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ABSTRACT

The paper presents a quantum-chemical model and experimental confirma-
tion of cation catalysis phenomenon by the influence of magnesium cation
on tungstate anion el ectroreduction to metallic tungsten in achloride melt.
Ab-initio calculations of the parameters of the {Mg *[WO,]*} 2" type
species have been performed. Within the framework of this approximation
the compositionsfor the most stable speciesin molten saltswere obtained.
The peculiarities of electroreduction of tungstate anion and carbon dioxide
have been studied by the method of cyclic voltammetry inthe binary NaCl-
KCl melt on platinum electrodes at 750°C separately and jointly, in the
presence and without magnesium chloride. It has been shown that addi-
tion of Mg?* in the melt is a necessary condition for the el ectrodeposition
of tungsten in the same potential range as carbon from carbon dioxide and
for the subsequent synthesis of tungsten carbides. The electrochemical
synthesis of tungsten carbides WC and W,C in the form of dispersed
powder has been effected in the system NaCl-KCI-Na,wO,-MgCl.-CO,,.
The optimal electrolysis conditions have been determined for the synthe-
sis of single-phase WC powder. WC product was produced in the studied
systemwith electrodeposition rate 0.3 g/A-h at CO, pressure over 1.7 MPa
and at cathodic current densities 0.05— 0.2 A/cm?.
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INTRODUCTION

Refractory metal carbides can be successfully pro-
duced either as coatings or asfine dispersed powders
by high-temperaturedectrochemicd synthesis(HTES)
from molten salts. Thismethod may competewith other
known methodsfor the synthesisof thefine powders,

and beof interest in powder meta lurgy. TheHTES of
tungsten carbidesis based on multiel ectron processes
that occur on acathodeand |ead to the el ectroreduction
of tungsten and carbon fromionic melts. The sources
of metal and carbon aretheir oxygen containing com-
pounds Na,WO, and CO,. The discharge products
can then react chemically on the cathode surface. It
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should be noted that the presence of electronic con-
ductivity in thedeposited compound (tungsten carbide)
isanecessary conditionfor theredlization of synthesis.
The high-temperature el ectrochemical processesin
molten saltsdiffer greatly from low-temperature pro-
cessesin agueous solutions. At high temperature, the
influence of cata ytic properties of electrode material
on thekineticsof electrode processbecomesweaker.
At the sametime, the catalyzing role of the medium
(eectrolytecomposition) becomesmoreimportant. The
influence of the medium on el ectrode kinetics can be
clearly revea ed in the el ectroreduction processes of
0Xxygen-contai ning anions(complex coordination com-
pounds) of d-meta sinthehighest valent sate. The spe-
cific mechanismsof eectrochemically active species
(EAS) formationand of multielectronreaction of charge
transfer are characteristic features of electroreduction
processes of the above compounds. A cation catalysis
mechanism was proposed by!*2 for the explanation of
thedectroreduction of complex oxygen-containing an-
ionsinmelts. Theessenceof cation catadysisisthetrans-
formation of complex anionsinto theactive stateunder
theinfluenceof cationsof different concentrationwith
strong polarizing effect (Li*, Ba?*, Ca¢*, Mg?"). This
leads to changesin the energy and el ectronic state of
anion, formation of anew EAS, to changesinitscom-
position, inratesof EASformation and chargetransfer
reactions.

Thenecessary conditionfor effective HTES of car-
bidesintheform of powdersisthe closeness of poten-
tidsof carbon and refractory metal deposition from dif-
ferent EAS. Inthe chloridemelt NaCl-K Cl the poten-
tiad of NawO, dischargeismorenegativeby 0,8V than
the potentia of carbon deposition from carbon dioxide
inthe same melt, and the cathodic product istungsten
bronze (Na WO, (x = 0,1-0,9)). In order to produce
metdlictungsten andto shift the potentia of W deposi-
tion to more positive potential values, an approach to
theformation of anew moredectrophilic EAS (which
isreduced at more positive potentias) by meansof cat-
ion catalys swasproposed. A quantum-chemica model
of theformation of tungstate complex cationized by
Mg? cationsisproposed inthis paper. To confirmthis
gpproach experimentaly, the el ectrochemica behavior
of each carbide component must be studied (determi-

nation of discharge potentia range, partia currents, the
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mechanism of electrode processes, and methods of
decreasing thedifference between discharge potentia s).

Theamsof thestudy are: (@) creetion of aquantum-
chemica model of cation catalysisfor the reduction of
tungstate anion; (b) determination of theconditionsfor
carrying out the ectroreduction of tungstenand carbon
separatdy andsimultaneoudy inchloridemetwithMgCl,
additives, (c) redization of theHTES of tungsten carbide
powdersand product characterization.

QUANTUM-CHEMICAL ESTIMATION OF

INFLUENCE OF OUTERSPHERE CATIONS

(Mg? CATIONS) ON CHARGE TRANSFER
AT THE WO, REDUCTION

Theapplication only traditiond e ectrochemicd cri-
teriafor the estimation of characteristicsand param-
eters of the electroreduction of anionswith complex
structurein molten saltsisconnected with overcoming
congderabledifficulties caused by multi-stage charac-
ter of the processes, synchronous occurring of sepa-
rate elementary stages on the cathode and very short
lifetime of theintermediate products. That’s why ac-
cording to our point of view it cannot givesthe com-
pleteand detail ed information about thermodynamical
and kinetic peculiaritiesof the electrochemica behav-
ior of anionsin melts. Themethodsof quantum chemis-
try, which arethe effectivemeans of thedirect study of
speciesand activated complexeswith short lifetimed-
low to interpret theexperimental dataat theelectronic
level and are of great importance. In our previous
workg®9 efficiency of applicationthemethodsof quan-
tum chemistry for modeling asinterpartial interactions
and solvations effectsin avolume phase of the melts,
and the processes occurring on interphase border an
el ectrode-melts hasbeen shown. Thespecid attention
isdeserved by theresultsreceived by uson modeling
nonoparticlesat HTESfrom tungstencontained melts®,
therefore applying only the representationswhich have
received explandaionson the methods of quantum chem-
istry, inacombination to experimental data, itispos-
sibletoreach decisionsof tasksinview.

Quantum chemicd cdculationsanditsandysisgive
usposs bility to provetheformation of stable cationized
species of {M ™[WQO,]*}™2* (M=Li*, Ce?* and
Mg?) typeinthebulk phaseof diluted chloride melt(™.
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Thistype of EAS has been proposed on the basis of
the experimentd data®. The calculationsof the space
structure, charge and energety characteristicsfor the
{Mg *[WOQ,]*} @2 specieswerefulfilled within the
framework of the programmed complex GAMESS/
FireFly inthebasi s set SBK-31G with the account of
theelectron correlation(® 19,

The possibility of the cationized particlesforma-
tioninthe bulk phase based only on the comparative
analysisof energy characteristicsdoesnot givethefull
information about the character of thetungstate anion
interaction with cationsof melt. Thisinitiatesthe sudy
of the cation (for example Mg#) influence on the
changes of the geometrical and el ectronic structure of
WO, anions.

The potential energy surface (PES) of theinter-
action of nMg?...WO > isshownintheFigure 1.
Thetopology of PES represents the three-holed po-
tential and showsthe possibility of theinfluence of
the cation composition of the melt both on there-

3 -1
a) ~E-10" kT mol
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construction of the outer coordinate sphereand on
the authentic places of “electronic attack” in the sub-
sequent reactions of the electroreduction of EAS.
So, it wasfound for n=1 that the bidentate interac-
tion of one- and two- charged cationswith the anion
(Figure 1.(a) isthe most energetically favorablein
comparison with mono- and three dentate variants
of the cation-anion interaction (Figure 1(b), (c). With
growth of thenal minimums of the PES arerealized
for another positions of cationsrelativeto anion.

TABLE 1: Charge(Q,a.u.) characteristic of atomsin tung-
gateanionsof different type (sampled data)

S%;ues n W  Ogy Ow Mgy

“isolated” [WO,]* 0 0,378 -0,595 -0,595 —
1 0698 -0,717 -0,370 1,472
s ony. 2 0875 -0535 0535 1633
{Mg,™" WO} 3 1,066 -0,695 -0.185 1,730
4 1,186 -0,600 -0,600 1,800
5 1,342 -0589 -0314 1,725

b)*

Figure 1—An example of the surface fragment of the potencial energy of the interaction Mg* ... WO >. Theconfiguration (a)
istheabsoluteminimum, (b) and (c) — are local minima of the surface of the potential energy (PES) of the interaction Mg

...WO 2; @)* and b)* —are transitional states of the system
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Comparative analysisof charge characteristicsof
atoms in the “isolated” WO,* anion according to
Lowdin™ and cationized speci esshowed that the outer-
sphere cationi zation isaccompanied by the redistribu-
tion of thechargefromtheaniontothecations(Figure
2). Thedegreeof the chargetransfer increaseswith the
growth of the cation concentration (TABLE 1).

Inthe case of interaction of oneMg? cation (n=1)
with[WO,]* anionthe chargeischanged by 0.320 a
u.onWatom, by 0.122a u.onO,,, ason O , aloms
and by 0.225a. u.on O ason0,, atoms inthetung-
state anion. Another words the presence of cationsin
the coordinate sphere of the anion stimulatesthedis-
play of donor propertiesof the central atom (W) of the
anion (bigger in comparison with such properties of
oxygen atom). So W atom becomesthe possible cen-
ter of the““electronic attack” together with cations in
the subsequent reactions of thed ectroreductionof EAS
at the cathode. Thegrowth of number of cationsinthe
coordinate sphere of theanion (for example, n=2; 4;
Figure2, TABLE 1) increasesthe effect of the charge
transfer.

Thecomparativeandys sof theoccupation of atom

Figure2: Conceptional chart of thechargeredistributionin
WO, anion under theinfluenceof 2 and 4 cationsM g**
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orbitals (AO) according to Lowdin showed that the
distribution of theelectron density inthe““isolated” an-
ionwas changed under theinfluence of cations; andthe
main “load” in the direction of this process is taken by
d-orbitsof tungsten atom.

EXPERIMENTAL

Chemicalsand materials

A binary mixture of extrapure potassium and so-
dium chlorideswith molar ratio 1:1 and melting point
660 °C was used asthe solvent melt. Electrolytewas
prepared firstly by thermally drying each sdtin air at
150 °C during 10 h and then by pre-melting 50 g of the
mixtureinaplatinum crucible. Thepurity of themixture
was checked by residual current magnitude (i, .=1,2
mA/sm? at E=-1V). Sodium tungstate of “chemically
pure” grade was dried for 5 h in vacuum at a tempera-
ture 500 °C. Magnesium chloride (fused anhydrous)
was prepared by the method described in2. Carbon
dioxidewasused from gascylinder of trademark (99,8
% of the main compound) after drying by silicagel,
whichwasintheintermediate gascontainer.

Platinumwire (diameter 0,5 mm; areaof eectrode
~0,2 cm?) was used asfully-doped working el ectrode.
Cruciblesmadeof glassy carbon or platinum served as
the counter electrode and melt container at the same
time. The potential swere measured versusthe quasi-
reference e ectrode— platinum wire (diameter, 1 mm:
area, 5 cnv?). Theeectrochemical behavior of thisref-
erence el ectrodein the case of change of the gas phase
over thechloride melt hasbeen described ini3.

Apparatus, measurementsand analysis

The experimentswere performedinan electricre-
sistance furnace of vertical typeat 700-800 °C. The
temperature of the melt wasmaintained within+2 °C.
Thecell for the measurements of e ectroreduction of
tungstate anion wasin theform of atest tube made of
quartz. Its upper part was provided with a cooling
jacket and wasclosed withan air-tight Teflon head with
inlet portsfor el ectrodes sealed with rubber packings.
A specia feeder intheview of “spider” was used for
addition of MgCl, inthemelt.

The e ectrochemical behavior of carbon dioxide
under excessive pressurewasinvestigated inahermeti-

. -
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cally seded three-electrode cell made of special stain-
lesssteel, which permitted measurements at tempera-
turesup to 900 °C and at excessive gas pressure up to
2.0 MPaand described in3,

Voltammetry with sngleand cyclic potentid sweep
was chosen asthe el ectrochemica method of investi-
gation. | — E curves were obtained with a PI-50-1
potentiostat in apolarization raterangeof 0.01- 10V/
s. Investigationswere carried out at aCO, pressure of
0.1- 1.7 MPa. All experiments were carried out by
evacuatingthesystemfirstly to— 13.3 Pa and then pass-
ing carbon dioxidethrough the system for 10 minutes.
After that the needed pressure was produced in the
cell. Polarization curveswere taken after keeping the
system under isotherma and isobaric conditionsfor no
lessthan 1 h, i.e. after attaining theequilibrium:
CO,(gas, P, T)=CO,(inthemelt,P, T)

Thedectrolysisof the studied sysemswas carried
out inthe same cell asvoltammetry measurementsin
themode of either constant cathode current or poten-
tial. Semi-immersed platinum and glassy carbon plate
electrodes (cathode area 5 cm?, anode area 10 cm?)
were used in el ectrolysi sexperiments.

A powder product was either settled down onto
the crucible bottom or assembled on thecathodein the
form of electrolytic “pear”. The deposit was separated
from sdtsby successiveleaching with hot water. There-
after, the preci pitate was washed with distilled water
by decantation method several timesand dried to a
constant massat 100°C. Thedectrolysisproductswere
analyzed by chemical and X-ray phase analyses
(DRON-UM1 diffractometer with Bragg-Brentano
geometry (R=192 mm) using Cu-K_a phamonochro-
matic radiation), methodsof € ectron diffraction, scan-
ning el ectronic microscopy (JEM —100 CX).

RESULTSAND DISCUSSION

Electroreduction of CO,, dissolved in Na,K|Cl

At polarization ratesover 0,1 V st it was found
that the process of carbon dioxidereduction occurred
inonestageinthepotentia rage- 0,3—-0,5 V against
platinum carbonate reference el ectrode, and thelinear
dependence of thewave current on gaspressureisob-
served (Figure 3a, b). Theproduct produced under the
constant potential mode electrolysis(E=-0,9V) at
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CO, pressure 1,0 MPaisdispersed powder of carbon.
Kinetic peculiaritiesof thisprocessand obtained car-
bon characterization weredescribed indetail in*3. In
thisprocess CO, actsboth as carbon source and asan
acid, which bindstheoxygen anionsthat isliberatedin
the near-electrode space. Therefore, the cathodic re-
action may be represented as
3CO,+4e—>C+2CO/> (@]

Influence of M g**ionson WO ,* electror eduction.
Hguredashowscurrent-voltagecurvesin tungstate-

2

I,mA.cm’
/T "
| 4,44 a'“/:“*m_h_ - _-f_,,fﬂ
i «.?'-——_ — T

Fl

i,-10% A-em®
3 -

"

0 0,3 1 1.5

b
Figure3a: Voltammogramsof theNa, K|CI melt on Pt elec-
trode at 750°C saturated with CO, under excess pressure
(MPa):1-0,2-0.1,3-0.2,4-0,3,5-0.5,6-0.7,7-1.0, 8
—1.2,9 - 1.5; potential scan rate 5 V/s. Figure 3b : Depen-
denceof peak current (ip) of theCO2waveagainst CO, pres-
sure, potential scanrate5V/s.

2
Peaz, MPa
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containing chloridemedt. Thetungstate anioniseectro-
chemicalyinactivein NaCl-K Cl meltswhen Mg cat-
ionsarenot present (curve 2) intheelectrolyte. When
Mg ?"ionsareaddedinthemelt waves of thereduction
of WO,> appear in the current-voltages curves at po-
tentials— 0,8 and -1,1 V against a platinum oxygen
reference el ectrode. Thewaveisshiftinthe positive
directionwithincreasing Mg ion concentration, and
thelimiting (or peak) currentsincrease. A metallictung-
sten powder isthe el ectrolysisproduct obtained under
potentiostatic condition (E =—1,2 V) in the system
NaCl-KCl —Na, WO, (3 mol. %) —-MgCl, (6 mol.%).

Figure4b shows plot of wave current against Mg
ion concentration. Thecurrent isdirectly proportiona

I mA-cm™

148

1]

0 1 2 a & B
Cugor 107, Motem™

Figure4a: Voltammogr amsof the Na,K |Cl melt on Pt elec-
trodeat 750°C, 1 - pure, 2 —with Na, WO, (5-10°mol/cm?), 3
to8as(2) but with increasing concentration of MgCl, (10°
mol/cm®): 3-4.6,4-7.6,5-26,6—42,7—62; the potential
scanrates: 1t07—1, 8 -5 V/s. Figure 4b : Peak current as
function of M gCl, concentr ationinthemelt Na,K |CI -Na,WO,
(5:10°mol/cm=3), potential scanrate5V/s.
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to Mg? ion concentration up to a3to 3,5-fold excess
of Mg?". Thehighest limiting current areattained when
[Mg?] ~4[WQ,] #. Under thisconditionstheratio of
i /nFc=2,0- 10 cnm/siscommensuratewith diffusion
constant. Limiting currentsthat are proportion to the
Mg concentration and valuesof i /nFc areindication
for diffusion character of the steady-state waves.

In accordance with the mechanism of cation ca-
talys sof anion dectroreduction that hasbeen described
abovethefallowing mechaniamfor theformationof EAS
intungstate-anion containing meltsacidified with Mg?*
cations can be suggested:

—

Mg, [WO,J} &2
1 Mgz' +[WOy ]2- :

i
\ I

WOy, " + 1 MgO

The cathodi c reaction under experiment conditions
(way I) canbeformulated as
{Mg,[WO,J}*2*+6e=W+nMgO +(4-n) O 3

Reaction (2) can be shifted according to theway 11
whentheMg? ion are present in ahigher than 10-fold
excess. Inthiscase coefficient n assumed valueslarger
than unity, i.e. the [WO,]* anions will be under the
strong polarizing effect of the M g?* ionsthat leadsto
theformation of volatiletungsten oxychlorides. Thecd-
culated heterogeneous charge-transfer rate constant (k)
of the studied process increases from 8.34-10* to
24.62-10 cm/swithincreasing of Mg?* ion concentra-
tionfrom 4.6-10°to 62-10° mol/cm,

Theexperimenta dateindicatethat themultielectron
el ectroreduction of tungstateionsto metallic tungsten
can be accomplished within anarrow range of poten-
tialswhich arecloseto the potentialsof carbonisola-
tionfrom CO,, and that the potentia and mechanism of
the process can be controlled viathe acid-base prop-
erties(M@?* concentration) of themelt.

Joint electroreduction of [WO,]* and CO, in chlo-
ridemeltshavingdifferent acidities

Thejoint electroreduction of CO, and WO, in
chloridemdtsacidified with Mg? ionswas studied as
follows. Firstly we set up certain melt acidity by addi-
tion of M@?* cations, and recorded the current-voltage
curveof WO,> électroreduction corresponding to this
melt acidity. Then the carbon dioxide wasfed to the

2
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system under different pressures. Thearriva of CO, in
the system doesnot giveriseto any additiona wave,
but isrecognized merely intermsof increasing height of
exigtingwavefor WO, reduction and aminor shift of
thiswave (by 100mV) tomorepositive potentias (Fig-
ureb). A specid feature of behavior of thesystemisthe
cons derable shift of thewave seen at pressuresof 0,5
—0,7 MPa due to change in function of the reference
electrode described in™¥. Lossof CO, pressure leads
toareturntotheorigina reduction situation, both with
respect to potentia and with respect to current.
Thusthe summary process of the el ectrochemical
synthesis of tungsten carbide can be described by the
overal reaction
{Mg [WO ]}*2*+CO,+10e—>WC +

I, mA-cm™?
— 1
/‘f’ .'l 10
—  ___— .
.ll'f’- /.l B
12,1 / T
.~
J.- !/ e - .
Wy / o
ol ;S [ r———=
) =
— - o —
e ___ I _-—:___jj-'r.‘(r ®
— —/ 2
— = 1
0 0,5 1 1.5 B

Figure5: Voltammograms of the Na, K|CI melt on Pt elec-
trodeat 7500C, 1—pure, 2 — with Na2WO4 (5-10-5 mol/cm-
3), 3—with Na2WO04 (5:10-5 mol/cm-3) and acidified with
MgCl, (1.5:10-4 mol/cm-3), 4 to 10 as (3) but saturated with
CO2under excesspressure(MPa): 4-0.1,5-0.25,6-0.5,7
-0.75,8-1.0,9-1.25,10 - 1.5, 11 as 3, but after a pressure
drop downto zero;potential scanrate0.1V/s

nMgO + (6-n) O* 4
The electrolysis in the system NaCl — KCI —
Na,wWO, (3 mol.%) — MgCl, (6 mol.%) — CO,with
different cathode current densities (i, ) and at various
gas pressureswas carried out for producing cathodic
product. Thesingle-phase WC powder was produced
inthe studied system with €l ectrodepositionrate 0,3 g/

= Pyl Paper

A-hat CO, pressureover 1,7 MPaand at current den-
sity interval 0.05 - 0.2 A/cm?. The dependences of
powder specific surfaceand itsdispersity are observed
intheindicated current density va ues. Specific surface
and particlessize of the product are 10 (25) m?/g and
2-5(05) pm correspondingly at i, =0.05(0.2) A/cm?.
Ifi, >0.2A/cm? the cathode product consi sted of mix-
ture of carbidesWC + W.C. If i, <0.05A/cm?the
cathode powder wasamixtureof W,C + C. Thecom-
position of cathodic product dependsaso onthe CO,
pressureinthecell (TABLE 2).

Product characterization

Cathodic productswereidentified by themethods
of X-ray and chemicd andyss. Theagreement between

TABLE 2: Cathodic product composition in thesystem NaCl-
KCl-Na,WO, (3mol. %) - MgCl, (6 mol.%) — CO,, bath
voltage2,4V,E_, ..=-14V,T=750°C

Pressure
COz, - MPa

Product
composition

0 025
W +

05 07 10 15

W,C+ W,C WC+
W trace trace + trace WC
W,C WC WC W,C
theexperimentd and tabulated i nterplanar spacing and
relaivelineintengty va uesidentified unambiguoudy the
WC phase. Thelattice parametersof WC powder were
cd culated on an attachment to the diffractometer N26-
ChA (Zeiss, Jena) using astandard | attice parameter
computation program. WC powder has ahexagonal
latticewith thefollowing parameters: a=2.8973-102°
m?, Aa=0.00414-10°m?, ¢ = 2.8381-10°m?, Ac=
0.00885-10°m?. The shape and the size of cathode
deposit particlesweredetermined with ascanning elec-
tron microscope. Two typesof particles(Figure6) are
characteristic of WC powders:
a individua needlecrystdsof 0.5-1 um size
b) layered, looseconglomeratesof 10-20 pum size.
Theresultsof chemicd andyssof theobtanedsngle-
phase WC product are presented inthe TABLE 3:
According tothe TABLE data, theW/C ratio cor-
respondsto the stoi chiometric compound WC. Auger
spectraweretaken for powdery WC deposits (on an
I[UMP 10C Auger microprobe). The presence of the
carbide phase WC and oxygen, which was not bound
into chemica compound and was gpparently adsorbed
during air-drying of the powder, was shown. The ab-
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Figure6: Photomicrographsand eectron (-beam) image of
WC powder s, obtained in thesystem NaCl-KCI-Na2WO4 (3
mol.% )-MgClI2 (6 mol.%)-CO2(1.5 MPa), Ebath=2,5V.T=
7500C: (a)-individual needlecrystalsof 0.5-1 um size, (b)-
lamellar conglomer atesof 10-20 um size.

Research & Reotews On
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TABLE 3: Chemical composition of WC powder

C (total) C (pure) C (bound)
7.4+£05 22402 5.2

Element W
W, mass% 86.9+1

sence of oxygen peak from Auger spectrograms after
20 minlongionic etching to adepth of 200-10 1m
indi catesthe adsorbed nature of oxygen.

CONCLUSIONS

Thus, thepeculiaritiesof thecationinfluenceonthe
change of the geometrical and electronic structure of
WO, anion obtained by quantum chemical caculaions
of energy, charge and geometrical parametersof the
interactionnMg*...WO,* and the profile of the PES
of thisinteraction alow to determinethe specific fea-
turesof the deformation polarization of tungstateanion
under the influence of cations. The essence of these
specific featuresisthe outer-sgphere cationization of the
WO,* anionthat stimul ates the display of the donor
properties of the central atom (W) of anion morethan
those of oxygenatoms. Themain “load” in the process
istaken by d-orbitalsof W atom, makingit and cations
possible centersof the “electronic attack™ in the subse-
quent reactions of the el ectroreduction of EAS. Per-
formed quantum chemicd cdculaionsintheframework
of the proposed model alow oneto concludethat the
cation composition of the melt catal yzes processes of
the preformation of EA Sbothinthe homogenousbulk
phase of the melt and at the el ectrode-melt interface.

Joint deposition of refractory metal and carbon (at
the same potentials) isanecessary condition for the
eectrochemica synthesisof single-phaseWC powders
inawide current density range. The phenomenon of
cation cata ysi scan be successfully usedfor therediza-
tion of thissynthesisvariant. It hasbeen shown by the
method of voltammetry thet addition of Mg cationsto
tungstate-containing chloride mdltsleadsto theforma-
tion of new EA S (cationized complexes) inmelt bulk
and to the change of the nature of electrode process.
Metalictungsten depositsat the cathodeinsteed of tung-
sten bronze. Increasing the magnesium ion concentra-
tion in melt leads to a change in the composition of
cationized complexesand to anincrease of an order of
magnitudein heterogeneous charge-transfer rate con-
stant. At the sametime the tungsten deposition poten-
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tial shiftstothe positivepotential region up to carbon
deposition potentids.
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