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INTRODUCTION For the commercial purposes chromium is plated mostly from
agquecous chromic acid baths. Becauss of problemz including the technical
difficulties (& low current efficiency, high cathode current densities,
the relative toxity of hexavalent chromium), extensive work has been

conducted in recent years [1-3] in order to develop trivalent chromium

electrolytes. The purpose of thi=s study iz the investigation of the
electrodeposition of metallic chromium from chromium (III) acetate, Such
a study enables the determination of potentials for which the
pPlatingprocess can occur and, hence, may be useful for further, more

detailed investigatione.

EXPERIMEMTAL Chromium acetate was prepared by reduction of CrO3 in
CH3C00H (92,5 %> with H202 (30 %), The exces=z of hydrogen peroxide was
destroyed by refluxing the solution. The chromium concentration was
determined spectrophotometrically by oxidation of Cxr (I1I) to Cr (VI Dby
ammonium persulfate in the presence of a trace amount of AgNO3 as a
catalyst . Ammonium acetate was syntheaized from acetiec acid and ammoniwm
carbonate., It was recrystallized from water by the addition of methanol,
All of the compounds used in synthesis were of pa grade,

Voltammetric experiments were performed with conventional three-
~compartment cells, Before each experiment copper was electrochemically
deposited onh the copper rod. The electrode was polished in the standard
way [4]. The electrode area smounted to (.06 cmz. All potentials are
quoted ws a gaturated calomel electrode. Dissolved oxygen was removed
from the sclution using purified argon bubkling for at 1least 20 min

before sach experiment.

ReEsuLTs AarnD Discusstor The voltammetric behaviour of [Cr(ac)3} in the
solution of CHBCOONH4 a® a supporting electrolyte is shown in Fig.l.
Perchlorate acid was added just to fix the pH. The wvoltammetric curves
obtained in the mame conditions but at pH=3.5 and 4.0 were =imilar to

those showed in Fig.l. One can netice that in the region —-1.40 to -1.80 ¥

the height of the wave decreasez with the increacse of complex
cungentration (except the first ecurve in Fig.l), After reaching the
potential value ~1.80 V the situation c¢hanges. The largest slope is
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okbserved for the solution containing the highest concentration of
chromium acetate,.
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Fig.1. Voltammetric curves recorded Fig.2., The voltammogram of 0.050 M

in the 0.5 M CH3COONH4‘ 0.2 M HC104 [Cr(ac)3] in a supporting electroly-

{a supporting electroiyte) solu-—
tionse with addition of chromium te (D.O M CHSCOONa and 0.4 M HCloq)'

acetate of concentration: 1)0.0 M, The pH was adjusted to 3.5, Scan
2 0.005 M, 3) 0.010 M, 4 0._.025 M, P A
5» 0.050 M. The pH was adjusted to rate 0.5 V-2 .

4.5, Scan rate 0.5 Ves 1,

We were intereszted in the electrodepesition of metalliec chromium from

chromium (II1) acetate in such «onditions. However, a peak of the
reduvction process Cr+3/Cr0 has not been obsexrved, In order teo cheeck
whether there is a +trace of metallic chromium, controlled—-potential

electrolysis was performed. Then, time of disseclving metallic chromiuwm in
the 15 % solution of HCl was determined. The results cbtained for
different potentials are presented in Takle 1.

The chromium coatings were obtained by electrolysis of the =solution:
0.050 M [Cr(ac)3]. 0.5 M CH3CODNH4, 0.3 M HClO4 (Fig.3).

Analogous experiments were carried out wusing sedium acetate as a
supporting electrolyte. Recorded voltammograms at pH=3.5, 4.0 and 4.5
resembled those shown in Fig.l. But there was an exception. One can see
an inflexion point at approximately —1.40 V. Above this potential it is
possible to deposit chromium (see also Tab.1). In opposition to ammonium
acetate all solutions based on godium acetate showed poor plating
akbilities at pH=4.5. One can Suppose that in this case the formation of
polynuclear complexer takes place [5}.

In order to get the chromium coating from the electrolyte presented in
Fig.2, potential was fixed at -2.00 V and glectrolysis lasted an hour.
The surface of electrodeposited chromium is shown in Fig.4. Insreazing
the concentration of sodium acetate we obtained the best chromium ceating

ever received in our experiments (Fig.5).



Electroreduction of chromium(Ill}—acetate complex

Table 1,
Time of dissolving metalliec chremium in the 15 % solution of HCl (time of
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H2 bubbling in raeaction: Cr + 2HCl =» CrC12+ H,>. Controlled-potential
electrolysis lasgted 10 min.
PH E/V t/= t/e
(e CH3COONH4) (Se CH3COONa)
3.5 1.40 ) ~
1.425 sb++) sb
1.45 sV sV
1.60 3 5
1.8B0D 4 ]
2.00 5 4.5
4.5 1.40 - -
1.425 sh sb
1.45 v BV
1.60 2.5 sb
1.80 3.5 -
2.00 3.5 -
sbiijsome bubbles ze gupporting
sV several bubbles electrolyte
It is not clear whether electroreduction of chromium (III) complexes to
metallic chromium goes without intermediates [1]. Some workers =uggest
two step kinetics Cr+3/Cr+2 then Cr+2/Cr0 [21. Curves <=hown 1in Fig.l
and 2 have no peaks responsible for the reduction process Cr+3/Cr+2.
There iz only a wave from hydrogen—eveolution reaction taking place
together with reduction of Cr+3/Cr0 Probably the inflexion shown in
Fig.2 is due to the electroreduction of the chromium (III) - acetic
complex to metallic chromium. Therefore we suggest that this complex is
reduced at once (without intermediate Cr+3/Cr+2process) to CrD.
There are a few known electrolytes, based on Cr+3 salte [1-3] from which

be

coneldered as a candidate for applic

chromium can electrodeposited, We

oy -

believe that chromium acetate can be

ation.

10HM 21.002
Fig.3, Surface {semy of chromium Fig.&. Surface {=em) of ehromium
deposited from the solution: 0,5 M deposited from the solution: 0.5 M
CH3COONH4, 0.3 M HCIO4 and 0,050 M CHSCOONa, 0.4 M HC104, 0.050 M
[Cr(ac)3]. Controlled-potential [Cr(ac)sj. Controlled-potential
electrolysis was performed during electrolysis was performed during an
an hour, E = -2.,20 Vv, pH = 4.5. hour, E = -2.,00 V, pH = 3.5,
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Fig.5. Surface (s®am) of chromium depcrited
from the solution: 1.0 M CH3COONa. 0.4 ™M

HC104, 0.050 M [Cr(ac)sl. Cantrolled-

~potential electrolysis was performed
during an hour, E = —-1.80 V, pli = 3.9.
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