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Fabrication of High-Purity Zinc Oxide through Dry and Wet Fusion

Process from Low-Quality Dust Containing Zinc
Sung-Ho Kim

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

Abstract

Zinc dust is typically divided into zinc dross, an oxide formed on the top of molten metal in
contact with outside air during the process of casting zinc and EAFD(Electric arc furnace steel
dust) generated in the steelmaking process that removes impurities from steel. In 2018, it is known
that about 6,300 tons of zinc dross and about 400,000 tons of EAFD are generated. Zinc dust
contains about 30-50% Zn and contains a small amount of heavy metals, but it is treated as waste
due to the absence of treatment technology or simply sold as dust scrap.

To date, various processes for recovering zinc and zinc oxide from zinc scrap have been
proposed, and representative processes can be divided into the Waelz Kiln method and the Plasma
method. However, the Waelz kiln method produces zinc oxide with a high recovery rate, but it
contains high impurities such as Pb, Cl, Na, K, and Fe, so the purity is low. The plasma method
has the advantage of directly recovering metallic zinc by melting reduction, but has a disadvantage
of low zinc purity.

Therefore, in this study, nano-grade zinc oxide powder was produced through a dry and wet
fusion process of zinc dross collected through a dust collector after being produced in a casting
process using an electric furnace. The nano-sized zinc oxide powder recovery process includes
vapor distillation to recover Zn by mixing zinc dross dust and coke, selective leaching of Zn(NOs3),
through the addition of HNOs, neutralization of NH3, water leaching to remove residual ammonium
nitrate, and recovery of nano zinc oxide powder through drying. The vapor distillation process was
maintained at 1200°C for 3 hour in a zinc dross dust: carbon powder = 10:2 weight ratio. To
recover the deposited Zn, keep the concentration of Zn and 30% HNOj3; at room temperature in a
1:6 molar ratio, then neutralize by adding a concentration of 28% NH; and wash 3 times for 1
hour to recover pure ZnO. Through the above process, 99.99% purity of zinc oxide, an average

particle diameter of 150 nm, and plate-shaped ZnO nanopowder were finally recovered.
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22 old H2E9 353 24

obel =Rt Arlets Tyse] 24 9 okdl BAe] 2Ad w @
x| A vk AdbE el gpeld AL Zn 51-88%, Cl- 0.5-20%, Pb
0.02-2.45%, Al 0.17-3.3%, 7]€} Cu, Cd, Cr, Ni, Si, Mg % Bio} #2 A
o] 0.5% wwto 2 o]F oA gl 16].

oA ofd =22 A VM Bwe FHES e E AiRo® e E
FEel ZnO, 93tE FE S ZnClh % &3 dA3t=E FElAd Zns(OH)sCls
H-O (Simonkolletie) = <& A Fc}H17-19].

W A 221 e A 24 E Fe 24.9-46.9%, Zn 11.12-26.9%, Cd
0.03-0.05%, Pb 1.09-381%, Cr 0.06-058%, Ni 0.01-0.12% #} Ca
1.85-10.0% o] F°] A A =H201.

Table 2.1. Chemical composition of the EAF dusts (XRF)

Fe Zn Ca Pb Cr Ni Cd
249 -  11.12 - 1.85 - 1.09 - 0.06 - 001 - 003 -
46.9 26.9 10.0 3.81 0.58 10.0 0.05
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2.3.1 Waelz Kiln Process
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2.3.3 Rotary Hearth Furnace
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Table 3.1. Chemical composition of the Zinc dross used in this study

(XRF)
Element(Wt.%)

Zn0O 61.22
Cl 27.62
Al O; 6.49
SO; 2.69
MgO 0.76
CaO 0.37
K,0O 0.28
SiO; 0.17
SrO 0.17
MnO 0.15
Fe,0s 0.08

Table 3.2. Chemical composition of the Zinc dross used in this study

(SEM-EDS)

Element Weight% Atomic%
Z/n K 64.70 69.50
O K 13.41 15.00
Na K 10.37 6.09
CK 7.54 1.13
Cl K 2.32 2.24
S K 1.10 0.99
Al K 0.33 0.17
Si K 0.13 0.09
Ca K 0.10 0.13
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Fig.3.3 A Schematic diagram of experimental apparatus
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399 AAHA WAUS BA

Carbons 7tk ofd == 249 A% 755 HSC Chemistry Program<
3 EA st ofd =22 W EAske 4bstold(Zn0)e] e wHE-A
= ofefjoll YERH AT

2Zn0O + C = 2Zn + COx(g) )

e RbEAS FEsto] MAYES 450 =& AL Mg, Ca
heteEat SdA R ARSE Carbon F7bel whE ghdnbs-o] AxE of 9
Table 3.3.9 WEFU A

Table 3.3. Analysis of HSC Chemistry Program of Zinc dross

2Zn0 + C = 27n + COZ(qg) Al203 + 1.5C = 2Al + 1.5C02(g)
T deltaH deltas deltaG deltaH deltas deltaG
C kcal cal/K kcal kcal cal/kK kcal
0 73494 48,9492 60.112 259,33 75.587 Z238.684
100 7342 ABTT5 55.22 259,596 7644 231.072
200 73.231 48,33 50,364 259,581 76416 223425
300 73.011 A7.907 45553 259,361 75,999 215.802
400 12822 47602 40,779 259,043 75489 208.228
500 16177 52.454 35.623 258.742 75071 200,701
600 76.021 52.264 30.387 258.507 74784 193.209
700 75.838 52.066 2517 2634 80,025 185.524
800 75.63 51.862 19,974 263.103 79735 177.536
900 75.395 51.653 14,798 262778 79446 169.577
1000 75.131 51.437 9.643 262429 79.16 161.646
1100 74836 51.215 4511 262.059 78.88 153.744
1200 74.51 50.986 -0.599 261.667 78.605 14587
1300 74151 50,75 -5.686 261.257 78.330 138.023
1400 13.757 50,507 -10.749 260,828 78.072 130.203
1500 73.326 50.257 -15.787 260,383 77813 122.409
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2MgO + C = 2Mg + CO2(g)

2Ca0 + C = 2Ca + CO2(q)

T deltaH deltas deltaG deltaH deltas delta
C kcal cal/K keal kcal cal/K kcal
0 193489 52,275 179.21 209.463 51.437 195413
100 193529 52419 173.969 209.317 50.997 190,287
200 193422 52,168 168,739 209.05 50.366 185,219
300 193.253 51.845 163.538 208.793 49873 180.209
400 193.067 51.547 158.369 208.603 49,564 175.239
500 192.896 51.309 153.227 208.918 50.006 170.256
600 192.76 51.143 148.105 208.898 494979 165.258
700 196.764 55479 142,774 209.021 50112 160.255
800 196,753 55469 137.227 209.291 50.375 155232
a00 196,725 55444 131681 213.535 54,183 149,97
1000 196,681 55408 126,138 213.538 54,186 144,551
1100 196.62 55,362 1206 213.531 54,18 139,133
1200 196.543 55.308 115.066 213.509 54.165 133.716
1300 196.45 55.247 109.538 213471 5414 128.3
1400 196,342 5518 104.017 213.412 54.104 122.888
1500 196.216 = 55.107 88,502 213.33 54.056 11748
g9 A3k ge P2 AFIUA Ghe Adtetel, A3E vgon Ao
34 wrge] s S BEE + AE deldelth of u AGHS U2 A
Foluix) gro g s ol wee grz ek
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AG <0 o9, ubgo] AU whg
Zn AFstE2 1200TCAlA Col 93] wgdoz 3ol 7tHssty Al
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Table 3.4. The variation in solubility of water between NH4NO; and

Zinc hydroxide nitrate at elevated temperatures
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7n5(OH)s(NO3)2(Ho0)y 212, 70 (OH)s(NO3)+2H-0 9)
Zns(OH)s(NQg), ~2=HC, 74h:(0H)4(NO3)»+2Zn0+2H50 (10)
Zn3(0H),(NO3), 20710 3700+2HNO3+H,0O (11)

INH,NO; 2%, 9N, +0,+4H,0 (12)

4 T 250C, &4 A7t
30min, ¥ =971 02 7t B 7104 300cc/ming 7t~ fHoz A
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Table 4.1. Vapor deposition experimental condition
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Fig.4.1 XRD patterns of the recovered Zinc

Table 4.2. Zinc recovery rate according to reaction time

Reaction temperature(C) Zinc recovery rate(%)
1100 56.43
1200 97.10
1300 97.64
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Table 4.3. Vapor deposition experimental condition
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Table 4.4. Zinc recovery rate according to reaction time

Zinc recovery rate(%)

77.38

87.96
97.10

97.62

Reaction time

lhr
2hr

3hr

4hr
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Table 4.5. Vapor deposition experimental condition
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=10:1,10:2, 10 : 3
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4171 Ar gas
300cc/min
Hhg-2 Electric Furnace
Hg =7 7HE =71
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Ae Ax} ofdd =229 Carbon powder @ #H] 10:1 ZdAHE o
92 %}

22%%0 AL FAdskar 10:2 7oA 96.83%, 10:3 71l A

olel =&29} Carbon powder @ #H] 10:3Y w 3]4=8o] 7} ZUA
102 wiek 2 Aok fISdTIel A S aelste] ofde] ™A 3
FE 93 FUA HA wEge AFS T ofd =229 Carbon

o,

2

powder Z#H] 10:29 S ©&3}

Table 4.6. Zinc recovery rate according to carbon content

Zinc dross : Carbon | Zinc recovery rate(%)
10 : 1 92.22
10 : 2 96.83
10 : 3 97.10
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Fig.4.2 XRD patterns of the recovered Zinc hydroxide nitrate
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Fig.4.3 Amount of recovered powder per Zinc nitrate : Ammonia water ratio
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SEM(Scanning Electron Microscope)+2] <

figure.4.40] e A TE



Fig.4.4 Particle size of Zinc hydroxide nitrate with reaction times
(a) lhr (b) 2hr (c) 3hr (d) 4hr (e) Shr
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, w3 4= #elE 8l XRD, XRF, TEM(Transmission Electron
Microscope) 43 %%}9}]7_ KD SR A Zﬂgi}% ol 9] figure.4.7,
P YER A

3 XRF #4 23 Table 410.91 HeE gLtk

Fig.4.6 Fabricated Zinc oxide
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Fig.4.7 XRD patterns of the fabricated Zinc oxide

Fig.4.8 TEM analysis of the fabricated Zinc oxide

Table 4.10. XRF analysis of the fabricated Zinc oxide

Element content(%o)
Zn0O 99.92
NiO 0.08
Totals 100
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Table 4.11. Recovery rate calculation result

Recovery rate (%) = 60.16g/64.7g <100 = 92.98%
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