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ABSTRACT

The clectric are furmace (EAF) dust used in this experimenl showed the formation of an imepular agglomerate of small
spherical particles and consisted of 27.5% Fe. 18% Zn, 4.83% Pb and 10.2% Ca(), and it also contained 3 26% Cl and 0 5%
F. IR specita peaks of Pb{OH)C1 were observed at 1630 and 1377 cm’ regions and the intensity decreased using an acid
treatment (1N H,80,) and thermal treatment at above 600°C, but it was nol affected by washing process. Those of Zn; (OH):Cl;
treated by oxdation showed broad absorption peak at 3600~3200 cm™, main peaks at 1136 and 1040 cm™ and a splitting peak
at 291 and 921 cm” which were believed to be due to ZnOQ) by oxidation at about 700°C. The IR spectra ol the dust residues
by a washing process show the same peaks at 3445, 1635, 1439, 875, 571 and 455 cm™ regions, but the peaks at 2942, 2862,
1136 and 1040 cm” decreased and disappeared using an acid treatment and washing process, which is believed to be due 1o

the dissolution of zinc hydroxyl chleride.

1. Introduction

Much of melallurgical wastes from varions smelting
plants in Korea contain high levels of zinc, copper and lead,
elc These wastes could be converled into high-value pro-
ducts i suitable recovery processes were employed. Cur-
rently, there are several stockpiles of such waste materialg
which have been accummulated over the past decade, await-
ing a proper lechnology to process them

Typically, clectic arc fumace {(EAF) dost which is gen-
erated in Korea contains 20~25% Zn, 5~6% Pb and 1~3% Cl,
wheleas basic oxygen [umace (BOF) dust conlains 2~8% Zn,
0.2~1% Pb and 50~80% Fe. EAF dust could be an important
source of nonfemous metal. The amount of dust and its chem-
ical composition depend on the adopted process of steel-
making and source materials. Therefore, the reducton ap-
paratus and processing methods of zinc and lead, the refining
ol the reducled zinc and lead, and removal of chloride are
very important for the practrical use of EAF dust™ Chloride
is usvally condensed with zinc and lead metals to easily form
metal hydroxyl chloride. Also, it can cause a decreasc in the
tefining process recovery Tate at the cloctrolytic dissociation.”

A 1ecent review of lhe coupling and band structure of
chloride in dust by Li and Tsai* has reported thal zinc
hydroxyl chloride is generated by the thermal dissolution of
zinc oxide and hydrochloric acid from a polyvinyl chloride

suhstance. Noguchi et al.” have detailed the coupling and
rcaction of chlorine from gsodium chloride and lzad hy-
droxyl chloride existing in dust.

The properties of dust residues trcated usmg an i)
oxidathon (hermal treatment, i1) an acid treatment and iif)
a washing process were tested (o investigale the behaviar of
thermal solubility in acid solution and aqueous solution for
the hydiometallwrgical and pyrometallnzgical processmg of
EAF dusl.

2. Experimental Procedure

The clectric arc fumace dust used in this experiment was
taken from the dust container of a steelmakmg plant, KW
Ins. Co, in Korea. The sample for every test was taken
using the following standard sampling procedures as to
ensure its representation. The mineral composihon and
chemical analysis were examined by SEM/EDX (JECL Co.,
JSM-5400) and XRF (Simens Co., SRS-303), and the cry-
stal phase was identified by X-ray diffraction (X-ray dil-
[ractometer, Rigaku Co., D/Max-1200) using Cu K o ra-
diation. IR spectra of the compounds were obtained by FT-
TR Spectrometer (Nicolet Ins., Co., 320F) using the standard
KBr disc. A thermal analysis with 20 mg of the sample and
a heating rate of 10°C min” in ar was carried out by TG-
DTA (Mac Science Co).
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These samples were made using the following three types
of experimental procedures fo investigale the behavior of
metal hydroxyl chloride in dust.

i} To verify the thermodypamic properties of dust, la-
boratory tests were camjed out using a tube fumace. The
samplcs were roasted in the oxidizing isothermal zone in an
alumina boat at a constant air flowrate of 200~500 oc/min
and various roasting temperatures from 200 to 1100°C far
60 wmins. respectively.

i) To examine the effects of acid treatment, distdled wat-
er and reagent grade H.80, were used to prepare the leach-
ing solution. 10 g of the sample was leached under the con-
dition of 1/10 of solid/liquid mass ratic with 100 m/ liquid,
60 min. of leaching time and 300 rp.m. of stiming speed.
Leached residues were filtered and dried for analysis.

iii) To fest the solubility of mefal hydroxyl chlodde, a
washing process method was adopted in 100 ml aqueous
solution with 10 g sample for 120 mins. agitation with 200
r.p.m., and then residue was analyzed.

3. Results and Discussion

3.1. Component and composition

The original sample of dust was analyzed chemically and
the results are listed in Table 1. It shows that the dust con-
sisted ot 27.5% Fe, 18% 7n, 4.83% Pb and 102% CaQ. It
also contained 3.26% Cl and 0.15% F, which strongly in-
fluenced the hydrometalburgical and pyrometaliurgical pro-
cesses. Especially, it was very important to study the beha-
vior of chloride in the reduction process of dust because it
reacted together with Zn and Pb as ZnCl, and Pb(l, etc.

Nepuchi et aL” reported that chlorides such as NaCl
and Pb(OH)CI can be removed completely (100%) by a
thermal treating method in air at about 1000°C, and also
that the reactions of oxidatton (Eqs. 1 and 2} and chlo-
rination (Eq. 3) promoted the evaporation of Pb at high

temperatures,
2NaCl + Si0, + 1/2 0, — Na;0 - Si0, + Cl, T (L
2Pb (OH) C1— PbCl, T + H,O + 1/20,1 )
PbO + 2CL, — PhCL | + 12 0,1 3)

On the other hand, ZnCl, gencrated by the reaction

Table 1. Chemical analysis of the dost sample used

between ZnO and HCl (Eq. 4). In this case, HCI was pro-
duced by the themmal reaction of polyvinyl chloride ma-
terials.

Zn0 + 2HC — ZnCl, + H,0 | )

Therefore, in order to investigate the behavior and ex-
istence of chloride in dust residues the sample was tested
by IR, XRD and SEM/EDX.

Fig. 1 shows the X-ray diffraction paiterns of the sample.
The strong peaks of zinc ferrite and zinc oxide are major
phases, and the weaker peaks of lead hydroxyl chloride and
sodium chloride were abserved. These resulis were in strong
agreement with the results of numerous investigators.™ The
XRD pattemns of zine hydroxyl chloride as Zns(OH),Cl, were
pot obscrved. The absence of Zn(OH)RCl, and Zn(OH)Cl, -
H,O peaks in these XRD patlems may not indicate the ab-
sence of zinc hydroxyl chlorjde in dust. It might be present
in such a small amount that it can not be detected. Thereforc,
IR spectra analyses were camied out to verify the existence
of zinc hydroxyl chloride in dust. Uwang et l” and Ti and
Tsai® reported that the sphetical particles of EAF dust were
composed of ZnFe,0); and Zn0), and théy were analysed us-
ing SEM/EDX. The resulis are shown in Fig. 2. The small
spherical particles werc formed of uregular aggiomerates due
to the melting nature of ZnCl,"™ which played a binding role
between ZoFe,0, and Zn0 to torm ZaidOH)CL - 1,0.% Bul
the formation of frregular agglomcrates is easily separated
into ZnFe,0, and Zn0O by acid treatment, (hermal treatment,
and a washing process. The major components of spherical
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Fig. 1. X-ray diffraction patterns of the sample.
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Fig. 2. SEM micrograph (a} and EDX (b} analysis of the sample

particles were Zn, Mn, Fe, Ca, Ph and Cl lgns.
Fig. 3 shows the results of IR spectra of a raw dust sam-
ple, and the references of metal hydroxyl compounds from

Srivastava and Secco’

are shown in Table 2 to compare
the results. Generally. IR spectra of sodmm chloride show a
plate type at 3,800~4000 cm™. and TR spectra of Ph(QH)CL
occur in the 1504 to 1370 cm’ region with strong distinct
doublets.”™ Therefore, the combination of Cl existing in
dust could be inferred from the lead or zinc hydroxyl chlo-
tide better than sedium chloride from. IR spectra.

In the dust generating process, Zns{OH)Cl; was produced
as following Eq. 5 and metal hydroxy! compounds such as
£-Zn(0H),, p-ZnOHCI, Zn{OH)CL, ZnOHF, Zn;(OH)Cl, -

H,O and PH{OMCL which could nccur simubtaneously.
ZnCl; + 42n0 + 4H,0 — Zn{OH},Cl, (5)

The bands nccurring in the 3600~3260 cm™ region are gen-
erally attributed to the fundamental OH stretching mode. The
band with a peak frequency at the 3416 cm™ rogion in dust
agrees with 3480 cm” in [(-Z00OHC], ZngOH):Cl, and Zng
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Fig. 3. Infrared spectra of dusl treated a1 various temperature.

(OH),Cl, H.0, already reported by Glemser and Hartert."™
Fram Zo(OH); to Zn,(OH),(Cl; in the sequence, as shown in
Table 2. the band became sharper, accompanied by a split-
ting m ZnOHF and Zni{OH}Cl, with the peak frequency
shifting o higher values. The distinct doublef al 3590 and
3400 em™” in ZnOHF was most likely affected by a strong in-
termolecular coupling of the OH stretching vibraton of the
molecules in the unit cell.”™ However, the distinct doublet
band at above 3400 em’ in dust was not observed.This
strong coupling was expected to give rise to splitfing in other
bands involving OH such as ZnOH banding and OH twist-
mg vibrations, which are observed in the 755~1015 cm’ re-
gion for the metal hydroxyl compounds.However, the 3400
cm” band could have ansen from a different combmation
band involving a lathce vibration of 1900 cm”' and the fun-
damental at 3590 cm”.

The tree-hydroxyl stretching vibration is distingunishable
from the O-H stretching vibration in water by the reduced
frequency and increased broadening of the latter, In the
case of water hydration, there was less chance of a hy-
drogen-bonding effect, and thus vibrational stretching and

! region

banding were observed in region 3600~320{ cm”
and near 1650 cm™, respectively.In the case of raw dust,
the vibrational stretching and banding appeared, respec-
tively, as a single broad absorption band in the 3500~
3200 em™ region, and as a weak absorption in the 1650~

1600 cm™ region.'” Thercelore, the presence of lead hy-
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Table 2. Infrared absorption band wave numbers of dust and zinc hydroxyl compounds

Dust sample £-Zn(OH), B-ZnOHCL ZnOHF Zn;(OH)eCl, - H:O Zns(OH),CL,
B _ - 3600(vs)
3590
- - 3590(vs) 3520(vs)
- - - - 3540(vs)
3480
3416(w) 3260(vs) 3480(vs) 3480(vs) 3490(vs)
2942(w) - - - -
2930
2862(w) - - - - 28700vw)
2330
1643(v)
1464(v)
1080
1136(m) 1015(m}) 1030¢w)
1025 990(m)
1040(w)
875(w) - 850(vs) 855(m) 895(vs) &70{vs)
830(w) 830(w) - - 815(s)
- 790(vs) T80(vs} -
T5(w) 755(vs) - - 695(vs)
572(vs) T15(s) - - 715(va)
459(vs)
Table 3. Infrared absorphion band wave numbers of dust treated vanous conditions.
R Temperature {°C) Acid Washing by waler
aw T
{rcatment :
dust Sink Float
L 200 300 400 504 600 700 800 900 1000 1160 {IN H,50,) residues | residues
3416 3477 | 3441 | 3447 [ 3449 3437 | 3443 3422 3429 3429 | 3437 3439 3444 3453
2942 - - - - - - - - - - - - -
2862 -~ - - - - - - - - - - - -
1643 1633 | 1635 ) 1631 | 1633 1635 | 1635 | 1643(w) | 1643(w)]|1639{m} 1635(m) 1635 1035 1631
1464 | 1486 | 1446 | 1448 | 1444 | 1423 |1423(w)| {vw) - - - VW | 1439(vs) | 1452(vs)
1136 |1143m)| W | W |9163@m)| 1147 | 1147 | 1147 | 1149 | 1142 |11420w)| -~ - -
- - - - - - - - - 1026 - -
1040 VW 936 981 991 997
- - VW 949 924 921 921 921 | 900(m) - - -
875 w 8715 | 815 877 - - - - - - - 875(m) | 873
572 572 572 571 369 547 569 569 571 571 565 572 571 571
L459 453 459 | 455 439 457 455 451 453 449 430 l 445 455 445

droxyl chloride as seen in the results of IR specira

in

Table 3 was confirmed by the broad absorption peak in
the 3600~3200 cm™ tegion and the weak band at 1643
cm' which was not reduced but increascd by the QB

stretching  vibration at about G00°C. Also, the TR ab-
sorption bands at 1040 and 875 em™ showed a low fre-
quency, and these bands were splitting to 991 and 921cm™
which were regarded, as Zn0O? at aboul 700°C.

I of Korean Inst. of Resources Recycling Yol 7. Ne. 1, 1998
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Fig. 4. TG-DTA thermogram of dust sample

3.2, Oxidation reaction of metal hydroxyl chloride in
dust

Fig. 4 shows the results of DTA-TG to investigate the
thermal properties of dust. At the reaction temperature scan
of 10°C/min., endathermic peaks were observed at 134, 422,
659 and 703°C, while exothermic pcaks were observed at
497 and 1006°C. The results of DTA reported by Srivastava
and Secco'®, for ZnCl, - 4Zn{OH), - F,O and ZnClL - 4Zn
(OH), showed the endothermic peaks at 127, 187 and
200°C, and these peaks at 127°C denote the dehydration of
ZaCl, - 47T{0H), - B0, Alss U and Tl wposted that
the endothermic peaks shown at 127, 187, 210 and 262°C,
and a secondary endothermic peak as a weak peak al 262°C
were explained as a ZpCl, melting process. and the em-
dothermic peak al 708°C was duc to the vaporization of -

120
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Fig. 5. The volatihzation 1ates of Pb, Cl and Zn in dust under
axidation atmosphere,

quid Zn{CL,.

In the case of this dust sample, the endothermic peak
from DTA-TG analysis shows a single peak at 134°C as fol-
lowing Eqgs. 6 and 7. This result comesponds to the disap-
peared peaks of dust treated at 200°C from the results of IR
spectia at 2042 and 2862 cm in Table 3. But the en-
dothermic peak at 290°C, which can be explaned by the
melting paint of ZnCl,, was notl present in this dust.

124°C
ZnCl, - 4Zn (OH), - 1,0 — ZnCl, - 4Zn(OM)+HD  (6)
2Pb(OHICI - H,0— PbO + PhCl, + IO (7

The peaks at 395~497°C wcere considered as exothermic
peaks when the organic matter and catbon (1.22%) were
burning and lead oxide converted slowly into Pb,O., bul at
higher temperatures it reverted to a lead chloride reaction,™
This result corresponded to the result of TR spectra at the
1464 cm” 1egion.The strong peak was observed by a OH
stictching vibration at under 600°C. But when the heating
temperature was increased to above 600°C, it decreased at
600°C due to the reactions followed by Eq. 2 and 3.

Fig. 5 shows the valatilization rates of Pb, Cl and Zn in
dust under oxidation atmosphere. The ovaporation ratio of
25% Pb and 359 Cl, weapediively weie obaerved = B00°C,
and each of them was above 95% at 1050°C Namely, PbCl,
was decomposed at about 500°C and mostly removed at
1100°C, the exothermic peak at 1006°C was considered as
the chlorization of PO as in Eq. 3 and the reduction of
iron oxide and ather metals. Otherwise, Cl, and PbO which
did not react under the above conditions, reacted with SiQ,
lo {ommn silicate suhstances with a low fusing point, and
these substances must be affected to prevent the evaporafian

X TRANSHITTANCE
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Fig. 6. Infrared spectra of dust treated by acid and washing pro-
cess.
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Fig. 7. XRD patterns of dust treated by acid

of Pb at 1100°C completely.”

ZaCl, (AG" -10.8~-14.6 keal/mol) was not nearly eva-
porated at 800°C in oxidation (Eq. 8) due to less vapor
pressure than those of PbCl (AG. -24.6~20.0 kcal/mol)
therefore, PhO and PbCl, evaporated more easily than ZnCl,.
IR spectra of spinel ferrite (ZaFe;0, and Fe.0,Y" were de-
noted by a band, localized at near 585 cm” and 465 e,
Also, the absorptien bands of zinc oxide occured at 613,
535 and 440 cm™™ but were not very distinct due to being
either just decomposed or very broadened, and hence, were
difficult to identify.

ZnCl, - 4Zn(OH), — ZnCl, + 4700 + HO0 ®)

33, Properties of acid treatment and washing process

Fig. 6 shows that accordng to the results of IR specira of
dust residues treated by IN ILSO., the peaks at 3439, 1635,
1026 and 572 cm® (Table 3) were clearly observed, and also
very weuk peaks at 1400 o 1430 cm™ region, indicated the
peaks of Pb(OH)Cl. Considering the results, PH{OH)CI was ex-
pected 1o be easily decreased by acid treatment. It was cor-
toborated by XRD analysis of dust that zinc oxide and zinc
hydroxyl chloride were almost extracted by IN H,SO0. 10-
mainigg zno fetrite as shown in Fig. 7. As a result, IR specira
peaks obtamed by acid treatment in Fig. 6 can be considered
1o be zinc ferrite and jron oxide. In the case of dust residucs
(float and sink fraction), about 91% of chioride was rcmoved
by a washing process.® That is, unstable chloride compounds
were easily soluble in aqueous solution.

TR spectra of float and sink fraction showed the same
peaks at 3449, 1635, 1439 875, 571 and 455 em”. On the
contrary. IR ahsorption bands at the 2947, 2862, 1136 and
1040cm™ repions decreased and disappeared by the washing
process, which was expected to dissolve the zinc hydraxyl
chleride.
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4, Conclusion

Flectric arc furnace dust generated in Korea consists of
27.5% Fe, 18% Zn, 483% Tb and 10.2% CaQ and also
contains 3.26% CI and 0.15% F. The strong peaks of zinc
ferrite and zine oxide as major phases and the weaker peaks
of lead hydroxyl chioride and sodium chloride were ab-
served nsing in XRD. The endothermic peak at 134°C cor-
responds to TR spectra at 2942 and 2862 cm’ region of
dyst treated at 200°C. PbCl, was dccomposed and eva-
porated at about 500°C and mostly removed al 1100°C. IR
spectra of Pb(OH)CI observed m the 1504 to 1370 ¢m” re-
gion with strong distincl doublets, and that of zine hydroxyl
chloride showed the broad absorption peak in the 3600~
3200 cm” region and the weak hand at 1136 and 1040 cm™
showed a low frequency and these bands splits to 991 and
921 em”, thus regarded as ZnQ at about 700°C. IR spectra
of dust residues tealed by 1N ILSO, were observed at
3439, 1635, 1026 and 572 cm’, and the very weak peak
was observed at the 1400 to 1450 cm™ tegion, which in-
dicated that the peak of Pb{OH)Cl was casily removed by
acid treatment. On the contrary, TR spectra of float and smk
fraction by washing process showed the same peaks at 3449,
1635, 1439 875, 571 and 455 cm’”, but IR absorption bands
al the 2942, 2862, 1136 and 1040 com’' regions decreased
and disappeared using the washing process, which was ex-
pected to dissolve the zinc hydroxyl chloride.
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