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Formation of molybdenum trioxide crystals by electric arc discharge between molybdenum electrodes is
considered. Molybdenum oxide crystals were deposited on side surface of anode. Observation of crystals formation
zone was used for determination of main formations stages. Plasma temperature was estimated by optical emission
spectroscopy method. The resulting products were studied by X-rays diffraction, time-of-flight laser mass-
spectrometry and optical microscopy methods. It was found, that self-organizing vapor-deposition process of MoO;
crystals formation has place. The resulting product is colorless sparkling prisms and platelets, which are mainly
consist of orthorhombic a-M0oQOj; phase. Optical microscopy indicates the formation of closely packed feather-like

pin structures by vapor-solid process.
PACS: 52.50.Dg, 52.77.-j, 81.15.Gh

INTRODUCTION

Molybdenum trioxide MoOjz has some unique
physicochemical properties. It can be used as
perspective material for lithium-ion batteries [1,2]; as
highly field emission cathode for display devices [3]; as
catalyst for hydrocarbons transformation reactions [4]
and as material for thin film gas sensors [5].

Fabrication of MoO; usually is performed by
chemical or physical methods. The physical methods
allow to obtain micro- and nano- structured materials,
particularly crystals. These methods are mainly based
on vapor-deposition processes. Such kind of processes
are organized by evaporation of molybdenum or
molybdenum oxide powders in special furnace [1,6],
evaporation of molybdenum foil by infra-red heating
[3], atmospheric plasma processes based on UHF
discharge [2, 7].

The aim of this work is determination of
peculiarities of crystal formation in the electric arc
plasma source.
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1. EXPERIMENTAL TECHNIQUES

The vertically oriented free-burning arc was ignited
in air between the end surfaces of metallic molybdenum
non-cooled electrodes (Fig. 1,a). The diameter of the
rod electrodes was 6 mm, the discharge gap was 8 mm
and DC current was 3.5 A. Molybdenum oxide appears
on side surface of anode (Fig. 1,b) during arcing. It must
be noted, that zone of crystals formation has place at
3...5 mm below the end surface of electrode.

The middle cross-section of electric arc discharge
plasma was studied by optical emission spectroscopy
technique [8]. The realized configuration of
experimental setup with diffraction grating 600 g/mm
permits simultaneous registration of spatial intensity
distribution in spectral range 400...660 nm.

Video registration of crystal formation zone was
used for determination of main process stages.
Peculiarities of crystal structure were studied by optical
microscopy method with using of MBI-1 microscope.

Fig. 1. Experimental scheme (a) and general view of anode with deposited MoOs-crystals (b)
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Fig. 2. Registered spectrum and it’s interpretation

Chemical composition and structure of obtained
crystals and evaporation products were determined by
X-rays diffraction method and time-of-flight laser mass-
spectrometry.

2. RESULTS AND DISCUSSIONS
2.1. PLASMA SPECTROSCOPY

Optical emission spectroscopy and Boltzmann plot
method was used for determination of plasma
temperature. Mol spectral lines 473.1, 476.0, 550.6,
553.3, 557.0 and 603.0 nm (Fig.2) and preliminary
selected spectroscopic data [9] were used. The
temperature in the middle cross-section of plasma was
estimated as 8000 K.

2.2. CRYSTAL FORMATION
The process of crystals formation during arc
discharge can be separated on specific sequential stages.
Immediately after arc ignition there wasn’t evaporation
due to relatively low temperature of anode surface
(Fig. 3,a).

b c

a

explained by oxidation of metallic molybdenum and
volatilization of oxides at increasing electrode
temperature. Really, oxidation of metallic molybdenum
surface and volatilization of oxide layer were observed
during heating in the furnance [1, 6]. It was mentioned
in work [6] that oxide layer completely evaporates from
molybdenum surface at temperature above 1150 C. So,
this assumption explains the absence of crystals near the
end surface of electrode (see Fig. 1,b) where surface
temperature was obviously more higher.

The MoOgz-crystallites on electrode surface appeared
at the next process phase (Fig.3,c). Crystals start
growing from white fume evaporations, which are
transported by convectional air flow. Probably, initial
crystallization starts on surface defects or on greyish-
black particles, which can be Mo,0;. Friable layer
around electrode (see Fig.1,b), which consists of
irregular oriented transparent prisms and platelets, was
formed by vapor deposition.

Re-evaporation of deposited crystals is avoided by
two reasons. The first one is low thermal conductivity
between electrode and crystallites due to their irregular

Fig. 3. View of anode at different process stages. Initial view — 7 s after arc ignition (a),
appearance of white fume at 17 s (b), formation of MoOs-crystallites at 25 s (c)

After few seconds a white fume was observed
around the electrode (Fig.3,b). This stage was
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orientation. The crystallites are weakly connected to
electrode surface but have numerous connection with
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others. The second reason is cooling of crystallites by
convectional flows.

Therefore, in proposed plasma source self-
organizing vapor-deposition process of MoOs-crystals
formation has place. The process consists of
molybdenum surface oxidation, evaporation of oxide
layers, vapour transportation by convectional air flow
and crystal growth.

Usually formation of crystals is terminated after
2 min after arc ignition. It can be explained by
overlapping of molybdenum surface by crystals, which
complicates following evaporation and transportation of
building material.

2.3. CHEMICAL COMPOSITION AND
STRUCTURE

Chemical composition and structure of produced
crystals were determined by time-of-flight laser mass-
spectrometry (Fig.4) and X-rays diffraction method
(Fig. 5, a,b). Obtained crystals were detached from
electrode surface and milled before the investigations.
X-ray diffraction (XRD) study indicates that resulting
crystals consist of orthorhombic «-MoO; phase
(see Fig. 5, a). Positions of diffraction peaks are in good
agreement with reference data [10]. High intensity of
some diffraction peaks can be explained by orientation
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Fig. 4. Time of flight mass-spectrometry diagram for
obtained crystals

effects in structure of obtained crystalline material. Only
slight admixture of monoclinic B-MoO; phase was
detected.

Two forms of deposited crystals has place. The
prismatic transparent crystallites with longitudinal
dimension up to 3 mm and flat platelets (Fig. 6) with
dimensions up to 3x3 mm are obtained.
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Fig. 6. Optical microscopy of crystals growth structures
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Optical microscopy indicates formation of closely
packed feather-like structures (see Fig. 6 a,b). Every
“feather” consists of closely packed parallel needles,
which are unfinished structures of directional crystal
growth. Probably, attaching of building material on these
pins has place during vapor deposition process and
supports further translation of crystal structure.

Additionally evaporation products were collected on
mounted above the cathode nickel foil (see Fig. 1,b). The
deposited material also consists of MoOs, but the content
of B-MoO; in powder is significantly higher than in
crystals. The ratio a-MoOs/ B-MoO; can be estimated
from XRD peak intensities (Fig. 5, b).

CONCLUSIONS

The temperature of plasma in the middle cross-section
of electric arc discharge source was estimated as 8000 K.

The following stages of crystal formation were found:
molybdenum surface oxidation, evaporation of oxide
layer, vapour transportation by convectional air flow and
crystal growth.

The crystals are prismatic transparent prisms and flat
platelets with dimensions up to 3 mm. The peculiarity of
crystal was closely packed feather-like structures. Every
“feather” consists of parallel needles—unfinished
structures of directional crystal growth.

XRD analysis indicates that resulting crystals mainly
consist of orthorhombic a-MoO; phase and only slight
admixture of monoclinic p-MoO; phase was detected. But
the content of B-MoOjs in deposited evaporation products
(powder) is significantly higher than in crystals.
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®OPMHUPOBAHUME KPUCTAJIJIOB M0O; B QJIEKTPOJAYTI'OBOM UCTOYHUKE ITJIA3MBbI
A.B. JIe6eon, A.H. Bexnuu, B.®. bopeukuit, O.I'. Konecnuxk, C.II. Cagenok, A.B. Andpees

PaccmarpuBaetrcst popMupoBaHHE KPHCTAUIOB TPHOKCHAA MOJHOJEHAa MpPU MOMOIIM 3JIEKTPOJYrOBOTO paspsia
MEXIy MOJHMOJCHOBBIMHU dJieKTponaMu. Kpucrtamisl ¢opMupoBamnuch Ha OOKOBOW MOBEPXHOCTHM aHOAAa BO BpeMs
TOpPEHUST OYTH. DTH KPHUCTALIBI MPEICTABIAIOT COO0M Tpo3payHble OJecTSAImHe MPU3MBI M IDIACTUHKH, COCTOSIIHE,
[JIaBHBIM 00pa3oM, u3 opropoMOmueckoil (a3l MoOgj. s ompeneneHUs OCHOBHBIX ATamoB (OPMHPOBAHUS
KPHUCTAJUIOB, UX XUMHYECKOTO COCTaBa W CTPYKTYPHI MPUMEHSIINCH HAOMIOACHNE 30HBI POCTa, PEHTTCHOCTPYKTYPHBIH
aHaIIN3, BPEMSIIPOJICTHAS MacC-CIIEKTPOMETPHUS M MUKPOCKOTIMIECKHE UCCIICTOBAHHS.

®OPMYBAHHSA KPUCTAJIIB MoO; B EJIEKTPOAYT'OBOMY JIKEPEJII IIJIAZMHA
A.B. JIe6iov, A.M. Beknuu, B.®. Bopeyvkuii, O.I. Konecnux, C.I1. Casenok, O.B. Anopees

PosrmsiryTo OopMyBaHHS KPHUCTANiB TPHOKCHUAY MOJIIOACHY 3a JOMOMOTOK) EIEKTPOIAYTOBOTO PO3PSALY Mixk
MoumiGieHOBUMH enekTpoamu. Kpuctanu ¢popmyBannch Ha OOKOBiM MOBEPXHI aHOJA il Yac TOPIHHS BUTbHOICHYIOYOT
enekTpudHoi ayru. i kpucTamu SBiasum co00r0 MPo30pi OJIMCKYHi MPU3MU Ta MIACTHHKH, SKi CKJIAJAINCh, TOJOBHUM
4uHOM, i3 opropomOiuHoi ¢asn MoOsj. [lns BH3HAuCHHS OCHOBHHUX eTamiB (pOpMYBaHHS KpHUCTaNliB, iX XiMI4HOTO
CKJIQAy Ta CTPYKTYpH 3aCTOCOBYBAJIMCH CIIOCTEPEXKEHHS 30HH POCTY, PEHTTEHOCTPYKTYPHHH aHajli3, 4acoIpoJliTHa
Jla3epHa Mac-CIIEKTPOMETPIst Ta MIKPOCKOIIIYHI TOCITIJKEHHS.

144

ISSN 1562-6016. BAHT. 2014. Ne6(94)


http://www.icdd.com/products/pdf2.htm

