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Visible light photocatalytic properties of nano-sized
tin dioxide doped with iron.
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The application of nano-sized oxides for photocatalytic degradation is a
promising method of wastewater treatment. The use of visible light
simplifies and reduces the cost of this process. One of the promising

photocatalysts is tin dioxide. To increase the efficiency of its use in
photocatalytic processes under the action of visible light, can use its
doping with transition metals. It is known that the use of iron as a doped
additive to titanium dioxide can increase photocatalytic activity including
through inhibition of electron/hole pairs recombination. For SnO,, this
approach has been little studied.
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Study the effect of sonochemical doping

EXPERIMENTAL

The high porous gel SnO,, heterogeneously precipitated using ammonia
SnCl, + 4NH, + H,0 — SnO, + 4 NH,CI

S =178 m?/g
74 X
at 90°C t=1;2h
+5%
at 22 KHz Fe(OH)3

Thermal treatment at 300°C

on the photocatalytic properties of iron-
doped tin dioxide.

The aim of this work

Physical-chemical properties of all samples were studied
using the following techniques: differential thermal
analysis,X-ray analysis, nitrogen adsorption-desorption,

Photocatalytic activity
Aqgueous solution of RhodamineB, Safranin T,
4-chlorophenol
(C=1-10° mol/L); Cppotocatar, = 1 9/L;
LED lamp Philips LED Cool daylight
power = 100 W; A,,,,=580 nm; t =10 h.

UV-Vis spectroscopy
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RESULTS

According to the results of DTA-TG, the initial precipitated sample corresponds
to the composition of tin oxohydroxide. Doping by ultrasonic treatment leads to
the removal of the OH group. Next thermal treatment of the doped sample
promotes this process. All obtained samples have a composition close to SnO,.

The doped samples have a more perfect crystalline structure than the initial
precipitated sample. Doping and thermal treatment of samples leads to an
increase in the size of the crystallites.

Table 1. Tin (1V) oxide porous structure parameters
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Fig. 1. Data of XRD

Samples S, Vs Vi | Ve | Vit dme The initial sample is microporous with high value of specific surface area.
m?2/ cm3/g nm After UST, an increase in the specific surface area is observed; the total
T volume and pore size are almost unchanged. The doping with Fe3* has a
Sn0, precipitated 178 0.09 1 0.00 10.0210.07) 2.4 similar effect. In this case, the doped SnO, has porous structure with high
+ UST 90°C 206 0.11 | 0.01 | 0.02 |0.08]| 2.5 the proportion of micropores in the total pore volume, but meso- and
+5%Fe UST 90°C 205 0.25 0.14 | 0.03 |0.08] 2.5 macr.o.pores are presented. After further thermal treat.ment occurs: the
specific surface area decrease, and the volume and size of mesopores
+5%Fe UST 90°C+TT300°C 137 | 0.26 | 0.09 | 0.08 | 0.08| 4.7 increases (Table). The formation of meso-macroporous structure is
S peciic surfac rea V,  pore volume, Vs, - esopors VoL, Vi - Micropor vlume, V- mactopores voume, ciameter o mesopore (caloulated from the pore szedistibution (PSD)) observed.
e . 520 nm
’5 As a result of doping with Fe3*, there are a significant 0'20 _ | Ke=517105s1 15
- narrowing of band gap E, from 4.2 eV to 3.7 eV for initial | = | <
. R and doped samples, respectively. The band gap E, of doped o ™" S ° >
. SnO2 after thermal treatment also decreases to 2.9 eV. o0 . - -
L 30- Both samples are characterized by an additional sublevel in 0.5
S 25 +UST 90°C band gap with values at 2 eV. As well as, absorption of 000 , | , 004 - . =
§ - visible light increases 3-4 times compared with un-doped | 300 | oam 60(_) ’ T aam
3 . Initial L | sample. This makes I1.Z possible t? .use t.he obtained samples FI?t.sgp.hl;;gd\e/; asc?aet?gr?i?\ftﬁehEr:geune:eugfsg!;;[Loer;afer F:tgs sh(?tc\){j_e\élrz dsggc(:)tr:ai\nothsé'l;)?gsléi%lésosfoélézlgr; 3eif'ier
_ - \_as photocatalysts active under visible light. ) SnO, after UST at 90°C . SnO, after UST at 90°C .
. wSwFSTUSTOCC T 4 )
5 | +5%Fe*UST 90°C+TT 300°C E =12395/A . These transformations of physico-chemical parameters contribute to the
0 where ) - absorption edge, nm. increase in photocatalytic activity of iron-doped tin dioxide in processes of the
200 250 300 350 400 450 500 550 600 650 dyes degradation under visible light. The rate constant of rhodamine B and
A, nm Samples L (nm)  E (V) A(%) safranin T degradation for Fe-doped SnO, is increasing 2-3 times. In addition, in
Fig. 2. Data of UV-Vis spectroscopy initial 295 4.2 15 contrast to inactive initial tin dioxide, doped samples exhibit photocatalytic
Q *usTeoc 288 4.3 18 activity during the degradation of 4-chlorophenol under visible irradiation.
& *FetusT90°C 335 3.7 70 \ /
x_absojpz::e(:es::i;;jiozs A_“giszorpﬁon - i%isible regizz%_ Thi_s work was supporte_d by the frame_work of the research project of_young scientists from _the
National Academy of Sciences of Ukraine «Alternative methods of doping SnO,-based materials
to purification of the water environment from pollutantsy», (contract no :75-09/03-2022).
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