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In order to recover Ti and Cr compounds from the incinerated bottom ash, the wet high gradient
magnetic separation (HGMS) was investigated by using a superconducting magnet. To separate Ti
and Cr from Fe particles, it is necessary to weaken the magnetic force, which is acting on Ti
and Cr particles. At first, basic tests using a pure sample of Ti or Cr compound were performed
in order to minimize the amount of captured fraction of Ti and Cr compounds. As a result, the
minimum amount of captured fraction of each compound was obtained by varying the magnetic
susceptibility of the fluid. As for Ti compound (Ti0,, CaTiO;), iron tri-chloride and manganese
sulfate were used to change the magnetic susceptibility. Likewise, as for Cr compound (Cr,0,),
water based magnetic fluid was used. By applying the condition, which gives the minimum captured
fraction, to a mixture sample of Ti (or Cr) and Fe compounds, Ti and Cr compounds were efficiently
recovered as nonmagnetic products.

Furthermore, the conditions obtained from basic tests were applied to the bottom ash from
an industrial waste incinerator, which has a high content of Ti0,. As a result of wet HGMS after
leaching ash with HCI, the Ti0, grade was increased from 10wt% to 28wt%, whereas the Ti0, recovery
reached 64wt%.

KEY WORDS: Bottom Ash, Recycling, High Gradient Mgnetic Separation, Paramagnetic, Magnetic
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Fig.1 Schematic diagram of the wet high gradient magnetic separator (HGMS).
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0.002 AL
— Cr20s Reagent Magnetic susceptibility Median particle
8 (<107, SI unit) diameter (um)
N
0.0015 FeCla- 6H:0 TiO, (Rutile) 1.1 0.32
CaTiO] (Perovskite) 38.5 0.55
o MnSOs - 5Hz0 CI'203 1070 0.41
o-Fe,0, 2040 0.54
AlLO; -18.1% 1.98
0.0005 CaTiOs Si0, -163™ 12.9
T : CaCo; -13.0" 0.14
. : : - . FeCl, - 6H,0 1520 -
0 0.5 1 15 2 MnSO, - 5H,O 1570 -
Magnetic flux density(T)
Fig.4 Magnetization curve measured by VSM
(samples: reagents used in the experiments).
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Fig.5 Captured magnetic fraction of reagents by wet HOMS &5 a function
of magnetic flux density (fluid velocity: 10mms, feed: 1g of each
reagent mixed with [L of water).
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Fig.6 Zeta potential of TiO; (rutile) and CaTiO3 as a function of pH.
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force, Fq hydrodynamic drag force and Fyg' gravity force, calculated for
TiO3 particle in 6T magnetic field with fluid velocity of 10mm/s) .
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Fig.8 Captured magnetic fraction of TiO; and CaTiOj particles as a function of
FeCls + 6H20 concentration in water by wet HGMS at magnetic flux
density 4T (fluid velocity: 10mnys, feed: 1g of each reagent mixed with
1L of solution).
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Fig.9 Captured magnetic fraction of TiO2 and CaTiOs3 particles as a
function of MnSO4 + 5H30 concentration in water by wet
HGMS at magnetic flux density 4T (fluid velocity: 10mm/s,
feed: 1g of each reagent mixed with 1L of solution).
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Table 3 Edfect of the addition of FeCly and MnS0y in waler on the wet HGME

results wsing a mixtwe of Tily and a-FeaOs. (Nuid veloity: 10mnys

"

feed: Ig of TiO2 wnd 1g of e-FezO3 mixed with 1L of salation,
magnstic fax density! 1T}

ot Weight Gmﬂe faih Recovery {%6) -
. * o -Feay T Feyln
(1) Btk Mag. 24 431 569 905 531

MonMag T8 0.7 il3 3.5 64
[2)FeCly Mag. 545 256 744 379 BL.1
15T MeaMag 455 793 208 T 189
(MnS0y  Mag. a4 31 61,9 0.6 e
allg/L MonMog 186 604 306 25,4 102

Table 4 Effert of the 2ddition of FeCls and MnS0s in water on the wet HGMS
sesults using @ mixture of CaT503 and e-FeaOs. {uid velacity: 10memds,
feed: 1g of CaTi0s and 1g of -FeaOa mixed with 1L of salution,
magretic Aox denaity: 1T)]

Weight Grade (%) Recovery (%)
Product o caminy % CaTily
i -Fealy ? -Feyy
(pan M 882 357 643 TEL 48
MonMag 118 842 15.8 24.0 32
(Z)FeCl,  Mag 668 225 778 151 90.6
30gL. MNoaMag 332 §3.8 162 4.9 G4
(3)MnS0, Mag 754 264 i 459 979
15l MonMag 2446 952 4.8 54,1 21
(Mag.), (NonMag.) Ti0, a-Fe,0, ,
s ) Tio, 49wt , TiO,
1T (Fig.5),32wt
, Ti0o, a-Fe0, ,Ti0,
,Blank
,(2) 1g/L
72wt ,
) TiO, 69wt
,(D (Blank), (2) 30g/L
) , CaTi0; o-Fe,0,
CaTi0, 84wt , CaTiO, 24wt ,(2)
s 65wt ’
, CaTi0, o9%5wt 54wt ,
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Table 5 Effect of the addition of magnetite in magnetic fluid on the wet HGMS
results using 2 mixture of CryO3 and a-Fez03. (Auid velocity: 10mmy/s,
feed: 1g of Cr203 and 1g of a-FeaO3 mixed with 1L of diluted water
based magnetic fiuid, magnetic flux density: 1T.}

Grade (%)

Recovery (%)

P Weight
roduct % Cri0s @ 105 a
-Fe,03 -Fe;03
Mag. 83.2 353 64.7 66.7 96.1
(1)Blank NouMag 168 89 131 333 39
(2)Magnetite in~ Mag. 71.0 228 772 376 96.4
diluted  water
based magnetic NonMag 29.0 92.9 7.1 624 3.6
fluid: 0.1g/L
1600 - N Fig.13 SEM photograph and elemental mappings of O, Ca, Ti, Fe and Cr by EDS.
1400
—~ 1200 Table 6 Quantitative analyses of the particles, which contains the high content
g of Ti by EDS (unit: wt%).
= 1000
800 (o} Na Al Si Ca Ti Fe
600 No.1 32.8 3.0 34 4.8 27 47.3 1.6
400 No.2 335 44 4.6 3.0 2.8 42.7 1.0
200 No.3 30.2 2.7 2.6 37 255 217 33
0 No.4 21.1 3.0 4.2 5.7 252 18.0 8.5
t0 15 20 25 30 35 40 45 50 55 60
26/Cuka
P: CaTiO; (Perovskite), R:TiOz(Rutile), N:NaCl, M: Fe3Oq
Fig.12 XRD pattern of the bottom ash as received.
Ti Tio, CaTio, ( 1
29/L,25 30g/L) , Ti Ti0,, CaTi0, 2 ,
,0,1,15,30g/L 4 Fig.14,Fig.15
6T ((2)6T-Mag.) AT Fig.14 ,
TioZ, Fe203 y Ti02 y F6203
Fig.15 ,1T ((2)6T-Mag.) 100wt , TiO, Fe) 0,
, Ti0, ,30g9/L ,54wt
7iwt TiQ, , , 30g/L
7 T i 7
1g/L(Ti0, ) 30g/L(CaTio0, ) Tio,
Table7 1T ((3)1T-HGNS) ) 30g/L
@O @ , Fig.3 @ & ,2 Ti Ti0, Ti0,
, T ((3)1T-NonMag.) 2wt 3wt ,2
6T ((4)6T-Mag.) , 28wt 33wt
(Tio,  :23.8wt ) 2 Ti Ti0, ,
Fig.16 (@) ,()1T ((3)1T-No Mag.)
(c)6T ((4)6T-Mag.) XRD (3)1T-No Mag.(Fig-16(b))
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Fig.14 Grade of TiOz and Fez03 as a function of FeCls + 6H20 concentration in
water by wet HGMS of the bottom ash at magnetic flux density 1T (fluid
velocity: 44mmys, feed: (2)6T-mag. in Fig.3, pulp density: 2g/L).
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Fig.16 XRD patterns of (a) the ash after HCI leaching, (b) the non magnetic

75 product (i.e. (3)1T-NonMag. in Fig.3), and (c) the magnetic product (i.e.
(4)6T-Mag. in Fig.3).
70 '
65
~ Table 7 Wet HGMS results for recovering Ti compound from bottom ash
f 60 according to the experimental flow shown in Fig.3. (FeCl3
g addition in water at 1 T-HGMS: 30g/L.)
3 55 .
& Weight  Grade (%) Recovery (%)
€]
Product i - - -e Ak
50 Ti0s in Nom M (%) TiO, FeOs TiO;  Fe03
—&— TiO; in Non ag
I -+~ Weight of Non Mag Calc. Feed 100 12.3 19.1 100 100
—A— Fe;03 in Non Mag, Ash after HC leaching 518 238 261 100 70.7
2 ) ) (1)0.1T-Mag.(ferromagnetics) 6.6 105 62.1 5.6 213
0 10 20 30 (2)6T-Mag. 20.8 255 278 433 30.2
FeCl; - 6H,0 concentration (2)6T-NonMag. 24.4 25.8 15.0 513 19.2
in water (g/L) (3)1T-Mag. 68 229 351 126 124
~N : 14.0 26.8 % § :
Fig.15 Recovery of TiO; and Fez0Oj3 in the non magnetic product as a function of (IT-NonMag 2 505 i
FeCly + 6H20 concentration in water by wet HGMS of the bottom ash at (H)6T-Mag. 145 282 182 32 138
magnetic flux density 1T (fluid velocity: 44mm/s, feed: (2)6T-Mag. in (4)6T-NonMag. 100 223 104 18.1 54
Fig.3, pulp density: 2g/L).
(Fig.16(a)) ,510,,Fe;0, ,CaTi0,
,(4)6T-Mag. (Fig.16(c)) ,CaTiO, TiQ, ,6T
, ,T10,
, Ti )
7
’ 7
Ti Cr
, Fe Ti ,Fe Cr ,
(DTi Fe Cr Fe , Ti,Cr
Ti,Cr TiO,



G_Fe203 1g/L ’ ,Ti02

8.5wt 72wt CaTi0; o-Fe,0, 30g/L
CaTiO, ,24wt 65wt Cr0; a-Fe0, ,
, 0.1g/L Cr,0,
, 33wt 62wt
() (Ti0,:24wt ) , ,
, TiQ, 28wt ,T10, 64wt Ti
,21 COE ,
(KI1GAM)
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