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A Study on the Recovery of Zinc and Pig iron from Direct
Reduction Iron (DRI) of Process by-products of Steel Dust

JaeHeung Kim

Department of Metallurgical Engineering, The Graduate School, Pukyoung National University

Abstract

About 10-20kg dust is generated per ton of steel produced during the electric furnace steelmaking
process As of 2020, Korea's annual production of crude steel is estimated to be about 20 million
tons, so the amount of dust generated is estimated to be more than 300,000 tons, of which zinc
content is about 25%, and about 100,000 tons of zinc is generated in the form of dust per year.
This is called steel dust, and the steel dust contains heavy metals such as zinc, iron, lead,
manganese, copper, and cadmium, as well as anions such as chlorine and fluorine.Zinc is distilled
in a gas phase using Rotary Reduction Kiln (Waelz Kiln) to obtain zinc oxide.

In the process of producing zinc crude oxide from steel dust, zinc is volatilized and recovered
from the filter, and residue remains inside the kiln. It contains flux components added to prevent
ring formation, zinc that has not yet been volatilized, solid iron, etc., and is recovered in the form
of a clinker. The process waste without separate treatment processes to do so, this is a waste,
steel dust treatment processes and treated as fill material mixture of materials, cement or
construction, road paving materials used to.

The by-products of the processing process of steelmaking contain about 5-9 wt.% of Zn and about
50-60 wt.% of Fe, which are mostly treated depending on landfill due to the absence of treatment
technology and social interest. In addition to the cost of landfill treatment, problems of
surrounding soil pollution and water pollution by landfill arise, and because it contains a large
amount of iron and zinc, a large amount of economic loss occurs due to simple landfill without
extracting valuable metals. Therefore, it is necessary to develop recycling technology for waste
treated by landfill.

Therefore, in this study, zinc powder and iron were manufactured through a dry process of DRI, a
by-product of the process collected in the zinc oxide manufacturing process from steel dust. The
high-purity zinc powder recovery process was a vapor distillation method for recovering Zn by
mixing DRI and carbon powder, and the vapor distillation process was maintained at 1000°C for 4
hours at a weight ratio of DRI : carbon powder = 10:1. Zn deposited in the recovery tube was
recovered at room temperature. After recovery, iron is produced through a reduction melting
reaction from the residue. The pig iron manufacturing process was maintained at DRI : carbon
powder = 10:3, flux composition (Cao : Sioy) = 1:1, and reaction temperature at 1600°C for 30
minutes. The slag was separated in the crucible and Fe was recovered.

Finally, through the above process, the spherical Zn powder of 99.8% zinc and 91.59% recovery

rate were recovered, and the pig iron was recovered at 90.1% purity and 91.23% recovery rate
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ARER FHHAE DRIE A7behs Sse 24 2 okd A9
2o mel gEkAAR, AwrEel 8§84 4L Zn 5-10 %, Fe 40-60
%, Ca 3-7 %, Mn 255 %, 7]€ CL Mn, Si, K, Na, Al 2 Mgst #&
3ol 3 9% Mwrem o] Fo A

oAy} MAL DRIA 7F4 e f#2 e
Zn0 A AL FeO, FesOy AH3t=d ] = & A3k},

W AL Ex1] shetA =4S Fe 23.8-45.8 %, Zn 10.23-25.7 %, Cd
0.04-0.06 %, Pb 1.08-3.79 %, Cr 0.05-047 %, N1

0.01-0.11 % }
Ca 1.74-9.87 % ©]F°1 4 101

it A7 +x1e] gt 2442 B Table 2.13 2H F422
Fed} Zn2 A% i, 71 df&o] B2 2 FeR 238-458 %
A AGZAANAM sk At
Table. 2.1 Chemical composition of the DRI
Fe Zn Ca Pb Cr Ni Cd
238 - 1023 - 174 - 108 - 005- 001 - 174 -
45.8 25.7 9.87 3.79 0.47 0.11 9.87
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2.4.1 Waelz Kiln Process
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Pelletizing planl Production bins Raw material storage

Water —‘ Waelz kiln Process air

Fig. 2.1 Zinc Recovery Process by Waelz Kiln Process
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Fig. 2.2 Plasma Process through reduction reaction



2.4.3 Rotary Hearth Furnace

Rotary Hearth Furnace 3H< AdE313 SHAE &4 g7 SAA
o} &33te] @ HAYElo] A (Pan Pelletizer)ol st &3 4 A&
AA JE 10 mmz BT 3-F4 TAHS A ARG &7
A2 AzAZ T 99 FeolA s As= FAzo] 10001300 C

oA gldnts TS A de weAE FE Agleiddom

Zn0(g) + CO(g) = Zn(g) + COu(g) (1)
Zn0O + C = Zn(g) + CO(g) (2)

A7+ 105000 tond] H=EFE] ol Art b @ vbF UlE&F
of go]3 HAu]|ZS 7FX 1L 9lil, Waelz Kiln Process® .t} ofd 2 {7}
=2 35T 5 AT A xS islolde] FX7F 55-65 %

&
2 ZAgtoldow A zHEY. Fig. 239 RHFHO 2ATE yelid

_10_



Material handling
process

Bag Filter

Heat recovery from waste gas

Heat 3 ‘
Exchanger Catching of high Zn dust

Mixing, Agglomeration
and Drying of material
(dust & sludge)
Material Ealee
Bin

Peilef"
Drier |
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Fig. 2.3 RHF(Rotary Hearth Furnace) Process
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Table. 2.2 Physical properties of Zinc
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Fig. 2.5 use markets for Zinc (2014)
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DRI®] AEEAL X-A FEAW(X-Ray Fluorescence Analysis),
X-4 gdE-AH(X-Ray Diffraction)Z} CS &2 (Carbon/Sulfur Analysis)
S T 42 AR RS X4 FEEA
M (X-Ray Fluorescence Analysis)®} X-4 3]4d &2 % (X-Ray Diffraction)

& AHeste

DRI®| 3}ets Aol 3k 242 3= v Table 3.1.01 WeERH A
Table. 3.1 XRF &4 ARE ol&sto] EA&3uth  Table. 3114

A FeAS =Hau e, ol DRIWE FAREClo] Absldo]l ofgkol
Ao 7 o AArt Figure. 3.1, Figure. 32 & ATo|A A}&3F DRIC X
A 3] 4 (X-ray Diffraction) ¥ CS(Carbon/Sulfur Analysis) #4 A=
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Element(Wt.%)

NaO 2.02
MgO 1.58
ALO; 1.44
Si0, 3.56
CaO 6.29
Cr,0; 0.876
MnO 5.74
Fe,0s 54.7
NiO 0.0947
CuO 0.565
ZnO 9.75
SrO 0.0290
7rO; 0.0205
PbO 1.17

Table. 3.1 Chemical composition of the DRI used in this study
(XRF)
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1Fe0
2 Fe304 C48H44N1508 S04 H20

4 3 CaZ3ind

4 FeH

Intensity{a.u.)

20 30 40 50 &0 T B0

2-theta(Deg.)

Fig. 3.1 XRD patterns of the particle of the DRI before the

reduction reaction

Element(Wt.%)
C 0.18
S 0.06

Table. 3.2 Chemical composition of the DRI used in this study
(CS)
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Gas in line

(2)

(k)

Off
gas

(h)

(a)vapor deposition furnace (b)Reactor (c)Cooling system (d)O-ring

(e)Thermocouple (f)Carbon crucible (g)Sample (h)dustcollector

Fig. 3.3 A Schematic diagram of experimental equipment
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Fig. 3.4 A Schematic diagram of experimental equipment
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Table. 3.3 Analysis of HSC Chemistry Program of DRI
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ZnO + C = Zn + CO(g), AG at 1000T= - 1.424 (2)
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Fig. 4.1 Schematic illustration for recovering zinc and iron
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42 K, Cl A& AAE $3 Roasting A3

DRI W &3t K, Cl &S AlASH] a8 wia A3S A
DRI:= 94 % K, Cl AE¥S st o™ Metal &
J 2SS 250 wet 7]gE =

AL dFr =rhYel 500 g¢ DRIE 7% & "WazolA A3S

g, A 2= x2dS 900 T2 AASL, 1 AHEH

o, [e] a o
900 C (wt. %) (wt. %)
AR = 3.37 6.06

1h 2.43 3.75
2h 1.26 2.21
3h 0.22 0.46
4h <0.1 <0.1
5h <0.1 <0.1

Table. 4.1 Results of roasting depending on time

Table. 42% 900 Tl =% FHolA 1-5 AIZ7HA 1 A3F AR

AlZbe WASAZIEA A S I3 AaS yErd Aol

AdA43% Alsd K, Cl A9 &2 900 T - 4 hellA K, Clo g
=< 01 wt. %= gttt
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o ols) oel(Zn)o.me] AWE L ol

7ZnO + C = 7Zn + CO(g), AG at 1000C= - 1.414 (1)
2Zn0O + C = 2Zn + CO(g), AG at 1200T= - 0.599 (2)
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543 obel el ofel 3
NG R DRERE

[

obel 347

G =

(4)

900 TolAM= gat ofdde] FF&e 5621 %, 1000 T= 9214 %,
1100 €= 919 %2 900 CellA= DRIW ] ofd2 ¥ 5L 2bglold &
g el mAA xske] S A X 1000 TR 1100 T
A= Bdh ofle] BE Afol7h A Eelh

urebA 71SEe A HA 2= 232 1000 T2 =& S

Reaction temperature(C)

Zinc recovery rate(%)

900
1000
1100

56.21 £ 3.62
92.14 £ 0.22
91.90 + 0.13

Table. 4.3 Zinc recovery rate accord
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432 ANEANES FIF WS At WE ofd 9
&

HA wrgen AFES 7Hio =z DRIZRE olde AHMuEndom
3487 9k Hhg AFS AY W o2 sto] st o, w-g
A Ad Z2AS ol 9 Table. 4.40] eI T

He 27

k8- A7 1jhr, 2 hf-3 /U1

L=z e ae pige
= i 10 °C/min 10 °C /min 1000 C
£9)7] Ar gas 3L/min

A H& o}ed =& ~ : Carbon powder = 10 : 1
ki IAFFHE
kg =71y =74y

Table. 4.4 Vapor deposition experimental condition according to reaction

time

A9 Ase f5pel S3E okl PR XRF BAsgn 24 A
g Zgatol okdlel A48 ANSAL W Al whE ojde &

2 Table. 459 YERH A

b4t/
K

A9 23 2 hr 2304 ofd gl&0] 51.02 % Ae #A<ls)

3 hr &34 6806 %, 4 hr Zz1elA 91.25 %, Shr Z7 A 91.59 %=
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Reaction time(hr) Zinc recovery rate(%)
2 51.02 + 4.03
3 68.06 + 2.86
4 91.25 £ 0.10
5 91.59 £ 0.09

Table. 4.5 Zinc recovery rate according to reaction time
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433 AHBANSS B Jh2 FF @E opdy
=] 2~ O
RS

2E 20 W WS A AFS B 4L AH 242 wgoez /4
ZHAW B ANBANTS A /A Aee] oldde] Tudhw

< of#le] Table. 460 YWetfATE 7F~ F%S 1 L/min,

L/min, 3 L/min, 4 L/min, &2 73} %t}

\)

Hey 27
il Eatn=)s Ar gas : 1 L/min, 2 L/min, 3 L/min, 4 L/min
1 )
exzy T2 e A
10 € /min 10 °C /min 1000 C
Ll P 4 hr
4A v & oldd =&~ : Carbon powder = 10 : 1
H3-=2 OlASTHE
Hg =7 7HE =7k

Table. 4.6 Vapor deposition experimental condition according to Ar gas
blow

A9 A H5e] $3E olel Rwg XRF 2Astgm 24 A3

g-gsto] ofd e gg& AT wkS ARt WE ol s

Table. 4.7°] YEHATE

i

rlo
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A& A3z} DRI® Carbon powder A#H] 10 : 1 ZANA 7t2f

1 L/minl A o}l 3]5&0] 9091 %<9 A& &Qletlar 2 L/min &3]
A 89.99 %, 3 L/min ol A 91.12 %2& &1t 4 L/min Zx1 oA
8857 %= FRlst

3 L/min 2 o} 3F&o] 7 (AR 1 L/ming wje} & Aol 7t
U7l BAGE mefste] ofqde] AEld 35 AW bR F AH )
&2 A¥S B3 Ar gas 7% 1 L/'min¥ S EE3

Ar gas flow rate A
r Zinc recovery rate(%)
(L/min)
1 90.91 + 1.21
2 89.99 + 1.34
3 91.12 + 0.25
4 88.57 £ 3.43

Table. 4.7 Zinc recovery rate according to Ar gas flow

DRIZ®E A% ofds 53] Ad 1454 0e 44 349 24
2 ®EH7] AN W eE, W AL, ke 5 27 oblA 4PS
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Fig. 4.2 XRD patterns of the recovered Zinc

Zn Al Si S Mg
99.8 0.03 0.03 0.01 0.08

Table. 4.8 Chemical composition of recovered Zinc (XRF)

b

10k X3,000 | 5pm £ 0000 4059 SEI

Fig. 4.3 SEM of the recovered Zinc
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4.4 ¥rg AIZY Flux 24, $94] £330l e 4 Ax 43

DRI®| $9188we FHNAE wad o3 A7 A7 Ba
700 T o4t £xEA COZMam ABEE FALS TeT 2k

C + Oy = COqyyg), AGor= - 94.238kcal 5)
C + CO; = ZCO(g), A(}7()()°c= - 0.004kcal (6)
9C + Oy = 2004, AGor= - 64.509kcal %)

2 WEE 300 cc/min® Ar 7}AE Eojdo] W A3t Ebsd B
g BL7I7F 24 E. o W 919 A 1, 2H ] e B4 Akshakgo

ol AT AF&¥ DRI ol CaO, SiO7} &5le] A &d 19
T34 %2 FesSiOy, FeO, FeOs0] Q= Aoz HRlt o]gf3h Abshd &
g Wl oa gaHEh

Fe;Si0, + CO = 2Fe + SiO; +COq(g) 8)
FeO + CO = Fe+ COq2 9
Fe,Si04 + 2C = 2Fe + SiOy +2C0(g) A Ggee= — 2.981kcal (10)
FeO + C = Fet CO, AGsgpce= - 2.918kcal (11)
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1o e A3
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of 4 A &Y ATl wEt SEENtso]l dojub= AIRE o F
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2719 AFE 525 Ror 5 & Ae

1t
e
filo

A 2 R8skt A
3 2x:= 1600 C, Ar gas 300 cc/min® ZH o =& 2183t o}
#@ Table. 4.9 o YetWlATt Z+7te] A3F oA DRIZHFH Hel4o

i}

mz

'6

rulo

2 3|43k dHe] A= otg Table. 4100 YEFHATE
He =27
HH-§-A] ZH(min) 5, 10, 15, 20, 25
Flux =4 Ca0 :Si0;=1:1
A4 Hl& o}ed =2 : Carbon powder = 10 : 3
T ze A
LEZA : .
10 C/min 10 C/min 1600 C
9171 Ar gas : 300 cc/min
=2 179 f = =

Table. 4.9 Experimental conditions for reducing melt reaction according

to reaction time
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HF-8- A] 7F(min) 5 10 15 20 25

Fe,O3(wt%) 19.55 14.31 8.68 4.47 2.69

Table. 4.10 The amount of iron remaining in the slag according to the

reaction time
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U225 a7l f8l HIFoFd Fluxel =4S Adtstdn =7
S Table. 4.119] YEAet 2 HolHE nigow AdS 18, zHzho
A Z27A 3agt AHE el A3E Tabe. 4.12¢] YE LT

My 24
Flux 2% 05:1),@:1, @2:1
(CaO : Si02) W s
Ll P 30 min
A4 Hl& oled =2~ : Carbon powder = 10 : 3
T 2 A
e | : .
= 10 C/min 10 °C/min 1600 €
9171 Ar gas : 300 cc/min
Lla =t 159 5 &=

Table. 4.11 Experimental conditions for reducing melt reaction

according to Flux composition
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Flux(Ca0:SiO;) 0.5:1 0.75:1 1:1 2:1

Fe content in pig iron

71.21 75.63 86.43 81.53

(wt%)
content in | Fe (wt%) 451 1.48 <0.01 0.98
slag Zn (wt%) <0.01 <0.01 <0.01 <0.01

Table. 4.12 The purity of iron according to the flux composition and

the components of iron and zinc remaining in the slag
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443 AE A=xE A3 &d9A Hed #HE A3

TEH FHAH kg A7 2 Flux 2AS sfg o=z 348 93k s A<l
Activated carbon powder®} DRI H] &S WFF7 o2 3o
stem, Ag 21E& ofdl9 Table. 4139 YEMNRITE LA vl &2
DRI®}S] A vg&=2 AAsA 3 DRI® Activated carbon powder<

s EYs

1t
oo

SRR

i

M 27
DRI : Activated Carbon powder
A HE&
=10:1,10:2, 10 :3,10:410:5
Ll P 30 min
A H &
Flux &4 1 -1
(CaO : Si02)
1 - |
< e 3
2==x74 . .
= 10 °C/min 10 °C/min 1600 C
9171 Ar gas : 300 cc/min
=2 159 = =

Table. 4.13 Experimental conditions for reducing melt reaction

according to ratio of activated carbon
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kit

A= TR EElas Bl 353k AES XREF #4510 ¥4 4
e dgsle] AH I5ES AL A vlge] wE AFH] 358
Table. 4149 Yehick

DRI : Carbon 10 : 1 10 : 2 10 : 3 10 : 4 10 : 5

Fe content

. 77.8 85.3 90.1 89.17 86.31
in pig iron(wt%)

Fe weight

) 55.13 55.35 54.75 55.12 55.05
in sample(g)

Fe weight
. 41.10 46.05 49.95 50.13 50.01
in pig iron(g)

Fe recovery rate(%) 74.56 83.21 91.23 90.95 90.85
Fe recovery rate SD 2.16 1.23 1.05 2.19 1.93

Table. 4.14 Zinc recovery rate according to carbon content

A8 Axt DRISF Activated carbon powdere] FAH 10 @ 1 ZAAE=
A FFEo] 7456 %el AS Qs 10 - 2 ZAeA 8321 %,
10 © 3 ZAA4 91.23 %, 10 : 4 FAolA 9095 %, 10 : 5 Z7 A

90.85 %= <lst3itt.

DRI} Activated carbon powder®] FAH] 10 : 39 wf <=7 7M4 =
SFa 10 1 4 ¢F 10 : 5 oA = FES= T A7
Aok ek FAHE 10 - 39 uf 3¢S0 7MY =4yl DRIZHH 39

=

g AE AxE A% SdA HA vES dPe $3 DRI

—|~
°x
i
o
o
H
Ll
2
ol
>

[\

9} Activated carbon powder®] F#AH 10 : 398 =3t}
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il rvl o )

Fig. 4.4 XRD patterns of the particle of the Pig iron recovered from

Dri-rasidue

Fe Mg Al Si P Cl Ca Cr Mn Co Ni
90.1 021 016 891 002 0.08 013 0.06 0.05 0.05 0.07

Table. 4.15 Chemical composition of the Pig iron (XRF)
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