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Abstract

Fundamental studies for the synthesis of Mn-Zn ferrite powder were investigated using a series of leaching and coprecipitation
processes from spent alkaline manganese batteries. Zinc and Manganese dissolution rates obtained at the reaction conditions of
100g/L. pulp density, 3.0M H,S0,, 60°C and 200 rpm with 30 m/ H,0, as a reducing agent were more than 97.9% and 93.9%
and coprecipitation of Mn-Zn ferrite powder was performed according to various reaction conditions such as temperature, time
and amount of O, gas injection using the leaching solution. As a result of coprecipitation, Mn-Zn ferrite could be synthesized
directly at low temperature in the reaction condition pH 12, 80°C, O, 1.3L/min. and 400 rpm. The synthesized Mn-Zn ferrite
powder was spherical powder of 0.143 pm particle size and had a saturation magnetization about 80 emu/g.
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Table 1. Compositions of valuable metal in spent alkaline-
manganese battery powder processed by crushing
and magnetic separation(wt.%)

Powder size Zn Mn Fe

-8 mesh 21.27 30.11 2.34

2 AdA|, MRAA +8 mesh, BIAMIA] -8 meshe] 3
THIZ R WEE Tk AlE Fo) 3l5etiidol
He= ofd g w7k Fo] AEHE ICPHEEEEE=
vHEA7], JEOL, JY-38)2 ¥-433100m 2 AFE Table
1o eRASich & Ao AL8-% -8 mesh®] 9= Zn
o] 21.27 wt.%, Mn 30.11 wt.%, Fe 234 wt%S ¥ 83}
KA\ 3

2.2, Alguhd

Fig. 19 3248¢ 918 242 Yehiscy. 34
@ ASBAPAAZHE P ol B F2e

HNe 7R 1L &3] 57 EEAT whgRo)A] A4
Bt vkl 2= 71 E (Heating mantle) ©]
83le] & A eH, thermocoupled ©]85H] whg-2

=5 LA FANF 34 S wuke oldle
A2 og Fomn, AgA gole] Zu ojgh &
AL FHagsl] §J8ke] W] 227)(condenser)S

1. motor 2. reactor 3. heating mantle 4. controller
5. impeller 6. condenser 7. thermometer 8. burette
9. sampler

Fig. 1. Coprecipitation reactor for synthesizing of the Mn-Zn
ferrite powder.
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Fig. 20 £ Mn-Zn ferrite AZE A AFHAS
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FE dopy] 3le] ICPEAMS AAIE 3 &g
ZnSO,-TH,O, MnSO,-H,0, FeSO,-H,O(5+, Junsei
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pHE 1274 AP o, W82 29 AH2~80°C71A]
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Pom £r= 400 mpmeE VAP Adotae
0~1.3 L/min8] o2 FUsted 3082417 FoF A
-2 At vkedk S8 AH)E Alg-slY
ot on] FHES GFLH TFFE /K M)
g T 100°ColM 6N ARANHTH AZP AFE
XRD(X-A 3% 7], McScience Co., Cu K-0)Z
ol g3t JENE AANBIGLeH, MnZn ferrite 2T

/ Leaching Liguor 4 ICP analysis

\ Compensation ’ Adding of sulfuric salt

) pH control j pH 12 with 5M NaOH

{ L Temp.~80C, Time 0.5~2hrs,
Coprecipitation

02 gas 0~1.3L/min.

|

‘ Filtering and washing

|

With ethanol and distilled
water

‘ Drying ‘ Temp. 100°C, 6Hrs
’ Analysis XRD, ICP, SEM, VSM

‘Fig. 2. Flow sheet for producing Mn-Zn ferrite powder with
leaching solutions.
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Fig. 3. The effect of reaction time on the leaching of Zn and
Mn with H,O, as a reducing agent (100 g/L. S/L,
3.0M H,S0y, 30 m/ H;O,, 60°C and 200 rpm)

Table 2. Chemical compositions of leaching solution

Composition Mn Zn Fe K C Cu Al
(Unit) (%) (%) (%) (%) (%) (ppm) (ppm)
Content 2.827 2.082 0.22 - - 39 73
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Table 3. Condition of coprecipitation solution

Content(g)
Category Volume Mole ratio
Mn Zn Fe
1L 28.27 20.82 22g -
Leaching Sol.
40 ml 1.13 0.83 0.088 -
Stoichiometry 700 ml 1.13 1.37 4.69 1.0/1.0/4.0
Shortage 700 ml 0 0.54 4.60 -
Valance(sulfuric salt) - 2.38 22.928 -

28.27g/L, 2082 g/, 2.2 g/1.8] %L 7}
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Fig. 4. The concentrations of Mn, Zn, Fe ions at various pH.
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Fig. 5. XRD patterns of the Mn-Zn ferrite at various
temperatures.
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Fig. 6. XRD patterns of the Mn-Zn ferrite at various O, gas
flow rates.
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Fig. 7. XRD patterns of the Mn-Zn ferrite at various reaction
times.
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Fig. 8. XRD patterns of the Mn-Zn ferrite synthesized under
the optimum condition.
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& Z}z} 0.036 ppm, 0.023 ppm, 0.014 ppmO & A2]
A & 5 e, ol2AM Axd B %7
SH®E 3k Mn, Zn, Fe?] 24| 050522 3}k
ol %= MnZn ferrite ¥2E & 5 AU E3,
Table 59 #EtolE A dAte] Z2ojals wAAZIn
3 BIHRY Cu, K, Na 59 ti3h ghdg 2o
ICP ¥4 Aolrt. Table 59IA9} ZFo] o1 Fo] Fu)zk

(s1]

AL & don, 39 NaOHS] 9302 Nao)

[0 ol o2

Table 4. Amount of Mn, Zn, Fe ion residues in solution after
coprecipitation treatment

Composition Mn Zn Fe

Content 0.036 0.023 0.014

Table 5. Impurities of the synthesized powder

Composition Cu K Na Al

Content <1 33 24 6.4

Frorn

Fig. 9. SEM image of the Mn-Zn ferrite.
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Fig. 11. Magnetization curve of the Mn-Zn ferrite powder at
room temperature.

Purtictie San Qistribndion

14 - [

12 LA |

f ;

S ) %

o 8 5

5 s foe

s, i |

2 N L

0 AR Y a, SRRt |
0.01 0.1 1 10 100 1000 3000

Particle Size (um)

Fig. 10. Particle size analysis of the Mn-Zn ferrite powder
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