2.1

(Limestone),

(Burnt lime)

21

1600

2.2



(%

1973 2487 284 01
1655 2718 322 007

H1 B4 15 0028
85 19 21 <01
50 &
(Fed 4
&
1 6
©)
2.2
221

21
)
1388 Chaparral Steel (Texas) (7)
115 CO-steel Lasco, Canada 8)
)
25
)
52
(Zn0)
(ZnFed) 4
(PbO)
1 300
1

(Chemical Stabilization)
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% )
24.9-46.9
11.12-269
1.00-381
0.03-0.15
0.06-0.58
0.01-0.12
<0.02-0.08
2.46-4.60
0.77-2.93
0.06-2.32
165100
1.35-2.49
0.51-2.36
0.01-0.88
0.06-0.88
0.29-231

(%
22.2-35.9
1.77-6.22
0.23-0.78
0.006-1.79
2.01-10.1
0.15-3.34
0.37-1.46
2.36-4.59
1%70-4.74
0.00-1.26
1.76-6.93
1.36-4.83
0.47-1.17
1.36-4.83
0.80-5.07
0.47-4.60



, 21

ca (oH)zs)+ YAID )+ 281Q,(5)+ (x-)HD - ) Ca0.y Al 3zSi02xHA(s) 2.1)

Bethlehem
Steel Super Detox 1989 Northwestern Steel
Wire
2.2.2
Cleveland Fluid Systems Co.  Inorganic Recycling Co. Inorganic
Recycling () 3
(1) (Mixing, Blending and Reaction)



(Endothermic reaction)

820 1370
3) *
1] Filter cake <9
223 (Pyrometallurgical Process)
2231 Waelz kiln
19238
, wHU Waelz kiln
(Slag)
(Rotary kiln) ,
5 58

Single-Stage Waelz Kiln Process



waelz Kiln Horsehead Resources Development
Company (HRDC) Zinc National Two-Stage Waelz
Kiln Process ()
2.2.3.2 Jnmetco
Inco Inmetco (4 1970
21 22 1980
Inmetco

(Pelletizing Disc)

= o (14)
g‘d*n 2.1 aN¥UE Rotary Hearth Furnace

Rotary Hearth Furnace
1200-1250 90-92



s 4 ? Energy
/ 4 Energyinput by
s 2 4 7 _radiant heal

2.2 Inmetcodv
2.2.3.3 Ausmelt
Ausmelt <§
50,000 1
Ausmelt

23 ,

Zn0 (slag) + ¢ (solid) -1 Zn (vapour) + CO (gas)
Zn0 (Slag) + CO (gas) —-—* Zn (vapour) + C02(gas)

1250-1400

(2.2)
(2.3)

10
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45
Ausmelt

Ausmelt

190

04

(ppm.)

1350

Ausmelth

25 ppm.

58

Ausmelt

11
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13 , 6 2170 ppm.
1 0.03
2234 Flame Reactor
Flame Reactor 9 North Star
Steel
I Cyclone reactor
2.2.35 Met Wool
Met Wool Environscience Inc
(Briquetting) (Shaft
Furnace) (Cupola Furnace) Aluminium Portliner
2.2.3.6 ZTT Ferrolime
ZTT Ferrolime Babcock International
2TA 1994

(Rotary Kiln)
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2.23.1 Laclede Steel
Laclede Steel(? Elkem
Zinc  Sprash
Condenser.
Laclede
2.2.3.8 All met
All Met Tervose 1994
Inmetco Rotary Hearth Tetronics
(Plasma)
(Pelletizer) Rotary Hearth

1997
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2239 IBDR-ZIPP

Iron Bearing Dust Recovery (IBDR) - Zinc Iron Plasma Process (ZIPP)@

(Vertical Shaft Furnace)

" 1997
77.000
2.2.3.10 3 Elkem
Elkem(6’ 24 *
e _{Z:}_. Wb balhs ek
= S S
24 Elkem 0
(Pelletizing)
1400

Splash Condenser
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22311 Enviroplas
Mintek Pyromet Enviroplase

(Hydrometallurgy)

2.2.3.12 Plasmadust
Plasmadust<f) SKF Steel Engineering
1984  Lanskrona 35,000
25

Drier Coke

gﬁ:n@

Cas cooling/cleaning

Sxereigs
o— [J0]
2.5 Plasmadust ‘B
0-30 Slurry
50 50

m (Filter
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Press) 50 5 2
(Shaft Furnace)
3 6 8-10
1200
450
1 200 400
25
2.2.3.13 Tetronics
Tetronics (9 IMS '
(Pilot Plant) '
26 ,
(Pelletizing) (Plasma

Furnace), (Plasma torch) (Zinc Conclenser)

Expanded - Processing Plasma (EPP) 3

, 2.1



GAS
BUARNIK —_—

v C

EXHAUST —

~

“ane !
BAGHOUSE OXI0E
FILTER

M

FURNACE DUST

o (OAL
l /,— IMPELLER ; L FLux
7 Ry =2
=)
TORCh
o ,
SLAG
ZINC
ZINC PLASMA
CONDENSER FURNACE
26 Tetronics@
j' I
1 t
. '
IrH |
o
2 l =
| E -

2.1

Tetronics9
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2.23.14 Hi-plas

Davy McKee Hi-plas <&) 1980
2.8

).- argon stabiliz (1 DC transferre ar%

)~ ndn-consumanle water cooled cathode gun
iit) - molten pool of reactants

V) - furnace hearth

v) - point where reactants are injecteg

tw) - anode at bottom of the furmace

28 Davy McKee (2)
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2.2.3.15 Tibur Howden Extended Arc Reactor

Tibur Howden Extended Arc Reactor (2) 1970

29

S-feadPiH|

2.9 Tibur Howden Extended Arc Reactor’Z

2.24 (Hydrometallurgical Process)
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2241 UBC-Chaparral

UBC-Chaparral(® Chaparral Steel
Midlothian
1986
2.10
3
1)
@
)
@
)
3 %
3 : 103
1 3
211
NH3(NHAHZOj
ZnCOj(s) + 4NH,(aq) - Zn(NH3£4aq) + CO02(aq) (2.4)
Zn0(s)+ 2NH4aq)+ 2NHj(ag) - ) Zn(NH3®aq) + HD (29)
NH3 4 (NHHZC03 0.75
15 600 2

(ZnFed 4



- . FinaJ Residue
5/ T f|rtr))-. Wash Water IIDust Water

esin Treatment_l_l_ ! d7 h
) i Chloride \Wis
- Loated Resi O|LSE|-\AF Wash Water
, T
Cementation Lime Leach Zinc Containing
Zinc Residue
el h T
(Ifa?lmmm Cementation
Sj Sulphuric .Acid. m Lead
Cleanup Leach T Cadmium
A Acetic Acid Makeup Prec%saulpan
_— y SI===) Gypsum
Ammonia i
Carbon Dioxide Zinc Leach
Zinc Cementation
1 Lead
Cadmium
Sleain — Zinc. Ammonia
/ Pocfion Carbon Dioxide
Recycle J E Zinc Carbonate
2.10 UBC-Chapparal g

Cementation
(Precipitation) 26

ZN(NH34C03+yHD A 7 XZnCOj. yZn(OH)2+ 4 NH3#+ (1-X)C02

% 60 , 5% 60 ,
% 100

21
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50 « CALCIUM /
()‘

[Ca) or[Znl. g2l
Ca w
= o
]
5
»

0 100 200 300 400
Pulp Dansily, gp!

211
103 >
2.2.4.2 Ezinex
Engitec Impianti Ezinex
Ferriere Nord
10,000 1995
(Leaching Reactor)
Zn0(S) + 2nHaca (ag) — ) Zn(NHXCIZaq) + HD 2.9)
1 70 80
(Filter Press)
Cementation

Zn(s) + Me' (ag)-----  Zn2(aq) + Me(s) .10,



Me

2243

Solution potential (mV SCE)

-1200

212

& A
© o
& o

oy .
o <]
o o
o o
i i

, , 212

(Electrolysis)
Zn(NHj)2+2e --—--- » Zn+NH, (2.11)
1 - y Cl2+2e (2.12)
Cl2+*— NH3 -—) 20l + 2H++ — N2 (2.13)
Zn(NH3ZI12+ — NHj-—) Zn+ 2NH4A1+ — N2 (2.14)

3 3
95 93

{ Impure solution

Cu
‘ precipitalion
Pb+ Cd
precipitation

D
+

Purifl lution enti
0 0204 0506070809 1 1.1 1.2 1.3 1.4 15 1.7 2
Zn powder (g/1)

Zincex



24

Technical Reunidas S.A. Modified Zincex (MZP)
Zincex 3 1975 8,000
1990 11,500
( 2.13)
40
ZnQ(s) + 2»+ag)-—-- } Zn +(aq) + HD (2.15)
Thickener
Solvent extraction DEHPA

(Organic phase)
(Electrowinning)

Zincex 70 a1

2244

214



70

LE ACHINg

EXTRACTION

RAW MATERIAL

H;504 4

Inl0Hly
Slwrry

Floc

- —
Water Lieed™

XS

LEACHING
RESIDVE

M of
Lime

Liguio i
CFFLUENT ™" * ¢
Y

\"O ; l;;

Ia(OH) . s
Slwrry t

213

2.045 MRT

MRT <9

Cd CEVENT

[ *IXTRACTION
We WASHING

3+ STRIPPNG

D+ DEPLETION

R+ REGENCRATION
M« ACIO RECOYERY

MELTING AND
CASTING

OYPSUM

flives

vdy

@
Waler @
Hy SO,

Modified Zincex <&




DUST 111 | ALL QUANTITIES ARE
" i IN TONNES/DAY UNLESS :
ACETIC ACID MAKE-UP 1.7 : OTHERWISE NOTED
T—l R s
813 LEACH
v
WATER 50 L @ RESIOUE TO
———— FLTER |~ . PELLETIZING
(40% MOISTURE)
HYDROGEN SULPHIDE ‘30 o . EXCESS
SU; “:-f? 17 HYDROGEN SULPHIDE
PTG (RECYCLED)
WATER 37 61 SULPHIDESH‘O
—_—— FILTER —————e ZINC PLANT
{40% MOISTURE) »
SULPHURIC ACID 36(33%) SBEL,
PPTN
.
AT A AS T A
WATER 92 o CLEAN
«+ FLTER |— = GYPSUM
(40% MOISTURE)
RINSE 320
SULPHURIC ACID 378(8%) I
ION a6l Igs‘:::;em
SODIUM HYDROXIDE 83(4%) EXCHANGE o etiodm
- — o
Gzoren: B8
813 Wi 139 TO WASH
REJECTON | :’:JiSHSTORAGE

2.14
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2.2.4.6 Cashman

American Metal Recovery

2247 Terra Gaia
Terra Gaia

)

7)

3

Cashman 9

Canadian Engineering
@

(Precipitation)

27



4)
5)

6)

Tetronics,

Hi-plas

28

Enviroplas,

Tibur Howden Extended Arc Reactor

60 80
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2.4
24.1 Cruells 1
01 2 18 51
Zn0(s) + HS04aq)-—-) ZnS04(aq) +H,0 (2.20)
ZnOFeD 4 +4HS04aq)-----) ZnS04aq)+ Fe2S043ag) +4HD  (2.21)
FeD 4 J+4HBS04aq)— FeS04aq) + Fe2S043aq) + 4HD) (222)

221 75

Cruells
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10 80 40

242 Frenay B

450 9%5 4
240 9%5
15
ZnO(s) + 2NaOH(aq) --------- » NaZn04ag)+ 2D (2.23)
ZnFeD 4( ) + 2NaOH (ag) + 2HD ----- » NaZn02(aq) + 2Fe (OH)3( ) (2.29)
(% Recovery) 80 &
b
243 Merrill Lang (B
(ZnSiog
180 240
212 % 8 %
Merrill Lang
(Solubility)
215

2.5



2.15

qrams per liter

Zn,

300

N
o
o

100

10 15 20 25

30

—r—

1 | |
I] | l | I |
A Scholder—Hendrich

O Muller

e Bureou's dota

| |

|

|

100 200 300
NaOH.gromt per liter

400

500

31
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