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Abstract— This study investigated for leaching and adsorption characteristics of rare metals from domestic steelmaking
dust in which they exist at very low concentration in the a mixture of high concentration of iron, zinc, and silicon. The ma-
jor constituents in this steelmaking dust are iron, zinc, silicon and alkali metals. The dust were contented of rare metals
such as boron, gallium and vanadium. Of the boron contained in the dust, 72% leached with 3.0 mol/dm® sodium hy-
droxide solution where the pH of the final pregnant liquor is 13.8. To remove the impurity metals, they were precipitated
as their hydroxides by adjusting the solution pH being 10. The selective concentration of boron was done using a che-
lating resin column with a functional group of glucamine type, and the eluate containing 5.6 g/dm® of boron was obtained.
By employing 2.5 mol/dm* sulfuric acid for leaching vanadium and gallium from the solid residue resulting from leaching
with alkalic solution, the leach liquor containing 0.038 g/dm* of gallium and 0.028 g/dm’ of vanadium was obtained. Gal-
lium and vanadium in the leaching solution were concentrated by use of a chelating resin column with a functional group
of aminocarboxylic acid type after reduction of ferric ion to ferrous ion and pH adjustment. The elute was conditioned and
passed again through the column. Gallium was concentrated to 13 g/dm’ and vanadium to 9.7 g/dm’ in the resulting elute.

Key words: Steelmaking Dust, Selective Adsorption, Selective Leaching, Rare Metal, Selective Concentration, Boron, Gallium,
Vanadium
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Table 1. List of used chelate resin

Resin Functional group Form
crB-2 N CH,— (= CH-),~ CH:0H Gy camin
(Mitsubishi) CH, OH
MC-75 - CH,COOH Amn.locarboxyhc
(Sumitomo) R—N acid

"™ CH,COO0H -

HatZE H3sH H4E 19974 83

253} - 0144

A 2E 02gS AE3] At Q= 287] WA 2 2A] 28
4£-7](Uniseal Decomposition VesselsA}l, Zlo] 105 mm, W7 56 mm)el]
A AA13SN) 2 S0 =5k ak46 %8S 4 2em’s 7}
sto] £715 ¥sed 3087k wkx] F, dx7] FolA 110°CE 14]
7 AxsiAc 247 AE Pl F, FFe20]29 upa)E 4
3o} 4wt% B4F 49L& 25cm’ H718le] thA] 100 CeollA] 1417k
Azxslgich uhy ¥, 4] £2](3,000 1pm, 10 min)3le] w]-g-5 ZkA}
o} gollg Balsl, gol Fo] 7} F4o] 9] FEE St

8, B4e] B2 AR 0.2g7 A4 Som® 2 G4k 15em’S ¥
a7l 7lsle] 4715 HRslgeh o 3087 A F, A3
ZollA} 110 CZ 447t Azslsich. vy F, A5-4g Fejle &
A F] 549 FEE AFslct
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AEAYPE A7 FE9 G4, 34 4 FABhEFSYES AE
ojo g apgslelct. AP~ 50g5} 7 AEA| 250 cm’E 500 cm’
o] Eekxzd A3l FHEA L A2z A&t oil
bath®] €57} 130 °Ce} $F-273lollA] 3X| 7 vh-gA)7] F, Al &
2](3,000 rpm, 10 min)3}e] w83 AR} §-4& Hejsli, oty
#HolE24 FAFA(IHA] No. 5C)3t & SA L JEdog
AHg-3hedet.

24, ERE

FRA 8 FEFE, o] 2HEA L 3 EA Y gy oe s zA)s)
Ak 32236 3 Fi3 HYAUPL FH5o) 22 55 FRAE
A4 E=IF F, AFHIClE(35-40 °C, 3hn)ollA] =gt 54] 1.0g3}
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A9 745 33 45 307, ol T2 AV ) 2] A olA]
£ 25h 24 FFEkm, 9 Az ez 49 sRERE 42
Ao} B4 FEE 7t Bt $Ro] FiE FLe| e 22
delA 2 FF718 x| ZH e 1.0moldm’H,S0,, o}v| 7}
A o) 422] AE e A& 1.5 mol/dm™H,SO, == 3.0 mol/dm’-HCl-S
B2 45 20k, 25hr 24 2R AR RE FEe PelA g
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A1&3 (Japan Jarrel-Ash A|, model 880 Markil)© &, K, Li, Naol]
e dFEEeR F2g T4t 19 S disike
ICP +33-3-47)(Japan Jarrel-Ash A, model ICAP-575)2 A aksisic}.
AEA9] pHet 32 F9| F3 pHE 25°CHe] 322 oA pH
meter(ORION Research digital pH meter 611)5- A8-31¢3 SA3slict.
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Table 2. Compositions of domestic steelmaking dust [ug/g-solid]
Al 5880 Cr 18400 Mg 5780 Pd 107
As 0.6 Cu 2100 Mn 39600 Si 80500
B 1120 Fe 213000 Mo 10500 Ti 53
Ba 1100 Ga 330 Na 142000 V 480
Bi 78 Hg 495 Ni 17600 w 2680
Ca 10700 K 36000 P 26000 Y 464
Co 195 Li 03 Pb 12100 Zn 108100

A7pe| A HeFiA A AN Table 29} Zr}. ACI2E 1
g% Tl dE T4 Hugle2A EA3A

tAEe] F4 FAEL Fe, Zn, Na, Si, K, Ca, Mn, Pbo]glen], 7
2] 1,000 ug/g-solid 014} =] glE F&o2E Al Mg, W, Cr,
Cu, Ba, Ni, Mo, Be]git}. 19)el] tiEo = Ga, V 5] tlolit 3
B450] v|ge g Fhue ek FUAZFEAe] A7k 50,0008
oake] WithEl v el WAleks w2id o o) 5 Ay &L A8leR
248 4 9lod, o]5¢& AR 3 A7 ¥ H$- A £&
o 9)3le] FAH 2 GE o | A 4 QU= 7S FAIR + 9t

3-2. M@znt

35249 Al A AdeEele) 7heA 2 HH2A 55 AY
Hog zARlct t2EE o2 Fro| 4F JEAE o83}
oil bath2] 27} 130 °Cel #FEA M t|2E 2007 AZ 1000
an’g 3417k vheAIA & A& 24E Table 3 ehlgic).

AR Zel N FE52 ASFE A FRole A 4L ¥
wsteh. e, Bake ASAE AR 75 Cadh Poo] W84 Al
CaSO, % PbSO.2] A& HA3] dell o] Il AN HEE4
Wshrt 2 velydel 22 ARsRelM e dateld Bkl AEES

72 zleo]7} gisiek. AAAH Q] AL AEA A AE A T
7} Z7181E AEN Fo 4 FEo| 20| TS 4 U

g, deAE Ades AAEA ZFER AE9 Al Fe, Ca,
Zn 59 AEL GA=EAL. FAFPIER AZ 23l IRHFE
Ql B7} FAEY 2 Qe 44E I8 F U o] AEE
2 5.0mol/dm’HClo] 23t A&EEH} & FE=ZA FEHAUH
3.0 mol/dm®-NaOH2] A& Holli= Br} 156 mg/dm’2A], t] 2B
%50 & BY 72%7t A& od, dAe)F<42 K3} Zn, Pb
< AE ok Ao FEFE AETge] Ao Bl 22 F2E HE
Wi 488 S 5 ek o)) AENe] pHy 13.80]0, S
F2] B go]2<l BO He2 &A)8lx, ok HolF4Fe 4t
32 #o] &8 PAJsle] ALt APzt

B9, A7 AEE NaOHell &)3le] BE A4 o3 &3 ¥
bl AEH A L 4F 3FFEEC] dE Uk w2
A Zd]| 9% 2dbA AEH-L H 25yt H,SO, % HCle Wig &
20 AZE gJoiA] Ca ¥ Pb2 Al9slae A zlol7} glich.
meba] F2b Q) WellA feldiz, vlg Aol M= feldt 34k 29
A AR Zo) 9] AEA 2 syt t]A~EE 3.0 mol/dm’-NaOH
2A A& F, 7 AAE o]-23ste] Azt 2.5 moldm’-H,S0, 0 2 3
3, & 25l 3 E e 24 AYAAE A 2L =Y F
Aboll A& A7)} 3] v]L3le] Table 4] el gich

Azde] AT 1 FEE A AolE YehA] st} s4k3t
JEF| &3] 12} A&3}e] B, Zn, Mo, Pb 5-9 2145 A4
22 A& F, 2 AE e E AR AEsEs AAEY
o] Ao W3EZA] - It

33, NSy

13 A2 ol 4sje] 7 Bl iRt HAo) FA4AE sl

Table 3. Components of leach liquor of steelmaking dust(S/L : 200 g/dm’, Temp. : 130 °C, time : 3 hr) [mg/dm’]
Leachant Water HCI H,SO, NaOH
Conc.[N] 0 0.1 1.0 3.0 5.0 0.1 1.0 3.0 5.0 0.1 1.0 3.0 5.0
pH 11.3 6.8 39 - - 6.6 21 - - 122 132 13.8 -

Metals
Al 7.7 5.8 108 409 704 9.0 179 448 505 9.6 58 77 154
As 0 1.7 1.7 0 0 3.6 45 0 0 0 0 0 0.1
B 7.0 6.9 7.0 45 67 6.4 33 42 66 12 107 156 204
Ba 0.4 2.7 2.7 3.7 41 1.1 1.0 0.7 29 03 0.4 0.4 0.5
Ca 388 657 1880 1990 2120 298 200 245 221 13 0.5 1.2 1.8
Co 1.0 0.1 1.0 16 33 03 0.8 11 33 0.1 04 0.4 0.5
Cr 0 35 25 1660 3240 53 60 2720 3070 38 176 194 70
Cu 0 0.7 140 310 430 1.9 120 340 460 09 7.6 30 57
Fe 0.1 1.1 6.0 13200 3220 1.2 24 7870 31500 0 1.2 0.6 11
Ga 1.9 0 1.0 26 45 0 29 23 45 0 0 7.4 15
Hg 0 13 1.9 31 69 13 2.1 22 64 1.7 25 23 2.8
K 1840 1570 1580 1660 1600 1400 1110 1480 1740 1260 1800 2070 2070
Mg 0 6.8 366 850 1020 10 400 935 1110 0 0 0 0
Mn 0 23 1170 5880 8720 7.7 144 6240 8660 0 0 0 12
Mo 134 5.8 157 366 581 17 157 285 558 209 302 325 378
Na 4310 1850 1940 2020 1760 1760 1940 2110 2020 - - - -
Ni 0 0 720 3200 6400 0 907 4800 6670 0 27 107 213
P 0 0.1 6.7 46 72 0.2 6.9 25 64 0.2 70 15 34
Pb 0 0 110 1400 1600 25 16 22 170 103 2750 4390 4790
Pd 2.9 2.0 20 1.7 33 2.8 1.8 2.1 2 22 3.0 32 7 3.0
Si 3.7 2.7 19 925 777 5.0 4250 536 490 5.5 469 506 1190
\'% 0 0.3 03 12 27 0.5 0.7 11 24 0.5 52 11 16
w 0 0.5 378 566 764 1.7 387 546 804 13 42 129 148
Zn 0.4 22 9270 13700 18500 23 9270 18500 18500 2.2 960 4700 7200
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Table 4. Components of leach liquor of 1st leaching and 2nd leach-
ing by sulfuric acid(S/L : 1/5, Temp. : 130 °C, time : 3 hr)

[mg/dm’]
1st sulfuric acid 2nd sulfuric acid
Metal leaching % leaching %
@5 mol/dm’-H,80,) 24 (5 5 moydm-H,s0,) e

Al 505 43 457 39
B 66 29 62 28
Ca 221 10 215 10
Cr 3070 83 3570 97
Cu 460 20 421 18
Fe 31500 74 28800 68
Ga 45 68 38 58
Mg 1110 96 1120 97
Mn 8660 25 8820 25
Mo 558 27 67 3
Ni 1020 29 2480 70
Pb 170 3 144

Pd 2 9 0.2 1
Si 490 3 9190 56
\" 24 25 32 33
w 804 - 730 -
Zn 18500 86 19500 90

7] 9319 A% 3 2] THE 5718 74 Ao EFAE AHE
% Ul YA} 3.0moldm’NaOH A2ehg o] 83 FHAHIN
£ FF7UY Aol =47 CRB024 SJale] Fde) -8 59
B Y Cuol® Fol ¥& F4%58 thehisieh. =k, 2.5 molidm™H-
SO, AENRE o148 FHUYoIAE ofv) ol eaty) Yol =4
) MC757} Gash Vel F2tel $4% $209¢ & + 9lich. 2
A1 Table 5ol Fehic).

oLl A=E olgsted, Bt Aoz A Y] A2
& FFAUY $4 CRB02¢] Edlsel 1§34 S4& 2
o} dUel 4 Ao AYY Na¥is A2 ARG HY Ao
W FHEEE AP 22t Fig. 19 ehhigich.

Ne® % HY $xl6l ot BS) §24 S 2047 Foll Hael
sty T 58909 pH 899 thste] Bel WY Fawre

Table 5. Raffinate amount after adsorption of metals with adsorp-
tive from leach liquor of steelmaking dust(Soln.: 20 ml,

resin: 2.0 g, time: 20 hr) [mg/dm’]
Leachant
Condition
2.5 mol/dm’-H,SO, 3.0 mol/dm’-NaOH
Metals
Leach  Aminocarboxylic ~ Leach Glucamin
liquor acid (MC-75) liquor (CRBO2)

Al 505 481 77 19
B 66 66 156 72
Cu 560 395 30 0.7
Fe 31500 22300 0.6 0.1
Ga 24 11 3.8 3
Mn 8660 8530 0 -
Ni 6670 6080 107 106
Pb 170 164 4390 4350
Pd 2 1.1 32 25
Si 490 333 506 417
v 6.5 23 3.0 2.7
w 804 600 129 126
Zn 18500 18100 4700 4600

858 R3sA H|42 1997\ 8%

20 T
e} =N-CH-(CH),-CB,ONa
CH, on 1

i T T T

5+ O N-CH,-(CH),-CH,0H
CH, OH

q [mg/g-dry resin]

0 . 1 . I .
0 10 20 30
Time [hr]
Fig. 1. Experimental uptake curves of borate ion on glucamine che-
late resin.

Na¥j o) A= 12 mg/g-resing]l Wb, H¥ 43| ol A4]+= 9 mg/g-resin &2
F2Ee] Nay X8} G & F238 Jelich gehy 2351
3 LA ESR|EIE Nad Zo|E5A]7} B $3oll= gL
&odct. Na® ZAHo]ERR|E o]4-3le B} FUF golLFod
£ & = Mozt &e] A&de) syx2 EA3h= Zns} Pb, 1
3 Caoll Hale] 22 E o2 {5l oo guy] FEy1uy
Z#| o] E4X] CRB-022 F24 33} Fig. 2] vyehlixict.
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2| ¢ Bael vlsle] Y& FaAekS Jepdo) webA oEd 2
F50] FaTEYel Bo| FH7E F-olle FA449YelA BE A
AHeg ¥ 71s3he o & 3ok

T, Aol on| T2 A 2] MC-75E o] 43}
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Fig. 2. Effect of pH on adsorption equilibrium of metal ions with
glucamine chelate resin.
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Fig. 3. Effect of pH on adsorption equilibrium of metal ions with
aminocarboxylic acid chelate resin.

o] Ga¥}t V2] H3F o v+ pHE| &g A¥ ZApEIA o
o] -7} BALE o] 3ol thdF Ga, V, Fe(ll) & Fe(lDe] F-3tel of
3 pH2| 3 3-&- Fig. 3¢l Vel it

Ga2] F&=k2 pH 2 olslellA& pH7} ARl wef F7}aksict
2237, Fe(llly= Gaoll ®lste) wA FAS AL Fe(i)e] FA=FL
Aglch welbs] Fe(IDE Fe(IDZ sz, 33949 pHE 0.7%2
22 grhg Gax} V& AdH o2 FFo) rhgsitia A4H

34. B840 55§

3.0mol/dm™NaOHZ t|2EE &3l @& J24E FFH2
2 3] AYo|EFA S o148 YW B Fal, FHUYS
8le] Fig. 4ol Yepiale}.

7718 Aeo] E4%] CRB-025A1F $A13 A7 9] S|4
AT 4] ¥4 Aso|c}. EAF 10m’/m’resin7R] TFY F

200

1X 10*

sx10°

[M™] in Effluent [mg/dm’|
g

B. V. [m*-soln./m’-resin]

Fig. 4. Adsorption of solution passed through the column packed
with chelate resin(CRB-02).
(S.V.=3.0hr™")
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Table 6. Components of leach liquor feed to the column and eluate

results(S.V.: 3.0 hr ', Eluate S.V.: 2.0hr ") [mg/dm’]
Metal g Al G Zn

Condition

Leach liquor 156 77 30 4700
(3.0 mol/dm’-NaOH)

Eluate 2100 700 6500 670
(eluent: 1.0 mol/dm’-H,SO,)

Feed to column 99 10 0 0
(leach liquor+HCI), pH=10

Eluate 5600 30 0 0

(eluent: 1.0 mol/dm’-H,SO,)

Table 7. Components of leach liquor feed to the column and eluate
results(S.V.: 2.5hr ", Eluate S.V.: 2.5hr™") [mg/dm’]

. Metal 0 v F Zn Cu
Condition

Leach liquor 38 32 28800 19500 421
2st. 2.25 mol/dm’-H,SO,

1st feed to column 35 30 27000 16000 21
(leach liquor+Na,S and
NaCH)

1st ecluate 300 270 3200 2700 1.2
(eluent : 1.5 mol/dm™-H,SO,)

2nd feed to column 240 210 2600 2100 0
(leach liquor+Na,S and
NaOH)

2nd eluate 13000 9700 730 170 -

(eluent : 3.0 mol/dm’-HCI)

o] Be] Mako] FAH et F2H ok 2.0g-B*/dm’-resingl ubH,
Zno] FHEL F3] AL, A2 39 Znd] FE7t ¥ Al
Fateke 6.1 g-Zn"/dm’-resino]| Tt =¥}, Ale] Faake- 1.3g-AlY/
l-resine]g.o, Cul JEZTFN r5& Bt} 14959 F&
T2 FFEAAT, FHE kS 49g-Cu’/dm’resin® 2 F& F
252 FA=.

g4, F35-23 BE 343)7] 95t 1.0 mol/dm’-H,SO.5 42
A2 3t} TREE 20hr 24 AR FFte] F34% B 42
A3 A5 Table 74l vehi it

F2lol F3HE BE 2.1 g/dm’ e 2 90 %o)Ade] felEigl o, 23
A2 Z9] Bol& ¥52| of 142 F2Eglon 92%7) 345

ek 9, B2 2.1 g/dm’el] wlsle] Al 0.7 g/dm’, Cus 6.5 g/dm’
24 A% TFY F 9o, 2702 27} 53E 5, Znd 0.6 g/dm’
24 A& FF9 Fo UMI2 238 Fasidc SAshlES

A2 Zol= Curl BY 14Y xS & x g Fiselx|e Cu
= Bit} Aoz Fasle] ga|d Folx] BY 29 olA}e] %

34, Bell diZF F29 3413 A7}l Fig. 2614 B pH 9%-20llA]
Hjo] FAFE vehd Fg w8idlo, BE HAA oz 5|
A3t %%—ﬂ!oﬂ G4-e A7kl pHE 97HA] 2-AR F, Al Cy,
Zn 39| o]& FUEES GG ézéf&c}wi, AEIS M
(On), 9 ‘r"b}iﬂ Ao, BLER EAljsls S0 LL A9
AALD 5= Qick. webx pHE 92 =43}y, 2447k zg A& 3, o7
g o] 243} g2 B9 4 ASE Table 60 ehlgict.

BE 0.099 gdm’24 31 % 7443822, Cusl Zne 5 A A
et Al 0.01gdm74R] A=K}, o] Sl g FFHeg &

S5 Aelo| e o] 4] AW og B £u, 5
AP-L s} L2l Fo] B L S6gdm’E, TF SN F
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Fig. 5. Adsorption of solution passed through the column packed

with chelate resin(MC-75).
(S.V.=25hr™")

9] Bo|2 Fx9] 42 FEEUSTE ¢ 5 Uk Al 0.03 g/dm’
o] FE2A FhEol vtk web, A7kl 2= 29€ 3.0 mol/dm’-
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1) A7 2B A3k A AL Fe, Zn, Si, 19 22
FER7 AFESE FE 9d%lend, B, Ga, V 59 thakdt 31
FE5E0°] 1o E I ek

(2) 3.0mol/dm™NaOHE H&A| 24, tJAEH] F559] 9= B
2] 72%7} A& 31, pH 13.8%1 gzt 4982 g}

(3) BY] ¥ 5113 Lo Ex|e 23t A F
Zo] 7hesisict. 42l@AllA 1.0moldm’-H,S0.5 &2]Al2 AMg-
3} 5.6 g/dm’] BE 53¢ 5 2ch.

4) L2 ZEF AALE 2.5 mol/dm®-H,S0,24] 25HA] 22| 2
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B.V. : volume of solution passed through column bed [m’-soln./m’-
resin]

q : equilibrium adsorption capacity [mg/g-dry resin]

S/L : weight/volume ratio of solid to liquid [g/dm*]

S.V. :space velocity [hr ']
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