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Removal of Heavy Metal Ions from Aqueous Solutions by Ferrite Formation
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Synopsis :

The formation of ferromagnetic oxides or spinel ferrites from aqueous solutions
containing one of eight kinds of heavy metal ions(M(2+): M = Mg, Ca, Mn, Ni, Cu, Zn,
Cd, Pb) and the removal effect of heavy metalions by the ferrite formation have been
investigated under various conditions. These ferromagnetic oxides were formed through
two steps of the reaction. The first step, which is the formation of MxFe3x(OH)6 by the
addition of NaOH solution to solutions containing M(2+) and Fe(2+), occurred in the
mixed solutions of pH 10.4-11.2 at 60=1°C. The second, which is the productior of
ferrites (M x Fe3 x O4) by the "moderate" oxidation of M x Fe3 x (OH)6, was achieved by
means of either air bubbling into the solutions at 60=1°C or oxidative drying of the
precipitates in the atmosphere at about 100°C. Seven kinds of heavy metal ions except
pb(2+) were removed effectively by the addition of iron (II) salt in the 2Fe(2+)/M(2+)
range 1.0-5.0, and the removal mechanism of them is mentioned. Discussions are made
on the physicochemical properties of the products obtained and then on the liquidsolid

separation technique of the solutions by high gradient magnetic separation (HGMS).
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Kazuhire Uchino Takeshi Ogasawara

Synopsis:

The formation of ferromagnetic oxides or spinel ferrites from aqueous solutions containing one of eight
kinds of heavy metal ions (M>": M = Mg, Ca, Mn, Ni, Cu, Zn, Cd, Pb} and the removal effect of heavy metal
ions by the ferrite formation have been investigated under various conditions.

These ferromagnetic oxides were formed through two steps of the reaction. The first step, which is the
formation of MyFe,_, (OH}, by the addition of NaGH solution to solutions containing M** and Fe?*, occurred
in the mixed solutions of pH 10.4 - 11.2 at 60+1°C. The second, which is the productior of ferrites (M Fe, ,0O,)
by the “moderate” oxidation of M Fe,_, (OH),, was achieved by means of either air bubbling into the solutions
at 60:1°C or oxidative drying of the precipitates in the atmaesphere at about 100°C.

Seven kinds of heavy metal ions except PhZt were removed effectively by the addition of iron (II) salt in
the 2Fe®*/M** range 1.0 - 5.0, and the removal mechanism of them is mentioned.

Discussions are made on the physicochemical properties of the products obtained and then on the liquid-

solid separation technique of the solutions by high gradient magnetic separation (HGMS).
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tmg/ 1) {mg/ 1) Fe?t I M™ ’ min mn
A 1.00x 19 * 0.23 2.63 2070 | 10 | ot
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B Loox10 ° - 11 6021 ] 060 | 060
(558) [ —
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B LOOX 10 * | gy ? 5.0 11 60+ 1 (gg) 020 { —
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M ..Cd
C Loox 10 * L0 % 103 5.0 L1 B0+1 [ 45 0-24
1558) [113)
2.00 10.0 Eight kinds
D S {1 of M's? 1.0 5.0 1.1 601 60 1545 —
(1120-5 580) 1.00x10 *
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b) l\x Oxidation time (by air bubbling)
¢} 14 D Oxidation time (in the atmospherﬂ)
d) lmtml concentratrons of M's (mg/{) © Mg®* =241, Ca®" -404, Mn?®' =562, Ni*' - 610, (2 —634, Zn*' - 638,

Cd*=1128 and Pb** =225
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Table 3 Data associated with the experiments for removal of heavy metals {Conditien Di
Coneentrations ‘Quulny‘ ‘ l Variation ! Variation in ORP } ow's at room
oFe? of Mt stds. i tw o dour in pH o E | temperature
M2 a0 T T of M i d ] E—
i Initial [Residual (min) | fmin} | {min) (A =B e Products |[MFe,,
(gD 1 fmgd Y| {mgdd) in Figd/ mV vs 5CE) {emu/g) | (emuig)
1.0 0.5 ' 60 | 20 | 5.0 | 43 -105 | +80-» -140— +20] 88 N
.| zo 05 Ts0 T30 170 | 37108 1150 - 480~ 10| 265 |
Mg {24 b : = - 27
3.0 <05 6 | 41 | 199 | 37 > 109 |+160 » -590 »-+80| 370
5.0 Z0.5 &3 | a5 | 207 | 34 -108 | 1190 —- 660— 60| 64.1 |
1.0 | 0.28 60 | 20 | 19 | 44 -~10L1 |+100~ -5%0-> 10| 641
ot 15 024 60 | 20 | 47| 42 +109 | 1120 00—~ 70| 561 |
20 | 404 | 017 60 | 30 | 88 | 38 -112 | 1130~ 620—-30] 4690 -
30 0.22 60 | 30 | 139 | 87 ~11.2 | 1160+ 670 70| 958
50 || 0o 61 | 40 | 161 | 32 -109 [+220—> 720~ 90| 855
] 10 <01 | 60 | 20 | 67 | 42105 | +100—-480 > +30] 763
ot | 15 <o | Lo |80 20 | 76 ] 40106 |+120 > 440 - -20] 945
|20 | se2 | <01 | .. 60 | 80 1123 [ 39 ~107 [1130- 580~ - 10| 1037 80
3.0 <01 | 60 | 41 | 175 | 36—107 | +160-»-630—~—20 106.3
5.0 <01 G0 | 45 | 259 | 32—108 |+180 »—630 »—60] 104.0
L0 <05 60 | 20 | 50 | 44—105 | +80 »—400-»+20[ 138 |
15 <05 | 60 | 20 | 64 | 42106 (120 »-420 >—20| 260
Nt U201 s10 [ o5 | — | 61 1 30 | 123 | 395108 | 4130~ 450> -0 390 | 50
3.0 <05 | 60 | 40 | 183 | 36 108 |+150 » 490 » -20] 47.2
5.0 <05 60 | 45 | 244 | 33108 |+ 180— - 620 > 60 50.9 )
L0 <05 60 | 20 | 39| 34106 |+310-» 180~ -30] 81 |
15 <05 | L. [ 60 | 20 | 27 [ 36 111 (4330 - 340 £20] 554 |
Co?t] 20 634 | <05 | T [Ce0 | 20 [ 40 ] 33100 |4330- -550 » ~40| 64.8 25
3.0 <05 50 | 20 | 65| 32 -113 | 1330~ -7%0— 30| 717 |
5.0 <05 | 61 | 30 | 171 | 31— 10.8 |+340— -840~ 10 799 B
1.0 0.29 | 61 | 20 | 69 | 41105 | +60-»—590-> -50[ 23 | '
S| 20 g3 | 0B | 5 60 | 30 | 155 | 40 -108 |+140+ 600 -—40} 53 |
3.0 000 | 1°* | 60 | 40 | 242 | 36 »109 |t120— 710~ 50| 511 |
50 | 01z | 60 | 45 | 278 | 36108 |+170— 720~ -30] 385
1.0 0.17 50 | 20 | 42 | 41106 | +90> 510~ -40] 4956 o
15 | 128 o027| 01" | 60 | 20 | 64 T 40—111 | 1130~ 520 1 10 601
cd'[ 20 0035 | 0.01°* | 60 | 30 | 128 | 4.0 > 106 |+110— -660—~ 40 630 -
3.0 0013 60 | 30 | 141 | 36—109 |+120— - 750— -50 73.0
B 50 < 0.005 60 | 45 | 266 | 36 +108 | 160> 770-> -30] 971 )
1.0 { .z 60 | 20 | 38 | 37--107 |+180 - —450->+20 56
48.0 S
o2 N | |
2.0 im0 | 10 60 | 20 | 61 | 38—109 | +190-»—750-> —10) 49.5
Pbtt | 2052 [ (. [
3.0 s 60 | 30 | 126 | 33—109 |+200 - -840 » -0 568
— (< 0.05 N o
5.0 i 60 | 40 | 226 | 34-+107 |+220-»—850 »--10| 655
Fett| - 558 -~ 6 | 15 | 23 | 41--104 | 450710 -60| 77.2 92

+ Values of effluent standard of Water Pollution Control Law

esx Values of environmental quality standard relating to human health based on Basic

Pollution Control
»++ Values in reference 10

110 -
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