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Rare earth-cobalt alloys have received much attention because of their functional
performances, for example, the magnetic and magneto-optic performances. In the elec-
troplating of rare earth-cobalt (RE-Co) alloys in organic electrolyte, only the Gd-Co and
Sm-So films has been reported!!]. Electrodeposition of RE-Co alloys in low temperature
molten salt had not been reported before we obtained the La-Co electrodeposited from
molten urea-metal chlorides®). The melting point of urea (79mol%)-NaBr (19.5mol%)-
KBr(1.5mol%) is 51°CPl and can be used as the electrolytic medium at about 100°C. In
this paper, the electrolytic codeposition of cobalt with neodymium, terbium and ytterbium
respectively in molten urea-NaBr-KBr medium at 100°C are investigated.

1 Experimental

CoCly was obtained by dehydration of CoCly-6H,0 in vacuum at about 120°C. An-
hydrous NdClg, ThCls, YbCl; were prepared by the reaction of Nd2Os, TbsO7, Yb204
repsectively with NH4Cl at about 350°C. Mixture of urea, NaBr and KBr 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 under argon
atmosphere and the temperature was controlled by oil bath. The composition of deposit
was analysed by EDAX(X-ray energy dispersive analysis).

2 Results and discussion
2.1 Cyclic voltarnmogram

The eyclic voltammogram (CV) of graphii= electrode in urea-NaBr-KBr melt is shown
in Fig.la. It shows that the cathodic limit of the background is about -1.3V.

Fig.1b is the CV of graphite elecirode in the urea-NaBr-KBr-CoCl; melt. One ca-
thodic wave starts.at —0.57V. It is due to the reduction of Co®*' to cobalt, because the
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deposits within the potential region of this wave were identified as cobalt by EDAX. The
anodic stripping peak of cobalt is very far from the cathodic wave. So, the electrodeposi-
tion of cobalt is irreversible.

With the addition of NaOAc into the melt, the CV is shown in Fig.1¢c. The deposition
potential of cobalt is —0.68V which is more negative to that of Fig.lb. The cathodic
polarization of Co®t reduced to cobalt can be increased by complex formation of Co®t
with acetic radical. Tt is favourable for smaller grains of deposit to be formed. The
deposition potential of cobalt can be changed with the content of NaOAc.

The reduction potential of Th** to metallic terbium is so negative that no cathodic
wave appeared before the cathodic limit of the background. The CV of graphite electrode
in the molten urea-NaBr-KBr-NaOAc-CoCly-ThCly is shown in Fig.1d. The starting po-
tential of the cathodic wave is more positive to that of the melt contained Co** without
Tb?* (Fig.1c) and the cathodic current is higher. This result indicates that the terbium
may he inductively codeposited with the cobalt. The composition of the deposit obtained
by potentiostatic electrolysis at —0.8V was analysed as cobalt and terbium by means of
EDAX.

Nd*t or Yd** instead of Th**, its CV is similar to the CV of the melt contained
CoCl; and TbCl; (Fig.1d). Hence, we consider that neodymium and ytterbium also can
be inductively codeposited with cobalt.

— 2.2 Electrolytic experiments
[28mA /" The Nd-Co, Th-Co and Yb-Co de-
_’,ﬂ_ﬁ_—s’/ﬁ _ posits were obtained on Cu cathode by
. ST e . electrolysis at 100°C. The contents of rare
:“’j’/‘_”__ ,;fi:--—: “b / earth in the deposits depend on the ca-
x\ e o s thodic potential (Table 1), It can be seen
; i . s - that the contents of Nd, Th, Yb in the
E/v deposits are increased with the shift of

Fig.1 CV of graphite electrode
{0.48cm?) at 100°C and
0.05V.s71
{a}) in the background
ib)] in the melt contained 0.06mol
L= CoCl;

{¢] in the melt contained ).06mol
‘L=1 CoCl; and NaOAc

[d}) in the melt contamed 0,06mol
L1 ColCls, 0.12mol-L~! ThCly
and NaQAc

the cathodic potential to the negativ di-
rection. The contents of Th in Th-Co or
Nd in Nd-Co electrodeposited from urea-
NaBr-KBr-NaOAc melt contained CoCls
and TbCly or NdCl3 can be more than
over 50 wt%.

The contents of rare earth in rare
earth-cobalt deposits will increase when
the melt contained no NaOAc. For exam-
ple, the content of Yb in Yb-Co electrode-
posited at -1.0 V from urea-NaBr-KBr-

-NaQAc-CoCly-YbCly melt s 31 wt%, but the content of ¥Yb in Yb-Co electrodeposited
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from urea-NaBr-CoCls-YhCly can be attain able to 55 wt%.

Table 1 Hare earth contents (wt%) in RE-Co deposits
Cathodic potential(V)

deposit -0.80 -0.90 -0.95 ~1.00
Th-Co* 32.14 45.05 60.06
Nd-Co* 043 28.06 5486
Yh-Co* 8.59 20.88 31.53
Yh-CoP 20.11 41.35 55.04

* Elcctrodeposited from urea-Nabr-KBr-NaOAe-CoCl-RECL: melt
b Electzodeposited from urea-NaBr-KBr-CoCl;-YbCly melt
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WE Wt - SO E R REMROE S Th B B AT RE. T LE R R, iR
AL - BoSMhE G R Gl-Co M Sm-Co M. TERIMNAEE - &M ELDH &Pk
% La-Co MLOTRLINT, R UFMBSEPETHEL - S5 EORFRMNE. BE (79mol’%)-
NaBr(19.5mol%)-KBr(1.5mol%) A& % 51°C, a[1E 100°C A A ietiik, R THE 43X
BFAELE 100°C R # -NaBr-KBr Mtk o4 5] 56, 6L, WAV MRIEDTR. W02 fiFF 0%l 2k
R Co® HIEH Co R—FHFATMR, 1A NaOAc #f Co gyBrili i 8, FEal e Hk
TR SR AE . NaOAc fin A SR, BTTHERMESRE NS T | Yho
FEREAEMEAEMRN, FRAERmEL. HBEPEE Cott i, AMESEXLIMHLEHE
A, s RN ES R Nd . Th . Yb @S REEE A BETiE . Fakdd
A7 NaOAc, A &4 2% - 1.0V B B TS Nd-Co 14 54.86wi%Nd, Th-Co H& 60.06wt%Th,
Yh-Co HF 31.53wtTYh, MEHATE NaOAc i, #t - SHIEWEHRE LS Em. M
B H -1.0V E5 NaOAc 8P RFA Yh-Co & Yh H#IMEl 55.04wt%. bibafE A I orwi
iH.
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