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Abstract. Electric arc furnace (EAF) dust is a complex multi-component waste of metallurgical industry, containing such valuable elements as iron and
zinc. However, in addition to iron and zinc, EAF dust can be contaminated with various impurities, in particular chlorine, which complicates its
subsequent processing. The authors investigated the possibility of chlorine removal from EAF dust by static washing with water. The main parameters
are washing time, temperature mode, solid-to-liquid ratio, as well as the possibility of reuse of the waste water after washing. During the research,
the optimal values of these parameters were determined: washing time of 1 h, solid to liquid ratio of 1:5—1:10 and temperature in the range
of 20 — 40 °C. The main chlorine-containing phases in the dust are NaCl and KCIl, which is confirmed by the transition of Na*, K* and Cl" ions into
solution. The maximum transition of chlorine reaches 98 %, while its content in the dust decreases from 2 % to less than 0.2 %. Significant losses
of zinc and other valuable elements were not recorded. The main chlorine-containing phase in the dust under study is NaCl, since the presence of Na
in dry residual portions was not detected. The poorly soluble compounds PbOHCI and Pb,CO,Cl, are absent. To a lesser extent, chlorine is in the form
of KCI, which is confirmed by the presence of K in the dry residual portion. It should also be noted that calcium actively transfers, which may indi-
cate the presence of calcium hydroxide Ca(OH), in the dust. Additionally, the possibility of using waste water for repeated washing was established,
which makes the method ecologically and economically feasible. The results obtained confirm the efficiency and practical applicability of the method
of preliminary cleaning of EAF dust from chlorine by water washing before subsequent processing.
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AnHomayus. I1butk 37€KTPOIYTrOBOrO CTajeriaBuibHoro npoussoactea (D/II1) npencrapisieT coOo0ii CIIOXKHBI MHOTOKOMITOHEHTHBIN OTXOJ1 METaJ-

JIyprUuecKoi MPOMBIIUICHHOCTH, COACPIKAIINI TaKHe [[EHHbIC JIEMEHTHI, KaK jKene30 U LuHK. OIHaKo, TOMUMO JKelle3a U LHUHKa, Mblb DJIIT
ObIBaeT 3arps3HeHa pa3IMYHBIMU MPUMECSIMH, B YACTHOCTU XJIOPOM, YTO 3aTpyAHseT e€ NOoCleayIollyto nepepadorky. B pabore uccienopanach
BO3MOXKHOCTB yJaJieHus XJopa u3 mbutd DJII1 MeToioM crarideckoi mpoMbIBKY BOOM. OnpeieneHbl OCHOBHbBIC MapaMeTphl: BPEMs BBIICPIKKH,
TEeMIEpaTypHBII PeXUM, COOTHOIICHNE TBEPJOTO K )KUJIKOMY, & TAK)Ke OLEHEHA BO3MOKHOCTb ITOBTOPHOTO MCHOIb30BAHUS OTPAOOTaHHON BOJIBI.
B xoze nccenoBanuii onpeieneHbl ONTHMaIbHbIE TTapaMeTphl PoLecca MPOMBIBKH TIBLIH BOJOI: BpeMs BHIICPKKH | 4, COOTHOILICHHE TBEPIOTO
K xuakoMy 1:5 — 1:10 u temmnieparypa B unrepaie 20 — 40 °C. [TokazaHo, 4TO OCHOBHBIMH XJIOpcoAepkauMu (azamu B nbuty siBisitorest NaCl
u KCl, sto monreepxkaercs nepexonoM HoHoB Na®, K™ u Cl™ B pactBop. MakcuManbHbIH Iepexos xjopa gocturaet 98 %, Ipu 3TOM ero cozuep-
JKaHHe B MbUIN CHIDKaeTcs ¢ 2 % 1o menee 0,2 %. CyliecTBeHHbIE IOTepH LIMHKA U APYTHX IIEHHBIX IEMEHTOB He 3a()MKCHPOBAHBI. YCTAHOBIICHO,
YTO B MCCIEAYEMOil BUTH OCHOBHOM Xitopcoaepxaieit ¢azoii sipisercss NaCl BBy TOT0, 4TO HalIUYHe HATPHS B CYXUX OCTAaTKaX HE BBISIBICHO.
Crnoxnopactsopumbie coenunenus PPOHCI u Pb,CO,Cl, orcyrcTsyior. B Menbiieit crenenu xyop Haxoaurcs B Buje KCl, uto noxarsepinaercs
HAJIMYMEM KaJIMs B CYXOM OCTaTke. Takxke ClielyeT OTMETHTh aKTHBHBIH IEPeX0 KaJbLHsl, YTO MOXKET CBUIACTEILCTBOBATH O HAIMYHMHU THAPOKCH A
kanbuus Ca(OH), B nmbutd. JIonojHUTENBHO YCTaHOBJIEHA BO3MOKHOCTL MCIIOIb30BaHUs OTPAOOTaHHOH BObI /Ul MOBTOPHON MPOMBIBKM, YTO
JeNaeT METOJ SKOJIOTHYECKH U SKOHOMHYECKH IenecooOpasHbIM. [lomydeHHbIC pe3yIbTaThl MOATBEPKIAIOT 3()(PEKTHBHOCTh U IIPAKTHIECKYIO
MPUMEHUMOCTb METO/Ia MPeABApUTENIbHOM ouncTku mbutd DJIIT oT XJ10pa nmocpeacTBOM BOHOM MPOMBIBKH IEPE/T TOCIIETYOLIeH epepadoTKOM.

Kniouesvle caoea: nvuis O/111, xop, IMHK, yaJleHHe XJI0pa, AeXJIOpUPOBaHUE, epepadoTKa, BOJAHAS IPOMBIBKA
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[ INTRODUCTION

The processing of metallurgical waste that is suitable
for recycling remains a pressing global challenge. One
such waste stream is electric arc furnace (EAF) dust,
which is generated during steelmaking and captured
by gas-cleaning systems. The primary value of EAF dust
lies in its content of iron and zinc. Iron concentrations
typically range from 20 to 50 %, while zinc contents vary
between 2 and 25 % [1 — 3]. It is estimated that more than
30 million tons of EAF dust are currently accumulated
in waste dumps at metallurgical plants across the Rus-
sian Federation. At present, however, the majority of this
material remains unprocessed' [4;5]. The processing
of EAF dust is hindered by its complex and heterogeneous
morphology, as well as by the presence of contaminating
impurities, including lead, fluorine, and chlorine [6 — §].
During electrolytic zinc production, these impurities
cause several technological problems, such as difficul-

! World Steel in Figures 2024. Available at URL: https://worldsteel.
org/data/world-steel-in-figures-2024/ (Accessed 12.03.2025).

ties in removing deposited zinc [9], corrosion of lead-
based anodes, and increased electric power consump-
tion. In the case of pyrometallurgical processing, careful
control of operating conditions is required, as chlorine
can promote the formation of highly toxic organic com-
pounds, including dioxins and furans [10 — 12]. Among
the available processing routes, hydrometallurgical pro-
cessing is one of the main approaches used for EAF dust
treatment. Most studies in this area focus on zinc extrac-
tion; however, under hydrometallurgical conditions,
almost all iron becomes unsuitable for further processing,
limiting its subsequent utilization [13; 14].

A number of studies have reported methods for chlo-
ride removal from EAF dust, including water wash-
ing [15 — 17]. These methods are generally effective pro-
vided that poorly soluble compounds such as PbOHCI
and Pb,CO,Cl, are absent. In [15], water leaching of chlo-
ride ions from EAF dust with an initial chlorine content
of 2.14 % was investigated. The authors demonstrated
that 99.9 % of chlorides could be removed at a natural pH
of 12 and a temperature of 25 °C. As a result, the chlo-
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Table 1. Average composition of EAF dust, wt. %

Ta6auya 1. Cpennmii coctaB ucciaexyemoii noiau I, mac. %

Element O [ Na|Mg| Si| S | C(l

K| Ca|Cr|Mn| Fe | Cu| Zn | Pb | Total

Average value | 27.0 | 23 | 0.8 | 22 | 08| 1.8

1.7

39105] 4540205129 1.0 | 100.0

rine content decreased to below 0.02 — 0.04 %, which is
close to the detection limit of X-ray fluorescence (XRF)
analysis.

The experiments were performed using distilled water
at a solid-to-liquid ratio of 1:10, with washing times rang-
ing from 5 to 60 min. Changes in the mineral composition
of the dust and its behavior during leaching were sys-
tematically analyzed. The highest dechlorination rate was
observed within the first 5 min, while most chlorides were
removed within 40 min. Overall, water washing reduced
the total chloride content from 70,200 to 17,500 mg/kg,
corresponding to a removal efficiency of 75 %. Tempera-
ture was found to have a pronounced effect on the pro-
cess. At 80 °C, chlorides were removed more rapidly than
at room temperature, and the overall removal efficiency
increased to 88 %. Nevertheless, the dechlorination effi-
ciency reported in [18] remained lower than that achieved
in [15], where values above 99 % were obtained. This
discrepancy was attributed to the possible formation
of water-insoluble compounds.

The aim of the present study is to investigate the pos-
sibility of chlorine removal from EAF dust generated
at a major metallurgical enterprise using static washing
with water, as well as to assess the feasibility of reusing
waste water for repeated washing.

] MATERIALS AND EQUIPMENT

Dust obtained from one of the country’s major metal-
lurgical enterprises was used in this study. The average
chemical composition of the initial dust is summarized
in Table 1.

Based on X-ray phase analysis and scanning elect-
ron microscopy, the predominant chlorine-containing
phases in the dust were identified as sodium chloride and
potassium chloride (NaCl and KCl). Published data indi-
cate that both compounds are readily soluble in water.
The solubility of sodium chloride is 35.6 g/100 mL
at 0°C, 35.9g/100 mL at 25°C, and 39.1 g/100 mL
at 100 °C, while potassium chloride exhibits solubilities
of 28.1 g/100 mL at 0 °C, 34.0 g/100 mL at 25 °C, and
56.7 g/100 mL at 100 °C [19]. Prior to experimentation,
the key process parameters requiring optimization were
identified, namely washing time, temperature, and solid-
to-liquid ratio. Analytical measurements were performed
using an OPTIMA 2100 DV inductively coupled plasma
optical emission spectrometer (ICP-OES), with an ana-
lytical accuracy of 5 — 7 % of the element mass; a JEOL
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JSM-6460LV scanning electron microscope; an [-160-MI
laboratory ion meter; and a chloride-selective ion-selec-
tive electrode (ELIS-131Cl).

[ EXPERIMENTAL PROCEDURE

The concentrations of chlorides and other elements
were determined in the resulting solutions. The dried
solid residues were subsequently examined by scanning
electron microscopy. To evaluate the effect of wash-
ing time, 50 g portions of the initial dust were placed
in separate containers and mixed with 500 mL of water,
corresponding to a solid-to-liquid ratio of 1:10. The sus-
pensions were maintained at room temperature for prede-
termined time intervals. After washing, the liquid phase
was decanted, and the solid residue was dried. To investi-
gate the influence of the solid-to-liquid ratio, the samples
were washed at room temperature for a fixed washing
time of 1 h. The following solid-to-liquid ratios were
examined: 1:1, 1:2, 1:5, 1:15, and 1:20. After washing,
the solution was decanted and the solid residue was dried.
To determine the effect of temperature, a suspension
of the initial dust and water was heated in a drying oven
to the required temperature. The washing was then car-
ried out in separate flasks at a solid-to-liquid ratio of 1:10
and a washing time of 1 h. After washing, the solution
was decanted and the solid residue was dried.

[ Resutrs

The effects of washing time, temperature, and
solid-to-liquid ratio, as well as the results of experi-
ments on the reuse of waste water, are summarized in
Tables 2 — 11.

Optimization of washing time

The experiments were performed at 20 °C and a solid-
to-liquid ratio of 1:10. A single experiment was carried
out for each selected washing time.

For scanning electron microscopy, five spectra were
acquired for each sample, with three areas analyzed per
spectrum. The average chlorine content in the dry resi-
due, calculated from these measurements, is reported in
Table 3.

The results demonstrated that the degree of chlorine
transfer from the dust into the solution was essentially
independent of washing time over the range investigated.
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Table 2. Chemical analysis of solution after different washing time, mg/L

Tabauya 2. XuMU4eCKU aHAJIH3 BOABI IPH PA3HOM BPEMEHH BbIIEPKKH, MI'/JI

Analytical method
vg?;imlllg Inductively coupled plasma optical emission spectrometry Direct ionometry

’ Al] Ca [Co|lcCr|cu] K [Mg|Mn|Na|Ni|P|Po]Ssi|Ti]|zn cr

1 3413615, 0 | 1.5]0.1 /959614 0 [597| 0 [20/03|25] 0 |08 291

3 1.3 5728 0 | 25|03 (107339 | 0 |637| 0 | 1.7 18|33 | 0 |21 2.99

6 1.0 [4074| 0 [ 2.1 | O [1054|6.1| O |656| 0 | 1705 58| 0 |12 2.90

12 7.1 14779 0 | 25031020169 |04 |605| 0 |74 /03 65| 0 |21 3.25

24 03 14795, 0 |21 ] 0 /9876/41| 0 [597| 0 0608 |48 | 0 |02 2.96

72 04 14456 0 | 27| 0 /944828 | 0 [559| 0 |02/03 50| 0 |10 3.13

Table 3. Results of electron microscopy of chlorine content in EAF dust
after different washing time, wt. %

Ta6sauya 3. Pe3ybTaThl H3ydeHHS cofiep:kaHus Xyiopa B nblan /I 31eKTpoHHO MUKpOCKomHuei

NP Pa3JIMYHOM BPeMEHH BbIIEPKKH, Mac. %o

Washing time, h | Spectrum 1 | Spectrum 2 | Spectrum 3 | Spectrum 4 | Spectrum 5
1 0.29 0.04 0.20 0.29 0.58
72 0 0.16 0.62 0 0.11

Table 4. Results of chemical analysis of solution at different ratios of solid:liquid, mg/L

TCI6_/1UI461 4. Pe3y.]'ll)TaTl>I XUMHUYECKOro aHa/Iu3a BOJAbI IIPU PA3HOM COOTHOIICHHUHU TBEPAOC I KUAKOE, MT/JT

Analytical method”
Solid:liquid ratio Inductively coupled plasma optical emission spectrometry Direct ionometry
Al Ca Cr K Mg Na P Pb Si Zn CI-
1:1 0.69 | 893.3 | 9.60 | 500.0 | 1.03 | 500.00 | 0.22 | 0.12 | 5.79 | 2.20 24.70
1:2 0.26 | 1083.0 | 3.61 | 4559 | 3.59 | 500.00 | 0.13 | 0.09 | 486 | 1.52 12.10
1:5 023 | 678.7 | 2.41 | 243.6 | 2.09 | 500.00 | 0.10 | 0.02 | 3.57 | 0.10 6.42
1:15 0.07 | 2994 | 093 | 70.7 | 1.71 | 446.62 | 0.06 | 0.01 | 2.70 0 2.36
1:20 0.14 | 2419 | 0.70 | 52.5 | 2.00 | 32692 | 0.17 | 0.21 | 2.90 0 1.77
* Cu, Ti, Ni, Co, Fe, and Mn were not detected.

Table 5. Results of electron microscopy of EAF dust at different ratios solid:liquid, wt. %

Ta6ﬂuua 5. PeSy.]'ll:TaTbI 3.]'leKTp0HHOﬁ MHUKPOCKOIIMH NMBIJIH ITPH PAa3HOM COOTHOIIICHUHU TBEPAOCI)KU/IK0E, MacC. %

Element
Solid:liquid ratio Total
O Mg | Al Si S Cl K | Ca | Cr [Mn| Fe | Cu | Zn
1:1 17.31] 1.18 | 0.62 | 3.06 | 0.33 | 0.32 | 0.56 | 4.29 | 0.73 | 5.23 | 50.77 | 0.84 | 14.77 | 100.00
1:2 1528 | 1.12 1 0.36 | 2.63 | 0.40 | 0.31 | 0.56 | 4.29 | 0.54 | 5.60 | 52.00 | 0.75 | 16.16 | 100.00
1:5 16.65| 1.32 1 0.38 | 2.64 | 0.26 | 0.45 | 0.40 | 4.69 | 0.74 | 5.55 | 50.95 | 0.48 | 15.64 | 100.00
1:15 1559 1.21 | 0.38 | 2.86 | 0.25 | 0.19 | 0.47 | 4.04 | 0.70 | 5.47 | 52.79 | 0.46 | 15.59 | 100.00
1:20 17.21| 1.4510.20 | 2.89 | 0.13 | 0.18 | 0.27 | 4.45| 0.84 | 5.26 | 50.77 | 0.85 | 15.52| 100.00
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Table 6. Results of chemical analysis of solution at different temperatures, mg/L

Tabauya 6. Pe3ynbTaThl XMMUYECKOT0 aHAJIM32 BOJBI MPH Pa3HO# TeMIiepaType, Mr/J

Analytical method”

Temperature, °C Inductively coupled plasma optical emission spectrometry Direct ionometry
Al Ca Cr | Cu K Mg Na P Ti Si Zn Cl
40 0.16 | 463.38 | 1.34 | 0.50 | 100.48 | 9.66 | 706.77 | 0.06 | 0.29 | 3.05 | 0.51 3.16
60 1.17 | 438.08 | 1.67 | 0.23 | 103.37 | 2.78 | 649.62 | 0.11 | 0.22 | 254.00 | 0.52 3.19
80 0.13 | 302.66 | 1.22 | 0.01 | 90.84 | 2.21 | 544.09 | 0.08 | 0.25 | 2.97 |0.75 2.84

*Ni, Co, Fe, Mn, and Pb were not detected.

Table 7. Results of electron microscopy of EAF dust at different temperatures, wt. %

Tabauya 7. Pe3ynbrarhl 2J1eKTPOHHOI Mukpockonuu nbutn /T npu pa3Hoii Temneparype mac. %

Element
Temperature, °C - Total
o Mg | Al Si Cl K Ca Cr | Mn | Fe Cu | Zn Pb
40 18.25| 1.15 | 0.52 | 3.08 | 0.19 | 0.52 | 4.10 | 0.43 | 5.39 149.69| 0.59 |15.22/| 0.94 | 100.00
60 17.57| 1.04 | 0.69 | 2.79 | 0.19 | 0.25 | 4.42 | 0.70 | 5.34 |50.87| 0.80 | 14.61 | 0.97 | 100.00
90 17.55| 1.41 | 0.38 | 3.31 | 0.11 | 0.62 | 4.44 | 0.51 | 5.40 |50.79| 0.47 | 14.02 | 1.16 | 100.00
Table 8. Results of chemical analysis of water
after repeated washing with waste water “P2”. mg/L
Tabauya 8. Pe3yabTaThl XHAMUYECKOT0 AHAJIN32 BOAbI
NPH MIOBTOPHOI NpoMbIBKe BOA0ii «I12». Mr/n
Analytical method"
Washing stage Inductively coupled plasma optical emission spectrometry Direct ionometry
Al Ca Cr | Cu K Mg | Mn | Na | Pb | Si | Zn Cl
Afterthe first |y 4 | 42705 | 25 | 19 | 1122 06 | 02 | 500 | 0.1 | 22 | 122 3.70
washing
P2 (sample /) | 4.3 | 926.30 | 3.7 | 1.5 | 270.1 | 42 | 0.6 | 500 | 0.1 | 6.4 | 10.5 6.37
P2 (sample 2) | 0.2 | 940.52 | 3.9 0 [ 264024 | 0 | 500 | 0 | 2.0 034 6.25
P2 (sample 3) | 0.2 | 10144 | 40 | 0.3 | 283.1 |22 | O |500 | 0.1 | 2.1 |0.44 6.24
*Ti, Ni, Co, Fe, and P were not detected.
Table 9. Results of electron microscopy of solid dust residual portion
after repeated washing with waste water “P2”. wt. %
Ta6auya 9. Pe3yabTaThl 371eKTPOHHOH MUKPOCKOIIMH TBEPAOI0 0CTATKA MbLIN
nocJjie MOBTOPHOIi mpomMbIBKH «I12». mac. %
i Element
Washing Total
stage o Mg Al Si S Cl K Ca Cr Mn Fe Cu Zn
P2 (1) 16.63 | 1.18 | 040 | 3.16 | 037 | 0.25 | 0.48 | 4.56 | 0.73 | 5.62 | 52.00 | 0.73 | 13.88 | 100.00
P2 (2) 17.09 | 094 | 049 | 332 | 0.19 | 0.19 | 0.62 | 434 | 0.74 | 538 | 5553 | 0.74 | 13.61 | 100.00
P2 (3) 1629 | 1.71 | 0.77 | 3.19 | 0.34 | 0.18 | 041 | 4.12 | 0.79 | 5.28 | 52.69 | 0.74 | 13.86 | 100.00
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Table 10. Results of chemical analysis of solution after additional repeated washing with waste water “P3”. mg/L

Ta6auya 10. Pe3yabTaThbl XHMHY€ECKOT0 AHAJU3A BOJbI NOCJIe MOBTOPHOH NPoMbIBKH «I13». Mr/i

Analytical method”
Washing stage Inductively coupled plasma optical emission spectrometry Direct ionometry
Al Ca Cr | Cu K Mg | Mn | Na | P Pb | Si | Zn Cl
sohi‘i’(illbaigz‘: py 02148466233 00119075278 | 0 | 500 | 010 0 |03 0.33 5.05
P3 (sample /) | 0.35|754.29 | 3.14 | 0.11 | 316.06 | 6.32 | 0.01 | 500 | 0.07 | 0 | 1.32]0.56 7.20
P3 (sample 2) | 0.23 | 781.73 | 3.17 | 0.01 | 315.30 | 6.12 | 0.01 | 500 | 0.08 | 0.05 | 0.14 | 0.62 6.88
P3 (sample 3) | 0.53 | 807.38 | 3.03 | 0.29 | 318.48 | 7.92 | 0.02 | 500 | 0.30 | 0.06 | 0.13 | 0.75 6.59
* Ti, Ni, Co, Fe, and P were not detected. For Na, the reported values correspond to the upper limit of the analytical
method (>500 mg/L).

Table 11. Results of electron microscopy of EAF dust after repeated washing with waste water “P3”. wt. %

Ta6auya 11. Pe3yabTaThl 21eKTPOHHOH MHKPOCKOIHH NBLIH NMOCJIe MOBTOPHOI npoMbIBKH «II3». mac. %

Washing Element
Total
stage O |[Mg| Al| Si | Cl | K | Ca | Cr | Mn| Fe | Cu| Zn | Pb
P3 (1) 17.85| 1.14 | 0.52 | 3.09 | 0.16 | 0.38 | 4.18 | 0.63 | 5.58 | 50.40 | 0.60 | 14.34| 1.11 | 100.00
P3(2) 17.33 | 1.53 | 0.41 | 2.96 | 0.15 | 0.49 | 4.41 | 0.56 | 5.58 | 50.87 | 0.57 | 14.45| 0.69 | 100.00
P3(3) 17.43 | 1.17 | 0.43 | 3.32 | 0.19 | 0.48 | 4.50 | 0.75 | 5.48 | 49.78 | 0.51 | 14.77 | 1.20 | 100.00

Comparable chlorine removal was observed at both
the shortest and longest washing durations. On this basis,
the minimum washing time of 1 h was adopted for all
subsequent experiments. In addition to chlorine, potas-
sium, sodium, and calcium exhibited substantial trans-
fer into the solution. The concurrent transfer of potas-
sium and sodium indicates that chlorine in the dust is
present predominantly in the form of NaCl and KCI.
The pronounced transfer of calcium may, in turn, indicate
the presence of calcium hydroxide (Ca(OH), ) in the dust.

Effect of the solid-to-liquid ratio

The experiments were conducted at a temperature
of 20 °C and a washing time of 1h. One experiment
was performed for each selected solid-to-liquid ratio.
The results showed that the optimal solid-to-liquid ratios
were 1:5 and 1:10, owing to ease of filtration and high reli-
ability of the results. At a ratio of 1:1, the suspension was
excessively dense, and dust losses reached up to 30 %.
In addition, the large volume of material subjected to fil-
tration led to filter rupture, requiring the use of three con-
tainers with two filters each. At a ratio of 1:2, the suspen-
sion viscosity decreased; however, dust losses remained
high (up to 15 %), and filter rupture was still observed.
In this case, two containers with one filter each were used.
At aratio of 1:5, the suspension was sufficiently fluid, and
dust losses decreased to approximately 8 %. Filtration

proceeded uniformly and did not require additional con-
tainers. At ratios of 1:15 and higher, no dust losses were
observed; however, these conditions resulted in excessive
water consumption, rendering such ratios impractical.

The average values obtained from three different
measurement points are presented in Table 5. As fol-
lows from the experimental data, similar transfer beha-
vior of the investigated elements was observed across
the different solid-to-liquid ratios. Based on these con-
siderations, all subsequent experiments were carried out
at a solid-to-liquid ratio of 1:10, due to its operational
convenience.

Static experiments on the effect of temperature

The static experiments were carried out at a washing
time of 1 h and a solid-to-liquid ratio of 1:10. One experi-
ment was performed at each selected temperature.

The results obtained at different temperatures showed
that chlorine transfer was complete regardless of tempe-
rature, while the contents of the other elements remained
essentially unchanged.

Experiments on reuse of waste water

To assess the feasibility of dechlorination of EAF
dust using previously used washing water, the possibility
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of multiple reuse of the washing water was investigated.
During these experiments, a white flocculent precipi-
tate was observed on the surface of the used water and
on the walls of the containers. The chemical composi-
tion of this precipitate was not determined at this stage,
as it was not possible to collect a sufficient amount for
analysis. Prior to repeated washing, the water was filtered
to remove the precipitate. The washing was then con-
ducted at a solid-to-liquid ratio of 1:10 and a washing time
of 1 h, without heating; all experiments were performed
at room temperature. For convenience, the repeated wash-
ing experiments were designated as “P2” and “P3”. Thus,
different EAF dust samples were washed three times
using the same water.

To assess reproducibility, several identical 50 g samp-
les of EAF dust were repeatedly washed using waste
water.

The results of the repeated washing experiments
showed that chlorine continued to transfer into the water,
although inconsistent trends were observed for some
of the other elements. The water samples P2 (/), P2 (2),
and P2 (3) were then combined, and this same water was
used for a third washing of three new 50 g dust samples.
The corresponding results are presented in Table 10.

Following the third washing with the same water, it
can be concluded that chlorine continues to transfer into
the reused water, even after two prior washing cycles.

[ Discussion

In all experiments involving static washing of EAF dust
with water, a minor mass loss of approximately 3 -5 ¢
was observed. This loss can be attributed to the high dis-
persity of the dust and to material losses resulting from
adhesion of fine particles to the walls of the glass vessels.

An identical degree of chlorine transfer from EAF
dust into the solution was observed at both the mini-
mum and maximum washing times investigated. Conse-
quently, a washing time of 1 h was adopted for all subse-
quent experiments. In addition to chlorine, K*, Na*, and
Ca?" were found to transfer actively into the solution,
as evidenced by the data presented in Tables 2, 3, and
5. The transfer of potassium and sodium indicates that
chlorine in the dust is present predominantly in the form
of NaCl and KCI. The pronounced transfer of calcium,
in turn, may indicate the presence of calcium hydroxide,
Ca(OH),, in the dust.

The experiments also showed that the optimal solid-
to-liquid ratios fall within the range of 1:5 to 1:10, which
provides both operational convenience and the highest
reliability of the results.

The average values obtained from three different mea-
surement points are presented in Tables 4 and 5. As fol-
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lows from the experimental data, similar transfer beha-
vior of the investigated elements was observed across
the different solid-to-liquid ratios.

The experiments performed at different temperatures
demonstrated that chlorine transfer occurs completely
regardless of temperature, while the contents of the other
elements remain essentially unchanged. At the same
time, it should be noted that higher temperatures promote
increased dissolution of heavy metals into the solution
and lead to an acceleration of the reaction kinetics.

After repeated washing, it was established that chlo-
rine continues to transfer into the water, and the degree
of dechlorination of new EAF dust samples was approxi-
mately 86 %, while no zinc losses were detected.
The results of the repeated washing experiments are
presented in Tables 8 — 11. In the solution obtained after
the first use of water for washing, the chloride ion con-
centration was 3.7 mg/L. After the second use of the same
water (experiments P2), the average chloride ion con-
centration increased to 6.5 mg/L. Following the third
use of the same water (experiments P3), the chloride
ion concentration reached 7.2 mg/L. At the same time,
the chlorine content in each EAF dust sample washed
with the same water did not exceed 0.2 wt. %.

[ ConcLusions

Water washing can therefore be considered a highly
effective method for dechlorination of EAF dust, pro-
vided that poorly soluble compounds such as PbOHCI
and Pb,CO,Cl, are absent. The static experiments made it
possible to establish the following parameters for labora-
tory conditions: an optimal washing time of 1 h to trans-
fer chlorine into the aqueous phase and a solid-to-liquid
ratio in the range of 1:5—1:10. It was also established
that, in the material under study, the dominant chlorine-
containing phase is NaCl, as indicated by electron micros-
copy data (Tables 3 and 4) and by the absence of sodium
in the dry residues. To a lesser extent, chlorine is pre-
sent in the form of KCl, which is confirmed by the pre-
sence of potassium in the dry residue. The high transfer
of calcium into solution suggests that calcium is partially
present in the form of Ca(OH),, which is readily soluble
in water. The experiments demonstrated the feasibility
of multiple reuse of the same waste water for washing
EAF dust to remove chlorine. Under the conditions inves-
tigated, complete saturation of the solution with chlorine
was not achieved.

In all experiments, a stable transfer of chloride ions
into the aqueous phase was observed, with the degree
of chlorine transfer reaching up to 98 %. As a result
of static water washing, the chlorine content in the initial
dust decreased from approximately 2 to 0.2 wt. %.
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