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Abstract Cobalt (Co) is mainly used to prepare cathode materials for lithium-ion batteries (LIBs) and binder metals
for WC-Co hard metals. Developing an effective method for recovering Co from WC-Co waste sludge is of immense
significance. In this study, Co is extracted from waste cemented carbide soft scrap via mechanochemical milling. The
leaching ratio of Co reaches approximately 93%, and the leached solution, from which impurities except nickel are
removed by pH titration, exhibits a purity of approximately 97%. The titrated aqueous Co salts are precipitated using
oxalic acid and hydroxide precipitation, and the effects of the precipitating agent (oxalic acid and hydroxide) on the
cobalt microstructure are investigated. It is confirmed that the type of Co compound and the crystal growth direction
change according to the precipitation method, both of which affect the microstructure of the cobalt powders. This novel
mechanochemical process is of significant importance for the recovery of Co from waste WC-Co hard metal. The
recycled Co can be applied as a cemented carbide binder or a cathode material for lithium secondary batteries.
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Table 1. Chemical composition of WC-Co hard metal sludge used in the study

Content (wt.%)

w Co

Si Cr Fe Ni

WC-Co hard metal sludge 86.77 11.10 0.20

0.6 0.54 0.11 0.68
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Fig. 1. (a) XRD patterns of WC-Co hard metal sludge and mechanochemically milled powders. Digital images of (b) as-leached

solution and (c) titrated solution to pH 9.

Table 2. Impurities in the mechanochemically milled powders, leached solution and titrated solution

Content (wt.%)

w Co Al Si Cr Fe Ni

Recycled WC 98.4 0.74 0.56 - 0.16 0.07 0.01
As-leached solution 3.6 68.26 0.33 0.16 1.85 23.51 2.30
Titrated solution 0.3 96.67 - - 0.01 0.08 2.94

§} E4
T Oi_ﬂﬂ Table 1

/l ICP ﬁﬂrﬂ—— 71] BrE w5 2L HEEHA &

9}%54] ole ErE w5 Yasl ET*Ekol 5% ol&t= vi
5 HEo]7] WiEol XA EsdlN HEHA 2 A

o HAld. 54 2YY F X sqzéuﬂwa% g3l
EENRERE sergon, of 5 A

Bue)e s .gam %goﬂ FFEo] sl e}

Fel0] EAFE 2E HaI2
2 ¢F 93%E AIRFE R TH(Table 2). o]u] ZRE o] 3
3} whgsle] AEHE WS Tt Lt

CO(S) + HzSO4(1) g COSO4(aq) + 2H+(aq) (l)

tlo to
o
N o
H
L
e
o A0
o
ok
o 30 ¢
5 o
migie:
o ae
e
mooy 2

>
i
1=}
o, ¥
ol
o
o
of
>_[r‘
i
it
)
i
oo
12
flo
N
fu
K
e

Kl
ol
5

o ok
2 E

2L BEES pH 9oUollA FAkskE AHIE AdEE
Z(Fig. 1(c)), pH 97HA] 12} 34 3 JAFAHRE 5l &
=2 AASAT A & St FEHoA YA o] e
°] 2.94%% ETE 5 AY =4 YEl=(Table 2),

O

LI_

© FLES} YAL 587, 3154 ddo| H]-és]-_‘ﬂ_ x
H| tholo]aglol| A F4ks) SgtHER ARstE = ol
X 7] o]}, 9]. F7HE S E Cyanex 2729} 2 F

FEAE AT SHFENS T3 Codt Nig Eej3te]
Cod] &5 PPN 5 3tk

12E A4 F AgefEs st JHES AAT ILE
Uit L FEAANN PAskE YA % Skl A
SUUE 2¥ 5% AYAAC, SUE YAe sote
pH 11744 23t gt IVES G308t ILVEZ HF
A71E Ao, AEEHE WS vy 2.

CoSO,-7TH,0 + 2NaOH — Co(OH), + Na,SO, + 7H,O
@

Fig. 2(a) XRD Aol A] R1g 4= 9l5%0] pH 117}4] 2
A+ AR 3 FEI ETLE Co(OH),E A0 the =
UERA] etom, 4 A2 E Bl Sk Ede] 7
_?_oﬂr_' FE .‘ﬂi"—']' —%XH’E]-% AL :aLo]sL s gl;} Fig.
2(b)= Co(OH), W=ido] ARRl 9 SEM wA|Z22E U
Bl 2Y O Co(OH), Wi Te 2418 ] njxx
2] #ZAT} thombohedral 725 71 ¢ 7T 53
Ho] 2 FA(flower-like)S Hol= AS &2lg

3

PN
pi T
[10]. Fig. 2(c)¥] Co &% mMlx2] 45 Fall, W 3

Vol. 28, No. 6, 2021



500

vCo
(a) ® Co(OH),
—_ v
3
8 Y v
2 | ]
‘n Co
c .
3 .
c
- o o
L] °®
. o ., Co(OH)
30 40 50 60 70 80
20 (deg.)

Fig. 2. (a) XRD patterns and SEM images of (b) Co(OH), and (c) Co nanopowders.
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