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A B S T R A C T

The separation of Nd and Dy from nitrate solutions using bis(2,4,4-trimethylpentyl) phosphinic acid
(Cyanex272) was investigated. Selective extraction of Dy(III) over Nd(III) was achieved with Cyanex272 when
the HNO3 concentration was 0.001mol/L. Small amounts of co-loaded Nd(III) were removed by scrubbing with
0.05 mol/L dysprosium nitrate solution. Subsequently, stripping of Dy(III) from loaded Cyanex272 was ac-
complished using 0.3 mol/L HNO3. The McCabe-Thiele diagrams were constructed for both extraction of Dy(III)
with Cyanex272 and stripping with HNO3. Finally, a process to separate Nd and Dy was proposed.

1. Introduction

Neodymium(Nd) is the raw material for high-strength permanent
magnets (Nd–Fe–B), which are widely used in voice coil motors, power
hybrid vehicles, electric motors, wind turbines, spindles for computer
hard drives, etc. (Zepf, 2013). There is great demand for the Nd(III)
used in Nd–Fe–B magnets because of its excellent magnetic properties
and functions, compact shapes, and light weight; however, the abun-
dance of neodymium in natural ores is limited (Padhan and Sarangi,
2017; Binnemans, 2014). During the production of the Nd–Fe–B mag-
nets, one-fourth of the alloy materials are left over as scraps (Yoon,
et al., 2016). Both scraps and end-life Nd–Fe–B magnets are important
secondary sources of Nd(III). Dysprosium (Dy) is used as an additive in
the Nd–Fe–B magnets to improve their high-temperature performance
and increase their intrinsic coercivity, which is an important parameter
for many industrial applications such as motors and generators (Seo and
Morimoto, 2014). Furthermore, Dy(III) is ∼5–6 times more expensive
than Nd(III), which makes it one of the important cost actors for the Nd-
Fe-B magnets. Therefore, recovery of Nd(III) and Dy(III) from end-life
Nd–Fe–B magnets is important from both economic and environmental
perspectives.

Hydrometallurgical methods have been widely employed for re-
cycling Nd(III) and Dy(III) from various secondary resources, such as
scraps and alloys (Yoon et al., 2016; Binnemans et al., 2013). Recovery
of Nd(III) from permanent magnets by leaching and solvent extraction
processes has been studied. (Lee et al., 2013; Yoon et al., 2014, 2015a,
2015b; Kikuchi et al., 2014) Some researches on the extraction of Nd
and Dy from various aqueous solutions were summarized in Table 1.
The solvent extraction process offers significant advantages as a

potential technique for recovering metal ions from solutions (Laki et al.,
2016). In particular, when the concentration of the metal ion to be
separated is higher than 1 g/L, solvent extraction is considered better
than the ion exchange process in terms of process efficiency (Zeng and
Cheng, 2009).

Bis(2,4,4-trimethylpentyl) phosphinic acid (Cyanex272) is totally
miscible with common aromatic and aliphatic diluents, and is ex-
tremely stable to both heat and hydrolysis. Furthermore, it is con-
sidered as a non-toxic material. In the other hand, its active component
is a phosphinic acid, a variety of cations can be extracted depending
upon the solution pH.

In the present investigation, Cyanex272 was used to separate Nd(III)
and Dy(III) from nitrate solutions. The effect of HNO3 and extractant
concentrations on the extraction efficiency of Cyanex272 was ex-
amined. Scrubbing of Nd(III) from co-loaded Cyanex272 was carried
out using HNO3 and dysprosium nitrate solutions. McCabe-Thiele dia-
grams were constructed for both extraction and stripping of Dy(III).
Simulated counter-current extraction and stripping experiments were
also performed to validate the results.

2. Experimental

2.1. Materials

In our previous study, the Nd–Fe–B permanent magnet was leached
from a camera module using 1mol/L of HNO3 at 80 °C. The pulp den-
sity used for leaching was 50 g/L. The composition of the leach solution
was 0.07mol/L Nd, 0.005mol/L Dy, 0.57mol/L Fe, and 0.046mol/L B.
Iron can be removed from the solution by a precipitation method using

https://doi.org/10.1016/j.mineng.2017.12.018
Received 19 September 2017; Received in revised form 18 December 2017; Accepted 19 December 2017

⁎ Corresponding author.
E-mail addresses: spp1227@jnu.ac.kr (P.-P. Sun), syc@jnu.ac.kr (S.-Y. Cho).

Minerals Engineering 118 (2018) 9–15

0892-6875/ © 2017 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/08926875
https://www.elsevier.com/locate/mineng
https://doi.org/10.1016/j.mineng.2017.12.018
https://doi.org/10.1016/j.mineng.2017.12.018
mailto:spp1227@jnu.ac.kr
mailto:syc@jnu.ac.kr
https://doi.org/10.1016/j.mineng.2017.12.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mineng.2017.12.018&domain=pdf


Ta
bl
e
1

So
m
e
of

th
e
re
po

rt
ed

st
ud

ie
s
on

th
e
ex
tr
ac
ti
on

of
N
d
an

d
D
y
fr
om

va
ri
ou

s
aq

ue
ou

s
so
lu
ti
on

s.

Ex
tr
ac
ta
nt

A
qu

eo
us

so
lu
ti
on

D
ilu

en
t

N
ot
e

R
ef
er
en

ce

1-
Ph

en
yl
-3
-m

et
hy

l-4
-b
en

zo
yl
-p
yr
az
ol
on

e-
5

(H
PM

BP
)

pH
∼

2.
5–

6.
5

C
ar
bo

n
te
tr
ac
hl
or
id
e

D
y
ex
tr
ac
ti
on

be
ha

vi
or

w
as

re
po

rt
ed

C
za
ki
s-
Su

lik
ow

sk
a
et

al
.

(1
99

1)
D
i-
(2
-e
th
yl
-h
ex
yl
)p
ho

sp
ho

ri
c
ac
id

H
C
l
m
ed

ia
Be

nz
en

e
TO

PO
an

d
TB

P
w
er
e
us
ed

as
sy
ne

rg
is
t;
TO

PO
-s
lig

ht
po

si
ti
ve

sy
ne

rg
is
m
;

TB
P-
no

sy
ne

rg
is
ti
c
eff

ec
t

El
-K
ot

(1
99

3)

2-
Et
hy

l-h
ex
yl

ph
os
ph

on
ic

m
on

o-
2-
et
hy

l-h
ex
yl
es
te
r

H
C
l
m
ed

ia
K
er
os
en

e
Sa

po
ni
fi
ed

PC
88

A
ga

ve
a
go

od
in
cr
em

en
t
of

di
st
ri
bu

ti
on

ra
ti
o
of

N
d;

Th
e
40

%
sa
po

ni
fi
ed

PC
88

A
w
as

op
ti
m
iz
ed

Le
e
et

al
.(
20

05
)

2-
Et
hy

l-h
ex
yl

ph
os
ph

on
ic

ac
id
,m

on
o-
2-
et
hy

l-
he

xy
l
es
te
r
(E
H
EH

PA
)

H
C
l
m
ed

ia
K
er
os
en

e
N
uc

le
ar

gr
ad

e
D
y 2
O
3
ha

s
be

en
pr
od

uc
ed

w
it
h
>

98
%

pu
ri
ty

Si
ng

h
et

al
.(
20

08
)

PC
88

A
(2
-e
th
yl
-h
ex
yl

ph
os
ph

on
ic

ac
id

m
on

o-
2-

et
hy

l-h
ex
yl

es
te
r)

N
it
ra
te

m
ed

ia
Sh

el
ls
ol

D
70

Ex
tr
ac
ti
on

m
ec
ha

ni
sm

w
as

in
ve

st
ig
at
ed

Y
in
g
an

d
M
ik
iy
a
(2
01

0)

C
ya

ne
x
92

1
(t
ri
-n
-o
ct
yl
-p
ho

sp
hi
ne

ox
id
e)

N
it
ra
te

m
ed

ia
K
er
os
en

e
Ex

tr
ac
ti
on

m
ec
ha

ni
sm

w
as

in
ve

st
ig
at
ed

Pa
nd

a
et

al
.(
20

12
)

Tr
i-
oc

ty
l-p

ho
sp
hi
ne

ox
id
e
(T
O
PO

)+
Tr
i-
al
ky

l-p
ho

sp
hi
ne

ox
id
e
(T
R
PO

)
N
it
ra
te

m
ed

ia
K
er
os
en

e
Th

e
ex
tr
ac
te
d
sp
ec
ie
s
of

N
d,
N
d

(N
O
3
) 3
(T
O
PO

)(
TR

PO
)
w
as

di
sc
us
se
d

El
-N

ad
i
(2
01

2)

Tr
i-
oc

ty
l-m

et
hy

l-a
m
m
on

iu
m

di
-o
ct
yl
-d
i-
gl
yc
ol
am

at
e

[A
33

6]
[D

G
A
]

N
it
ra
te

m
ed

ia
Tr
i-
oc

ty
l-m

et
hy

l-
am

m
on

iu
m

N
it
ra
te

[A
33

6]
[N

O
3
]

Te
st

an
d
pr
ov

ed
th
at
,n

it
ra
te

m
ed

ia
w
as

be
tt
er

th
an

ch
lo
ri
de

m
ed

ia
fo
r
N
d(
II
I)

ex
tr
ac
ti
on

up
to

∼
10

0%
R
ou

ta
nd

Bi
nn

em
an

s
(2
01

4)

Tr
i-
is
o-
oc

ty
l-a

m
in
e
(A

la
m
in
e
30

8,
R
3
N
)
Bi
s(
2,
4,
4-

Tr
i-
m
et
hy

l-p
en

ty
l)

m
on

o-
th
io
-p
ho

sp
hi
ni
c
ac
id

(C
ya

ne
x
30

2,
(H

X
) 2
)

C
hl
or
id
e
m
ed

ia
K
er
os
en

e
Th

e
sy
ne

rg
is
ti
c
en

ha
nc

em
en

t
co

effi
ci
en

t
w
as

re
po

rt
ed

as
44

.1
an

d
th
e
ex
tr
ac
ti
on

eq
ui
lib

ri
um

sp
ec
ie
s
at

or
ga

ni
c
ph

as
e
w
as

re
po

rt
ed

as
N
dC

lX
2
·2

R
3
N

K
um

ar
et

al
.(
20

14
)

Tr
ih
ex
yl
(t
et
ra
de

cy
l)

ph
os
ph

on
iu
m

ni
tr
at
e

N
it
ra
te

m
ed

ia
pH

0.
25

–6
–

D
y
an

d
N
d
w
as

co
-lo

ad
ed

an
d
se
pa

ra
te
d
by

sc
ru
bb

in
g
of

D
y
w
it
h
0.
03

m
ol
/L

N
a 2
ED

TA
an

d
pr
ec
ip
it
at
io
n

st
ri
pp

in
g
of

N
d
w
it
h
76

g/
L
ox

al
ic

ac
id

R
ia
ño

an
d
Bi
nn

em
an

s
(2
01

5)
D
2E

H
PA

(D
i-
2-
rt
hy

lh
ex
yl

ph
os
ph

or
ic

ac
id
)

C
hl
or
id
e
m
ed

ia
pH

1.
91

–5
.8
7

K
er
os
en

e
Ex

tr
ac
ti
on

m
ec
ha

ni
sm

an
d
eff

ec
tp

ar
am

et
er
s
w
er
e
in
ve

st
ig
at
ed

.D
y
an

d
N
d
w
as

co
-lo

ad
ed

an
d
se
pa

ra
te
d
by

sc
ru
bb

in
g
of

N
d
w
it
h
0.
1
m
ol
/L

H
C
l
an

d
st
ri
pp

in
g
of

D
y
w
it
h
2
m
ol
/L

H
C
l

Y
oo

n
et

al
.(
20

15
a)

D
2E

H
PA

(D
i-
2-
rt
hy

lh
ex
yl

ph
os
ph

or
ic

ac
id
)+

C
ya

ne
x2

72
(b
is
(2
,4
,4
-t
ri
-m

et
hy

l-p
en

ty
l)

ph
os
ph

in
ic

ci
d)

pH
=

4.
0

K
er
os
en

e
Ex

tr
ac
ti
on

m
ec
ha

ni
sm

an
d
eff

ec
t
pa

ra
m
et
er
s
w
er
e
in
ve

st
ig
at
ed

.
D
2E

H
PA

:c
ya

ne
x2

72
(m

or
e
ra
ti
o)

=
3:
2
ga

ve
th
e
hi
gh

es
t
sy
ne

rg
is
ti
c
en

ha
nc

em
en

t
fa
ct
or

R
=

2.
97

Za
he

ri
et

al
.(
20

15
)

P.-P. Sun et al. Minerals Engineering 118 (2018) 9–15

10



Download English Version:

https://daneshyari.com/en/article/6672483

Download Persian Version:

https://daneshyari.com/article/6672483

Daneshyari.com

https://daneshyari.com/en/article/6672483
https://daneshyari.com/article/6672483
https://daneshyari.com

