnyyeHuu eudumbim
ceemom A=400-700 Hm u memnepamype 20-25 °C, a makxe ycroeusi peeeHepayuu O0rs e2o nogmopHo20
npumeHeHusi. Peanusayusi mod unu uHolU XuMu4eckol peakyuu 8 cMecu homokamarsnusamopa U MOHoOMepa
onpedensiemcs ee KUHEMUYECKUMU napamMempamu U KoHUeHmpauyuel peazupytoujux 4acmuy. Obpa3sosa-
Hue OHe padukasnos, akmusHbIX 8 padukasbHOU MnoauMepu3ayuu, npoucxooum 8 3moM cily4ae Kak npu
g83aumodelicmeuu ¢ adcopbuposaHHbIMU Ha NMOBEPXHOCMU MOieKyamu 800bl, mak u 8 0bbeme pacmeopa,
a makxe rnpu eoccmaHo8/IeHUU pacmeopeHHo20 8 800e Kucriopoda. B ces3u ¢ mem, 4mo audpoKCusibHbIl
padukan obnadaem 6bICOKOU peaKUUOHHOU CriocobHOCMbIO, MOXHO ObIIo OXudamb akmueHbIl rpouecc
padukanbHol nonumepusauyuu MMA. O0Hako obpasosaHue NMMMA e paccmampusaemol peaKkuyuu fpoxo-
Oum ¢ Hu3kol KoHeepcueli — Habrodaemcsi obpasosaHue 5—10% ronumepa, 4YmMo C853aHO C USMEHEHUSIMU
Ha nogepxHocmu crioxHo20 okcuda RbTe;sWo 506 8 npouecce peakyuu. [ns uccrnedosaHusi nogepxHocmu
Kamanusamopa 6bifiu Ucronb308aHbl Memoodbi cKaHupyrowel 31eKmpoHHoU mMukpockonuu (COM) u peHm-
eeHoeckol chomoanekmpoHHoU cnekmpockonuu (PO®3C). Nocne peakyuu Ha MogepxHocCmMu Kamasusamopa
661510 06Hapy>KeHOo rnpucymcemeue op2aHUYeCKUX U rnoumMepHbix cybcmpamos. B pesynbmame obpabomku
Kamasnusamopa ynbmpa3eyKkoM 8 800HOU 3MyfbCUU MaKpOMOJIEeKY bl rnofumepa He udeHmughuyupyromcesi
Ha rnogepxHocmu, Ho rpedcmassieHbl XUMU4YecKu adcopbuposaHHble MOHOMEpP U Oflu2oMepbl, obpa3yruu-
ecs npu paspyweHuu rnonumepa yrnbmpassykom. [pyaue crnocobbl 04UCMKU N08EPXHOCMU Kamarsu3amopa
riymem rpoMbI8KU 8 Pa3/iu4yHbIX pacmeopax, makux Kak X/10poghopm u mempazudpoghypaH, makxe Heagh-
gekmusHbI U 8bi3bigarom rpespaweHuss adcopbamos Ha nosepxHocmu. AmMo npueodum K CHUXEHUI ak-
musHocmu kamanu3damopa RbTe15Wo 506 ripu noemopHoU rnonumepusayuu. Takum obpasom, 0ns ycriewl-
HoOU pezeHepayuu nopowka Kamasuzamopa mpebyemcs He Mmosibko obpabomka yrnbmpas3eykoM, HO U
Haepes e20 rpu 300—400 °C dns ydaneHus op2aHu4Yeckux cybcmpamos.

Knroydeenie criosa: homokamarnus, 3-nupoxnop, KoMrnekcHbil okcud RbTe1sWosOe, MyribCUOHHAsS ronume-
pusayusi, PEHM2eHoB8CKasi (hOMO3IEKMPOHHas CIEKMPOCKOMUSI, CKaHUPYyouwast 371eKMPOHHasi MUKPOCKOMUST
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INTRODUCTION

Photocatalytic reactions under the influence of
visible light attract attention due to compliance with
the principles of green chemistry and the wide range
of possibilities with their use. Different metal oxides,
which are capable of catalyzing reactions under vis-
ible light irradiation rather than ultraviolet, have re-
cently become the most widespread [1-5].

Photocatalytic oxidation is especially widely
known for the decomposition of pollutants with dif-
ferent nature in water and air. It is due to the pres-
ence of variety active particles in the reaction vol-
ume: charged particles, radicals, singlet oxygen,
hydrogen peroxide, capable of destroying organic
compounds. Significant progress has been recently
reached in this direction [1, 6-17].

It is attractive to use an active hydroxyl radical,
also formed under irradiation of metal oxides, to ob-
tain new polymer materials for a number of reasons:
the possibility of carrying out the process at room
temperature, the absence of fragments of material
initiators with organic nature, etc. Photo-catalytic
radical polymerization at low temperatures with the
active hydroxyl radical participation is the best
known for titanium oxide [18, 19]. A number of arti-
cles describe similar studies for the production of
composites used for 3D printing of biomedicine ma-
terials [20], or along with controlled copolymerization
by the mechanism of reversible transfer of the addi-
tion-fragmentation chain for the synthesis of block
copolymers of acrylic monomers with a certain com-
position [21].

In previous studies, we have described the syn-
thesis of the MMA polymer and its graft copolymers
with natural polymers, collagen and pectin, in an
aqueous emulsion in the presence of a complex oxide
RbTe1sWos0s under irradiation with visible light
A=400-700 nm at a temperature of 20-25 °C [22, 23].
The structural and relief organization of the obtained
graft copolymers is typical of scaffolds and allows us
to consider them as a promising material for medical
materials — hydrogel scaffolds with a new set of
properties. Such composites based on copolymers
of natural and synthetic polymers are well known,
especially for tissue engineering [22-31]. The re-
peated usage of the catalyst deserves special atten-
tion in case of developing new methods for obtain-
ing polymer materials. Such studies have been car-
ried out for many catalysts with a practical focus of
research. For example, the reuse of -catalysts
AgsPOs-Guar gum [32], Fes304/CeO2/g-C3Nas [33],
SiO2/WO3z-TiO@rGO [34] is possible for several
cycles with a slight loss of activity after solvent
treatment and heating. Thus, the study of the reuse
possibility of the complex oxide RbTe1sWos50s is
relevant due to photocatalytic activity for polymeriza-
tion processes.

In this paper, different surface purification meth-
ods of the RbTe1sWosOs catalyst after poly-
merization of MMA have been carried out. In order
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to analyze the surface behavior of the complex ox-
ide RbTe15Wos0s in detail during the adsorption of
organic substrates and further photocatalytic
polymerization in water MMA emulsion under irradi-
ation with visible light A=400-700 nm at a tempera-
ture of 20-25 °C, the methods of XPS and SEM
were used, which allows to qualitatively and quanti-
tatively determine the chemical composition of com-
pounds at the near-surface layer from 1-2 nm to
several micrometers.

EXPERIMENTAL SECTION

Materials. Commercial organic solvents were
used in the study: tetrahydrofuran (99.5%, Compo-
nent-Reagent, Russia), chloroform (99.85%, Com-
ponent-Reagent, Russia). MMA (99.8%, Ener-
goeffect, Russia) was used as a monomer. It was
previously purified from the stabilizer by washing the
monomer with a 10% w/w alkali solution in a ratio of
1:1 at least 4 times, and then it was repeatedly
washed with cold water to a neutral pH. Then the
monomer was dried using calcium chloride for at
least a day. At the end, the MMA was distilled under
vacuum (1.33 Pa) at 40 °C. Potassium salts of resin
and fatty acids (Ediscan, Orghim, Russia) and di-
methacrylic ether of triethylene glycol (TEGDME,
Khimtransit, Russia) played the role of emulsion
stabilizers.

Preparation of MMA-in-water emulsion. The syn-
thesis of a polycrystaline sample of the
RbTe1sWo.506 compound with an average particle
size of ~700 nm was carried out by a solid-state re-
action, a detailed experimental technique was de-
scribed earlier in our papers [13, 23, 35]. The emul-
sion for the reaction was prepared by mixing
RbTe1sWo.506 powder, water and monomer with the
addition of emulsion stabilizers (mass ratio monomer-
water mixture : Ediscan : TEGDME : catalyst =
= 100:1:3:1), treating with ultrasound for 5 mi-nutes
using the ultrasonic dispergator UZDN-A650. The v/v
ratio of water and monomer was 75:25. The reaction
was carried out in an argon current, irradiation was
carried out using an LED lamp of visible radiation
(white, 30 W LED, 6500 K) (Fig. 1).

Photocatalyst treatment after emulsion polymer-
ization reactions. After the end of the reaction, the
emulsion was centrifuged for 30 minutes to separate
the catalyst. Catalyst powders after parallel polymer-
ization experiments were subjected to different puri-
fication methods (purification was not carried out
sequentially, and a specific procedure was carried
out for each catalyst powder after the polymerization
reaction):

1) washing at 50 °C in THF solution for 3 hours;

2) chloroform extraction at 61 °C in the Soxhlet
extractor for 15 h;

3) powder treatment with ultrasound for 40 mi-
nutes in the presence of water at 20 °C;

4) powder heating at 300—400 °C in the Pt cru-
cible in a muffle oven.
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Fig. 1. Lamp spectrum (white, 30 W LED, 6500 K)
Puc. 1. CnekTp namnsl (6enbiit, 30 BT LED, 6500 K)

Then all the powders were dried under vacuum
(1.33 Pa) at 40 °C to a constant mass.

Characterization. The obtained samples of the
catalyst powder were examined by scanning elec-
tron microscopy (SEM) and X-ray photoelectron
spectroscopy (XPS). The study of the surface of
photocatalyst powder was performed using a scan-
ning electron microscope JSM-IT300 (Jeolltd, Ja-
pan) with an electron probe diameter of 5 nm (oper-
ating voltage 20 kV), using a backscattered electron
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detector in high vacuum mode. Determination of the
features of the chemical composition of the surface
in the samples was carried out by XPS on an elec-
tronic spectrometer “Escalab 250Xi”. A monochro-
matized line Al Ko=1486.6 eV was used as the radi-
ation source. The spectra were recorded in the
mode of constant transmission energy at 100 eV for
the survey spectrum and 50 eV for the spectra of
regions of elements with a spot size of 650 microns.
The depth of the surface analysis is up to 2 nm. The
total energy resolution was about 0.3 eV. A neutral-
izer gas was used to neutralize the surface charge.
The pressure in the chamber during the study was
no more than 10-° mbar, which guaranteed a clean
surface. Correction of the position of the element
lines in all cases was carried out along the carbon
line C 1s (285 eV). The study of the surface compo-
sition by depth was carried out by etching the sur-
face with an ion gun (Ar*) with an accelerating volt-
age of 3 kV.

RESULTS AND DISCUSSION

It was previously shown [36] that after the cata-
lyst — oxide RbTe1sWos0s irradiation with visible
light, electron-hole pairs are formed, which can lead
to a number of transformations according to

schemes 1-7 in Fig. 2.

M
catalyst surface

Fig. 2. Scheme of formation of electron-hole pairs during photocatalysis

Puc. 2. Cxema 06pa3oBaH1sl 3NEKTPOHHO-AbIPOYHbLIX Nap nNpu oTokaTanmse
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Reactions (1-7) indicate that several chemical
transformations can actually occur simultaneously in
the reaction mixture of a photocatalyst and a mon-
omer. The realization of a chemical reaction is de-
termined by its kinetic parameters and the concen-
tration of reacting particles. The formation of OH- ra-
dicals, which are active in radical polymerization,
occurs in this case by both ways: interacting be-
tween water molecules adsorbed on the surface
(scheme 2, 3), as well as during the recovery of ox-
ygen dissolved in water (scheme 6, 7). Due to the
high reactivity of the hydroxyl radical, an active pro-
cess of radical polymerization of MMA could be ex-
pected. However, as was shown in the work [22], the
formation of polymethyl methacrylate (PMMA) in the
reaction takes place with a low conversion - the for-
mation of 5—-10% polymer with molecular weight (MW)
and polydispersity coefficient (PDI) 140-145 kDa and
2.2, respectively, are observed. In addition, the
product of oxidative dimerization of MMA (OMMA)
and its oligomer were also isolated in small amounts
and polymer on the catalyst’s surface. If a natural
polymer (collagen, pectin) is presented in the reac-
tion mixture, a graft copolymer is formed [22, 23].
Schematically, reactions in a mixture of a catalyst
with a monomer, including in the presence of a natu-
ral polymer, are shown in Fig. 3.

Thus, it was necessary to conduct a detailed
study of the catalyst powder surface and test it after
the photocatalytic polymerization reaction for reuse.
To achieve this goal, PMMA was synthesized from

an MMA emulsion using a photocatalyst. To study
the features of the processes occurring on the sur-
face, the catalyst powder after the reaction was sub-
jected to various purification methods.

Analysis of the catalyst powder after the MMA
polymerization reaction by SEM showed the presence
on the surface of a significant number of polymer fibers
with a length of up to 200-700 microns, as well as
smaller organic particles with a size of 5-10 microns
(Fig. 4), as previously in works [22, 23].

Study of the catalyst powder surface by SEM af-
ter washing in THF and chloroform, as in the previ-
ous experiments [22, 23], showed the presence of
polymer and organic fibers (Fig. 4, b, c). However,
after purification in water by ultrasound and subse-
quent drying in vacuum, polymer fibers on the
RbTe1s5Wo.506 oxide surface are not identified by the
SEM method (Fig. 4, d) as well as after further heat-
ing at 300—400 °C.

However, the catalyst powder after ultrasonic
purification in water without additional calcination
showed a significant drop in its effectiveness in the
synthesis of a polymer based on MMA. Such pow-
der leads to PMMA formation with a conversion of
less than 5% (when using fresh powder, up to ~10%
of the polymer can be isolated from the reaction
mixture) [22]. It is obvious that the change in the
efficiency of the photocatalyst is associated with a
change in the RbTe1s5Wos506 oxide surface, which
are not identified by the SEM method.

Polymer

RN e

ing OF
‘” =OH n MMA
-oH ——=M-0- —»
H:D
o [—
) 5

Fig. 3. Schemes of various directions of interaction of formed radicals with the substrate

Puc. 3. CxeMbl pas3nuyHbix HanpasneHnin B3aumoaencTenst obpasoBaHHbIX pagukanos ¢ cybctpaTtom
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b

d

Fig. 4. Polymer macromolecules on the surface of the RbTe; sWo 506 catalyst powder
after the polymerization reaction of MMA (a); the RbTe; sWo 506 catalyst powder surface after washing
of PMMA in a THF solution (b), CHCI; (c) and water in UZDN-A650 (d)

Puc. 4. Makpomonekyrnbl nonumepa Ha NoOBEpPXHOCTM nopoLuka katanudatopa RbTe; sWo 506 nocne
npoBeAeHNs peakuuy NonuMmepunsaumm meTunMeTakpunara (a); NOBepXHOCTb NopoLUka katanusatopa RbTe; sWo 50 nocne
OTMbIBaHWA NonMMeTUNMeTakpunarta B pactsope teTrparngpodypana (b), CHCI; (¢) n Bogbl B Y3[H-A650 (d)

A more in-depth study of the RbTe1sWos50s Oxide
surface after the 1st, 2d and 3d purification methods
by the XPS method showed that a shift of the photoe-
lectronic lines of Rb, Te, W metals towards high bind-
ing energies respect to RbTe15Wos06 initial sample is
observed [13, 35]. The shift shows Rb, Te, W atoms
on the surface are predominantly connected to oxygen
that is, all the atoms on the surface after the polymeri-
zation process and purification are in an oxidized state
“M-O-” (Fig. 5). Simultaneously, ultrasound purification
with further calcination at 300—400 °C leads to almost
full recovering the positions of the metals photoelec-
tron lines on the surface.

The behavior of the surface carbon also should
be noted. Photoelectronic lines C 1s and O 1s for the
initial catalyst powder show the presence of a charac-
teristic insignificant amount of adsorbed organic pollu-
tants and CO2 on the surface (Fig. 6, a, b), while there
are significant changes of C1s and O1s for samples
after the 1st, 2d and 3d treatment methods. Only
ultrasonic treatment with next heating allows to
reach quite close the initial decompositions of the C

1s and O 1s lines. Moreover, as it has been con-
firmed earlier [35], the ratio of Rb:Te:W atoms on
the surface strongly impacts on the photocatalytic
activity of the powder. Using XPS method, it has
been obtained that the Rb:Te:W ratio is significantly
depended on purification procedure, and it becomes
close to the initial only after chloroform solution
treatment and ultrasound conditions with further
heating.

Decomposition of photoelectronic lines of car-
bon C 1s and oxygen O 1s showed that chemically
adsorbed MMA and its oligomers are present on the
surface of the powder sample washed in an ultra-
sonic bath: contributions of the C-C (285 eV),
C-C=0 (285.75 eV), C-O (286.7 eV), O-C=0
(289.1 eV) bonds are correlated as 2.4:1:0.7:0.4
(Fig. 6, c, d; Tab. 1). A slight change in the peaks
ratio compared to pure PMMA (2:1:1:1) in the line C
1s occurs due to the influence of the metals of the
RbTe15Wo.506 compound on the distribution of elec-
tron density along the bonds, formed between Rb,
Te, W and carbon of the MMA molecules though
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oxygen. Besides the chemical bonds of MMA, there
is a small excess of C=0 — ether group bonds on
the photocatalyst surface, as well as potassium
(doublet), which got to the surface of the catalyst
from the emulsifier, and C—F bonds associated with
the storage of samples in plastic bags, are observed
at the level of impurities. Thus, although the powder
treatment in an ultrasonic dispergator leads to the
destruction of large catalyst-bound macromolecules
observed by SEM, the monomer and oligomers
formed during the destruction of macromolecules by
ultrasound form chemical bonds with the catalyst
and remain on its surface. Thus, while SEM does
not identify polymer macromolecules, XPS shows
the catalyst surface is not free.

After prolonged chloroform extraction, part of the
MMA and OMMA macromolecules formed in the
reaction mixture (Fig. 3), passes into solution. Pre-
viously it was noted [6] that MMA and OMMA poly-
mers were also identified in chloroform after wash-
ing the photocatalyst powder by 3C NMR spectros-
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copy and MALDI methods (Fig. 4). However, a sig-
nificant part of macromolecules remains on the sur-
face of the catalyst, and it is detected by the SEM
method (Fig. 4, c). Despite this, the analysis of the
photocatalyst powder washed in chloroform at boil-
ing point (61 °C) immediately after the synthesis of
the polymer by the XPS method shows the absence
of PMMA and MMA molecules on the surface. In
this case, decomposition of the photoelectronic car-
bon line 1s gives a distribution of bond contribution
intensities that does not correspond to PMMA.
There is a significant increase in the contribution of
the C=0 bonds of the ether group and C-O-R and
the appearance of CO3? groups on the powder sur-
face (Fig. 6, e, f; Tab. 1), which can be attributed to
the oxidation products of polymer molecules and
monomers. That is, although large macromolecules
remain bound to the photocatalyst powder after
treatment with chloroform, the surface layer of the
adsorbed MMA is noticeably oxidized.
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Table 1. The contributions of bonds to the carbon photoelectron line C 1s for the studied samples

of RbTe15Wo0506 powder in atomic %

Tabnuua 1. Bknagbl cBasden B poOTOINEKTPOHHYIO nNuHuio yrnepoaa C 1s
ANs uccnefoBaHHbIX 06pasuos nopowka RbTer,sWo506 B aTOMHbIX %

Type

. o Powder after Powder after Powder after Powder after
of cﬁsr?;lcal E, eV Initial powder ultrasonic treatment CHCls THF firing 300-400 °C

C-C,C-H 285 77.5% 48.19% 49.88% 72.48 63%

Cc-C=0 285.75 12.5% 20.08% 11.48% 7.22 16%

c-O0 286.7 10% 13.34% 12.68% 12.67 10.7

0O-C=0 289.1 - 7.90 6.70 2.86 -

C=0 288.1 — 10.49 15.55 4.77 -

CO3% 290 - - 3.71 - -

C=C 284.2 - - - — 10.3

After washing the powder with a THF solution,
polymer molecules (Fig. 4, b) are also visible on the
SEM images [6], however, they are not identified on
the catalyst’s surface by the XPS method. Potassi-
um from the emulsifier is also detected on the sur-
face (Fig. 6, g, h; Tab. 1). The proportion of C-C
and C-H bonds on the photocatalyst’s surface in-
creases significantly compared to the other two
samples. Probably, in this case, the excess of THF
substitutes adsorbed MMA on the catalyst surface
with the opening of the ring according to the scheme
in Fig. 7 proposed in the work [37].

The study of the composition of the catalyst samples
by depth during ion profiling shows that after 2—4 nm ad-
sorbed monomers and oligomers in the line C 1s are
absent. There are also no contributions of C-O and
C=0 bonds in the O 1s photoelectronic line. It sug-
gests that MMA molecules and oligomers are ad-
sorbed only on the thin layer of the catalyst’s surface
with thickness no more than 1-2 nm.

THF molecule is adsorGed
on the catalyst surface

I OH

(@)

Catalyst surface

In general, the following features of changes on
the RbTe1sWos06 complex oxide surface after ca-
talysis of methyl methacrylate polymerization should
be distinguished. From the previous study of the
surface and the photocatalytic properties of
RbTe1sWo.50s, it is known that the compound’s sur-
face is enriched with Rb atoms, due to their migra-
tion from the volume to the surface through the
channels of the crystal lattice [32]. It leads to the
appearance of a small positive charge on the sur-
face of the powder particles, which in an aqueous
solution well adsorbs water and OH-. Thus, the
RbTe1sWo506 surface in solution has a partially
negative charge, which is confirmed by the in-
creased adsorption of cationic dyes by the catalyst
surface [35]. The surface may have the form shown in
Fig. 8. In addition, Te and W atoms are presented on
the surface, which are also capable of adsorbing water
to form —(Te/W)-OH and —(Te/W)-O-, however, their
contribution to the surface state is less due to the
smaller number of atoms on the surface than Rb.

Opening of the THF
molecule ring

Catalyst surface

Fig. 7. Mechanism of adsorption of the THF molecule on the catalyst surface

Puc. 7. MexaHu3m agcopbuumn Monekynbl TeTparnapodypaHa Ha NoBepxHOCTb kaTanuaartopa
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H\ /H
OH o g

Catalyst surface

Catalyst surface

Catalyst surface

Fig. 8. Types of adsorbed particles on the catalyst’s surface in an aqueous solution

Puc. 8. Tunbl a,D,COpGI/IpOBaHHbIX YacTul Ha NOBEpPXHOCTU KaTanm3aTtopa B BOOAHOM pacTtBope

After the polymerization reaction, metal atoms
on the RbTe1sWos0e6 surface are in an oxidized
state. It means that the active centers -M-Oe-, where
the radical polymerization process starts, are occu-
pied. After the powder is treated with ultrasound,
polymer macromolecules are destroyed, while oli-
gomers can still occupy active centers -M-Oe. The
atomic concentration of Rb (3d), Te (3d) and W (4f) is
corresponds to 19.2, 62 and 18.8%, respectively, while
initial powder possess containing 49.8, 35.5 and
14.7% for Rb (3d), Te (3d) and W (4f) in atom%, re-
spectively. Thus, it is clearly seen, the Rb-sites on
the surface is not recovered (Fig. 5). In addition, due
to multiple bonds in the monomer and polymer, or-
ganic substrates interact with the complex oxide
RbTe1s5Wo0s506 with the formation of coordination
complexes [38-40], which prevent the release of
hydroxyl radicals into the volume of the monomer
solution. These features in the reaction mixture ex-
plain the small yield of PMMA (5-10%) in solution
after the reaction [12]. Probably, with the formation
and growth of a MMA and OMMA oligomers chain
on the catalyst surface, the process of interaction
between electron-hole pairs and solvent-water be-
comes sterically difficult, and reactions (2), (4-7)
(Fig. 2) practically stop. On the other hand, growth
of the electron migration path along the chain of
PMMA molecules from the catalyst to the radical
center in solution increases the probability of re-
combination of the electron-hole pair. It leads to a
sharp decrease of the number of active particles
and formed radicals, and, consequently, to a slow-
down and stop of the polymerization reaction on the
surface and in solution.

Moreover, for the regeneration of the RbTe1sWos0s
photocatalyst, the treatment by using organic sol-
vents of PMMA is not sufficient for reuse too. After
washing the powder in TG solution, the atomic con-
centration of Rb (3d), Te (3d) and W (4f) on the sur-
face becomes 19.3, 62 and 14.8%, respectively,
which is also distinguished in comparison to initial
one and characterized by loss of Rb (Fig. 5). In case
of using chloroform as solvent, the surface atomic

concentrations of Rb (3d), Te (3d) and W (4f) seems
to be almost recovered and corresponds to 40.7,
42.7 and 16.6%, respectively (Fig. 5). Despite the
fact, strong oxidation of the surface is still observed
and influences the photocatalytic activity.

Thus, for the regeneration of the RbTe15Wo0.50s
photocatalyst, the treatment of its aqueous solution
with ultrasound or using PMMA organic solvents is
not sufficient for reuse. It was clearly shown by XPS
studies, as well as a decrease in the effectiveness
of MMA polymerization processes and MMA grafting
on collagen and pectin.

To remove organic molecules from the catalyst’s
surface, it was fired at a temperature of 300—-400 °C
after ultrasonic treatment. After such treatment of
the catalyst, the polymerization process of MMA
leads to the isolation of its polymer with a conver-
sion rate of ~5%, which is slightly less, than for the
fresh catalyst. It is due to the recovery of the chemi-
cal state of metals and their quantitative distribution
on the surface to close the original (Rb (3d), Te (3d)
and W (4f) is 42.9, 42.8 and 14.3% in atom%, re-
spectively). The surface is also cleaned of organic
compounds — reagents and products of the polymer-
ization process, which can be confirmed by the de-
composition of the C 1s and O 1s photoelectronic
lines for the heated sample (Fig. 6, i, j) to a state
close to the original, except for the presence of a
small number of bonds C = C (~284.2 eV).

CONCLUSIONS

Different ways of surface purification of the
RbTe1s5Wo506 catalyst after MMA polymerization in
an aqueous emulsion under irradiation with visible
light A=400-700 nm at a temperature of 20-25 °C
for further reuse have been carried out. Analysis of
the catalyst surface by SEM and XPS methods
showed that the treatment of the catalyst under ul-
trasonic conditions in an aqueous emulsion allows
the destruction of polymer macromolecules, but the
monomer and oligomers formed under the action of
ultrasound due to the destruction of the polymer
remain on the surface of the catalyst, forming chem-
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ical bonds with it. It was also found that prolonged
treatment of the catalyst powder with chloroform at
its boiling point in the Soxhlet extractor, as well as
mixing it in THF, leads to partial removal of organic
substrates — oxidative products and solvents. These
processes lead to inactivation of the RbTe15Wo50s

catalyst during polymerization. To reach the efficient
regeneration of the powder, not only ultrasound treat-
ment is required, but also its heating at 300-400 °C to
fully clean the surface of organic substrates and
recover the Rb:Te:W ratio.
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