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TIN (IV) OXIDE AND OXO-HYDROXIDE MODIFICATION
AND INVESTIGATION OF THEIR PROPERTIES

Four series of tin (IV) oxide and oxo-hydroxide samples were modified by using microwave and
mechanochemical treatments. Physical-chemical properties of all samples were studied by using the
following techniques: XRD, differential thermal analysis, nitrogen adsorption-desorption, UV-Vis
spectroscopy. The estimation of photocatalytic activity under visible irradiation was carried out by using
degradation of textile dyes (safranin T, rhodamine B) in aqueous medium. Investigations have shown that a
specific surface area decreases as a result of mechanochemical treatment of samples of the first three series
in air, and remains almost unchanged after milling in water. The specific surface area increases and the
crystal structure of the latter are improved as a result of microwave treatment.

Meso-macroporous structure is formed in all cases. All samples showed high photocatalytic activity in

the degradation of rhodamine B and safranin T.

Keywords: tin (IV) oxide and oxo-hydroxide, mechanochemical treatment, microwave treatment, pore
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Introduction

Tin (IV) oxide and hydroxide are important
versatile materials, which have high chemical
stability and excellent physical-chemical properties.
For example, tin (IV) oxide and hydroxide used as
adsorbents [1; 2], catalysts [3], photocatalysts [4],
gas sensors [5] etc.

It is well known that crystal, porous and surface
structure, thermal and mechanical stability, the
ability to granulation are determined sorption and
catalytic properties of solids. Therefore, it is very
important to develop ways for regulation of these
parameters both on the stage of synthesis and next
modification. Tin (IV) oxide and hydroxide have
been synthesized by various methods such as
chemical  vapor  deposition [2], thermal
decomposition of tin chloride [4], sol-gel [6],
hydrothermal synthesis [7] and others. These
synthesis methods sufficiently well studied and
widely used, but not always using them allow to
achieve the desired properties. Therefore, there is a
need to improve synthesis and modification
procedures for preparation tin (IV) dioxide and
hydroxide. To overcome most of existing
shortcomings, microwave and mechanochemical
treatments, which showed efficiency for others
oxides and hydroxides, can be used.

Materials and methods
We modified four series of samples: 2 laboratory

xerogels and 2 commercial powders. Laboratory
xerogel of series 1 was heterogeneously precipitated

from aqueous stannic tetrachloride solutions with
ammonia solutions:

SnCl, + 4NH, + H,0 — SnO, + 4NH,CL.

The resulting precipitate was washed and dried.

Laboratory = xerogel of series2  was
homogeneously precipitated using aqueous stannic
tetrachloride solutions and urea:

CO(NH,), + H,0 25 2NH, + CO,
SnCl, + 4NH, + H,0 — SnO, + 4NH,CI.

Aging of wet gel was performed at room
temperature for 25 h by pH = 1. The obtained gel-
like precipitate was washed, filtered and divided
into parts. Fist part reserved as a wet gel and second
part dried at t =20 °C for preparation of xerogel.

The commercial powders were: high-dispersed
porous powder (series 3) with specific surface area

S=198 m*g, low-dispersed and low-porous
powder (series 4) with specific surface area
S =6 m%g.

All samples were subjected to mechanochemical
treatment MChT in air and water at 300, 600 and
850 rpm for 0.5h using a planetary ball mill
“Pulverisette-7 (“Fritsch”, German). Microwave
treatment MWT was carried out in the form of wet
gel and dry xerogel for 0.5 h using high-pressure
reactor “NANO 2000” (‘“Plazmotronika”, Poland).

Physical-chemical parameters of modified
samples were determined using the following
techniques. XRD analysis was done on a
diffractometer Philips PW 1830 with CukK -
radiation. Curves of differential thermal analysis
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(DTA-TG) were obtained using apparatus
Derivatograph-C (F. Paulik, J. Paulik, L. Erdey) in
the range of temperature 20—600 °C at the heating
rate 10°/min. Parameters of porous structure
(specific surface area S, sorption pore volume V,
micropores volume V ., mesopores volume V)
were determined from isotherms of low-temperature
nitrogen adsorption obtained with the help of
analyzer ASAP 2405N (“Micromeritics Instrument
Corp”). Electron (UV-Vis) spectra of powders were
registered on Lambda 35 UV-Vis spectrometer
(Labsphere RSA-PE-20 diffuse reflectance and
transmittance accessory, Perkin-Elmer Instruments).

The testing of photocatalytic activity in visible
region was carried out using degradation of textile
dyes (safranin T, rhodamine B) in aqueous medium
(0.5-10° mol-L! solution). The calculation of
photodegradation rate constants K, was based on
the concentration change of the dyes solution after
establishment of adsorption/desorption equilibrium.

Results and discussion

According to DTA-TG data, the first three initial
samples correspond to composition SnO(OH),, the
latter —SnO, (Fig. 1). Influence of mechanochemical
treatment of all samples leads to partial removal of
OH-groups. It is accompanied by transformation of
initial SnO(OH), into SnO,. Chemical composition
of SnO, does not change under milling.
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Fig. 2. XRD for samples: a — SnO(OH), heterogeneously
precipitate initial; 5 — SnO(OH), heterogeneously
precipitate after MWT; ¢ — SnO(OH), heterogeneously
precipitate after MChT
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Fig. 1. DTA-TG curves for samples: a — SnO(OH), homogeneously precipitate; b — SnO(OH),
homogeneously precipitate MChT air 600 rpm; ¢ — SnO, powder initial; d — SnO, powder MChT air 600 rpm

Laboratory xerogels have X-ray amorphous
structure and commercial powders are crystalline.
The crystal structure of latter is partially destroyed
after mechanochemical treatment, but on the contrary,
improved as a result of microwave treatment (Fig. 2).

The first three initial samples are high-dispersed
and porous (7able). They have high content of
micropores. The total pore volume V and specific
surface area S of samples with higher initial values
of these parameters (series 2 and 3) decrease during
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Table. Tin (IV) oxide and oxo-hydroxide porous structure parameters

N Samples msz;g c:ﬁg vV, cm’/g cmngc/’g c:]nfgi/’
SnO(OH), heterogeneously precipitated 108 0.05 0.05 0.02 0.02
SnO(OH), MChT air 300 rpm 138 0.08 0.08 0.03 0.04
) SnO(OH), MChT water 300 rpm 163 0.33 0.10 0.05 0.04
series 1 SnO(OH), gel MChT 300 rpm 180 0.17 0.09 0.04 0.04
SnO(OH), xerogel MWT 166 0.17 0.17 0.17 -
SnO(OH), gel MWT 183 0.31 0.11 0.08 -
SnO(OH), homogeneously precipitated 177 0.08 0.08 0.01 0.04
SnO(OH), MChT air 300 rpm 142 0.23 0.07 0.02 0.04
SnO(OH), MChT air 600 rpm 135 0.16 0.07 0.02 0.04
series 2 SnO(OH), MChT water 300 rpm 164 0.45 0.10 0.03 0.06
SnO(OH), MChT water 600 rpm 159 0.27 0.08 0.02 0.02
SnO(OH), gel MChT 300rpm 179 0.10 0.09 0.02 0.03
SnO(OH), gel MChT 600rpm 182 0.13 0.09 0.03 0.04
SnO(OH), initial 198 0.10 0.10 0.06 0.04
SnO(OH), MChT air 300 rpm 177 0.10 0.09 0.08 0.04
SnO(OH), MChT air 600 rpm 144 0.08 0.07 0.02 0.04
series 3 SnO(OH), MChT air 850 rpm 130 0.07 0.07 0.04 0.00
SnO(OH), MChT water 300 rpm 185 0.18 0.10 0.06 0.02
SnO(OH), MChT water 600 rpm 192 0.19 0.10 0.06 0.03
SnO(OH), MChT water 850 rpm 187 0.10 0.09 0.06 0.03
SnO, powder initial 6 0.025 0.02 0.02 0.0008
SnO, MChT air 300 rpm 8 0.07 0.06 0.06 0.0004
) SnO, MChT air 600 rpm 11 0.07 0.06 0.06 0.0006
series 4 SnO, MChT air 850 rpm 13 0.05 0.05 0.05 |  0.0000
SnO, MChT water 600 rpm 10 0.20 0.07 0.07 0.0005
SnO, MChT water 850 rpm 8 0.23 0.05 0.05 0.0011

milling in air while the mechanochemical treatment
in water does not almost change them.

However, all porous structure parameters
increase as a result of MChT and MWT of sample
with minimal S (series 1). The formation of the
secondary porosity that presented by macropores is
a feature of milling in water. Therefore, meso-
macroporous structure are formed which is the most
requested in adsorption and catalytic processes.
Specific ~ surface area  increases  during
mechanochemical treatment of low-dispersed
powder (series 4) in air and water. Additionally,
porosity also arises: mesoporosity in the first case
and meso- and macroporosity — in the second case.

UV-Vis spectra (Fig. 3) show that the changes of
absorption in visible region (> 400 nm) do not occur as
aresult of MChT and MWT of powders and xerogels.

200

Fig. 3. UV-Vis spectra for samples SnO(OH),
heterogeneously precipitated: a — initial; b — MChT
xerogel air 300 rpm; ¢ — MChT xerogel water 300 rpm;

d —MChT gel air 300 rpm; e - MWT
gel 185 °C; f— MWT xerogel 165 °C
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Fig. 4. Photocatalytic activity modified sampels in processes of rhodamine B degradation in aqueous medium:
a — SnO(OH), heterogeneously precipitated initial K,=1.76-107 s;
b — SnO(OH), heterogeneously precipitated MWT K = 2.36-107 s;
¢ —SnO(OH), heterogeneously precipitated MChT gel K ,=2.57-107 s7';
d — SnO(OH), heterogeneously precipitated MChT xerogel K, =2.44-107 s™!

The hypsochromic shift (the same regardless of the
intensity of the treatment) of absorption edge shifts
from 335 (initial sample) to 309 nm (modified
samples) is observed for all milled samples. The latter
indicates broadening of the band gap E_ from 3.70 to
4.01 eV and from 4.09 to 4.17-4.25 eV for samples of
series 3 and series 1, respectively. In contrast, MWT
results in batochromic effect and corresponding
narrowing of band gap for modified samples of
series 1: from 4.09 to 3.8-3.9 eV.

All modified samples exhibit higher photocatalytic
activity in processes of dyes (thodamine B, safranin T)
degradation in aqueous medium compared with initial
samples. Thus, rate constant of dye degradation K
achieves of magnitudes 3.6-8.8-10° s for modified
samples of series 3 under visible irradiation. The
samples of series 1 are less active in the same

conditions: value of K is equaled 2-3-10°s™ (Fig. 4).
However, their activity sharply improves under UV-
illumination: rate constant of dye degradation
increases 35 times.

Under mechanocatalytic degradation, K, is
maximal and achieves 3-10*s! but decreases after
preliminary milling of initial SnO(OH),.

Conclusions

Thus, tin (IV) oxide and oxo-hydroxide
modification by means of mechanochemical and
microwave treatments allows to regulate of
porous structure parameters and improve their
photocatalytic  properties in  process of
rhodamine B and safranin T degradation under
UV- and visible light.
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MOJIM®IKYBAHHS TA JOCJLIKEHHS BIACTUBOCTEM
OKCHJY TA OKCUTIIPOKCH/LY OJIOBA (IV)

Yomupu cepii 3pasxie oxcudy ma okcueiopokcudy onosa (IV) 6y10 moougixoearno 3a 00nomozow mexa-
HOXIMIYHOI ma MIKpOX8Uuib080i 00pooxu. JJocnioiceno Qizuxo-ximiuni enacmusocmi 6cix 3pasKis 3a 0ono-
MO20I0 peHm2eH0Pa308020 AHanizy, OUpepeHyilino20 MePMIYHO20 AHANI3Y, MeMO0i8 00CTIOHCEeHHs NOPY8a-
moi cmpykmypu, enexkmpounoi (UV-Vis) cnekmpockonii. @omokamanimuuni 61acmueocmi 00CIiOHUX 3pa3-
Ki6 gusyanucs 6 peakyisx gomodecmpykyii 600uux posuunie dapsnuxie (Cappanin T, Pooamin b) npu
onpomineHHi y suoumil obnacmi. J{ocniodxncenHs nokasanu, wo nicia nposedeHHs MexaHoXiMiuHoi 06pooKu
nepuux mpvox cepiti 3paskie 6 ammocghepi nogimps nUMoMa NOBEPXHsL 3HUNCYEMBCA, a Y 800i 3aNUULACMb-
cs matidice He3MIHHOW. Y pe3yibmami MIKpoXeunb0o8oi 00poOKy NUMOMA NOGEPXHSL 3pOCMAE, ChOCmepiza-
€MbCsL YNOPAOKYBAHHS KDUCTNATIIYHOL CIMPYKMYPU.

B ycix sunaokax gpopmyemucs me30-mMaxponopysama cmpykmypd. Yci 3pasku noxasanu 6ucoxy ¢omo-
Kamanimuuxy akmusHicms npu gpomodecmpyxyii Pooaminy b ma Cagpaniny T.

KurouoBi cioBa: oxcun Ta okcurigpokcun onoBa (IV), mexaHoximiuna oOpoOka, MiKpOXBHIIBOBa
00poOKa, 06’ eM TIOp, MUTOMA MTOBEPXHS, (POTOKATATITUIHA AKTUBHICTD.
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Muxaiinenko O. B.

OCOBJIMBOCTI YTBOPEHHSI KOMILJIEKCIB TUITY
«TICTh-TOCTIOJAP» MIK IBOILIAPOBUMHA
KAPBOHOBHUMH HAHOTPYBKAMM
TA BIC(*-IAKJIOIEHTA JICHLT)KOBAJBTOM

3 gukopucmauHim memooie MonekyusipHoi mexanixu MM+, nanigemnipuunozo K8aHmo80-XiMiuH020
PM3 ma Monte-Carlo docnioscerno xapakmep po3mauty8anHs MOAeKyn 0ic(1’-yuxkioneHmaodieHin)kobaib-
my y 0soutaposiii (5,5)@(10,10) xapbornosivi ranompyoyi ({KHT) 3anexcro 6i0 konyenmpayii inmepkans-
my i memnepamypu iHmepramnoeants. 3i spocmannim memnepamypu (nowad ~490 K) eiobysacmvcs no-
cmynoge pyuHy8aHHs YMEOPEeHUX 36 A3Ki6 3 eKcmpy3icio MixcmpybHozo inmepkananmy. Ilooanvuie niosu-
wenns memnepamypu 0o 650-750 K xapakmepusyemvcs  308HIUHbONOBEPXHEBOID  0ecOPOYIEIO
IHmepKanamy ma speuwimi-peutm cmabinizye 00CIi0NCYSAHY HAHOCUCTEMY 3A2aN0M, 30epiealoyu JuuLe Hy-
mpiwHbompyoHull inmepxanam. Pospaxosano Y®-cnexmpu (5,5)@(10,10) JIKHT 3anexcho 6i0 koHyeH-
mpayii IHmepKaismy ma 6U3HA4eHo KOHCManmy acoyiayii cucmemu, sxa cmanosumo 76,8 a-monv™.

Konrouosi ciioBa: iHTepkamoBaHHs, KOOAJIBTOIIEH, JBOIIAPOBA KApOOHOBA HAHOTPYOKA, KOMIUICKC THILY
«TiCTh—TOCHORAP», COPOIIis, EKCTPY3isl, TePMOAUHAMIYHA CTA0IIbHICTh, KOHCTAHTA acoIjiarii.
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