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Hydrothermal grown iron oxide films on the surface of titanium
and conductive glasses and their current characteristics in water photolysis

The relevance of photolysis on semiconductor electrodes since the pioneer work of Fujishima and
metallic titanium does not lose sharpness due to new possibilities for developing new materials, s
ductive glasses, for which photolysis cells with semi-transparent semiconductor layer can be created.

(Fe203). It turned out that the nature of the substrate significantly affects the properties of the fo
film, which ultimately forms the level of anodic photocurrents in the layer of iron oxid i

erojunction is more efficient than the conducting glass/Fe20s3 electrolyte sys
that glass is less promising for photolysis systems. It is necessary to achieve mo
synthesis of semiconductor material. ’

Keywords: iron oxide, conductivity, spectrum, current-voltage charac ic, anode photocurrent, band gap,

semiconductor, doping.

Introducti

Semiconductor transition metal oxides are kne '
processes of water photoelectrolysis [1]. Amongthi of anode materials (TiO,, ZnO, Fe;03, WO3, etc.),

al from point of view of its optical characteristics —

this material has intrinsic essential dis mely 1ncreased recombmatlon [2, 3] and it’s very 11m1ted
thickness of an active layer, just a fe
in hydrothermal conditions is al

the properties of films in very

improvement of curreft chaka stics of photoelectrodes. It was of interest to study the formation of iron
oxide films under : nditions on pure films of metallic titanium and on a conducting glass. For that
ofithe electrolyte FeCls5H,0 solution, which allowed to grow films of pure iron oxide
and conductive glass in hydrothermal conditions.

Experimental

e igations were conducted on metallic titanium plates of size 1.5x1.5 cm (VT6 titanium grade)
osition Ti-6.25 Al-4.1 with small admixture of aluminum and vanadium (Government Standard
—91) with a current collector of the same titanium, as well as on conductive glass Fluorine Tin Oxide
(F ith conductivity less than 15 ohms/cm? of firm «LATECH».

Previously we applied 2.0-2.5 g/l FeCl35H,0 solution for modification of titanium dioxide films on the
metallic titanium with hydrochloric acid solution acidifying. We raised the concentration of iron chloride to
5-10 g/l, which allowed us to form under the same conditions (190 °C, 5 hours) iron oxide films in an auto-
clave.

Hydrothermal synthesis of films was carried out in a laboratory autoclave under pressure of 0.5 MPa with
plates position shown in Figure 1. After the hydrothermal synthesis, the films were washed with distilled water,
dried and then annealed in air at 500 °C for 1 hour. In parallel, plates of conductive glasses were processed in
the same fluoroplastic glass. Then the plates after washing with water were also annealed at 500 °C for an hour.
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a — titanium plate (vertical position) and glass plate (horizontal position);
b — the size of the glass electrode with iron oxide layer

Figure 1. Scheme of samples arrangement in the autoclave

X-ray analysis of films was performed at the stationary installation of DRONE-3 wit -Ka radiation
directly from the metallic plates of anodized titanium.
The anodic photocurrent of titanium-oxide electrodes was conducted by a three-el

heme; a plat-
or iron oxide
easured with
ux. The level
d at midday, was

ure
130-10° Lux. Current-voltage characteristic was double-checked for dif
racy was confirmed by 3-4 parallel sample measurements, and the photocu
from their averaged values. Relative standard deviation from theaverage valuets 0.5 %.

Micrographs and semi-quantitative analysis of the electrode,su were performed using scanning elec-
tron microscope JSM-6490LV (JEOL, Japan). Optical spectr es Were recorded on a Cary-50 spectro-
photometer in a transmission mode.

lasses in the autoclave allowed to form a layer of

Simultaneous hydrothermal treatment of titani
8 on trichloride solution concentration. This can be

iron oxide film on the surface of the plates wh
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re 2. Micrograph of iron oxide film of on the glass plate (inverted image)

determine the thickness of iron oxide layer in the limit of 416-450 nm, with the transmis-
. 3) identified as a layer of iron oxide. For example, it is in good agreement with the spectra
inJ5] in the limit of 350-800 nm. We can see the absorption limit which is in line with approxi-
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Figure 3. Transmission spectra of glass after glass treatment with iron trichloride in an autoclave
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The presence of iron oxide film on titanium is also recorded on metal plate X-ray diffraction pattern
(Fig. 4). However, due to the hematite signal weakness, the main peak of metallic titanium outweighs the iron
peak.

T
2,34

e on titanium. It can
be seen that there is no dark current within the potentials up to 800 mV:
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Figure 5. Current-vgltage characteristic of a titanium electrode without lighting

An interesting current char
Figure 6 (blue line). Annealj ium in the air leads to the formation of titanium dioxide film, and its
current characteristics are insi nt — 15-20 pa (blue line), but increased current characteristics for iron
oxide after hydrother nd subsequent annealing of such a sample at 500 °C for 1 hour (red line)
are obvious.
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Blue line — pure Ti; red line — Fe,Os film on Ti

Figure 6. Current-voltage characteristic of pure titanium after annealing titanium dioxide film (blue line)
and iron oxide film on titanium after annealing at 500 °C (red line)
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Current characteristics for hematite on glass are almost identical (Fig. 7). Since the synthesis conditions
for pairs of Ti/Fe,O3 and glass/Fe,O3 were identical (Fig. 1), we associate such a difference of current charac-
teristics with the formation of the hematite boundary with the substrate, where in the case of glass the current
characteristics are minimal, and when the titanium — hematite boundary is formed, the current characteristics
are much higher. Perhaps it is precisely the recombination processes at the substrate, because hematite interface
is significantly reduced in the case of Ti/Fe,O3 pair as compared with the glass/Fe,Os pair.
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1 — glass electrode, T =500 °C, t =1 h; 2 — glass eIectr(J,T 00 °C, T =1 h; 3 — Tielectrode

Figure 7 clearly shows the growth of current chara
trodes is insignificant and does not exceed 30 pA (b i
1 hour and red line — photo current during annealing
that the glass annealing does not lead to significat.c
)
t theconductivity incompleteness at the boundary is significantly
na glass/Fe,O3 boundary, so the conductivity of the «titaniumy

(green line). We assume that such a signi
the Ti/Fe,Os heterojunction. We suppo,
reduced compared to the same transiti
electrode is significantly higher f the «glass» electrode.

We have attempted to i ions (for example, Ni, Co, Ag, Cu as well as a number of other
cations) into the process of gynthiesi iron oxide films and thereby to change film conductivity. To do this,
20 to 100 g/l of the co onding cation was introduced into the initial electrolyte containing 2-2.5 g/l
the spectrogram of the film, to which we tried to introduce a solution
tion was also autoclaved like for the initial iron oxide electrolyte and the prep-

Figure 8. Spectrogram (a) and micrograph (b) of the iron oxide film with another cation introduction
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We couldn't find any traces of the cation injected in the titanium film; only Fe and Ti elements and traces
of Al and V elements are found on the spectrogram (Figure 8). Thus, hydrothermal conditions do not allow to
introduce the accompanying cations into the synthesized film and the iron oxide film is formed on the surface
in pure form. Thus, we did not find any improvement or degradation of the iron oxide layer on the current
characteristics of the synthesized films (Fig. 8).

Current-voltage characteristic is peculiar as well in this case (Fig. 9). The current values fluctuate (red
line) at approximately the same values as for the original iron oxide (blue line). Such insignificant fluctuations

fit into the general paradigm of current-voltage characteristic dependence. Thus, we did not detect the im-
provement or degradation of the iron oxide layer in synthesized films with a cation.
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1 — Fe,0s film; 2 — Fey Ni-cation

Figure 9.Current-voltage characte n oxide films (blue line)
J kel cations in a solution (red line)

and films obtained in the presence o

Figure 10. Micrographs of iron films on glass (a) and titanium (b)

this case, we assume that the Ti/Fe,Os heterojunction, as well as the Ti/ Fe,Os—NaOH electrolyte sys-
tem itself, is a system that significantly reduces regeneration processes in the semiconductor layer and this
sharply raises current characteristics of photoelectrodes. From these positions, perhaps, similar processes are
described by authors of the publication [7], who obtained current characteristics three times the best of ours,
i.e. 1.1 mA/cm?,

Conclusion

Iron oxide films were formed and obtained under hydrothermal conditions on metallic titanium and con-
ductive glasses. It was shown that the current characteristics of the metallic substrate are more than an order
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of magnitude better than for glass. It is obvious that under identical synthesis conditions (hydrothermal growth,
conducting basis) the formation of heterojunction largely depends on the substrate nature. A significant differ-
ence in current characteristics for different substrates is associated with the formation of a semiconductor layer,
where the regeneration processes are very reduced for metallic titanium than for conductive glass.
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Turan x9He 0TKI3y

TUAPOTEPMAJIAbI 6CIPIJITeH i HIIHIH Ka0bIKIIAJAPbI

OKTBIK CHIIaTTaMaJiapbl

@y xummMa MeH XOHAAHbIH aJFalll
JIM3IiH 63EKTIIT KaHa MaTepual
aran aliTKaHIa OTKI3Till IIBIHEL
JIM3]1 YAIIBIKTAp JKacalybl MyM
HBUIAP/IBIH METAIIMEH CaJIb
nepai MoauduKanmsa IpHeIIIe KaTHOHJApP €HTi31I, TeMip OKCHIiHIH KaObIKIIaJaphl allbIH/ABL.
TecenimTiH TaOUFaTHIKAI H OTKI3TiI KaOBIKIIAHBIH KACHETTEPiHE eJeyli ocep €TEeTiHi aHBIKTaJIbI,
i 1 YKApTHUTAil OTKI3TIITIH KaOaThIHAA aHOATHI (DOTOTOKTAp NEHreHiH KalbInTac-
JIBIH TOK CHITATTaMallapbIH 3epPTTETeH, OJIapAbIH HOTIKENepi MeTalT THTaHaa
ANIBICTBIPFaHIa 3apsATay MPOLECTepi XKAKChI KYPeTiHiH kepcerTi. bi3 Metamn Tece-
iH KabaThIHAAFBI XoHe (hasanap IIeKapachiHIa PereHePaIMSUIBIK POLIECTEP/Ii aifTap-
nen ecenteimi3. Ocputaiima, kajibimracatelH Ti/Fe2Os opTexTi oTKi3y «eTkizymn
TPOJIUT) KYieciHe KaparaHaa THimMIipek. [lereHMeH, MIbIHBUIApABIH (OTOH3IIK Kylenep

TepyItH MYMKIHIIKTepiHe OalIaHBICThI OTKIPIITiH KOFAITHANWIbI,
iH JKapThUIal OTKI3TIIITIH KapThiIail Meaip KabaTel 6ap ¢orto-

JIBIHFAH aiiMaKTHIH €Hi, )KapThUIai OTKI3TiI, JONHpIIey.

A.A. Ceitrmar3umos, I'.M. Ceittmarzumona, JXX.K. J>xaamyngaera

I'uaporepmaibHO BhIpalleHHbIE IVICHKH OKCH/A KeJle3a
HA NMOBEPXHOCTH TUTAHA M MPOBOJASIIUX CTEKOJI
U UX TOKOBbIE XapaKTePUCTUKH NPH (POTOJIM3€e BOABI

AKTyasbHOCTB (OTOJTH3a HA MOTYTIPOBOAHUKOBEIX JJIEKTPOJIaX CO BPEMEH MHOHEPCKOH paboTsl Dy HKUIIIMBL
¥ XOHZBI Ha METAININYECKOM THTAaHE HE TepsieT OCTPOTHI BBUTY HOBBIX BO3MOXKHOCTEH OCBOEHHSI HOBBIX MaTe-
pHAJIOB, TaKWX KaK IPOBOMASINNE CTEKIA, AIS KOTOPBIX MOTYT OBITH CO3/aHBl (DOTOIM3HBIE SMEHKH C
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HOJIIIPO3PaYHbIM CJIOEM MOJYNPOBOAHKMKA. HaMu conocTaBieHbl CBOHCTBA TaKMX CTEKOJI IO CPaBHEHHMIO C
METaJIIOM JIJI THAPOTEPMAIIbHBIX YCIIOBHI CHHTE3a OKCHA XkKene3a. Takke MoTyyeHb! IIEHKU OKCHAA XKelle3a
NP BBEJCHUH Psijia KATHOHOB ISl MOAU(HKAIIMHI ONYTPpOBOAHUKOBEIX crcTeM (Fe203). Kak okasanocs, npu-
poza IOJUTOKKH CYIIECTBEHHEIM 00pa3oM BIMSIET Ha CBOWCTBA (opMHpyeMoil MpoBOIMIeH IIEHKH, YTO, B
KOHEYHOM HTOTe, (POPMHPYET YPOBEHb aHOJHEIX (DOTOTOKOB B CJIOE JKEJIE300KCHIHOTO TTOJIYyIIPOBOJHIKA. AB-
TOpaMH HMCCIIeJOBaHBl TOKOBBIE XapaKTEePUCTHKN TaKHX IUIEHOK M ITOKa3aHO, YTO Ha METAUIMIECKOM THTaHE
JIydIlle TIPOMCXOJST 3apsiTHBIE IPOIECCH, YeM Ha HMPOBOJSIINX CTeKIax. MBI cunTaeM, YTO MeTaJuIndecKas
HOJUIOXKKA CYLIECTBEHHO CHI)KAeT pereHepallMoHHbIe MPOIECCHl KaK B CJI0€ MOJYIPOBOIHUKA, TaK U HA Tpa-
Huue das. Takum o6paszom, popmupyemsiii rereponepexon Ti/Fe20z—anexkrponut 6oiee addexTuseH, ueM cu-
creMa «mposojsiiee crekiao/Fe20s—anexTponuty. OfHAKO 3TO HE CBHIETENBCTBYET O TOM, YTO CTEKJIa MEHEe
HEpCIeKTUBHBI 17151 GOTONM3HBIX cucTeM. HeoOxoaumo no6uBathest 0os1ee pueMiIeMbIX YCIOBHiT CHHTE3a HO-
JIyIPOBOJHUKOBOTO MaTepHaa.

Knroueswvie cnosa: OKCHJ KeJi€3a, NPOBOAUMOCTD, CIIEKTP, BOJbTAMIICpHAs XapaKTCPUCTHUKaA, aHOZ[HI)IV TO-
TOK, HIMPpUHA 3anpemeHHoﬁ 30HBI, IOJYIPOBOJAHUK, NOITUPOBAHUEC.
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