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Synthesis of Iron Nanopowder from FeCl; Solution by Chemical
Reduction Method for Recycling of Spent Neodymium Magnet
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Abstract Recycling process of iron should be developed for efficient recovery of neodymium(Nd), rare metal,
from acid-leaching solution of neodymium magnet. In this study, FeCl; solution as iron source was used for
synthesis of iron nanoparticle with the condition of various factors, etc, reductant, surfactant. Na;O;P, and
polyvinylpyrrolidone(PVP) as surfactants, NaBH4 as reductant, and palladium chloride(PdCl,) as a nucleation seed
were used. Iron powder was analyzed with instruments of XRD, SEM and PSA for measuring shape and size.
Iron nanoparticles were made at the ratio of 1 : 5(Fe (III) : NaBH,4) after 30 min of reduction time. Size and
shape of iron particles synthesized were round-form and 50 nm ~ 100 nm size. Zeta-potential of iron at the 100
mg/L of NasO;P, was negative value, which is good for dispersion of metal particle. When NasO7P»(100 mg/L),
PVP(FeCl; : PVP =1 : 4, w/w) and Pd(FeCl; : PdCl, = 1 : 0.001, w/w) were used, iron nanoparticles which are
round-shape, well-dispersed, near 100 nm-sized can be made.
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2FeCl; + 6NaBH4 + 18H,0 — 2Fe + 21H, + 6B(OH)s
+ 6NaCl (1)

[Table 11 Applications of iron nanoparticle

Oxidation : 2NaBH; + 6H,O — 7H, + 2B(OH);

+ 2Na" + 2¢ AE = +0.89 V )

Reduction : Fe'" + 3¢ — Fe AE = -004 V  (3)
2. M ME Y Wy
Alo-l XHE

Z Bto] Alx YEZ FeCly(anhydrous, 98 %A
ARgsHlom, Sl Hich e
Al 2= NaBHx(99%©]A}, across, USA)S ARE-3}9om
FeCL9} ZH|E X&35lo] 1: 3,1 1:59 vz 4
wsiich. 2A1E Huko] S elAlsk] Siet i
NasP,07 - 10H,0(99%©] A, Junsei, Japan)E ARE-3FACH
BAA|Z Polyvinylpyrrolidone (acros, 98%°]4H2}, seed
Z PACL((F)E]gllofo]A, Pd (II) basis, 59% ©]AHE ARE

samchun, Korea)E

shsiek
o Mpuy
FeClsf 0] 5014 4 gl Assisle 24

ARl NaBHiE F-Foll &oiA] 47 Hepiof Yelth
(Fig. 1). %];é_lﬁi(MS-SOZO, TOPS)Z 0] £5}5] NaBH,&
o1 150 pm A2 SR RAL FeCly $& 5
3Z(Easy Load, pp-150dw)E o]-&3}o] B 1 ~ 10 ml &
o]A] gHIRES-& NPs3ict A E Nagb,0; - 10H0
2 zE20] 206], 0 mgL, 10 mgL, 100 mg/L, 1,000
mg/L, 10,000 mg/L -GS A za}ch FeClLE z}zke

Na,P,07-§ o) mojA GRS A 23t & FHAE &
15718l AEFE-AE(ELS-8000, Otasuka Electronics
Cos Aot AP A4 e ) U
7, 1 golg ojgelo] HRuE A

2 aa

9 & AEEAYo] ¢
b AIHEE A=
atoick Al ze

skt 2 A

2 A FeCly §9 %4
oV AT e ABS BISIAA

)
xmﬁdg siof 43 s}

s _101,

ro
o
o
2
_{
N
24
R
=
m—r

Application

Condition

Magneticfluids[2]

Catalysts for carbon nanotube formation[3]

A suspension of unagglomerated ion nanoparticle

Magnetic resonance imaging(MRI) contrast agents[4-5]

Well-dispersed colloidal iron

Nickel-iron batteries[6]

Nanosized aggregated iron powder

Catalysts and sorbents for environmental remediation[7]

Nanosized aggregated iron powder
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[Fig. 2] Pourbaix diagram about electrochemical equilibria
of the iron-water system[13]
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[Fig. 3] Change of temperature and pH during reaction. Fe

(III) : NaBH, = 1 : 5, speed of stirring = 150 rpm
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[Fig. 4] XRD and SEM results of iron particles synthesized with dlfferent conditions of NaBH,; and reaction time.

(a) Fe (Il) : NaBH; = 1 : 3, (b) Fe (III) :

NaBH4 =

4, () Fe () : NaBH, = 1 : 5
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[Fig. 5] (left) Zeta potential of FeCls solution with various concentration of NasP>Ou. (right) SEM image of iron particles

when NasP,07(100 mg/L) was used.

[Fig. 6] SEM images of iron particles which was produced with different concentration of sodium pyrophosphate(NasP,O5).
(a) 10,000 mg/L, (b) 1,000 mg/L, (c) 100 mg/L, (d) 10 mg/L. * Reaction condition, Fe (IIl) : NaBH; = 1 : 5
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[Fig. 71 Particle distribution measured by PSA in the presence(a, 100 mg/L) or absence (b) of NasP,O,
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[Fig. 9] Effect of PVP at different ratios (w/w) between
FeCl; and PVP. Particle size : 100 - 200 nm with
scaler at the ratio of 1 : 2, 3 Reaction condition,
Fe (III) : NaBH; = 1 : 5, NasP,0; = 100 mg/L
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[Fig. 10] Effect of Pd as seeds on synthesis of iron
nanoparticles. (a) FeClz : PdCl, (w/w) =1 : 0,
(b) FeCl; : PAClL, (w/w) = 1 : 0.001, (c) FeCl;
: PACl, (w/w) = 1 : 0.005, (d) XRD result of
"b”, % Reaction condition, Fe (III) : NaBH4
=1:5, NasP,0; = 100 mg/L, FeClz : PVP
ww) =1:4
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