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Tab. 3 Contents of rare earth in deposits at different cathodic potentials

Cathodic potential

deposit
—0.90V —0.95V —1.00V —1.05V
La-Co 55.21 wt% 63.75 wt% 72.71 wvt% 80. 03 wt%;
34.34 aty 42.73 at% 53. 06 at% 62. 97 at%
Dy-Co 28. 53 wt% 57.09 wt%;
12. 65 at% 32.55 at%
Tm-Co 47.62 wt¥% 59. 19 wt%
24. 08 at% 33.60 at%
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BH2.5X107° em® - sTL G L B TR F AR 1 & R (9 B LR 57, U BUFE AR RS 45 {2 43 8 i o o B BA
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Films of rare earth-cobalt alloys have many special performances and can be used vo make the
functional materials (e. g. the magnetic and magneto-optic }. clectrodepositic: of Gd-Co film in
organic solvent electrolyte has been investigated''). No elecirodeposition of rare earth-cobalt alloy in
low temperature molten salt has been repertesi before we obtained the La-Co alloy electrodeposited from
molten urea-metal chlorides at 125 T Tne m. p. of urea(79 mol%; )-NaBr(19. 5 mol % )-KBr(1.
5mol%) is 51 C™) and can ve uised ai about 100 'C. The addition of NaOAc into the urea melt, the
cathodic polarization of Co?" reduced to Co can be increased(?l. In this paper, electroreduction of
Co?* , electrolytic codeposition of cobalt with lanthanum, terbium, dysprosium and thulium

respectively in urea-NaBr-KBr-NaOAc melt at 100 ‘C are investigated.

1 Experiment

CoCl, was obtained by the dehydration of CoCl; » 6H,0 in vacuum at about 120 'C. Anhydrous
rare earth chlorides(RECl;) were prepared by the reaction of RE,0, and NH,Cl at 350 C. Mixture
of urea, NaBr, KBr and NaOAc was melted at 100 C to form the background. The working
electrodes are spectral pure graphite and copper. The counter electrodes are spectral pure graphite and
cobalt. The reference electrode is Ag/urea-NaBr-KBr. The electrochemical measurements were
proceeded at argon atmosphere and the temperature was controlled by oil bath. The composition of the

deposit was analysed by EDAX.
2 Results and discussion

2.1 Cyclic voltammogram
The cyclic voltammogram (CV) of graphite electrode in the background is shown in Fig. 1(a). It

shows that the cathodic limit of the background is about —1. 3 V.
Fig. 1(b) is the CV of graphite electrode in the melt contained CoCl,. One cathodic wave started

at —0. 72 V. 1t is due to the reduction of Co?’* to Co, because the electrodeposits within the potential

(@ Received 18 April, 1995; Project supported by the National Natural Science Foundation
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region of this wave were identified as

cobalt by EDAX. The anodic stripping c

peak of cobalt is very far from the b
cathodic wave. The peak potential of the a
cathodic wave is changed with the sweep o

+0.4 0 —0.4 —0.8 —1.2
is linear E/V

[ 0.0025 A

rate and the plot of [,vs v!/2

(Fig. 2). So, the electrodeposition of Fig. 1 CV of graphite electrode(0. 36 cm*) at 100 'C and 0. &5
cobalt is irreversible. According to the Ves™!
equations; (a) in the background, (b)) in the melt contained 0. 05
|E,—E,;»| = 1.857RT/anF
1,= 0. 459 8aFACD'*
(an,F/RT)?*!/?

and the Fig. 2, the an,was calculated as 0. §9(Tavle 1) and the diffusion coefficient of Co** in the

mol « L=' CoCl-, {¢) in the mel' contained 0. 06
mol « L™! CoCl, and (. 2 mol - L ' LaCls

melt was determined as Z. 5% 10°% cm’ » 37'. The transfer coefficient, @ was determined as 0. 45

because the n, is 2.
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Fig. 2 (a) Voltammograms of graphite electrode (0. 36 cm-) in the melt contained 0. 06 mol « L™ ' CoCl. at
different sweep rare (V - s~ ), 1—0.02, 2—0.05, 3—0.10, 4—0.20 (b) I, of (a) vs v!*

Reduction potential of RE3t to rare earth metal is so negative that no cathodic wave appeared
before the cathodic limit of the background. The CV of graphite electrode in the meit which contained
Co** and La®t is shown in Fig. lc. The starting potential of the cathodic wave is —0. 63 V which is
positive compared to that of the melt containing Co?* but no La’*, and the cathodic current is higher.
This result indicates that the lanthanum may be inductively codeposited with cobalt. The composition
of deposits obtained by potentiostatic electrolysis at — 0. 8 V was analysed as cobalt and lanthanum by
the means of EDAX. Tb** (or Dy** ,Tm?*) instead of La®* , the CV is similar to the CV of the
melt containing CoCl, and LaCl; (Fig. 1¢). Hence, we can consider that the terbjum, dysprosium,

thulium also can be inductively codeposited with cobalt.
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2.2 Electrolytic experiments

The La-Co, Tb-Co, Dy-Co, Tm-Co deposits were obtained on Cu cathode in the urea-NaBr-KBr-
NaOAc-CoCl,-RECI;melt at 100 C. The contents of rare earth in the deposits at the cathodic current
density of 0. 015 A « em~2 were listed in Tab. 2. The EDAX spectrum of Tb-Co and Tm-Co are

shown in Fig. 3.

Tab. | Transfer coefficients of Co’t + 2e =Co Tab. 2 Contents of rare earth in deposits at 0. 015 A « cm™?

y,Veg! |E,—E, 2|,V an, a depost RE, wt{

0. 02 0. 060 0.99 0. 50
La-Co 63. 54

0. 05 0. 070 0. 85 0. 43
Tb-Co 17.30

0.10 0. 065 0.92 0. 46
Dy-Co 38.01

0.20 0. 075 0. 80 0. 40
Tm-Co 46. 32

average 0. 89 0. 45
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Fig. 3 EDAX spectrum of (a) Tb(17.3 wt% )-Co and (b) Tm(46. 3 wt% )-Co

The contents of rare earth in the deposits are change with the cathodic potential. From the Tab.
3, we can see that the contents of La, Dy, Tm in the depost are increased with the shift of the
cathodic potential to the negative direction and attain over 50 wt%;. ln particular, the content of La
has attained 80 wt%;.

Urea-NaBr-KBr-NaOAc low temperature melt is a new and promising electrolyte system for the
electrodeposition of rare earth-cobalt films. 1t is necessary to further investigate the factors influenced

on the rare earth content and the structure of the rare earth-cobalt deposits.

Key words Rare earth-cobalt alloy, Electrolytic codeposition, Electroreduction of Co?*,
Urea-NaBr-KBr melt
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Tab. 3 Contents of rare earth in deposits at different cathodic potentials

Cathodic potential

deposit

—0.90V —0.95Vv —1.00V —1.05V
La-Co 55.21 wt% 63.75 wt% 72.71 wt% 80. 03 wt%

34.34 aty; 42.73 at¥; 53. 06 at% 62. 97 at%;
Dy-Co 28. 53 wt% 57.09 wt%;

12. 65 at% 32.55 at%
Tm-Co 47.62 wt¥% 59. 19 wt%

24. 08 at% 33.60 at%

References

1 Usuzaka N, Yamaguchi H, Watanabe T. Prearation ana magnetic properties of Co-Gd amorphous films by
electroplating method. Mater. Sci. Lng. , 1982, 99:105

2 Yang Qiqin, Qiu Kairong, Fan Shilicn. Electroreduction of Co( I ) and La( I ) in urea melt. Rare Metals, 1995,
14.13

3 Gambino M, Bros J P. Capacite calorifique de 1 uree et de quelques melanges eutectiques a base d’uree entre 30 et

140 ‘C. Thermochimica Acta, 1988, 127.223

Fk#-NaBr-KBr f&{k st Rt -shRVER T

WA EFE RER VER
(PUWKFHSE R M 510275)

WE FL-H452EFTFSHRNE, THTHERE. 2G-S E. BEEETR
TERVEBEPEIRC-GdFE, R NTAWRKBGEHERTRART LG L0 HE. RE-
(79 mol % )-NaBr(19. 5 mol % )-KBr(1. 5 mol % )45 & (51 C, A[ZE 100 CLEL T M@ N K.
7 BR # 15 (k & B A NaOAc, B 3 I Co™* i I 5 Co MY BAMR MR k. B ML 26 4% 100 'C#Y JR F-NaBr-KBr-
NaOAc fE A K FRCOHWHREFR. M. R B E5a SN ML AA EHRMENEE
o, Co* — 25 AR ] i iE 5 A Co. M E Co™ + 2e=Co [ F¥ I {5 1% & #a H0. 45, Co+ ELF KDY B &
BH2.5X107° em® - sTL G L B TR F AR 1 & R (9 B LR 57, U BUFE AR RS 45 {2 43 8 i o o B BA
Wi {H7E & CoCl. 5 {& & il A REC; (LaCly, TbCly, DyCls, TmCly) , i &5 B9 7 il L (L (A IE F 85 30, Wi AL
BH B e i3 K, B T A W] BE X 4 RE(La.Tb.Dy.Tm) 5 Co B i% S 3L T B. 1E JK ¥ -NaBr-KBr-NaOAc-
CoCl:-RECl, 15 k#1347 L #% , H[ {8 %] La-Co, Tb-Co, Dy-Co. Tm-Co {1 4. MY P L & B
e |y L[] 7 5 B Bl 1, Dy . Tm B9 & B 6] 35 50 we)f, La A ¥ 80 wt)f. JR & -NaBr-KBr-NaOAc {f
RIEFGEEHARHL-BHENFNEBRT R AFEXARTI SRR RS, Bk, wmdt—
SHEEEBL-HEYHR L ERANGHNEEK.

XEIF #L-HA2, BRI, Cott iy ME I, IR K -NaBr-KBr 45 {k



	Electrodeposition of Cobalt and Rare Earth-Cobalt in Urea-NaBr-KBr Melt
	Recommended Citation

	tmp.1677607559.pdf.U4UX6

