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INDUSTRY DESCRIPTION 

The major product of the primary zinc industry i s  meta l l ic  zinc; the 
industry also produces zinc oxide, sulfuric acid,  cadmium, and occasionally 
other  chemicals such as  zinc su l fa te .  
zinc industry i s  considered i n  segments: 
e l ec t ro ly t i c  zinc production, zinc oxide production, and cadmium recovery. 
Production of other  by-products such a s  germanium, thallium, gallium, and 
indium i s  not considered a pa r t  of t h i s  industry because i t  does not take 
place a t  primary!zinc smelters. 

fe r red  to  smelters fo r  the production of zinc,  zinc oxide, o r  both. Cadmium 
is normally recovered a t  smelters from collected dusts and s lags  w i t h  su f f i -  
cient cadmium content. 
cen t ra te  as metal l ic  zinc production. 

mill ing operations. 
4,100 people in 1978, including workers involved i n  by-product processes.. 
Table 1 shows mining, production, and consumption t o t a l s  f o r  zinc and cadmium 
i n  the years 1974 t o  1978. These data indicate tha t  zinc and cadmium produc- 
t i on  have remained f a i r l y  constant over the past  few years .  
exceeded production; imports and shipments from government stockpiles have 
made up the difference (1).  

Missouri, 19 percent; Idaho, 10 percent, and New Jersey, 9 percent. 
l a rges t  U.S. mines accounted f o r  97 percent of the zinc ore  mined i n  1978, 
and the f i v e  l a r aes t  alone accounted f o r  41 percent (1).  

For the purpose of this analysis ,  the 
pyrometallurgical z inc production, 

Generally, ore i s  mined and concentrated a t  one location and then trans- 

Direct zinc oxide production uses the same ore con- 

In 1978, approximately 6,000 people were employed i n  lead-zinc m i n i n g  and 
Zinc smelters, including secondary smelters, employed 

Consumption has 

The leading s t a t e s  f o r  mine production i n  1978 were Tennessee, 29 percent; 
The 25 

The 25 la rges t  
U.S. zinc mines i n  1976 a re  presented in  Tabie 2. 

industry since tne Process involves the reduction of zinc concentrates fo l -  
lowed by oxidation. Indirect  zinc oxide production i s  not discussed, since 
s lab zinc i s  used as the raw material .  

All domestic zinc smelters produce cadmium. Collected flue dusts from 
roasting and sintering operations and cadmium-containing materials from 
ref ining and precipi ta t ion processes a re  treated hydrometallurgically fo r  
cadmium recovery a t  the zinc smelter. 

Direct zinc oxide production is  cqnsidered par t  of the primary zinc 
2 
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Other metals recovered as by-products f rom z inc  o re  are  germanium, 
I t h a l l i u m ,  indium, and ga l l ium.  1 pr imary z i n c  smelters i n  the U.S .  Waste m a t e r i a l s  con ta in ing  these meta ls  a r e  
' shipped as in te rmed ia te  products  o r  a r e  disposed o f  as waste i f  t h e  by-product 

U.S. pr imary z inc  demand i s  expected t o  inc rease a t  an annual r a t e  o f  2 

\ Th is  processing, however, i s  n o t  dene a t  

con ten t  i s  n o t  s u f f i c i e n t  f o r  recovery.  

percent  through 1985 (3 ) .  
dec l i ned  47 percent  s ince  1968, w i t h  t h e  c l o s i n g  o f  e i g h t  smelters due t o  
outdated equipment and environmental problems (4) .  

Jersey Min ie re  Zinc i s  cons t ruc t i ng  a new e l e c t r o l y t i c  r e f i n e r y  i n  
C l a r k s v i l l e ,  Tennessee, w i t h  s t a r t - u p  scheduled f o r  t h e  second h a l f  o f  1978; 
f u l l  capac i t y  w i l l  be about 90,000 m e t r i c  tons per  year .  
w i l l  come from the  company's new Elmwood and Gordonsv i l le  mines i n  Tennessee; 
a t h i r d  mine i s  t o  be developed near  Stonewal l .  F igure  1 shows the l o c a t i o n s  
o f  domestic pr imary z inc  producers. 

Pr imary domestic smel t ing  capaci ty ,  however, has 

Most concentrates 

Raw M a t e r i a l s  

Zinc i s  u s u a l l y  found i n  na tu re  as t h e  s u l f i d e  c a l l e d  spha le r i t e ,  which 
has a cub ic  l a t t i c e  s t r u c t u r e  and i s  commonly r e f e r r e d  t o  as z inc  blende, 
blende, o r  j ack .  A 
polymorph o f  spha le r i t e ,  wur t z i t e ,  has a hexagonal s t r u c t u r e  and i s  more 
s t a b l e  a t  e leva ted  temperatures. 
formed as o x i d a t i o n  products o f  these s t ruc tu res .  A l i s t  o f  the  most c o m n  
z i n c  minera ls  i s  presented i n  Table 3. Most o f  these ox id i zed  minera ls  a r e  
minor sources o f  z inc,  a l though f r a n k l i n i t e  and z i n c i t e  a r e  mined f o r  t h e i r  
z i n c  conten t  a t  the New Jersey Zinc Co. mine (5 ) .  

What may prove t o  be one o f  t h e  f i v e  l a r g e s t  massive zinc-copper s u l f i d e  
depos i ts  i n  Nor th  America has been discovered near Crandon, Wisconsin. Tests 
i n d i c a t e  the  presence o f  about 70 m i l l i o n  m e t r i c  tons o f  ore, analyzed as 5 
percent  z inc  and 1 percent  copper (6) .  

I r o n  i s  t h e  most common i m p u r i t y  o r  assoc ia ted  metal  o f  zinc, owing t o  
the  chemical s i m i l a r i t i e s  and r e l a t i v e  ease o f  s u b s t i t u t i o n  i n  t h e i r  respec- 
t i v e  l a t t i c e s .  
as marmatite. 

It i s  always 
associated w i t h  z inc,  and i s  u s u a l l y  p resent  as greenocki te  (CdS). Complete 
s o l i d  so lu t i ons  e x i s t  between z inc  and cadmium s u l f i d e s ,  b u t  the  cadmium 
conten t  r a r e l y  exceeds 1 o r  2 percent .  

do lomi te  (Ca,Mg)C03, p y r i t e  and marcas i te  (FeQ), qua r t z  ( S i O z ) ,  cha lcopy r i t e  
(CuFeS2), and b a r i t e  (BaS04). 

Zinc content  can be 67.1 percent  i n  the  pure s ta te .  

Almost a l l  o t h e r  z i n c  minera ls  have been 

N/ 

A s u l f i d e  z i n c  o r e  w i t h  a r a t i o  of Fe t o  Zn above 1:8 i s  known 

Cadmium i s  the  second most abundant i m p u r i t y  o f  z inc.  
~ 

I n  z inc  ores, comnonly assoc ia ted  nonzinc minera ls  are c a l c i t e  (CaC03) 
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ZnO 

ZnS04 . 7H20 

ZnC03 

Zn4Si20,(0H)2 * H20 

Zn2Si04 

(Zn2Mn)0 Fe203 

2ZnC03 ~ Z I I ( O H ) ~  

ZnS 

(Fe ,Zn ) S  

6 

Z i n c i t e  

Goslar i  t e  

Smithsonite (or  calamine i n  Europe) 

Hemimorphite (or calamine i n  America, 
c a l l e d  e l e c t r i c  calamine i n  Europe) 

W i  1 lemi t e  

F r a n k l i n i t e  

Hydrozinci te  

Spha ler i te ,  wur tz i te  

Marmati t e  



Zinc ores are processed at the mine to form concentrates containing 
typically 52 to 60 weight percent zinc, 30 to 33 weight percent sulfur, and 4 
to 11 weight percent iron (7). 
tent to about 2 percent. Other raw materials are required at the smelter for 
producing metallic zinc. Coke or coal and sand along with inert materials are 
required during pyrometallurgical sintering, in quantities depending upon the 
specific concentrate properties and the desired characteristics of the sinter. 
Coal or coke must also be added during reduction. Exact quantitites are 
variable, depending on the properties of the feed and type of reduction 
furnace. 
reduction i s  not required but sulfuric acid i s  required for leaching the 
calcine. 

to 16.4 million kilocalories depending on the process. 
kilocalories were used in the manufacture of primary zinc slabs, an average of 
15.3 million per metric ton (8). 
efficiency of energy utilization over 1967, primarily due to the closing of 
inefficient horizontal retorts. 

Products 

Roasting at the plant lowers the sulfur con- !. 
In hydrometallurgical processing, sintering or pyrometallurgical 

The energy required for production of one metric ton o f  slab zinc is 8.8 
In 1972, 9.6 billion 

This represents a 9 percent increase in 

The principal products of the primary zinc industry are metallic zinc, 
\zinc oqde, and cadmium. Uses for these products are widely v;i?iFdTMetallic 
zinc is used for galvanizing, for making pigments and zinc compounds, for 
alloying, and for grinding into zinc dust. 
slab zinc for 1978. 
of the world in the heavy emphasis on zinc-base alloy castings, mainly for the 
automotive industry. The primary product of most zinc companies is slab zinc, 
which is produced in five grades and classified by its purity. 
are presented in Table 5. 

Zinc oxide is used in rubber, emollients, ceramics, and fluorescent 
pigments, and in the manufacture of other chemicals. 
in production of alloys, in corrosion-resistant plating for hardware, as a 
counter electrode metal for selenium rectifiers, as neutron shielding rods in 
nuclear reactors, in nickel-cadmium batteries, and in plastics and cadmium 
compounds. 
cadmium sulfide used for pigments for another 12 to 15 percent (9). 

Companies 

trate feed are listed in Table 6. 
capacity from 57,000 to 227,000 metric tons per year. 
capacity i s  about equally divided between pyrometallurgical and electrolytic 
processes. 
domestic primary capacity. 

Table 4 shows U.S.  consumption of 
Usage patterns in the U.S. differ from those in the rest 

These grades 

Metallic cadmium is used 

Cadmium metal accounts for 60 to 70 percent of consumption, and 

Capacities of the eight primary zinc smelters that use primary concen- 
The three pyrometallurgical plants range in 

U.S. primary zinc 

The single largest plant accounts for 35 percent of the total 
All of the primary smelters produce sulfuric acid 

7 



TABLE 4. U.S .  SLAB Z I N C  CONSUMPTION - (1976) (9) 

Special high grade 

High grade 

Intermediate 

Gal vani z ing 

Brass and bronze product 

Zinc-base a l l o y  

Rol led z inc products 

Zinc oxide 

Other 

Tota l  

Zinc Lead I r o n  Cadmium 

99.990 0.003 0.003 0.003 

99.90 0.07 0.02 0.03 

99.5 0.20 0.03 0.40 

vletric tons 

Brass special  

Prime western 

342,893 

150.81 7 

387,403 

27,088 

35,405 

35,287 

1,028,893 

99.0 

98.0 

Percent 

0.6 

1 . 6  

~~ 

38 

15 

38 

3 

3 

3 

100 

0.03 0.50 

0.05 0.50 

TABLE 5. GRADES OF COMMERCIAL ZINC 

I Composition, percent  weight 

a 
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as a by-product. 
primary cadmium production in 1978 (1). 
primary zinc industry in 1978 are presented in Table 7. 

Environmental Impact 

decreased in recent years because of the increase in electrolytic zinc re- 
covery operations and the closing of several retort zinc smelters. 
zinc emissions to the atmosphere totalled 65 metric tons from mining and 
milling, and 45,350 metric tons from metallurgical processing (13). 
dioxide is emitted from roasting and sintering operations, although the 
roaster SO2 emissions are normally collected to produce sulfuric acid. 

Smelter solid wastes are usually recycled for by-product metal recovery. 
Some sludges may require several months’ storage before recycling, and others 
may be disposed of as landfill. 
mining and concentration processes are disposed of at the mining site in 
tailings ponds or as mine backfill. 

Liquid effluents can be classified as noncontact and contact. 
water is used for cooling in heat exchangers. 
is produced in such operations as scrubbing of roaster gas and reduction 
furnace gas, cooling of metal castings, cadmium production, and auxiliary air 
pollution controls. 
accompanied normally by such elements as cadmium and lead, and small amounts 
of arsenic and selenium. 

have been promulgated (10,ll). 
investigation. 
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TABLE 7. PRINCIPAL STATISTICS FOR THE PRIMARY ZINC 
INDUSTRY I N  THE UNITED STATES I N  1976 (9)  

(metric tons) 

Production: 

Mine, recoverable z i n c  

Smelter, s lab  z i n c  

Imports : 

Ores and concentrates 

Slab z i n c  

(dut iab le  z i n c  content) 

Consumption: 

Slab z inc  

Ores (recoverable z inc  content) 

Exports: 

Slab z inc  

11 

302,669 

441,472 

118,003 

61 7 . 8 ~  

1,050.585 

89,959 

723 
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INDUSTRY SEGMENT ANALYSIS 

I 

As w i t h  the  copper and l e a d  segments, t h e  environmental impacts of the  
z i n c  min ing  and smelt ing i n d u s t r i e s  have received considerable a t t e n t i o n  i n  
recent  years from both p r i v a t e  and governmental o rgan iza t ions .  This i n d u s t r y  
segment ana lys i s  examines each product ion operat ion,  t o  d e f i n e  i t s  i n d u s t r i a l  
purpose and i t s  p o t e n t i a l  and p r a c t i c e  i n  a f f e c t i n g  the  q u a l i t y  of the  
environment. Each process i s  examined as fo l l ows :  

1. Funct ion 
2. I n p u t  Ma te r ia l s  
3. Operating Condit ions 
4. U t i l i t i e s  
5. Waste Streams 
6. Contro l  Technology 
7. EPA C l a s s i f i c a t i o n  Code 
8. References 

The o n l y  processes inc luded i n  t h i s  sect ion are those t h a t  are now 
opera t i ng  i n  the  Un i ted  States. 
processes, t h e i r  i n t e r r e l a t i o n s h i p s ,  and t h e i r  major waste streams. 

Figure -2. i s  a f lowsheet t h a t  shows these 
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Figure 2 (continued) 



.PRIMARY ZINC PRODUCTION 

Min ing  

PROCESS NO. 1 

1. 
Most z inc i s  mined underground us ing open shrinkage, c u t - a n d - f i l l ,  o r  square- 
s e t  s top ing  methods. 
l e f t  behind t o  support  t h e  o v e r l y i n g  rock s t r u c t u r e ,  unless t h e  w id th  o f  the 
ore  body i s  such t h a t  i t  can be supported and t h e  e n t i r e  o re  body ext racted.  
A few mines, p a r t i c u l a r l y  i n  e a r l y  stages o f  operat ion,  use open p i t  methods, 
which c l o s e l y  resemble those used i n  copper mining. 

Min ing  operat ions c o n s i s t  o f  d r i l l i n g ,  b l a s t i n g ,  and removing t h e  broken 
rock.  A f t e r  removal f rom t h e  mine, the  o r e  i s  loaded onto t rucks  f o r  t rans-  
p o r t a t i o n  t o  concent ra t ing  f a c i l i t i e s .  Min ing operat ions range i n  s i z e  from 
those handl ing severa l  hundred m e t r i c  tons  o f  o re  per  day t o  complexes capable 
o f  processing about s i x  thousand m e t r i c  tons per  day. 
l e v e l ,  open-stage operat ions u t i l i z e  " t r a c k l e s s "  m in ing  techniques, w i t h  
equipment mounted on crawler- type t read  o r  pneumat ic- t i red veh ic les .  
equipment f a c i l i t a t e s  movement and increases speed o f  operat ions,  thus 
inc reas ing  t o t a l  ou tpu t  and reducing costs ;  w i t h  such equipment i t  i s  some- 
t imes f e a s i b l e  t o  mine o r e  con ta in ing  as l i t t l e  as 2 percent z inc.  

Funct ion - Min ing i nvo l ves  excavat ion and t reatment  o f  z inc  o re  deposi ts.  

I n  underground mines, w a l l s  and p i l l a r s  a re  u s u a l l y  

Some,large, s ing le -  

Th is  

2. I n  u t  Ma te r ia l s  - Inpu ts  t o  t h e  m in ing  process i nc lude  t h e  o re  deposi ts  
and t + e exp osives used t o  remove them. 

3. Operat ing Condi t ions - Ores are  mined a t  atmospheric cond i t ions .  
t i o n s  depend upon type o f  mining, i .e. ,  open p i t  o r  underground. 

4. U t i l i t i e s  - Fuels  and e l e c t r i c i t y  a r e  used f o r  opera t ing  min ing equipment 
and t ranspor t i ng  o re  t o  concent ra t ing  f a c i l i t i e s .  One est imate f o r  e l e c t r i c a l  
usage f o r  min ing o re  i n  1973 was 3.1 x 108 k i lowat t -hours  (1). With t h e  1973 
mine produc t ion  l e v e l  o f  434,000 me t r i c  tons ( 2 ) ,  e l e c t r i c a l  usage was about 
720 k i lowat t -hours  per  m e t r i c  t o n  o f  z i n c  moved. 
water a r e  pumped i n t o  mines f o r  machinery and hyd rau l i c  b a c k f i l l  operat ions.  

5. Waste Streams - Zinc ores t y p i c a l l y  con ta in  3 t o  11 percent z inc  (3); 
thus 10 t o  40 tons o f  o re  must be mined f o r  every t o n  o f  z inc  produced. Most 
o f  t h i s  o r e  i s  mined f o r  o the r  metals as we l l .  
s i m i l a r  t o  those o f  o the r  min ing  operat ions,  amounting t o  about 0.1 kg per 
m e t r i c  t o n  o f  z inc  mined (4) .  Cadmium emissions a l s o  occur du r ing  t h e  mining 
o f  z inc  ore. Emissions due t o  wind l oss  from mine waste are  est imated a t  0.1 
k i logram per  m e t r i c  t on  o f  o re  mined (5).  T o t a l  emissions o f  cadmium t o  the  i 
atmosphere were thus 240 m e t r i c  tons f o r  1968 ( 5 )  and 220 m e t r i c  tons f o r  ' 

1973 (6). 

pumped i n t o  t h e  mine f o r  machines and h y d r a u l i c  b a c k f i l l  operat ions,  and 
i n f i l t r a t i o n  o f  sur face water. 
r e l a t e d  t o  t h e  q u a n t i t y  o f  o re  mined. 
t i o n s  may range f rom thousands o f  l i t e r s  per  day t o  160 m i l l i o n  l i t e r s  per 
day. 

Condi- 

Unspeci f ied amounts o f  

F u g i t i v e  dus t  emissions are 
A 

Mine waste water r e s u l t s  from i n f i l t r a t i o n  o f  ground water, water 

Q u a n t i t i e s  o f  pump out  water a re  n o t  necessar i l y  
The water requ i red  t o  ma in ta in  opera- 

Th is  water conta ins  such i m p u r i t i e s  as b l a s t i n g  agents, f ue l ,  o i l ,  and 
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hydraulic fluid. Dissolved solids found i n  the wastewater are generally lead, 
zinc, and associated minerals (7). 

Conditions compatible with solubilization of certain metals, particularly 
zinc, are associated with heavily fissured ore bodies. 
being recovereqare sulfides, a fissured ore body allows oxidation of the ore, 
which increases the solubility of the minerals. 

The major solid wastes from mining operations result from removal of rock 
to get to the ore. The discarded waste is of essentially the same composition 
as raw ore, with lower metallic content. 
estimate was found concerning these wastes. 

6. 
be reduced by wetting and control systems (8). 

In the zinc industry, mine-water generated from natural drainage is 
reused in mining and milling operations whenever possible. 
result because of an excess of precipitation, lack of a nearby milling facil- 
ity, or inability to reuse all of the mine waste water at a particular mill. 

Small quantities of water are usually needed in the zinc flotation 
process; mine water effluent is used at many facilities as mill process makeup 
water. The mine water may pass through the process first, or it may be 
conveyed to a tailings pond for later use with recycled process water. 
practice of combining mine water with mill water can disturb the overall water 
balance unless the mill circuit is capable o f  handling the water volumes 
generated without a resulting discharge. 

Acid mine water containing solubilized metals may be effectively treated in 
the mill tailings pond. 
tion and aeration. 

Although the minerals 

No quantitative or qualitative 

Control Technology - Fugitive dusts from drilling and conveying can 
I 

Discharge may 

The 

Acid mine water is neutralized by the addition of lime and limestone. 

The water may be further treated by lime clarifica- 

The solid wastes from mining operations are disposed of in a pile or 
pond. 

7. EPA Source Classification Code - None 
8. References - 

These wastes can be used as mine backfill. 
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PRIMARY ZINC PRODUCTION PROCESS NO.  2 

Concentrating 

1 .  Function - Concentrating consis ts  of separating the desirable mineral 
consti tuents i n  the ore from the unwanted impurities by various mechanical 
processes. 
i s  seldom pure enough t o  be reduced d i rec t ly  for  zinc smelting. 

cone crushers to  a s i ze  based on an economic balance between the recoverable 
metal values and the cost of grinding (1).  
by vibrating or  trommel screens and c l a s s i f i e r s .  
and tables separate the zinc minerals from a low specific-gravity gangue. 
Classification and recycling between stages reduces the material t o  a pa r t i c l e  
s i ze  appropriate for  milling. 
percent smaller than 325 mesh. 

i s  pumped as an aqueous s lur ry  t o  f lo ta t ion  c e l l s ,  where i t  i s  conditioned by 
additives and separated by froth f lo ta t ion  t o  recover the zinc su l f ide  and 
sometimes lead or  copper sulf ides .  
by mechanical separation based on spec i f ic  gravity differences pr ior  t o  f roth 
f lo ta t ion .  
separate and f loa t  t o  the surface where they are skimmed of f .  
zinc sulf ide f lo ta t ions  a re  r u n  a t  a basic pH (usually 8.5 t o  l l ) ,  and the 
s lur ry  i s  periodically adjusted with hydrated lime, Ca(OH)2 (1).  
f lo ta t ion ,  the underflow ( t a i l i ngs  o r  gangue materials)  is sen t  t o  a t a i l i n g s  
pond for  treatment. 

and the s lurry i s  fed t o  vacuum drum f i l t e r s ,  which reduce the moisture 
content. 
about  55 t o  60 percent. 
fur ther  reduce the moisture content of the concentrates, which are  then 
transported t o  a storage s i t e .  
percent moisture and leaves with about 3 percent moisture ( 2 ) .  

too finely divided for  sat isfactory separation even by f lo t a t ion .  
ores,  f inal  separation involves su l fur ic  acid leaching a t  an e l ec t ro ly t i c  
zinc plant. 
o res ,  b u t  i t  i s  not used a t  any U.S. zinc smelters. 
was the primary reason f o r  development of e l ec t ro ly t i c  z inc recovery methods 
i n  North America. 

The ore from mining must be concentrated because mined sphaler i te  

The zinc-bearing ore i s  f i r s t  crushed by standard jaw, gyratory, and 

Size separation i s  accomplished 
Heavy-medium cones, j i g s ,  

The f ina l  milled,product i s  typical ly  60 

After being transported t o  large bins f o r  blending and s tor ing,  the ore 

In some cases, the ore i s  reconcentrated 

Large mixers s t i r  the solution, and the zinc-bearing minerals 
Generally, 

After 

Once separated, the metal concentrates are thickened in  s e t t l i n g  tanks 

Upon completion of the concentration process, the zinc content is 
Thermal drying i n  d i rect-f i red rotary dryers may 

Concentrate enters the dryer w i t h  about 11 

In certain western ores,  notably those from Idaho, the lead and zinc are  
For such 

Some foreign producers use the Imperial furnace t o  t r e a t  these -k 
Treatment of such ores 

The quantity of zinc concentrate produced i s  a b o u t  10 t o  15 percent of 
A typical analysis would be 52 t o  60 percent zinc,  the zinc ore by weight. 

30 t o  33 percent sulfur ,  4 t o  11 percent iron, and l e s se r  quant i t ies  of lead, 
cadmium, copper, and other elements (2). 
elements of ore concentrate. 

Table 8 l i s t s  some of these 
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TABLE 8. RANGE OF COMPOSITIONS OF ZINC CONCENTRATES ( 6 , 7 , 8 )  

Constituent 

Pb 

Zn 

Au 

Ag 

cu 

AS 

Sb 

Fe 

Insol  ubl es 

CaO 

S 

Bi 

Cd 

Percent, weight 

0.85-2.4 

49.0-53.6 

not  iden. 

not  iden. 

0.35 

0.105-0.1 5 

not  iden. 

5.5-1 3 .O 

3.4 

not iden.  

30.7-32.0 

not iden.  

0.24 
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2. 
trate produced varies with the zinc content of the ore. 
to 10 tons of ore per ton of zinc concentrate (1). 

Input Materials - The quantity of ore required per ton of zinc concen- 
A common range is 5 

Hydrated lime is used to adjust the pH. Promoters or collectors are 
added to the zinc sulfide to provide a coating that repels water and encour- 
ages absorption of air. 
top of the flotation machine, and depressants are added to stop unwanted 
minerals from floating. 

sulfate, 0.04 kilogram of 2-5 xanthate, and 0.02 kilogram of pine oil per 
metric ton of concentrate (3). 

3. 
atures and pressures. 
8.5 to 1 1  (1). 

4. Utilities - Electrical energy is consumed during milling operations. One 
estimate for electrical usage in the milling o f  zinc ores in 1973 is 290 
million killowatt-hours (4). At the 1973 mine production level of 434,000 
metric tons (5), electrical usage was about 477 killowatt-hours per metric ton 
of zinc produced. 

ton of ore processed per day (1). 
from available mine waters. 

5. Waste Streams - It is estimated that 1 kilogram of particulate is emitted 
per metric ton of ore processed during crushing and grinding operations. 
composition is that of the raw ore fed to the process. After water is added 
to form an ore-water slurry, particulate emissions are negligible. 
that incorporate an ore drying operation following concentration, dust emis- 
sions occur as the hot air passes over the moving bed of concentrate. Oper- 
ating factors affecting emissions are the process feed rate and moisture 
content. 

Liquid waste streams from zinc mills vary in volume from 1000 to 16,000 
cubic meters per day. In terms of volume of ore processed, liquid waste 
streams from milling operations range from 330 to 1,100 cubic meters per 
metric ton (1). 
ton of ore processed. 

of the water used in the flotation circuit, along with any housecleaning 
water. 
flow of the zinc rougher flotation cell), the overflow from the concentrate 
thickeners, and the filtrate from concentrate dewatering. 

Frothers are added to produce a layer of foam on the 

Table 9 lists commonly used reagents. 

Additives are an estimated 1.9 kilogram of lime, 0.4 kilogram of copper 

Operating Conditions - Flotation machines are operated at ambient temper- 
Flotations are generally run at elevated pH values of 

The water requirement ranges from 330 to 1,100 cubic meters per metric 
Feed water for the mills is usually taken 

The 

In plants 

Tailings slurry discharge is about 4 cubic meters per metric 

The raw wastewater from a lead/zinc flotation mill consists principally 

The waste streams consist of the tailings streams (usually the under- 
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TABLE 9. TYPICAL FLOTATION REAGENTS USED FOR ZINC 
CONCENTRATION UNITS (1) 

Reagent 

Methyl isobutyl-carbinol 

Propylene glycol methyl ether 

Long-chain aliphatic alcohols 

Pine oil 

Potassium amyl xanthate 

Sodium isopropol xanthate 

Sodium ethyl xanthate 

Dixanthogen 

Isopropyl ethyl thionocarbonate 

Sodium diethyl-dithiophosphate 

Zinc sulfate 

Sodium cyanide 

Copper sulfate 

Sodi um dichromate 

Sulfur dioxide 

Starch 

Lime 

Purpose 

Frother 

Frother 

Frother 

Frother 

Coll ector 

Col 1 ector 

Collector 

Coll ector 

Collectors 

Collectors 

Zinc depressant 

Zinc depressant 

Zinc activant 

Lead depressant 

Lead depressant 

Lead depressant 

pH adjustment 
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The p r i n c i p a l  c h a r a c t e r i s t i c s  o f  t h e  waste stream from m i l l  opera t ions  

(1 )  So l ids  loadings o f  25 t o  50 percent  ( t a i l i n g s ) .  

(2)  Unseparated minera ls  assoc iated w i t h  t h e  t a i l s .  

(3 )  F ine p a r t i c l e s  o f  minerals,  p a r t i c u l a r l y  i f  the  th i ckener  ove r f l ow  
i s  n o t  rec i r cu la ted .  

( 4 )  Excess f l o t a t i o n  reagents n o t  assoc iated w i t h  t h e  minera l  concen- 
t r a t e s .  

(5)  Any s p i l l s  o f  reagents t h a t  occur  i n  t h e  m i l l .  

I t  i s  very d i f f i c u l t  a n a l y t i c a l l y  t o  de tec t  t h e  presence o f  excess 
f l o t a t i o n  reagents, p a r t i c u l a r l y  those t h a t  a re  organic.  
parameters may g i ve  some i n d i c a t i o n  o f  t h e  presence o f  o rgan ic  reagents, bu t  
p rov ide  no d e f i n i t i v e  in fo rmat ion .  

o f  o re  m i l l ed .  
waste stream, s o l i d  wastes f rom f l o t a t i o n  cou ld  range from 80 t o  550 cub ic  
meters per  m e t r i c  t on  (1) .  

Th is  sumnary does n o t  i nc lude  in fo rma t ion  f o r  a m i l l  us ing t o t a l  recyc le  and 
one a t  which m i l l  wastes are  mixed w i t h  metal  r e f i n i n g  wastes i n  the  t a i l i n g s  
pond. Feed water f o r  t h e  m i l l s  i s  u s u a l l y  drawn from a v a i l a b l e  mine waters; 
however, one m i l l  uses water from a nearby lake.  These data i l l u s t r a t e  t h e  
wide v a r i a t i o n s  caused by o re  mineralogy, g r i n d i n g  prac t ices ,  and reagents. 

6. Contro l  Technology - P a r t i c u l a t e  abatement equipment a t  t h e  d rye r  can 
capture dus t  and r e c i r c u l a t e  i t  i n t o  a storage b i n  f o r  f u r t h e r  use. 
be accomplished w i t h  low-energy scrubbers and mul t i cyc lones .  
opera t ing  on a d ry  p r i n c i p l e ,  cou ld  remove many o f  t h e  l a r g e  p a r t i c l e s  f o r  
reuse d i r e c t l y  i n  the  roas te r  w i thou t  f u r t h e r  processing. 
caught i n  the  scrubbers must be d r i e d  be fore  reuse i n  roas te rs  o r  s i n t e r i n g  
p l a n t s .  

wastewater. Th is  t reatment y i e l d s  reduc t ions  f o r  several  heavy meta ls  
i n c l u d i n g  copper, z inc,  i r on ,  manganese, and cadmium. 

Among 
these are  t h e  secondary s e t t l i n g  ponds, c l a r i f i e r  tanks, o r  t h e  a d d i t i o n  o f  
f l o c c u l a t i n g  agents (such as p o l y e l e c t r o l y t e s )  t o  enhance removal o f  s o l i d s  
and sludge be fore  discharge. 
be accomplished e i t h e r  by a d d i t i o n  o f  s u l f u r i c  a c i d  o r  by recarbonat ion.  
S u l f i d e  p r e c i p i t a t i o n  may be necessary f o r  f u r t h e r  removal o f  metals such as 
cadmium and mercury. 

a r e  as fo l lows:  

The s u r f a c t a n t  

A t y p i c a l  q u a n t i t y  o f  s o l i d  wastes i s  0.9 t o  1 m e t r i c  t on  per  m e t r i c  t o n  
Based on a 25 t o  50 percent  s o l i d s  l oad ing  i n  the l i q u i d  

The main component o f  t h e  waste i s  dolomite.  

Table 10 g ives raw and t r e a t e d  waste c h a r a c t e r i s t i c s  o f  f i v e  m i l l s .  

Th i s  can 
Cyclones, 

P a r t i c u l a t e s  

Lime p r e c i p i t a t i o n  i s  o f t e n  used f o r  t h e  removal o f  heavy meta ls  f rom 

Various techniques are  employed t o  augment l ime  n e u t r a l i z a t i o n .  

Readjustment o f  the  pH a f t e r  l i m e  t reatment  can 
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'Water separated from the concentrates is often recycled in the mill, but 
it may be pumped to the tailings pond, where primary separation of solids 
occurs. Usually, surface drainage from the area around the mill is also 
collected and sent to the tailings pond for treatment, as is process water 
from froth flotation. 

Tailings pond water may be decanted after sufficient retention time. One 

Usually, 
alternative to discharge, which reduces the output of effluent, is reuse of 
the water in other facilities as either makeup water or process water. 
some treatment is required before reuse o f  this decanted water. Treatments 
include secondary settling, phosphate or lime addition, pH adjustment, floc- 
culation, clarification, and filtration. 

The most frequently used control technology is the use of a settling or 
sedimentation pond system consisting of primary tailings pond and secondary 
settling or "polishing"' pond, with pH adjustment prior to discharge. 
and zinc ore prdcessing facilities now use this technology. 
trations are limited to the following average values (in milligrams per 
liter): 

Six lead 
Effluent concen- 

copper - 0.05, mercury - 0.001, lead - 0.02, and zinc - 0.5 (1). 

Tailings from mine concentrator operations may present a serious water 
pollution problem if adequate precautions are.not taken. 
be removed with a cyclone separator and pumped to the mine for backfilling 
(1). The most effective means of control is impoundment with isolation of 
disposal sites from surface flows. Techniques include the following (1): 

Coarse tailings may 

Construction of a clay or other type o f  liner beneath the planned 
waste disposal area to prevent infiltration of surface water (pre- 
cipitation) or water contained in the waste into the groundwater 
system. 

Compaction of waste material, to reduce infiltration. 

Maintenance of uniformly sized refuse to enhance good compaction 
(which may require additional crushing). 

Construction of a clay liner over the material to minimize infil- 
tration. 
seeding to establish a vegetative cover for control of erosion and 
runoff. 

This is usually followed by placement of top soil and 

Excavation of diversion ditches surrounding the refuse disposal site 
to exclude surface runoff. 
collect seepage from refuse piles, with subsequent treatment if 
necessary. 

These ditches can also be used to 

No data were found on the extent of application of these methods. 
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7. EPA Source Classification Code - None 
8. References - 

1. Development Document for Interim Final and Proposed Effluent Limita- 
tions Guidelines and New Source Performance Standards for the Ore 
Mining and Dressing Industry. Point Source Category Vol. 1. 
Publication EPA-440/1-75/061. 
of Water and Hazardous Materials, U.S. Environmental Protection 
Agency. Washington, D.C. October 1975. 

Field Surveillance and Enforcement Guide for Primary Metallurgical 
Industries. EPA-450/3-73-002. Office of Air and Water Programs, 
U.S.  Environmental Protection Agency. Research Triangle Park, 
North Carolina. December 1973. pp. 269-309. 

3. Denver Equipment Company. Mineral Processing Flowsheets. Denver, 
Colorado. 1962. 

4. Dayton, S. 
Processing. Engineering and Mining Journal. June 1975. 

Bureau of Mines. Washington, D.C. 1976. 

dustries. Volume 1, Copper, Zinc, and Lead Industries. 
EPA-R2-73-247a. 
mental Protection Agency. Washington, D.C. September 1973. 

Burgess, Robert P., Jr., and Donald H. Sargent. Technical and 
Microeconomic Analysis of Arsenic and Its Compounds. 
EPA-560/5-76-016. Office of Toxic Substances. U.S. Environmental 
Protection Agency. Washington, D.C. April 12, 1976. 

Katari, V., et al. Trace Pollutant Emissions from the Processing 
of Metallic Ores. EPA-650/2-74-115. U.S.  Environmental Protection 
Agency, Office of Research and Development. 
Park, North Carolina. October 1974. 

Effluent Guidelines Division Office 

2. 

L=----- 

The Quiet Revolution in the Wide World of Mineral 

5. Comnodity Data Summaries 1976. U.S. Department of the Interior, 

6. Water Pollution Control in the Primary Nonferrous - Metals In- 
Office of Research and Development, U.S.  Environ- 

7. 

8. 

Research Triangle 

26 



PRIMARY ZINC PRODUCTION PROCESS NO. 3 

Ferroa1lo.y Product ion 

1. 
from z i n c  ox ide  o re  by means o f  reduc t ion ,  vapor izat ion,  and o x i d a t i o n  i n  
Waelz k i l n s .  
The z i n c  ox ide  fume produced i n  t h e  k i l n s  i s  c o l l e c t e d  and s i n t e r e d  i n  t h e  
same manner as roasted s u l f i d e  concentrates.  

Funct ion - One U.S. z inc  smel ter  recovers a ferro-manganese by-product 

The ore, f r o m  a New Jersey mine, i s  n o t  amenable t o  f l o t a t i o n .  

The Waelz k i l n s  i n  use are  r o t a r y  k i l n s  s i m i l a r  t o  those used i n  t h e  
cement indus t ry .  
meters l ong  t o  3.7 meters i n  diameter by 48.8 meters long. 
countercur ren t  t o  the  s o l i d s  f low,  w i t h  t h e  z i n c  ox ide  fume and k i l n  gases 
withdrawn a t  the  feed end. 
r e m v e  z i n c  ox ide from the  gas streams, which have been p rev ious l y  cooled by 
d i l u t i o n  and r a d i a t i o n  loss .  
percent  i r o n  and approximately 10 percent  manganese; they are  processed i n  
open-arc e l e c t r i c  furnaces t o  produce a nominal 20 percent manganese i r o n  
(Spiegeleisen) (1) .  

The i r  s izes  range f rom 3.0 meters i n  diameter by  42.7 
Gas f l o w  i s  

Automatic 10-compartment dus t  tube c o l l e c t o r s  

S o l i d  res idues  from the  k i l n  conta in  20 t o  24 

2. 
ores which are  mixed w i t h  a n t h r a c i t e  coa l  t o  r a i s e  t h e  carbon conten t  and 
l imestone t o  s t i f f e n  the  charge. 
m e t r i c  tons per  hour (1) .  Var ious furnace res idues and s lags may a l s o  be 
added. 

3. Operat ing Condit ions - Waelz k i l n s  operate a t  atmospheric pressures ( 2 ) .  
Operat ing temperatures a r e  about 1300°C i n  t h e  k i l n ,  w i t h  about 80 percent  o f  
t h e  k i l n  l eng th  kept  above t h e  b o i l i n g  p o i n t  o f  z inc .  

4. U t i l i t i e s  - Heat generated by t h e  o x i d a t i o n  reac t i ons  i s  u s u a l l y  su f -  
f i c i e n t  t o  sus ta in  reduct ion.  
t h e  z i n c  can be suppl ied by t h e  combustion o f  coal, o i l ,  n a t u r a l  gas, o r  
e l e c t r i c  furnace gas. No i n fo rma t ion  i s  a v a i l a b l e  as t o  t h e  q u a n t i t i e s  o f  
a d d i t i o n a l  heat t h a t  may be supp l ied  by combustion o f  f u e l .  

5. has te  Streams - Unknown q u a n t i t i e s  of combustion products  a re  emi t ted  
f rom t h e  k i l n s  and vented t o  t h e  atmosphere. 

There are  no l i q u i d  o r  s o l i d  wastes from the process. 

I n p u t  Ma te r ia l s  - The charge t o  t h e  Waelz k i l n s  cons is ts  of t h e  ox ide  

Feed t o  the  k i l n s  ranges between 9 and 15 

A d d i t i o n a l  heat i f  requ i red  f o r  reduc t i on  o f  

6. Contro l  Technology - There are  no known environmental c o n t r o l s  on the  
Waelz k i l n s  used f o r  f e r r o a l l o y  product ion.  

7. EPA Source C l a s s i f i c a t i o n  Code - None 

27 



8. References - 
1 .  The New Jersey Z inc Company. Manufacturing Operations. Palmerton, 

Pennsylvania. 

2. Schlecten, A.W. and A .  Paul Thompson. Zinc and Zinc Al loys.  In :  
Kirk-Othmer. Encyclopedia o f  Chemical Technology. Interscience 
D iv is ion  o f  John Wiley and Sons, Inc.  New York. 1967. 

28 



PRIMARY ZINC PRODUCTION PROCESS NO. 4 

Multiple-Hearth Roastinq 

1. 
removes su l fur  from the concentrate and converts zinc t o  an impure zinc oxide 
cal led calcine.  Roasting may a l so  be accomplished by suspension (process No. 
5) or f luidized-bed (Process No. 6)  units. In a multiple-hearth roas te r ,  the 
concentrates drop from hearth to hearth. 
m i u m  present in  the zinc concentrate may be vaporized (1 ) .  
present i s  volat i l ized and enters the gas stream. 
a re  the oldest  type of roas te r  i n  use i n  the United States .  

A t  present, only two domestic primary zinc smelters use multiple-hearth 
roasters .  
junction w i t h  fluidized-bed roasters.  
desulfurized concentrate,” typical ly  contains about 22 percent su l fu r  and is 
used a s  feed t o  the f luidized-bed roasters .  
f l u e  dusts captured i n  the e l e c t r o s t a t i c  precipi ta tors  used t o  clean the gas 
stream from these roasters.  

Function - Multiple-hearth roasting is a high-temperature process t h a t  

Asmuch a s  20 percent of the cad- 

Multiple-hearth roasters  
Any mercury 

A t  one of these plants ,  the multiple-hearth roaster  i s  used i n  con- 
The deleaded product, termed “pa r t i a l ly  

Mercury i s  recovered from the 

In roasting, if  enough su l fur  i s  o r ig ina l ly  present a s  su l f ide ,  the 
operation becomes autogenous. 
must be removed. 

For pyrometallurgical refining, zinc s u l f a t e  
The following reactions occur d u r i n g  roasting: 

2ZnS + 302 -+ 2Zn0 + 2S02 

2s02 + o2 -+ 2s03 

ZnO + SO3 + ZnS04 

In pyrometallurgical reduction only the oxide s t a t e  is  desired, whereas i n  
e l ec t ro ly t i c  reduction, small amounts of the su l f a t e  s t a t e  a re  acceptable 
(3) .  

Elimination of the remaining small percentages of su l fu r  requires a long 
residence time. Hence a multiple-hearth-type roaster  t h a t  eliminates a l l  b u t  
6 t o  8 percent su l fur  from up t o  350 tons of copper concentrates per day can 
roas t  only about 50 t o  60 tons of zinc concentrate per day t o  about 2 percent 
su l fur .  

The  roaster  consis ts  of a brick-lined cylindrical  s tee l  column w i t h  9 
o r  more hearths. A motor-driven central  shaf t  has two rabble arms attached 
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f o r  each hearth, as w e l l  as coo l i ng  pipes. The concentrates en te r  a t  t h e  t o p  
of t h e  roas te r  and a r e  f i r s t  d r i e d  i n  an upper hearth.  
r o t a t e s  s lowly,  r a k i n g  t h e  concentrates ove r  t h e  hear th  w i t h  t h e  rabb le  arms, 
g radua l l y  moving them t o  the  center  and a drop h o l e  t o  the  nex t  hearth. They 
move across t h i s  second hear th  t o  a s l o t  near  t h e  o u t e r  edge, where they  drop 
t o  the  nex t  hearth.  
t h i s  s p i r a l  fash ion  and a r e  discharged a t  t h e  bottom. 
be added t o  ma in ta in  combustion. 

The c e n t r a l  s h a f t  

The concentrates cont inue down through the  roas te r  i n  
Add i t i ona l  f u e l  must 

The low produc t ion  r a t e s  are  a major  disadvantage o f  mu l t i p le -hear th  
roas t i ng .  However, s ince  l e s s  dust  i s  c a r r i e d  away i n  the  gas stream, moke 
v o l a t i l e  s u l f i d e s  such as c a d m i m a r e  removed p r e f e r e n t i a l l y .  
ful when cadmium i s  t o  be recovered from t h e  f l u e  dust, s ince  there  i s  l ess  
z inc  dus t  contaminat ion (4) .  

i s  2.4 percent;  0.5 t o  1.0 percent i s  present  as s u l f i d e  and t h e  balance.as 
s u l f a t e  (3 ) .  

day. 

2. 

t o n  o f  pure ZnO. 
produce one u n i t  o f  c a l c i n e  var ies  depending on i m p u r i t i e s  i n  the  concentrate, 
e f f i c i e n c y  o f  t h e  d u s t - c o l l e c t i n g  devices on the  roas ter ,  and the  type o f  
r o a s t e r  used. 

Sodium o r  z inc  c h l o r i d e  may be added t o  combine w i t h  cadmium dus t  i n  
t h e  r o a s t e r  and f a c i l i t a t e  removal o f  cadmium as a by-product a f t e r  s i n -  
t e r i n g .  S p e c i f i c  q u a n t i t i e s  have n o t  been reported. 

This i s  help- 

To ta l  res idua l  s u l f u r  i n  the  c a l c i n e  produced i n  mu l t i p le -hear th  roas te rs  

Feed capac i t i es  f o r  mu1 t i p l e - h e a r t h  roas te rs  average 180 me t r i c  tons per  

I n  u t  M a t e r i a l s  - Zinc concentrate i s  the  i n p u t  ma te r ia l  f o r  m u l t i p l e -  
hea r th  + roasters .  pproximately 2.4 tons o f  pure ZnS i s  requ i red  t o  produce 1 

I n  p rac t i ce ,  the  q u a n t i t y  o f  raw mate r ia l s  requ i red  t o  

3.  
Average opera t inq  temperature i s  about 690°C ( 3 ) ;  the  lower hearths ( s i x t h  

Operat ing Condit ions - Mu l t i p le -hear th  roas te rs  a re  unpressurized. 
. . .  

through t e n t h  f r o m  t h e  top)  a re  mainta ined a t  950" t o  980°C (2) .  
t ime depends upon t h e  type o f  roas ter ,  composi t ion o f  concentrate, and amount 
o f  s u l f u r  removal requi red.  

4. U t i l i t i e s  - The r e a c t i o n  conver t ing  ZnS t o  ZnO i s  exothermic and i s  
se l f - sus ta in ing  a f t e r  i g n i t i o n .  Gas, coal ,  o r  o i l  must be added i n i t i a l l y  t o  
b r i n g  the  charge up t o  r e a c t i o n  temperature. About 280,000 k i l o c a l o r i e s  per  
m e t r i c  ton  o f  o re  a re  requ i red  f o r  i g n i t i o n .  The pr imary f u e l  i s  na tu ra l  
gas. I n  some mu l t i p le -hear th  furnaces, when concentrat ions o f  l ess  than 1.0 
percent  o f  s u l f i d e  s u l f u r  a re  r e  u i red,  about 1.1 m i l l i o n  k i l o c a l o r i e s  a r e  
r e q u i r e d  p e r  me t r i c  t on  o f  feed 9 5) .  Some a d d i t i o n a l  f u e l  i s  added t o  t h e  
lower  hear ths t o  reduce the  z inc  s u l f i d e  content  t o  as low as 0.5 t o  1.0 
percent .  

i t y  powers t h e  rabb le  arms. 

Operat ing 

Coo l ing  water and a i r  are a lso  used t o  cool  the  furnace shaf t .  E l e c t r i c -  
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5. Waste Streams - I n  a z i n c  smel ter  t h e  r o a s t i n g  process i s  t y p i c a l l y  
responsib le  f o r  more than 90 percent o f  t h e  p o t e n t i a l  SO2 emissions; 93 t o  97 
percent  o f  t h e  s u l f u r  i n  t h e  feed i s  em i t ted  as s u l f u r  oxides. 
o f  SO2 i n  the  off-gas vary w i t h  t h e  type  o f  roas te r  operat ion.  
con ta in  up t o  6 t o  7 percent  s u l f u r ,  depending on t h e  su l fu r  conten t  o f  t h e  
feed. The volume o f  o f f -gases r a n  es f rom 140 t o  170 cub ic  meters per  minute 
(6) f o r  furnaces c u r r e n t l y  i n  use 9 approximately 180 m e t r i c  tons  per  day). 
Typ ica l  SO2 concentrat ions range from 4.5 t o  6.5 percent  (3). 
n i t rogen,  carbon d iox ide,  and water vapor a re  o the r  components o f  the  gas. 

The amount and composi t ion vary 
depending on such opera t ing  cond i t i ons  as a i r  f l o w  r a t e ,  p a r t i c l e  s i z e  d i s -  
t r i b u t i o n ,  and equipment con f igu ra t i on .  P a r t i c u l a t e  emissions c o n s i s t  o f  
fumes and dusts composed o f  the  z inc  concentrate elements i n  var ious  combina- 
t i o n s .  
mul t ip le-hear th,  suspension, and f l u i d  bed roas ters :  z inc,  54.0 percent; 
lead, 1.4 percent; s u l f u r ,  7.0 percent;  cadmium, 0.41 percent;  i r on ,  7.0 
percent; copper, 0.40 percent; manganese, 0.21 percent; t i n ,  0.01 percent;  
and mercury, 0.03 percent  (2).  Typica l  p a r t i c u l a t e  emissions i n  t h e  o f f -gas  
rangevfrom 5 t o  15 percent  o f  t h e  feed ( 5 ) .  
metal  fumes, which c o n s t i t u t e  an apprec iab le p o r t i o n  o f  the waste gas p a r t i -  
c u l a t e  carryover,  depends p r i m a r i l y  on t h e  concentrate composi t ion and opera- 
t i n g  condi t ions.  
which a l s o  uses suspension and f l u id i zed -bed  roasters ,  recovers mercury 
e l im ina ted  du r ing  r o a s t i n g  f rom the  gas p u r i f i c a t i o n  stream (2). 
smelter, the  roasted ma te r ia l  i s  t r e a t e d  by  f l o t a t i o n  t o  separate a f r a c t i o n  
o f  waste rock p r i o r  t o  f u r t h e r  processing. 

Concentrat ions 
Off-gases 

Oxygen, 

P a r t i c u l a t e  mat te r  i s  a l s o  emit ted.  

One p l a n t  has repor ted  the  f o l l o w i n g  compositions o f  f l u e  dusts f rom 

Composition o f  t h e  d i s t i l l e d  

The s i n g l e  z inc  smel ter  us ing m u l t i p l e - h e a r t h  roas ters ,  

A t  t h a t  

In fo rmat ion  on l i q u i d  and s o l i d  wastes i s  n o t  a v a i l a b l e  a t  t h i s  time. 

Contro l  Technology - Gases leav ing  t h e  r o a s t e r  a r e  rou ted  d i r e c t l y  t o  

EPA Source C l a s s i f i c a t i o n  Code - Roasting/multiple-hearth 3-03-030-02. 

6 .  
"hot"  C o t t r e l l s ,  opera t ing  a t  200' t o  22OoC, and then t o  t h e  a c i d  p l a n t  (2) .  

7. 
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PRIMARY Z INC PRODUCTION PROCESS NO. 5 

Suspension Roast i  n q  

1. Funct ion - Suspension, o r  f lash,  r o a s t i n g  i s  a process f o r  r a p i d  removal 
of s u l f u r  and conversion o f  z i n c  t o  ca l c ine  by a l l ow ing  t h e  concentrates t o  
f a l l  through a heated o x i d i z i n g  atmosphere o r  blowing them i n t o  a combustion 
chamber. Roasting i n  suspension promotes b e t t e r  heat  t r a n s f e r  than m u l t i p l e -  
hear th  r o a s t i n g  and thereby increases r e a c t i o n  ra tes  f o r  d e s u l f u r i z a t i o n .  
The chemical reac t i ons  occu r r i ng  i n  the two processes a r e  t h e  same, and t h e  
SO2 stream produced d u r i n g  conversion o f  the  z inc  s u l f i d e s  t o  c a l c i n e  i s  
s t rong enough f o r  s u l f u r i c  a c i d  product ion.  Removal o f  mercury and cadmium 
i s  a l s o  s i m i l a r .  

t h a t  f i n e l y  ground concentrates a r e  suspended i n  a stream o f  a i r  and sprayed 
i n t o  a h o t  combuption chamber where they undergo instantaneous d e s u l f u r i z a -  
t i o n .  
concentrate t o  tempora r i l y  suspend the p a r t i c l e s .  
proceeds w i thout  t h e  a d d i t i o n  o f  f u e l  unless t h e  s u l f i d e  conten t  o f  the  o re  
i s  t oo  low. 

a l a r g e  combustion space a t  the  top 'and two t o  f o u r  hear ths i n  t h e  lower 
por t ion ,  s i m i l a r  t o  those of a m u l t i p l e  hear th  furnace. Because t h e  feed 
must be c a r e f u l l y  s ized, a d d i t i o n a l  g r i nd ing  may be needed f o r  proper  prepara- 
t i o n .  I n  more recent  models o f  f l a s h  furnaces, concentrate i s  in t roduced 
i n t o  t h e  lower one o r  two hear ths t o  d r y  be fore  f i n a l  g r i n d i n g  i n  an a u x i l i a r q  
b a l l  m i l l  and i n t r o d u c t i o n  i n t o  t h e  combustion chamber. 

About 40 percent  o f  t h e  roas ted  product s e t t l e s  o u t  on a c o l l e c t i n g  
hear th  a t  the  bottom o f  t h e  combustion chamber. This  coarser  ma te r ia l  i s  
l i k e l y  t o  conta in  t h e  most s u l f u r ,  so i t  i s  f u r t h e r  d e s u l f u r i z e d  by being 
rabbled across t h i s  hear th  and another hear th  i m d i a t e l y  below before being 
discharged from t h e  roas ter .  
devices can be f e d  t o  these hearths t o  achieve f u r t h e r  o x i d a t i o n  and s u l f a t e  
decomposition o r  t o  o b t a i n  a more homogeneous product (1) .  

The remaining 60 percent  o f  the  product leaves t h e  furnace w i t h  the  gas 
stream, passing f i r s t  through a waste heat b o i l e r  and then t o  cyclones and an 
e l e c t r o s t a t i c  p r e c i p i t a t o r ,  where i t  i s  recovered. About 20 percent  o f  the  
suspended dust  drops o u t  i n  the  b o i l e r ;  t h e  cyclones and p r e c i p i t a t o r  remove 
about 99.5 percent o f  t h e  remainder (1). 

percent  as s u l f i d e  and t h e  balance as s u l f a t e  (2).  

per  day,,whereas newer roas ters  can handle about 320 m e t r i c  tons o f  con- 
cen t ra te  per  day (1).  

Suspension r o a s t i n g  i s  s i m i l a r  t o  the  burn ing o f  p u l v e r i z e d  coal ,  i n  

I n  p rac t ice ,  a stream o f  h o t  a i r  passes through t h e  f i n e l y  ground 
The r e a c t i o n  u s u a l l y  

The r o a s t e r  cons i s t s  o f  a r e f r a c t o r y - l i n e d  c y l i n d r i c a l  s t e e l  s h e l l  w i t h  

P a r t i c u l a t e  c o l l e c t e d  i n  ducts  and c o n t r o l  

To ta l  res idua l  s u l f u r  i n  t h e  c a l c i n e  i s  2.6 percent,  w i t h  0.1 t o  5.0 

Feed capac i t i es  o f  o l d e r  suspension roas ters  a re  about 90 m e t r i c  tons 
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2.  
roasters. 
cadmium and lead. 

Input Materials - Zinc concentrate is the input material for suspension 
Sodium or zinc chloride may be added to facilitate later removal of 

Specific quantities for these inputs are not available. 

3. 
at an averaqe temperature of 980°C (1). 

Operating Conditions - Suspension roasters are unpressurized and operate 
Off-gases exit the roaster at about 

1000°C ( 3 ) . -  Operating times vary, depending upon the same factors as in 
multiple-hearth roasting. 

4. Utilities - Natural gas, oil, or coal is used to bring the roaster feed 
to ignition, after which exothermic oxidbtion of the sulfur maintains operat- 
ing temperatures. About 280,000 kilocalories per metric ton of ore are 
required for ignition (4). Air is also added to the suspension roaster. 
Water is supplied to the waste heat boiler system, and relatively small 
amounts of electricity are required for fans, pumps, and rabble arms. 

5. Waste Streams - The SO2 concentration in the off-gas from suspension 
roasting is higher than that in multiple-hearth processes, averaging 10 to 13 
percent ( 5 ) .  
vapor. 
production. 
ing about 6 percent of the feed. 
fumes, depending on the concentrate composition and operating conditions. 
volume of off-gases ranges from 280 to 420 cubic meters per minute (5). 

from the waste heat boiler. 

6. 
sulfuric acid production. 
heat transfer with waste heat boilers ( 3 ) .  
with air and humidified with water sprays before cleaning in an ESP. After 
conditioning, gas volume is 475 to 700 cubic meters per minute, and the SO2 
concentration is 6 to 8 percent (6). 

7. EPA Source Classification Code - None 

It also contains oxygen, nitrogen, carbon dioxide, and water 
The higher SO2 content increases the efficiency of sulfuric acid 

Emission of particulates depends on operating conditions, averag- 

The 
These emissions consist of dust and metal 

There are no process water or solid wastes. 

Control Technology - The SO2 stream is concentrated enough to allow 

There is a boiler blowdown 
Solids are recycled to recover by-product metals. 

The roaster off-gases are cooled to about 400°C by 
The gas is then typically diluted 
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PRIMARY ZINC PRODUCTION PROCESS NO. 6 

F1 uidized-Bed Roas t ing  

1. 
s u l f u r  and conver t ing  z inc  t o  ca lc ine .  
f i d e  concentrates are suspended and o x i d i z e d  i n  a bed supported on an a i r  
column. As i n  t h e  suspension roaster ,  t h e  r e a c t i o n  ra tes  f o r  d e s u l f u r i z a t i o n  
a r e  more r a p i d  than i n  t h e  o l d e r  mu l t i p le -hear th  processes. The chemist ry  o f  
t h i s  process i s  t h e  same as t h a t  i n  o t h e r  roas ters .  
duces enough SO f o r  manufacture o f  s u l f u r i c  ac id .  

Funct ion - The f l u id i zed -bed  r o a s t e r  i s  t h e  newest method f o r  removing 
I n  t h i s  roas ter ,  f i n e l y  ground s u l -  

Th is  process a l s o  pro- 
Removal o f  mercury and 

cadmium i s  s imi  f a r  t o  removal o f  o the r  wastes. 

The f l u id i zed -bed  r o a s t e r  was o r i g i n a l l y  designed f o r  c a l c i n i n g  arseno- 
p y r i t e  go ld  ores; several  Nor th  American z i n c  smelters have adopted i t  i n  
d i f f e r e n t  forms f o r  use i n  py rometa l l u rg i ca l  and e l e c t r o l y t i c  processes. 
Designs d i f f e r  p r i m a r i l y  i n  whether t h e  r o a s t e r s  a re  charged wi th a wet 
s l u r r y  o r  a d ry  charge. One v a r i a t i o n  i s  f l u i d  column roas t ing ,  which was 
developed i n  t h i s  country  by t h e  New Jersey Zinc Company a f t e r  be ing used 
abroad. I n  t h i s  process, feed t o  the  roas te rs  i s  p e l l e t i z e d .  
product  i s  a l s o  p e l l e t i z e d ,  e l i m i n a t i n g  t h e  need f o r  f u r t h e r  agglomerat ion by 
s i n t e r i n g .  
than f l u i d i z e d  bed. 

i g n i t i o n  has been achieved. Operation o f  t h e  system i s  continuous. The feed 
en ters  t h e  furnace and becomes f l u id i zed ,  o r  suspended, i n  a bed supported on 
an a i r  column. Temperature c o n t r o l  i s  achieved manually o r  au tomat ica l l y ,  
v i a  water  i n j e c t i o n .  R e l a t i v e l y  low, un i fo rm opera t i ng  temperatures appear 
t o  lessen t h e  format ion o f  f e r r i t e .  The temperatures i n  t h e  r o a s t e r  a re  h igh  
enough t o  warrant  the  use o f  waste heat  b o i l e r s  t o  coo l  t h e  off-gases. 

0.3 percent.  
excess a i r  i s  suppl ied over  s t o i c h i o m e t r i c  requirements f o r  o x i d a t i o n  o f  both 
s u l f u r  and meta ls  o f  the  charge (1). 

f l ash  roas t ing .  
bed and o n l y  17 t o  18 percent  f o r  f l u i d  column (2).  h u n t s  vary w i t h  t h e  
feed r a t e  (and consequently w i t h  the a i r  r a t e ) ,  and w i t h  the  s i z e  o f  the  
m a t e r i a l  be ing roasted. 

The SO2 content  o f  r o a s t e r  gas i s  r e p o r t e d  t o  be 7 t o  12 percent.  
h igher ,  i t  i s  d i l u t e d  t o  about 7 percent  be fo re  reaching the  contac t  a c i d  
P lan t .  The t h e o r e t i c a l  maximum SO2 concen t ra t i on  achievable i s  14.6 percent 
when r o a s t i n g  1OC percent z i n c  s u l f i d e  concentrates t o  completion, unless the  
a i r  supply i s  enr iched w i t h  oxygen (1). 

i s  by water  i n j e c t i o n  w i t h  automat ic thermocouple-operated con t ro l ,  water 

The ca l c ined  

F l u i d  column r o a s t i n g  operates a t  s l i g h t l y  h igher  temperatures 

I n  t h e  f l u id i zed -bed  process, no a d d i t i o n a l  f u e l  i s  requ i red  a f t e r  

The s u l f u r  content  o f  t h e  charge i s  reduced from about 32 t o  
E f f i c i e n c y  o f  t h e  opera t ion  i s  maximum when 20 t o  30 percent  

Dust car ryover  i n t o  t h e  dus t  c o l l e c t i n g  system i s  somewhat l e s s  than i n  
P a r t i c u l a t e s  emi t ted  average 50 t o  85 percent f o r  f l u i d i z e d  

I f  

Although the  p r e f e r r e d  method o f  r e g u l a t i n g  temperature w i t h i n  the  bed 

36 



i n j e c t i o n  and s l u r r y  feed ing  can be e l im ina ted  when i t  i s  d e s i r a b l e  t o  mini- 
mize t h e  water  conten t  o f  t h e  gas. 

The major  advantage o f  t h e  f l u i d i z a t i o n  roas te r  i s  i t s  a b i l i t y  t o  
process h igher  tonnages p e r  furnace per  u n i t  time, because o f  t h e  increased 
r e a c t i o n  ra tes  f o r  d e s u l f u r i z a t i o n .  Fewer man-hours a re  requ i red .  Also, 
l i k e  t h e  suspension roas ter ,  t h e  f l u id i zed -bed  r o a s t e r  can produce a c a l c i n e  
w i t h  lower t o t a l  s u l f u r  content  than t h e  mu l t i p le -hear th  processes; t h e  exac t  
percentage e l i m i n a t i o n  o f  s u l f u r  dur ing  r o a s t i n g  i s  a f u n c t i o n  o f  t h e  i n i t i a l  
s u l f u r  content  o f  t h e  concentrate.  

t h e  balance as s u l f a t e  (3). 
To ta l  res idua l  s u l f u r  i s  2.6 percent,  w i t h  0.1 percent  as s u l f i d e  and 

Feed c a p a c i t i e s  can range up t o  320 m e t r i c '  tons o f  concent ra te  per  day 
(3). 

2. 
f lu id ized-bed roas t i ng .  
be added t o  combine w i t h  cadmium dust, f a c i l i t a t i n g  t h e  l a t e r  removal o f  
cadmium as a by-product. 
90 percent  minus 0.044 m i l l i m e t e r  (4). 
feed i s  p e l l e t i z e d  t o  p rov ide  longer  r e t e n t i o n  t ime i n  t h e  r o a s t e r  (5).  

3. 
s l i g h t l y  lower than atmospheric through as much o f  t h e  system as poss ib le .  
Operat ing temperatures average 1000°C. 
roas ters  i s  1050°C. Operat ing times a r e  var iab le ,  depending upon t h e  same 
f a c t o r s  as i n  o t h e r  r o a s t i n g  processes. 

4. 
up t o  r e a c t i o n  temperatures, a f t e r  which exothermic o x i d a t i o n  o f  t h e  s u l f u r  
mainta ins t h e  temperature and opera t ion  i s  continuous. About 280,000 k i l o -  
c a l o r i e s  p e r  m e t r i c  t o n  o f  o re  i s  requ i red  f o r  i g n i t i  n (6).  Cool ing water  

i n t o  the  windbox f o r  combustion and f l u i d i z a t i o n  o f  t h e  mix. 

5. 
bed roas ters  range from 7 t o  12 percent, a l though t h e  h igher  f i g u r e  i s  more 

conta in  oygen ,  n i t rogen,  carbon d iox ide,  and water  vapor. 
o f f -gas produced ranges f rom 170 t o  280 cubic  meters per  minute (5) .  
a tures a r e  approximately 950°C. 

and metal  fumes depend on t h e  concentrate composi t ion and opera t ing  condi- 
t i ons .  

product metals and t h e r e  a r e  no s o l i d  o r  process-water wastes. 

I n p u t  M a t e r i a l s  - Zinc concentrate i s  t h e  pr imary i n p u t  m a t e r i a l  f o r  
As w i t h  o the r  processes, sodium o r  z i n c  c h l o r i d e  may 

The feed i s  u s u a l l y  f i n e l y  ground a t  one p l a n t  t o  
However, i n  some mod i f i ca t i ons ,  t h e  

Operat ing Condi t ions - Flu id ized-bed roas ters  operate under a pressure 

The temperature i n  f l u i d  column 

U t i l i t i e s  - Natura l  gas, o i l ,  o r  coal  i s  used t o  b r i n g  t h e  r o a s t e r  feed 

i s  added, as w e l l  as low-pressure a i r  (19 t o  21 kg/cm 9 ) which i s  in t roduced 

Waste Streams - Typ ica l  SO2 concentrat ions i n  t h e  o f f -gas  f rom f l u i d i z e d -  

I common. F l u i d  column roas ters  average 11 t o  12 percent.  E x i t  gases a l s o  
The volume o f  

Temper- 

As w i t h  t h e  o the r  processes, t h e  amount and composi t ion o f  p a r t i c u l a t e s  

As w i t h  o the r  r o a s t i n g  processes, s o l i d s  a re  recyc led  t o  recover  by- 
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6. 
r o a s t i n g  process. 
Since SO2 c o n t r o l  systems normal ly  r e q u i r e  c lean gas streams, p a r t i c u l a t e s  
are  captured by cyclones and ESP's be fore  t h e  gas stream enters  t h e  a c i d  
p l a n t  and thus present  no a i r  p o l l u t i o n  problems. Waste heat  b o i l e r s  cool  
the  gases t o  4OOOC. 

I n  one operat ion,  r o a s t i n g  127 m e t r i c  tons o f  d ry  concentrates per  day, 
30 percent o f  t h e  c a l c i n e  l e f t  the  r o a s t e r  v i a  t h e  over f low pipe, 23 percent  
was deposi ted i n  t h e  waste heat  b o i l e r ,  44 percent was captured by t h e  
cyclones, and 3 percent  en tered  the  h o t  C o t t r e l l  e l e c t r o s t a t i c  p r e c i p i t a t o r  
w i t h  t h e  f l u e  gases (1). F lue dusts a r e  n o t  r e c i r c u l a t e d  t o  t h e  reac tpr ,  
be ing s u f f i c i e n t l y  low i n  s u l f i d e  s u l f u r .  
y i e l d  about 80 percent  t o  t h e  over f low and 20 percent  car ry -over  as dust .  

Contro l  Technology - Emission c o n t r o l s  a re  the  same as f o r  t h e  f l a s h  
The SO2 stream i s  used f o r  s u l f u r i c  a c i d  product ion.  

Roasters w i t h  p e l l e t i z e d  feed 

7. EPA Source C l a s s i f i c a t i o n  Code - None 
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PRIMARY Z I N C  PRODUCTION PROCESS NO. 7 

Contact S u l f u r i c  Ac id  P lan t  

1. 
o x i d e m s o r b s  i t  i n  water t o  form s u l f u r i c  ac id .  

t h a t  a r e  operated i n  o the r  i n d u s t r i e s  us ing  SO2 made by burn ing  elemental 
s u l f u r .  
concentrated, i s  supp l ied  a t  a reasonably un i fo rm r a t e ,  and i s  f r e e  f rom 
impur i t i es .  

o r  o the r  specia l  c a t a l y s t  which ox id i zes  t h e  S02. 
p l a n t  a r e  a u x i l i a r y  t o  t h i s  c a t a l y t i c  conver te r .  
and d r y  t h e  stream o f  gas, mix t h e  proper  amount of oxygen w i t h  i t  (unless 
s u f f i c i e n t  oxygen i s  present) ,  preheat  t h e  gas t o  r e a c t i o n  temperature, and 
remove t h e  heat produced by t h e  ox ida t i on .  

t o  form t h e  ac id .  I f  o n l y  one absorber i s  provided, t h i s  i s  descr ibed as a 
s ing le-contact  s u l f u r i c  a c i d  p lan t .  
p laced between stages o f  t h e  conver ter ,  and t h i s  i s  a double-contact  p l a n t .  
The second absorber a l lows a l a r g e r  p r o p o r t i o n  o f  t h e  SO2 t o  be conver ted i n t o  
acid, and thus removes more SO2 f rom t h e  gas stream i f  t h e  i n i t i a l  concentra- 
t i o n  i s  high. 

2. 
c i e n t l y  w i t h  a constant  gas stream t h a t  con ta ins  12 t o  15 percent  SO2. 
Performance almost as good can be achieved i n  p lan ts  t h a t  a r e  designed f o r  7 
t o  10 percent SO2 content.  
t o  s u l f u r i c  a c i d  dec l ines  e i t h e r  as gas streams become weaker i n  SO2 o r  as t h e  
f l o w  r a t e  o r  concent ra t ion  becomes l e s s  cons is ten t .  A concent ra t ion  lower  
than 4 percent SO2 i s  extremely i n e f f i c i e n t ,  s ince s u f f i c i e n t  c a t a l y s t  temper- 
a tu re  cannot be maintained (1).  
add heat by combustion of fue l ,  can prov ide  b e t t e r  convers ion a t  low SO2 
concentrat ions.  

matter,  be almost completely d r ied ,  and con ta in  no gases o r  fumes t h a t  a c t  as 
poisons t o  t h e  c a t a l y s t .  The a c i d  p l a n t  i s  always suppl ied w i t h  spec ia l  
scrubbers t o  remove f i n a l  t races  o f  ob jec t i onab le  ma te r ia l s .  

may be necessary t o  de ion ize  the  water i n  a spec ia l  i o n  exchange system i n  
order  t o  avo id  excessive co r ros ion  o r  t o  meet a c i d  q u a l i t y  s p e c i f i c a t i o n s .  
Steam condensate may a l so  be used. 

i 
Funct ion - An a c i d  p l a n t  c a t a l y t i c a l l y  o x i d i z e s  SO2 gas t o  s u l f u r  tri- 

Contact s u l f u r i c  a c i d  p l a n t s  a re  cont inuous s teady-s ta te  process ing u n i t s  

They may be used w i t h  waste SO2 streams i f  t h e  gas i s  s u f f i c i e n t l y  i 
The hear t  o f  a s u l f u r i c  a c i d  p l a n t  i s  a f i x e d  bed o f  vanadium pentox ide 

The o the r  components c lean  
A l l  o the r  components o f  t h e  

The p l a n t  incorporates one o r  two absorbers t o  con tac t  t h e  gas w i t h  water  

I f  two a r e  provided, t h e  second i s  

Inpu t  Ma te r ia l s  - Most contac t  s u l f u r i c  a c i d  p l a n t s  operate most e f f i -  

The a b i l i t y  o f  a p l a n t  t o  conver t  most o f  t h e  SO2 

Cer ta in  mod i f i ca t i ons  o f  t h e  process, which 

The gas t h a t  en ters  t h e  c a t a l y s t  bed must be cleaned o f  a l l  p a r t i c u l a t e  

Clean water i s  requ i red  t o  r e a c t  w i t h  t h e  SO3 t o  form s u l f u r i c  ac id .  It 
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3. Operat ing Condit ions - The c a t a l y s t  bed operates p roper l y  o n l y  i f  temper- 
a tu res  a r e  maintained between 450' and 475°C. 
exceed 2 k i lograms per  square cent imeter .  The p l a n t s  a re  u s u a l l y  no t  enclosed 
i n  a b u i l d i n g .  

4. U t i l i t i e s  - Noncontact coo l i ng  water  i s  requi red.  A t  one p l a n t  producing 
1500 m e t r i c  tons o f  a c i d  per  day, about  12 m i l l i o n  l i t e r s  o f  water  i s  requ i red  
each day (2) .  

may be generated o n - s i t e  i n  some cases, where recovery o f  waste heat i s  
maximized. 

I n  c e r t a i n  patented mod i f i ca t i ons ,  heat  f rom combustion o f  na tu ra l  gas i s  
used t o  p rov ide  b e t t e r  e f f i c i e n c y  a t  low SO2 concentrat ions.  
o i l  i s  a l s o  requ i red  t o  heat  any a c i d  p l a n t  t o  opera t ing  temperature f o l l o w i n g  
a shutdown. 

5. 
streams can a t  best  absorb o n l y  96 t o  98 percent  o f  t h e  SO2 f e d  t o  them. 
remaining q u a n t i t y  passes through t o  t h e  atmosphere. 
60 percent  have been repor ted  (3) .  

Double-contact a c i d  p l a n t s  p rov ide  a h igher  percentage o f  SO2 removal i f  
they  a r e  f e d  gas w i t h  a h igher  SO2 conten t .  
percent  have been reported. 
w i t h i n  t h e  same range as shown above, a l though one r e c e n t l y  developed process 
c la ims s tack  emissions o f  l e s s  than 0.005 percent SO2 (4). 

I n  s u l f u r i c  a c i d  p lan ts ,  i t  i s  d i f f i c u l t  t o  prevent some l o s s  o f  S03, i n  
t h e  form o f  a f i n e  m i s t  o f  s u l f u r i c  ac id ,  w i t h  t h e  absorber e x i t  gases. Th is  
i s  u s u a l l y  0.02 t o  0.04 k i logram o f  SO3 per  m e t r i c  t on  o f  100 percent  a c i d  
produced. 

weak a c i d  t h a t  cannot be sold.  The amount i s  est imated as 4 t o  8 l i t e r s  f o r  
each 10 cub ic  meters o f  gas t r e a t e d  (5).  

I n  t h i s  indus t ry ,  most p a r t i c u l a t e  ma t te r  from gas c lean ing  equipment i s  
recyc led  t o  t h e  m e t a l l u r g i c a l  processes. The small q u a n t i t i e s  o f  p a r t i c u l a t e  
removed by t h e  a c i d  scrubbing operat ions,  however, a r e  mixed w i t h  a stream of 
weak s u l f u r i c  a c i d  and cannot r e a d i l y  be recycled. 
t h e  a c i d  p l a n t  blowdown. 

even f o r  l e s s  than t h e  c o s t  o f  manufacture. 
pensive t o  n e u t r a l i z e  and d i sca rd  t h e  a c i d  than t o  absorb the  costs  of sh ip -  
ment t o  a d i s t a n t  user.  
stream. 

Pressures do n o t  u s u a l l y  

A smal l  amount o f  e l e c t r i c i t y  i s  requ i red  f o r  pumps and blowers. Th is  

Natura l  gas o r  

Waste Streams - Single-contact  s u l f u r i c  a c i d  p lan ts  us ing  weak gas 
The 

E f f i c i e n c i e s  as low as 

E f f i c i e n c i e s  h igher  than 99 
E x i t  gas SO2 concent ra t ion  i s  s t i l l  u s u a l l y  

The scrubbing columns t h a t  c lean t h e  waste gas stream c r e a t e  o f f -g rade  

They are  discharged w i t h  

I n  some sec t ions  o f  t h e  count ry  i t  i s  d i f f i c u l t  t o  s e l l  t h e  product acid,  
Therefore, i t  may be l e s s  ex- 

Thus, the  produc t  a c i d  can i t s e l f  become a waste 
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An a c i d  p l a n t  does n o t  produce s o l i d  wastes d i r e c t l y ,  b u t  t h e  gypsum 
formed i n  n e u t r a l i z a t i o n  o f  a c i d  can c o n s t i t u t e  a s i g n i f i c a n t  s o l i d  waste. 

6. Contro l  Technology - I n  t h i s  coun t ry  t h e  SO2 i n  t h e  t a i l  gas f rom t h e  
s u l f u r i c  a c i d  p l a n t  i s  n o t  c o n t r o l l e d .  When SO2 emissions a r e  l a rge ,  t h e  best  
c o n t r o l  may be t o  increase opera t i ng  e f f i c i e n c y  by adding a d d i t i o n a l  c a t a l y s t  
stages o r  by adding heat ing  equipment t o  ma in ta in  proper c a t a l y s t  temperature. 
Changes i n  t h e  m e t a l l u r g i c a l  opera t ions  t o  produce a stream o f  h ighe r  SO2 
concent ra t ion  a t  a more un i fo rm r a t e  a r e  a l s o  good con t ro l s ,  i f  t h i s  i s  pos- 
s i b l e .  
necessary . 

M i s t  e l i m i n a t o r s  i n  t h e  form o f  packed columns o r  impingement metal  
screens can minimize ac id  m i s t  emissions. Manufacturers c l a i m  e l i m i n a t i o n  o f  
a l l  b u t  35 t o  70 m i l l i g rams  o f  m i s t  per  c u b i c  meter o f  gas, and t h e  u n i t s  a t  
t imes per form ,bet ter .  To prevent  fo rma t ion  o f  plumes o f  m i s t  du r ing  per iods  
o f  abnormal operat ions,  however, e l e c t r o s t a t i c  p r e c i p i t a t o r s  a r e  o f t e n  used. 
Be t te r  r e g u l a t i o n  o f  feed r a t e  and q u a l i t y  a l s o  minimizes a c i d  loss .  

If volumes o f  s t rong a c i d  must be neu t ra l i zed ,  t reatment  w i t h  l imestone 
fo l lowed by  more prec ise  pH adjustment w i t h  l ime, and d ischarge t o  a pond f o r  
i n - p e r p e t u i t y  storage o f  t h e  r e s u l t i n g  gypsum i s  t h e  o n l y  t e s t e d  and econom- 
i c a l  method o f  d isposal .  

Scrubbing o f  the weak SO2 stream f o r  f i n a l  SO2 absorp t ion  may a l s o  be 

7. EPA Source C l a s s i f i c a t i o n  Code - None 
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PRIMARY ZINC PRODUCTION PROCESS NO. 8 

Sintering 

1. Function - Sintering has two purposes: f i r s t ,  t o  vo la t i l i ze  lead and 
cadmium impurities and discharge them i n t o  the off-gas stream where they can 
be captured; and second, t o  agglomerate the charge in to  a hard, permeable 
mass su i tab le  for  feed t o  a pyrometallurgical reduction system. 

try. 
continuous conveyor system. The feed is normally a mixture of calcine or 
concentrates, recycled ground s in t e r ,  and the required amount of carbonaceous 
fue l ,  which i s  pel le t ized and sized to  assure a uniform, permeable bed for 
s inter ing before i t  i s  fed to  the machines and ignited.  
methods demand d i f fe ren t  properties of the sintered feed. 
f inal  zinc product dictates  the type of s in t e r  needed. 

enters  the natural gas-fired i g n i t i o n  box. Combustion i s  sustained by sup- 
plying a i r  t o  the pe l le t s .  Temperature control i s  achieved by l i m i t i n g  the 
coke and coal content and su l fur  content of the s i n t e r  mix. Once oxidation 
is s ta r ted ,  i t  becomes self-sustaining. Air flow regulation provides addi- 
t ional temperature control. A ro ta t ing  scalper shaves off the t o p  layer of 
the s i n t e r  bed just before the discharge end of the machine. 
is the sinter product, w i t h  composition a t  one plant as shown in Table 11, 
Estimates a re  t h a t  80 t o  90 percent of the cadmium and 70 t o  80 percent o f  
the lead a re  removed from the s i n t e r  feed (2 ) .  
c i r c u i t  i s  greatly enriched i n  these impurities, and by recycling, levels  are 
bu i l t  up h i g h  enough in the f lue  dust t o  permit economic recovery o f  cadmium. 
The lower portion of the bed, w h i c h  was not removed by the scalper,  is 
discharged t o  a s e t  of crushers. 
v ib ra t ing  screen. Oversized par t ic les  are returned to  the s i n t e r  machine, 
while undersized material i s  incorporated with the feed mix. Usually 5 t o  10 
percent of the to ta l  feed appears as dust i n  the gas t h a t  i s  discharged ( 2 ) .  
These dusts become the i n p u t  material t o  the cadmium recovery process. 

ver t ical  reduction furnaces, since i t  must be able t o  support a great amount 
of confining pressure from the overburdening charge. Mechanical collapse i s  
prevented by close chemical control of the nonvolatile ingredients and addi- 
t i o n  of s i l i c a  t o  increase hardness and strength of the s i n t e r  mass. 
horizontal-reduction-type r e t o r t s ,  no longer i n  use i n  t h i s  county, a sof t ,  
f r i a b l e  s i n t e r  was usually desirable. Structural  strength was not  needed 
because of the lack of heavy overburdening pressures. 
dust i s  usually 1 percent, allowing prof i table  cadmium recovery. 

A process known as " s in t e r  s l ic ing"  may be ut i l ized i n  Dwight-Lloyd 
machines where higher  grades of zinc are sought or recovery of impurities i s  
prof i table .  The process i s  based on the fac t  t h a t  s inter ing o r  ignit ion i s  
n o t  homogenous t h r o u g h o u t  the charge, b u t  migrates downward, eventually 
resul t ing i n  concentration of lead and cadmium sulfides a t  the bottom of the 
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Dwight-Lloyd-type s i n t e r  machines a re  typical ly  used i n  the zinc indus-  
These are downdraft units i n  which grated pa l l e t s  are joined t o  form a 

Different smelting 
Purity of the 

The feed i s  dumped on one end of a moving conveyor and i s  ignited as i t  

This top layer 

Dust collected from t h i s  

Coarser material may be separated on a 

Structural  strength of the s i n t e r  must be considered, especially i n  

I n  

Cadmium content of the 
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_ _ -  

s i n t e r  cake. 
reduc t i on  r e t o r t s .  
cadmium content, passes on t o  the d ischarge end o f  t h e  machine. 
c rush ing  i t  i s  re tu rned  t o  the charge. 

The f i n i s h e d  s i n t e r  i s  s l i c e d  o f f  f o r  f u r t h e r  r e f i n i n g  i n  z inc-  
The lower s e c t i o n  o f  t h e  s i n t e r  cake, w i t h  i t s  h i g h  

A f t e r  

Dust c o l l e c t e d  i n  a baghouse s t i l l  con ta ins  incomplete1 ox id i zed  mate- 
r i a l s  such as submicron-sized p a r t i c l e s  o f  cadmium meta l .  ? emperatures are  
c o n t r o l l e d  by CO gas burners and tempering a i r .  
con ta ins  10 t o  20 percent  cadmium, 12 t o  15 percent z inc,  and 35 t o  45 percent 
o r  more l e a d  (4).  The dus t  i s  sent  t o  a lead smel ter  f o r  f u r t h e r  cadmium 
concent ra t ion  and then t o  an e l e c t r o l y t i c  p l a n t  f o r  recovery o f  pure cadmium. 

The burned dus t  u s u a l l y  

I n  s i n t e r i n g  preroasted charges, i t  i s  repor ted  t h a t  s u b s t i t u t i o n  o f  
f l u o s o l i d  ca lc ines  f o r  those made by o l d e r  types o f  r o a s t e r s  has meant han- 
d l i n g  a more f i n e l y  d i v i d e d  charge. Such a charge cons is t s  o f  about 2.8. 
percent  su l fu r ,  of which about 2.4 percent  i s  s u l f a t e .  These ca. lc ines a r e  
repor ted  t o  s i n t e r  ve ry  r a p i d l y  when mixed with 4 t o  5 percent  f i n e  coal .  
The product averages approximately 0.3 percent  s u l f u r  and 0.05 ,percent 
cadmium (5) .  

I n  one py rometa l l u rg i ca l  z i n c  p l a n t ,  a b r i q u e t t i n g  s tep  i s  added i n  
prepar ing the  charge f o r  reduct ion.  The s i n t e r  i s  ground, then mixed wi th  
pu lve r i zed  coal, c lay ,  moisture,  and a b inder .  
smal l  b r i que t tes  (about 0.7 kg) which a r e  fed  i n t o  a step-grade autogenous 
cok ing furnace. The b r i q u e t t e s  a t t a i n  a s t rong s t r u c t u r e  which r e s i s t s  
d i s i n t e g r a t i o n  as w e l l  as keeping t h e  reduc tan t  and z inc  ox ide  i n  c lose  
contact .  Heat i s  generated by burning v o l a t i l e  cons t i t uen ts  o f  the  charge 
produced i n s i d e  the  furnace (6). 

The m ix tu re  i s  pressed i n t o  

2. I n p u t  Ma te r ia l s  - S p e c i f i c  q u a n t i t i e s  o f  i n p u t  ma te r ia l s  t o  a s i n t e r  
machine a r e  dependent on p roper t i es  o f  t h e  concentrate and t h e  type  of reduc- 
t i o n  ( i .e .  r e t o r t  o r  e l e c t r i c ) .  The s i n t e r  mix  t y p i c a l l y  conta ins ca lc ine,  
recyc led  s i n t e r ,  coke o r  o i l ,  and sand o r  o the r  i n e r t  ingred ien ts .  One p l a n t  
has repor ted  us ing 22 ki lograms o f  sand and 80 ki lograms o f  coke breeze (not  
i n c l u d i n g  carbon i n  furnace res idue and bag f i l t e r  dus t )  per  metr ic ton  o f  
s i n t e r  produced (6). Mois ture i s  added when t h e  cons t i t uen ts  are mixed, 
al though where ava i l ab le ,  z inc  s u l f a t e  so lu t i ons  f rom i n - p l a n t  leaching 
operat ions are  used t o  moisten t h e  feed f o r  p e l l e t i z i n g ,  s ince t h i s  conserves 
water and enhances z i n c  recovery. 

I n  t y p i c a l  z i n c  s i n t e r i n g  operat ions,  charg ing capac i t i es  range from 220 
t o  550 m e t r i c  tons p e r  day; f r o m  35 t o  80 percent o f  t h e  new feed i s  recyc led 
(7) .  

3. Operat ing Condi t ions - Typ ica l  opera t ing  parameters f o r  z inc  s i n t e r i n g  
are  1O4O0C temperature and atmospheric pressure. The wind box fan  operates 
a t  a h i g h  negat ive pressure requ i red  t o  p u l l  combustion a i r  through the  bed. 

4. U t i l i t i e s  - The s i n t e r  m i x  u s u a l l y  conta ins 4 t o  5 percent  coke or coal  
t o  supp ly  enough hea t  f o r  s i n t e r i n g  (3). Natura l  gas i s  used t o  i g n i t e  the 
mix. E l e c t r i c a l  energy i s  requ i red  f o r  opera t ing  the  s i n t e r  machine. Fuel 
consumption has been est imated t o  be about 280,000 k i l o c a l o r i e s  per  met r ic  
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ton  o f  concentrate processed ( 8 ) ,  a l though one p l a n t  repo r ted  use o f  51,000 
k i l o c a l o r i e s  p e r  m e t r i c  t o n  o f  s i n t e r  produced. Water ( o r  z i n c  s u l f a t e  
so lu t ion ,  i f  a v a i l a b l e )  i s  added t o  f a c i l i t a t e  p e l l e t i z i n g .  A i r  i s  supp l ied  
t o  ma in ta in  combustion (6).  

5. 
the  form o f  p a r t i c u l a t e s  and SO2. The SO2 concent ra t ion  i n  o f f -gas  f rom t h e  
s i n t e r  machine i s  very  low; 0.1 t o  2.4 percent  by volume, which represents  
on l y  1 t o  5 percent  o f  t h e  s u l f u r  o r i g i n a l l y  present  i n  t h e  feed ( 3 ) .  When 
z inc  ca lc ines  are  s in te red ,  s u l f u r  emissions from a s i n t e r  machine are  p r i -  
m a r i l y  determined by the s u l f u r  con ten t  o f  the  i n p u t  ca lc ine,  a l though some 
emissions r e s u l t  f rom the  z inc  s u l f a t e  l i q u o r  added t o  t h e  s i n t e r  mix. 
Typ ica l l y ,  the  r e s u l t i n g  weak o f f -gas  stream conta ins  approx imate ly  1000 ppm 
S02; t h e  concentrat ion,  however, can range from 400 t o  3000 ppm SO2, depending 
upon the  t o t a l  s u l f u r  content  o f  t h e  feed s tock  (7). 

Waste Streams - The s i n t e r i n g  opera t i on  i s  a source o f  a i r  p o l l u t a n t s  i n  

A l l  o f  t h e  p a r t i c u l a t e  ma t te r  i s ' l e s s  than 10 microns. So l i ds  loadings 

Typ ica l  
range from 9 t o  100 grams per  cub ic  meter (9) .  Emissions c o n s i s t  o f  dusts  
and m e t a l l i c  fumes o f  a composi t ion s i m i l a r  t o  t h a t  o f  t h e  ca l c ine .  
chemical composition o f  p a r t i c u l a t e s  i s  5 t o  25 percent  z inc,  30 t o  55 percent  
lead, 2 t o  15 percent  cadmium,' and 8 t o  13 percent  s u l f u r  (9). Other con- 
s t i t u e n t s  inc lude copper, arsenic ,  antimony, bismuth, selenium, t e l l u r i u m ,  
and t i n .  Cadmium and lead  contents  a re  e s p e c i a l l y  h i g h  because about 90 
percent o f  the  cadmium and 70 t o  80 percent  o f  t h e  l ead  i s  e l i m i n a t e d  i n  the  
s i n t e r  machine. The fumes condense and a r e  c o l l e c t e d  w i t h  t h e  dust.  An 
ana lys is  o f  p a r t i c u l a t e  emissions from a s i n t e r  machine i s  presented i n  Table 
12. 

I n  t h e  b r i q u e t t i n g  s tep used a t  one p lan t ,  t h e  coker combustion products  
a re  re leased through an uncon t ro l l ed  s tack  and conta in  s i z a b l e  q u a n t i t i e s  o f  
m e t a l l i c  fume (10). Data on p a r t i c u l a t e  emissions from t h i s  process a r e  
presented i n  Table 13. 

f rom 42 t o  72 cubic  meters per  square meter o f  grate.  The gas r a t e  w i t h  a 
concentrate feed i s  5.4 t o  6.5 cub ic  meters per  square meter (9). 
t u r e  o f  combined e x i t  s i n t e r  gases v a r i e s  f rom 160°C t o  380°C i n  d i f f e r e n t  
p l a n t s  (9). 
vapor, carbon d iox ide ,  and t races  o f  o t h e r  gases. 

wastes. 
stack,  w h i l e  a l l  s o l i d s  l e f t  uns in te red  a r e  recycled. 

6. 
weak SO2 stream from the  s i n t e r i n g  operat ion.  
nology i s  a p p l i c a t i o n  o f  chemical scrubbing techniques. 
cooled by a i r  d i l u t i o n  and water sprays i n  p repara t i on  f o r  gas c leaning.  

Gas r a t e s  vary widely. With a c a l c i n e d  feed, exhaust gas r a t e s  va ry  

Tempera- 

I n  a d d i t i o n  t o  s u l f u r  oxides, t h e  gases conta in  a i r ,  water  

The s i n t e r  process inc ludes no sources o f  process l i q u i d  o r  s o l i d  
Water t h a t  i s  added t o  t h e  mix  i s  vapor ized and emi t ted  through the  

Contro l  T e c h n o l o w -  Cur ren t l y  no c o n t r o l  methods a r e  a p p l i e d  t o  t h e  
Best a v a i l a b l e  c o n t r o l  tech- 

E x i t  gases may be 
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1 
Ideal  cont ro l  f o r  SO2 emissions from s i n t e r i n g  would be t o  e l im ina te  as 

much s u l f u r  as t e c h n i c a l l y  poss ib le  dur ing roast ing.  
of f l u i d  bed and suspension roasters, a ca lc ine  averaging 1.5 percent t o t a l  
s u l f u r  could be produced, r a t h e r  than the  current  t y p i c a l  c a l c i n e  w i t h  
approximately 3 percent t o t a l  su l fu r .  Roasting operations t h a t  reduce the 
res idual  s u l f u r  content i n  the ca lc ine  produce a corresponding decrease i n  
s u l f u r  emissions t o  the atmosphere by s i n t e r i n g .  Since a d d i t i o n a l  coke o r  
coal  i s  then needed t o  accomplish s i n t e r i n g ,  e l i m i n a t i o n  o f  s u l f u r  i n  the 
c a l c i n e  could increase costs. 

a re  used on s i n t e r i n g  machines. 
Table. 12 includes conipara.tive data f o r  d i f f e r e n t  con t ro l  devices. 

p a r t i c u l a t e  emissions. 
devices. The exhaust gas i s  f u r t h e r  cooled by d i l u t i o n  a i r  and water sprays 
t o  cond i t ion  i t  f o r  c leaning i n  dust c o l l e c t o r s .  

Based on the c a p a b i l i t y  

Various combinations o f  s e t t l i n g  f lues,  cyclones, ESP's, and baghouses 
E f f i c i e n c i e s  range from 94 t o  99 percent. 

S i n t e r  crushing and screening operations have enormous po ten t i a l  f o r  
These operat ions are hooded and ducted t o  cont ro l  

7. EPA Source C l a s s i f i c a t i o n  Code - 3-03-030-03 
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PRIMARY ZINC PRODUCTION PROCESS NO. 9 

I 
Vertical Retorting 

1. 
t i l i z a t i o n  method for producing high-purity zinc from zinc oxide by reduction 
w i t h  carbon a t  elevated temperatures in  vertical  silicon-carbide re tor t s .  An 
a l te rna te  re tor t ing process i s  the e l e c t r i c  r e t o r t  (Process No. 10). 
older horizontal re tor t ing process is no longer in use in the United States.  

and purification of zinc-bearing minerals can be accomplished to  a greater 
extent than w i t h  most minerals. 
impurities i s  possible. 
ca l ly ,  there is  v i r tua l ly  no a l te rna t ive .  
tu re  a t  which the oxide can be continuously reduced), the vapor pressure of 
zinc i s  h i g h  enough t o  cause i t  t o  vaporize immediately upon reduction. 
Balanced against the easy separation from nonvolatiles, however, are  the 
d i f f i c u l t i e s  of condensing the vapor and the high vo la t i l i t y  of several of 
the most c o m p  impurities, especial ly  cadmium and lead. 

is carbon monoxide. 
reactions: 

Function - The ver t ical  r e t o r t  process i s  a continuous reduction/vola- 

The 

Because of the re la t ive ly  low b o i l i n g  point of zinc (906"C), reduction 

Imnediate separation from nonvolatile 
In f ac t ,  i f  the material i s  t reated pyrometallurgi- 

Even a t  857°C (the lowest tempera- 

The substance most responsible for d i rec t  reduction of zinc comnercially 
The zinc-reduction cycle consists of the following 

ZnO + CO + Zn(vapor) + C02 (actual reduction s tep)  

co2 + C + 2 CO (regeneration of C O )  

Both reactions a re  reversible, and s ince the second i s  the slower of the two 
a t  temperatures below about l l O O ° C ,  i t  controls the r a t e  of reduction i n  most 
comnercial si tuations.  Above 1100°C the  ra tes  of diffusion and heat t ransfer  
predominate as rate-controlling factors .  
highly endothermic (1).  
re tor t ing:  

Both of the above reactions are 
The following additional reactions occur during 

Fe203 + 3C + 2Fe + 3CO 

Fe203 + C + 2Fe0 + CO 

ZnS + Fe + Zn + FeS 

Zn + C02 + ZnO + CO (blue powder formation) 

Zn2Si04 + 2C + 2Zn + 2CO + Si02 

FeO + Si02 + xFe0.Si02 (s lag formation). 

Carbon for  reduction i s  normally provided by coal or  coke, the choice 
determined by the need for s t ruc tura l  strength within the smelting column or, 

soot. Carbon i n  excess of  stoichiometric reduction requirements is  normally I 
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prov ided t o  f u r n i s h  e x t r a  r e a c t i o n  surface; t h i s  compensates f o r  t h e  slowness 
of reduc t i on  o f  carbon d iox ide  by carbon. 

b r i que t te .  The reduc t i on  f u e l  i s  mixed w i t h  o re  and a temporary b inder .  The 
b r i q u e t t e s  a r e  then coked i n  an autogeneous cok ing  furnace i n  an opera t ion  
t h a t  a l s o  d r i v e s  o f f  v o l a t i l e s  which serve as f u e l .  Each u n i t  has a capac i t y  
o f  90 t o  108 m e t r i c  tons o f  b r i q u e t t e s  averaging about 40 percent  z inc  (1). 

Although b r i q u e t t i n g  i s  an expensive operat ion,  the  a b i l i t y  t o  use 
b r ique t ted  s i n t e r  feed cou ld  be tu rned i n t o  an advantage s ince  i t  permi ts  the 
use o f  a s o f t  s i n t e r  produced e i t h e r  by coke -s in te r i ng  o r  r o a s t - s i n t e r i n g .  
Such a process i s  be ing used i n  England by t h e  Imper ia l  Smel t ing Corporat ion,  
L imi ted,  but,  w i t h  one except ion,  has n o t  been adopted by domestic producers. 

chambers. 
the  r e f l u x  sect ion,  and t h e  combustion-heating khambers. 
rec tangu lar  i n  general cross-sect ion,  about 0.3 meter wide, 1.8 t o  2.4 meters 
long, and 10.6 meters high, g i v i n g  a c a p a c i t y  o f  about 7.25 m e t r i c  tons o f  
z inc  per  r e t o r t  per  day. Walls a re  of s i l i c o n  carb ide t o  f a c i l i t a t e  heat  
t r a n s f e r  and minimize pene t ra t i on  by z i n c  vapor. J o i n t s  i n  t h e  end w a l l s  are 
packed w i t h  s i l i c o n  carb ide  and g raph i te  t o  pe rm i t  d i f f e r e n t i a l  expansion 
upon heat ing.  
grams o f  m e t a l l i c  z inc  per  day f o r  each square meter o f  l ong  w a l l  sur face  
when heated t o  1300°C. 

extens ion a t  t h e  top  o f  each v e r t i c a l  r e t o r t .  
chambers surrounding t h e  r e t o r t  s idewal ls .  
a re  used t o  preheat incoming a i r  f o r  combustion by means o f  recuperators.  
The b r i q u e t t e s  main ta in  t h e i r  shape throughout  the  reduc t i on  operat ion.  The 
furnace has a v e r t i c a l  r e t o r t  s h a f t  which a l l ows  t h e  charge, w i t h  t h e  a i d  o f  
g r a v i t y ,  t o  pass downward through t h e  combustion o r  heat ing  zone o f  the  
column; heat produced i n  t h e  combustion chamber i s  t r a n s f e r r e d  through t h e  
r e f r a c t o r y  w a l l s  o f  t h e  column t o  t h e  charge. As the  charge moves down 
through the  r e t o r t ,  t h e  z inc  ox ide  decomposes t o  form z i n c  vapors and carbon 
monoxide. Approximately 95 percent o f  t h e  z i n c  vapor l e a v i n g  t h e  r e t o r t  i s  
condensed t o  l i q u i d  z i n c  (2). The residue, con ta in ing  approximately 10 
percent z inc  (3), i s  removed a t  the  bottom through an au tomat i ca l l y  c o n t r o l l e d  
r o l l  d ischarge mechanism i n t o  a quenching compartment, f rom which i t  i s  
removed f o r  f u r t h e r  t reatment.  

The charge t o  a v e r t i c a l  r e t o r t  must be i n  the  form o f  a hard s i n t e r  o r  

V e r t i c a l  r e t o r t s  a re  large, r e f r a c t o r y - 1  ined vessels w i t h  ex terna l  gas 
The furnaces c o n s i s t  o f  t h r e e  major  sec t ions  - t h e  charge column, 

The r e t o r t  i s  

Product ion r a t e s  are  repo r ted  a t  an average 195 t o  215 k i l o -  

Reported l i f e  o f  r e t o r t s  i s  about 3 years (1). 

Without in te rmed ia te  cool ing,  coked b r i q u e t t e s  a re  f e d  t o  the  charg ing 
The charge i s  heated by gas i n  

Gases from t h e  combustion chambers 

Dur ing t h e  passage o f  the  b r i q u e t t e s  through the  r e t o r t ,  s u f f i c i e n t  a i r  
o r  exhaust combustion products a r e  in t roduced a t  t h e  base o f  the  charge t o  
ensure t h a t  no z inc  vapor moves concur ren t l y  wi th  t h e  charge and even tua l l y  
condenses on spent residue. 
r e t o r t ,  which r i s e  up through t h e  charge column, a r e  approximately 40 percent  
z inc  vapor, 45 percent carbon monoxide, 8 percent  hydrogen, 7 percent  n i t r o -  
gen, and some carbon d iox ide  (4).  
charge column, pass through a z i n c  condenser, and then t o  a ven tu r i  scrubber. 

The gaseous-react ion products formed i n  the 

These gases e x i t  near t h e  t o p  o f  the  
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By means o f  a sp lash system, whereby a mechanica l ly  d r i ven  dev ice f i l l s  the  
condenser chamber w i t h  a r a i n  o f  z i n c  d r o p l e t s  t h a t  f a l l  back i n t o  a batch of 
molten zinc,  the  z i n c  vapor from t h e  r e t o r t s  i s  condensed and c o l l e c t e d  w i t h  
e x c e l l e n t  e f f i c iency .  Over 95 percent o f  the  z inc  vapor l e a v i n g  t h e  r e t o r t  
i s  condensed t o  l i q u i d  z inc  (5).  The carbon monoxide i s  recyc led  t o  the  
combustion zone. 

When t h e  z inc  vapor i s  no t  cooled q u i c k l y  enough from reduc t i on  tempera- 
t u r e s  t o  condensation temperatures, some o f  t h e  carbon monoxide present i n  
t h e  m ix tu re  forms carbon d iox ide.  Th is  carbon d iox ide ,  and the  small 
amount a l ready  present i n  the vanor m i x t u r e  ox id i zes  a p o r t i o n  o f  the  
vapor ized z inc  a t  temperatures below 1100°C. The r e s u l t i n g  z inc  ox ide 
adheres t o  f i n e  g lobules o f  condensed z i n c  forming an undesi rab le by-product 
c a l l e d  "b lue powder" (1) .  
i s  p e r i o d i c a l l y  skimmed o f f .  
b lue  powder from the  f l u e  gases, and t h e  cleaned gas may be e i t h e r  used as 
supplementary f u e l  o r  f lared.  

About one-hal f  o f  the  z inc  produced i n  v e r t i c a l  r e t o r t s  i s  r e f i n e d  t o  
99.99 percent  p u r i t y  by means o f  cont inuous f r a c t i o n a l  d i s t i l l a t i o n .  The 
condensed vapors from t h i s  process a r e  t y p i c a l l y  h igh  i n  cadmium content  and 
c a n  be used f o r  cadmium recovery. The b o i l i n g  p o i n t  o f  lead i s  about 1620'C 
and o f  cadmium, 767°C. 
Since none o f  these elements forms s t a b l e  compounds w i t h  each o the r  t h a t  
vapor ize  w i thout  d i ssoc ia t i on ,  they a r e  amenable t o  separat ion by f r a c t i o n a l  
d i s t i l l a t i o n .  The most common method e n t a i l s  dual f r a c t i o n a t i n g  columns o f  
s i l i c o n  carbide, heated ex te rna l l y .  Cadmium and z i n c  a r e  l a r g e l y  v o l a t i l i z e d  
f rom t h e  f i r s t  column, l eav ing  lead, i r o n ,  and o t h e r  h igh -bo i l i ng -po in t  
cons t i t uen ts  t h a t  can be removed from t h e  base. The condensate passes t o  a 
second, o r  cadmium, column where cadmium and low-bo i l i ng -po in t  i m p u r i t i e s  a re  
removed by r e f l u x  condensation. P u r i f i e d  z inc  f lows o u t  t h e  bottom o f  the  
column. The cadmium i s  c o l l e c t e d  as cadmium-zinc metal  o r  as cadmium dus t  
depending on how the  process i s  operated. 

2. I npu t  Ma te r ia l s  - Feed cons is t s  o f  s i n t e r ,  coal  o r  coke, and recyc led 
ma te r ia l  i n  the  b lue powder charge. I n  add i t i on ,  s ince  the  charge must be 
e i t h e r  a hard s i n t e r  o r  b r i que t te ,  temporary b inder  such as s u l f i t e  waste 
l i q u o r ,  t a r ,  o r  p i t c h  i s  added. A t y p i c a l  composi t ion i s  approximately 60 per, 
cen t  s i n t e r ,  25 percent  bituminous coa l ,  5 percent  a n t h r a c i t e  f i nes ,  10 percen' 
p l a s t i c  r e f r a c t o r y  c lay ,  and 1 percent  s u l f i t e  l i q u o r  (4 ) .  With z inc  recovery 
t y p i c a l l y  90 percent, about 2.8 m e t r i c  tons o f  feed i s  requ i red  per me t r i c  ton 
Of z i n c  c o l l e c t e d  i n  t h e  condenser f o r  a feed con ta in ing  40 percent by weight 
z inc .  
p e r  m e t r i c  t o n  of s lab  z inc produced (3) .  

3. Operat ing Condi t ions - V e r t i c a l  reduc t i on  furnaces genera l l y  operate 
f rom 1300''to 1400°C (1 ) .  I n t e r n a l  pressures are  s l i g h t l y  below ambient. 
Exact opera t ing  temperatures f o r  f r a c t i o n a l  d i s t i l l a t i o n  o r  o t h e r  p u r i f i c a -  
t i o n  steps vary, s ince  separat ion i s  based on d i f f e rences  i n  b o i l i n g  po in ts  

The b lue  powder f l o a t s  on t o p  o f  the  z i n c  ba th  and 
Scrubbers may be used t o  remove t h e  en t ra ined 

The b o i l i n g  p o i n t  o f  z inc  l i e s  between the  two. 

Q u a n t i t i e s  o f  coal  o r  coke r e q u i r e d  range from 0.5 t o  0.8 me t r i c  t on  
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4. 
gas surrounding the retort side walls. 
5,000 kilocalories per kilogram of zinc are required (6). 
reports energy efficiency to be about 10 percent, with typical energy consump- 
tion 5.0 million kilocalories per metric ton of zinc produced. One company 
using vertical retorts finds that 9.1 million kilocalories of coal and coke 
per metric ton of zinc produced is required for the briquetting process. 
However, this company claims an energy consumption by retorts of only 2.8 
million kilocalories per metric ton of distilled zinc, for a total energy 
consumption o f  12.8 million kilocalories per metric ton ( 7 ) .  Energy require- 
ments for refining are about 834,000 kilocalories per metric ton of zinc pro- 
duced (8). 

5 .  Waste Streams - Emissions are minor when compared with other steps in 
the smelting process such as roasting and sintering. 
less than 50 ppm (9). 
per metric ton of product, with 2.5 to 3.0 percent carbon dioxide ( 3 ) .  

one minute. High-efficiency metal recovery is possible from these metal and 
metal oxide fumes. 
distribution data is presented in Table 14. 
constituent of these emissions along with cadmium, copper, chromium, lead, 
and iron. 

Utilities - Heating is done in vertical retort furnaces bv combustion of 
One source estimates that 4,000 to 

Another source 

SO emissions average 
Flow rate for the carrier gas is ?3,000 cubic meters 

Particulate emissions are evident only during charging for approximately 

Information on particulate emissions, including size 
Blue powder is the principal 

The zinc and cdke content of the feed and the Pir flow rates are the 
important process variables. 
parameter. 

The gas washing water contains zinc and metal oxides, possibly hydro- 
carbons, various particulates (as suspended sol ids), and the corresponding 
products o f  hydrolysis. 

produced are around 1050 kilograms per metric ton of zinc produced (3). 
residues contain a variety of metals such as lead, copper, silver, gold, 
nickel, germanium, gallium, arsenic, antimony, cadmium, zinc, indium, silicon, 
iron, calcium, aluminum, magnesium, and manganese. 

in general, concentrated in the residues from the retorts. 
can be treated by dissolution in caustic soda, followed by treatment by 
various methods, most important probably being the extraction of gallium 
chloride with an organic solvent. 
to circumvent various impurity problems. 
of the primary zinc smelters. Two companies, one in Arkansas and one in 
Oklahoma, account for the total domestic production of gallium, using residues 
from zinc and aluminum production. One refinery in Oklahoma produced all the 
primary domestic germanium from zinc smelter residues in 1978 (11). 

An analysis of some constituents in the residue from one vertical 
retort furnace is given in Table 15. 

Temperature is the most important process 

Residues are also generated in vertical retorting operations. Amounts 
The 

The germanium and gallium contents originally found in the blends are, 
These residues 

There are many variations on these methods 
This processing is not done at any 
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TABLE 15. ANALYSIS OF VERTICAL RETORT FURNACE RESIDUES (3)  

Const i tuent  I Concentrat ion, ppm 

Cadmi um 

Chromi um 

Copper 

Lead 

850 

46 

4,600 

2,400 

1 107,000 Z inc 

Blue powder p roduc t ion  amounts t o  o n l y  about 3 percent  o f  t h e  z i n c  charged, 
considerably l e s s  than i n  h o r i z o n t a l  r e t o r t i n g  (12). The res idue a l s o  con- 
t a i n s  less  z inc.  

I n  the  r e d i s t i l l a t i o n  system, no z i n c  vapors can escape s ince  i t  i s  a 
c losed c i r c u i t .  
metals. Waste gases a r e  produced by t h e  combustion; t h e i r  composi t ion 
depends on t h e  type  o f  f u e l  used. 

6. Control  Technology - Wet scrubbers are t h e  a v a i l a b l e  c o n t r o l  method f o r  
p a r t i c u l a t e  emissions. A l l  gases are exhausted from the  furnace by means o f  
a ventur i  scrubber. The carbon monoxide f rom t h e  z i n c  condensation chamber 
i s  scrubbed w i t h  water sprays t o  remove e n t r a i n e d  s o l i d s .  
used as p a r t  of t h e  fue l  fo r  heat ing t h e  r e t o r t s .  M e t a l l i c  z i n c  and z i n c  
oxide i s  recovered as b lue  powder res idue from the  scrubbing system and f rom 
the  condenser d u r i n g  p e r i o d i c  c leaning. 

Residues are e i t h e r  disposed o f  i n  open s l a g  dumps o r  processed t o  
recover t h e i r  metal values. The best c o n t r o l  technology f o r  the  s l a g  dump i s  
sea l ing  t h e  s o i l  and r o u t i n g  r u n o f f  t o  a waste t reatment  lagoon. 

7. EPA Source C l a s s i f i c a t i o n  Code - 3-03-030-05 

S o l i d  residues can be reprocessed t o  recover z i n c  and o t h e r  

The gas i s  then 

The b l u e  powder i s  recycled. 
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PRIMARY Z I N C  PRODUCTION PROCESS NO. 10 

E l e c t r i c  R e t o r t i n g  

1. 
process i n  which e l e c t r i c i t y  supp l ies  the  energy needed t o  produce h igh-  
p u r i t y  z inc  f r o m  z i n c  ox ide  by reduc t i on  w i t h  carbon a t  e leva ted  temperatures 
i n  a v e r t i c a l  c y l i n d r i c a l  r e t o r t .  V e r t i c a l  r e t o r t i n g  (Process No. 9 )  i s  t h e  
o the r  reduc t ion  method i n  use a t  z inc  smelters. Th i s  newest z inc-smel t ing  
furnace was designed t o  overcome t h e  d i f f i c u l t i e s  i nvo l ved  i n  heat ing  the  
charge ex te rna l l y .  As i n  the  o the r  r e t o r t i n g  process, carbon monoxide i s  
used fo r  d i r e c t  reduct ion,  producing z i n c  vapor. The carbon d iox ide  a l so  
produced i n  t h i s  r e a c t i o n  i s  regenerated w i t h  carbon. 
t i o n  i s  prov ided by coke. 

ava i lab le ,  i n c l u d i n g  t h e  e lec t ro the rm ic  a rc  furnace ( S t e r l i n g  Process) and 
t h e  Imper ia l  Smelt ing Furnace. 
the  Uni ted States are  the  e lec t ro the rm ic  furnaces developed by S t .  Joe 
Minera ls  Corporat ion,  which began commercial opera t ion  i n  1930 (1) .  

The S t .  Joe e lec t ro the rm ic  furnaces are b a s i c a l l y  v e r t i c a l ,  r e f r a c t o r y -  
l i n e d  cy l inders .  The l a r g e s t  furnaces now i n  use have an i n s i d e  diameter o f  
1.5 meters and a r e  15 meters high, w i t h  a p roduc t ion  capac i ty  o f  about 90 
me t r i c  tons per  day (2 ) .  Graphi te  e lec t rodes  pro t rude i n t o  the  sha f t ,  and 
t h e  reac t i on  heat i s  generated from t h e  res is tance o f  the furnace charges t o  
t h e  cu r ren t  f l o w  between t h e  e lect rodes.  
power i n t o  the  furnace. Each t o p  e lec t rode  has a mate near the  bottom. 

products such as b lue powder, a r e  f e d  cont inuous ly  i n t o  t h e  t o p  o f  the  
furnace from a r o t a r y  feeder. 
charge downward through the  shaf t .  
unusual ly hard s i n t e r  i s  requ i red  t o  ma in ta in  s t reng th  and p o r o s i t y  i n  t h e  
t a l l  columns, even a f t e r  most o f  t h e  z inc  conten t  has been removed. S i l i c a  
i s  usua l l y  added t o  the  s i n t e r  mix t o  increase i t s  s t r u c t u r a l  s t rength .  The 
coke serves as t h e  p r i n c i p a l  e l e c t r i c a l  conductor, c a r r y i n g  the  a l t e r n a t i n g  
c u r r e n t  between each t o p  e lec t rode  and the bottom e lec t rode  on t h e  opposi te  
s ide.  The heat developed prov ides t h e  energy requ i red  f o r  smelt ing.  The 
z inc  vapor and carbon monoxide produced pass f rom t h e  main furnace t o  a vapor 
r i n g ,  which prov ides a f r e e  space around t h e  pe r iphe ry  o f  t h e  charge f o r  
removal o f  the gaseous mixture.  The gas then goes t o  a condenser, where z inc  
i s  recovered by bubbl ing through a mol ten z inc  bath. 
o f  t h i s  Weaton-Najarian vacuum condenser t h a t  f i r s t  made poss ib le  the  produc- 
t i o n  o f  over 90 me t r i c  tons per  day from a s i n g l e  u n i t .  
f u r the r  r e f i n i n g ,  such as the  l i q u a t i o n  and r e d i s t i l l a t i o n  steps descr ibed 
f o r  the  o the r  r e t o r t i n g  processes, may be used. 

The e lec t ro thermic  furnace has a number o f  advantages over o the r  pro-  
cesses. 
heat ing  methods) r e s u l t s  i n  cos t  sav ings i n  f u e l  consumption. 
t i e s  o f  charge can be t reated,  and t h e  cont inuous opera t ion  i s  amenable t o  

Funct ion - E l e c t r i c  r e t o r t i n g  i s  a cont inuous reduction/volatilization 

The carbon f o r  reduc- 

There a r e  severa l  v a r i a t i o n s  on the  res is tance- type e l e c t r i c  furnace 

However, t h e  o n l y  e l e c t r i c  r e t o r t s  i n  use i n  

E igh t  p a i r s  o f  e lec t rodes  in t roduce 

Preheated coke and s i n t e r ,  a long w i t h  miscel laneous minor  z inc-bear ing 

As i n  a v e r t i c a l  r e t o r t ,  g r a v i t y  moves the  
U n l i k e  o the r  r e t o r t i n g  processes, an 

It was the  development 

I f necessary, 

F i r s t ,  the  increased thermal e f f i c i e n c y  (compared w i t h  ex te rna l  
Larger  quan t i -  
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automation. 
residues. 
roasters followed by desulfurization i n  f l  uidized-bed roasters ,  electrothermic 
furnaces emit pract ical ly  no SO2 o r  par t iculates .  

2 .  
bearing products, such as blue powder. 
t o  increase s t ructural  strength, 
coke par t ic les  larger than s i n t e r ,  thereby concentrating la rger  coke a t  the 
axis  of the furnace. 
directed along the ax is ,  which becomes the region of maximum temperature, 
minimizing both  damage t o  the refractory walls by slagging and heat loss  
through the walls. 
ton of s l a b  zinc produced (3 ) .  

3 .  Operating Conditions - The St .  Joe electrothermic furnaces operate a t  
atmospheric pressure. Internal temperatures a re  140OOC and higher a t  the 
ax is  of the furnace, 1200°C in the main body of the charge, and 900°C near 
the wall. A vacuum of 15 t o  25 centimeters mercury i s  applied t o  the ou t l e t  
of the condenser, causing the vapor/gas mixture t o  be drawn through i t  i n  
large bubbles ( 4 ) .  Water-cooled hairpin loops a t  the condenser cooling well 
maintain a constant batch temperature of 480' t o  500°C ( 2 ) .  Temperatures for 
purif icat ion steps vary, since separation i s  based on differences i n  boiling 
p o i n t s .  

4. U t i l i t i e s  - Electrothermic furnaces use e l e c t r i c i t y  to  supply the 
energy for  reduction. 
graphite electrodes may range a s  h i q h  a s  800 amperes. 
e ight  individual single-phase c i r c u i t s ,  each typical ly  carryinq 770 to  1190 
kilowatts. The working range f o r  such a c i r c u i t  i s  100 to  250 vol ts .  The 
overall power factor  of transformers, bus system, and furnaces i s  from 
90 t o  s l i gh t ly  over 95 percent. One plant using electrothermic furnaces 
reported energy consumption averaging 2800 kilowatt-hours per metric ton 
of metal. 
corresponding t o  a maximum of 10,000 kilowatts per furnace has been reported 
(5 ) .  
used Cn other re tor t ing processes. 

The furnace can readily process secondary zinc scrap and zinc 
Because of special deleading by heat treatment in multiple-hearth 

Input Materials - The feed consis ts  of s i n t e r ,  coke, and recycled zinc- 
In addition, s i l i c a  i s  usually added 

Par t ic le  size i s  controlled so a s  to  provide 

In t h i s  way the maximum fract ion of e l e c t r i c  current i s  

Quant i t ies  of coke required range from 0.5 t o  0.8 ton per 

Current through each of the 30-centimeter diameter 
A furnace contains 

Power input per electrode c i r c u i t  ranging up  t o  1255 kilowatts, 

Energy consumption for  subsequent refining steps i s  the same as tha t  

Another source reports 25 t o  30 percent energy eff ic iency fo r  electro- 
thermic re tor t ing ,  w i t h  the process consuming about 2.8 million kilocalories 
per metric ton of zinc. 
metric ton  of zinc consumed as  coke, a to ta l  of 8.6 million kilocalories per 
metric ton of zinc i s  used. 
considered (assuming 33 percent e f f ic iency) ,  t o t a l  energy consumption i n -  
creases t o  14.2 million ki localor ies  per metric ton (6 ) .  

5. 
r e l a t ive  t o  those from roasting o r  s inter ing.  

With an additional 5.8 million kilocalories per 

I f  the energy f o r  e l e c t r i c  generation i s  a lso 

Waste Streams - As with other types of re tor t ing ,  emissions are minor 
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I Particulate emissions consis t  primarily of metal and metal oxide fumes. 
Pqrticulate emission levels  f o r  electrothermic re tor t inq  average about 10 
kilograms per metric ton o f  zinc produced. As i n  the other re tor t ing pro- 
cesses, blue powder i s  the principal consti tuent of these emissions, along 
with cadmium, copper, chromium, lead, and iron. Also as  w i t h  the other pro- 
cesses, the important process variables a r e  the zinc and coke content of the 
feed and the a i r  flow rates .  Temperature, which i s  controlled by regulating 
current flow t o  the electrodes,  i s  the most important process parameter. 

850°C. Gas composition i s  approximately 45 percent zjnc vapor and 45 p r ent 
carbon monoxide; the balance i s  nitrogen, carbon dioxide, and hydroqen f57. 

The gas washing water contains the same impurities as i n  ver t ical  
re tor t ing , 

The residues generated d u r i n g  electrothermic reduction are  s imilar  i n  
composition and quantity t o  those from the other re tor t ing processes. 
Germanium and gallium are  extracted from the residues by various methods a t  
other f a c i l i t i e s .  

r ed i s t i l l a t i on  a re  the same a s  described f o r  ver t ical  re tor t ing.  

6. 
clean gases from the condenser. The clean gas, containing 80 percent carbon 
monoxide and having a heating value of 2200 ki localor ies  per cubic meter, 
furnishes fuel f o r  smelter use (5) .  
zinc oxide i s  l a t e r  recovered by s e t t l i n g  the scrubber s lur ry  i n  ponds. The 
so l ids  (75 t o  80 percent z inc)  a re  dried and briquetted for  furnace feed. 

Temperature of the gases vented from the furnace vapor ring averages 

Waste streams from fur ther  purif icat ion steps such as l iquation and 

Control Technology - High-velocity-impingment-type scrubbers a re  used to  

Some blue powder or uncondensed zinc and 

Residue i s  removed from the furnace, preferably as  d i scre te  so l id  
particles.  
unreacted zinc a re  recovered and recycled. 
of residue containing enough zinc and carbon to  make retreatment worthwhile, 
a minimum of power i s  consumed i n  unproductive melting of residue. 
reclamation’ plant,  where sand may be added t o  make a hard sinter, su f f i c i en t  
ferrosil icon is present i n  some residues t o  warrant recovery as  a by-product. 

7 .  EPA Source Classification Code - None 

8. References - 
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PRIMARY Z I N C  PRODUCTION PROCESS NO. 11 

Ox id i z ing  Furnace 

1. 
z i n c  vapor f rom s i n t e r i n g  i s  inmed ia te ly  o x i d i z e d  w i thou t  be ing  condensed. 
AS w i t h  z inc  metal product ion,  z i n c  must f i r s t  be produced i n  vapor form. 
Only the d i r e c t  method o f  producing z i n c  ox ide  i s  discussed because o t h e r  
product ion methods, such as t h e  French process, s t a r t  w i t h  s l a b  z inc,  t h e  
major product of t h e  pr imary z inc  indus t ry .  

grate-type furnace, the  r o t a r y  o r  Waelz k i l n ,  and t h e  e lec t ro the rm ic  furnace. 
I n  a l l  three, the  feed i s  reduced t o  form z i n c  vapor and subsequently t h e  
vapor i s  ox id ized  and t h e  product  co l lec ted .  Two o f  t h e  main d i f f i c u l t i e s  i n  
producing z inc  metal ,  d i l u t i o n  o f  t h e  z inc  vapor and reox ida t i on  by carbon 
dioxide, are des i rab le  i n  t h e  produc t ion  o f  z i n c  oxide. 

spread over g ra tes  ( t r a v e l i n g  o r  s t a t i o n a r y ) .  
i gn i ted ,  then t h e  s i n t e r  i s  deposi ted on t o p  o f  the f u e l  l aye r .  
fo rced through t h e  bed t o  support  combustion and f u r n i s h  a reducing atmo- 
sphere t o  l i b e r a t e  t h e  z inc  vapors. The z i n c  vapors a re  then ducted t o  a 
combustion chamber, where o x i d a t i o n  occurs and the  z inc  ox ide  product  i s  
formed . 

f o r  product ion of pure z inc  oxide, a l though i t  i s  more c o m n l y  used f o r  
pyrometa l lu rg ica l  concent ra t ion  o f  res idues o f  a r a t h e r  mixed character .  
Zinc-bear ing ma te r ia l  and s o l i d  f u e l  a re  cont inuous ly  f e d  t o  the  k i l n .  which 
t y p i c a l l y  ro ta tes  1 t o  1.5 rpm (1).  The a d d i t i o n a l  heat  f o r  reduc t i on  o f  t h e  
z inc  i s  suppl ied by the  f l o w  o f  gaseous f u e l  through the  k i l n .  The vapor ized 
z inc  then i s  ducted t o  a combustion chamber, where a i r  i s  admi t ted and t h e  
vapor burned t o  form z i n c  oxide. Temperature c o n t r o l  i s  very  important,  
s ince i n t ima te  contac t  must be mainta ined between t h e  s o l i d ,  z inc-bear ing 
p a r t  o f  the  charge, t h e  s o l i d  f u e l  i n  t h e  charge, and t h e  reducing atmosphere. 

e i t h e r  a metal o r  an ox ide  producer (2 ) .  
bulge i n  the  furnace b a r r e l  midway between t h e  upper and lower  e lect rodes,  
the  ox ide furnace has openings a t  f o u r  l e v e l s  between t h e  e lect rodes,  through 
which evolved z inc  vapor and carbon monoxide e x i t  t h e  charge. Preheated coke 
and zinc-bear ing s i n t e r  a r e  con t inous ly  fed  t o  the  furnace. Coke serves as 
t h e  p r i n c i p a l  e l e c t r i c a l  conductor. E l e c t r i c i t y  in t roduced through t h e  
e lect rodes develops the  heat  energy requ i red  f o r  smelt ing.  Fu r the r  d e t a i l s  
on the e lec t ro thermic  furnace are  g iven i n  Process No. 9. 

Funct ion - I n  the  d i r e c t ,  o r  American, process f o r  z i n c  ox ide product ion,  

The th ree  types o f  furnaces used f o r  t h i s  purpose i n  t h e  U.S. a r e  t h e  

I n  grate- type furnaces, t h e  c o a l - s i n t e r  feed (usua l l y  as b r i q u e t t e s )  i s  
Coal i s  spread f i r s t  and 

A i r  i s  

'The Waelz k i l n  i s  a l a r g e  diameter, l o n g  r o t a r y  k i l n  t h a t  can be used 

The S t .  Joe v e r t i c a l  e lec t ro the rm ic  furnace may be mod i f ied  f o r  use as 
Ins tead o f  a l a r g e  "vapor r i n g "  o r  

Analysis of an American process z inc  ox ide  from one p l a n t  i s  presented 
i n  Table 16. 
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-1 
Lead as PbO 
Cadmium as CdO 
I r o n  as Fez03 
Manganese as MnO 
+325 mesh screen res idue 
Brightness; Hunter D-40 

0.009% 
0.010% 
0.015% 
0.002% 

<0.03% 
93.0 f o r  l a rge  s izes 
91.0 f o r  f i n e  s izes 
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The main f a c t o r  i n f l u e n c i n g  product ion i n  e lec t ro the rm ic  furnaces i s  t h e  
quan t i t y  of e l e c t r i c i t y  introduced. Josephtown’s l a r g e s t  furnace operates a t  
10,000 k i l owa t t s .  Energy consumption averages 2800 k i l owa t t -hou rs  per  m e t r i c  
ton  o f  metal ( 2 ) .  

5. Waste Streams - Combustion products  and some z inc  ox ide  a r e  emi t ted  f rom 
a l l  three furnaces; again, q u a n t i t i e s  a re  unspeci f ied.  

There are  no l i q u i d  wastes f rom t h e  process. 

A s o l i d  res idue i s  produced, est imated a t  350 ki lograms per  m e t r i c  t on  o f  z i n c  
oxide. This  res idue conta ins  approximately 6.2 percent  z inc  and 0.09 percent  
o f  o ther  metals such as cadmium, chromium, copper, and lead (3).  It may a l s o  
conta in  s lag,  coke, and g lobules o f  f e r r o s i l i c o n .  
samples f rom ox ide  furnace res idue revealed concentrat ions presented i n  Table 
17. 

One ana lys i s  o f  waste 

TABLE 17. SELECTED CONSTITUENTS OF O X I D I Z I N G  FURNACE RESIDUE ( 3 )  

Cons t i t uen t  I Concentrat ion,  ppm 

Cadmium I 8ii 
Chromium 
Copper 
Lead 
Z inc 62,000 

Fur ther  d e t a i l s  on waste streams from e lec t ro the rm ic  furnaces a r e  g iven i n  
Process No. 9. 

6. Control  Technology - Contro l  techniques f o r  d i r e c t  z i n c  ox ide  processes 
are  s i m i l a r  t o  those used i n  o t h e r  reduc t ion  operat ions.  Fu r the r  d e t a i l s  a r e  
given i n  Process No’s. 7, 8, and 9. 
from the condenser i s  recovered by s e t t l i n g  t h e  water s l m  ponds. 
So l ids  can be d r i e d  and b r i q u e t t e d  f o r  furnace feed. 

7. EPA Source C l a s s i f i c a t i o n  Code - None 

8. References - 
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PRIMARY ZINC PRODUCTION PROCESS NO. 1 2  

Leachinp 

1. Function - Electrolyt ic  production of zinc i s  an  a l te rna t ive  t o  pyro- 
metallurgical processing. 
minerals by leaching roasted calcine in recycled e lec t ro ly te  solution. 
zinc dissolves, and the insoluble gangue i s  separated from the solution by 
decantation, thickening, and f i l t r a t i o n .  
12) and the waste sol ids  are  e i the r  discarded or, i f  t h e i r  concentration 
warrants, fur ther  processed to  recover lead and precious metals (1,2).  

o r  a double leach. 
t ion containing principally su l fur ic  ac id ,  i s  brought only once into contact 

Zinc oxide i n  the calcine reacts  w i t h  su l fur ic  acid t o  form 
soluble zinc su l fa te  and water. The s ingle  leach i s  not often practiced, how- 
ever,  since losses of su l fur ic  acid a re  excessive and recovery of zinc i s  poor. 

In several var ia t ions,  the calcine 
i s  leached f i r s t  i n  a solution tha t  i s  neutral o r  s l i gh t ly  a lkal ine,  then i n  
an acidic solution, with the l iquid passing countercurrently t o  the flow of 
calcine. In the neutral leach, the readily soluble su l fa tes  from the calcine 
dissolve,  b u t  only a portion o f  the zinc oxide enters in to  solution. The 
second acidic  leach solubilizes the remainder of the zinc oxide, b u t  also 
dissolves many impurities, especially iron. 
neutral stage causes much of the iron t o  reprecipi ta te ,  so the neutral leach 
ac t s  a lso as an i n i t i a l  stage of solution purification. In some of the more 
complex process variations,  considerable overlap occurs between leaching and 
purification steps,  and the calcine may be subjected t o  as  many as  four 
leaching operations in progressively stronger or  hotter acids t o  b r i n g  as much 
of the zinc as possible into solution. 

The leaching process i s  conducted most often in a s e r i e s  of agitated 
tanks. 
f o r  variations in calcine composition. 
cessing ore of consistent quali ty,  a r e  equipped w i t h  continuous leaching 
equipment. 
solution composition a t  each s tep a re  carefully regulated. 

2. 
zinc concentrate from roasting (Process No’s. 4, 5, and 6 ) .  If a pelletized 
feed i s  used in the roaster,  the calcine must be ground pr ior  t o  leaching. 
c lass i f ica t ion  and g r i n d i n g  i s  occasionally practiced also w i t h  unpelletized 
material. 
screen (about 70 mesh) ( 3 ) .  Wet grinding w i t h  a portion of the leach liquor 
i s  a lso practiced i n  some smelters. 

The only other input specif ic  t o  the leaching process i s  recycled spent 
e lec t ro ly te  from Process No. 13, containing about 200 grams of su l fu r i c  acid 
per l i t e r  ( 2 ) .  

The f i r s t  s t ep  i s  t o  separate zinc from gangue 
The 

The solution i s  purified (Process No. 

Two general leaching methods can be employed, described as e i ther  a single 
I n  a single leach, recycled e lec t ro ly te ,  which i s  a solu- 

S i t h  the calcine. 

Double leaching i s  used most often. 

Recycle of the l iquor t o  the f i r s t  

Batch operation is common, s ince i t  i s  thereby possible t o  canpensate 
A few smelters, especially those pro- 

In a l l  of the leaching operations, the pH, temperature, and 

I n p u t  Materials - The principal i n p u t  t o  the leaching process i s  calcined 

Air 

One foreign plant g r i n d s  calcine t o  95 percent through a 200-micron 



3. 
pheric pressure, whereas continuous processes may include pressurized steps 
UP t o  2.5 kilograms per square centimeter (1) .  Most leach operations take 
Place around 50°C; exothermic chemical reactions maintain t h i s  temperature 
without requiring additional heat energy. Some hot acid process variations 
may employ temperatures up t o  gO"C(3). 

4. 
ing the calcine and f ina l  residue. No estimates of energy consumption f o r  
the leaching process are  given. In batch leaching, a i r  a t  about 6.3 kilo- 
grams per square centimeter must be available t o  c l ea r  out accumulating de- 
Posits of coarse material a t  the bottom of the tanks.  In continuous leach- 
ing, i t  i s  seldom necessary t o  use a i r  a t  pressures higher than the normal 
operating pressure of 1.4 t o  2.5 kilograms per square centimeter ( 1 ) .  Con- 
tinuous leaching requires a larger  t o t a l  volume of a i r  per tank, because 
agitation must be continuous. 
sumption ranges from 2 .8  t o  4.2 cubic meters of a i r  per minute ( 1 ) .  

5. 
of acid mist occur from the leach tanks. T h i s  waste i s  described more com- 
pletely i n  Process No. 12. 

cooling i n  Process No. 13. 
these towers, as described i n  connection with the e lec t ro lys i s  process. 

Except f o r  leaks and s p i l l s ,  no l iquid waste i s  produced from t h i s  pro- 
cess. 

After a l l  leaching, the sol id  residue i s  f i l t e r e d  from solution and the 
f i l t e r  cake i s  rinsed with fresh water. This cake will  contain a l l  the lead 
originally present in  the concentrate, and a l so  other acid-insoluble t race 
elements such as indium, gold, and the platinum-group metals. Other minerals 
present will be s i l i c a ,  alumina, and s i l i c a t e s  of iron, aluminum, and calcium. 
The quantity and composition will vary w i t h  the  charac te r i s t ics  of the ore 
concentrate; one measurement reports a quantity of 360 kilograms per metric 
ton of zinc produced (1). 

6. Control Technology - Control of acid mist emissions i s  described in con- 
nection w i t h  the  s imilar  mists produced i n  Process Nos. 1 2  and 13. 

The sol id  residue will  frequently be sent t o  a lead smelter for  recovery 
of the lead and other reclaimable elements. 
be batch-treated a t  the zinc smelter with cyanide f o r  recovery o f  gold. 
other cases, the concentrations of recoverable metals may be so small tha t  
the residue will be discarded in a dump. 
process should be ine r t ;  however, as generally practiced, the  residue will 
also contain t race elements from Process No. 12.  
also contain zinc oxide or zinc f e r r i t e s .  The potential  of t h i s  waste f o r  
secondary water pollution i s  unreported. 

Operating Conditions - Batch leaching processes usually operate a t  atmos- 

Ut i l i t i e s  - Elec t r ic i ty  i s  required for pumping the solution and convey- 

During agi ta t ion in e i the r  process, con- 

Waste Streams - As in the closely associated purification process, emissions 

Leach solution may be cooled i n  open towers, as described f o r  e lec t ro ly te  
Atmospheric mist may therefore be created from 

Alternatively,  the residue may 
In 

Ore residue from a double leach 

Single leach residues may 

7. EPA Source Classification Code - None. 
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PRIMARY Z I N C  PRODUCTION PROCESS NO. 13 ' , 

P u r i f y i n p  

1. 
t o  z inc  t o  d isso lve .  Unless i m p u r i t i e s  a r e  removed f rom t h e  so lu t i on ,  they 
w i l l  e i t h e r  contaminate t h e  z inc  p roduc t  o r  i n t e r f e r e  w i t h  t h e  proper  ope ra t i on  
o f  the  e l e c t r o l y s i s  process. 
t o  remove m e t a l l i c  ions  t h a t  a re  more e l e c t r o p o s i t i v e  than z inc .  

Funct ion - The leaching o f  z inc  c a l c i n e  causes o t h e r  elements i n  a d d i t i o n  

The s o l u t i o n  f rom leach ing  i s  t h e r e f o r e  p u r i f i e d  

P u r i f i c a t i o n  i s  usua l l y  conducted i n  l a r g e  a g i t a t e d  tanks. A v a r i e t y  of 
reagents i s  added i n  a sequence o f  s teps t h a t  causes i m p u r i t i e s  t o  p r e c i p i t a t e .  
The p r e c i p i t a t e s  a r e  separated from t h e  s o l u t i o n  by f i l t r a t i o n .  The p u r i f i -  
c a t i o n  techniques a r e  among the  most advanced a p p l i c a t i o n s  o f  i no rgan ic  
s o l u t i o n  chemistry i n  i n d u s t r i a l  use, and va ry  f rom one smel ter  t o  another.  
I r o n  i s  o f t e n  removed i n  con junc t ion  w i t h  t h e  leach ing  process (Process No. 
12) by p r e c i p i t a t i o n  as a hydrated ox ide  ( g o e t h i t e )  o r  a complex s u l f a t e  
( j a r o s i t e ) .  Some o f  these processes, which a r e  patented, a l s o  reduce t h e  
concentrat ion o f  a rsen ic  and o ther  elements. Almost a l l  smelters then add 
z inc  dust, o f t e n  i n  the  form o f  "b lue powder" f rom t h e  py rometa l l u rg i ca l  pro-  
duc t i on  o f  z inc .  1 cadmium, copper, and several  o the r  elements. 

, t r ace  q u a n t i t i e s  o f  a group o f  meta ls  t h a t  inc ludes  arsenic ,  antimony, coba l t ,  
germanium, n i cke l ,  and tha l l i um.  
e l e c t r o l y t i c  depos i t i on  o f  z inc,  and t h e i r  f i n a l  d isso lved concentrat ions a r e  
l i m i t e d  u s u a l l y  t o  l ess  than 0.05 m i l l i g r a m  Per l i t e r .  

2. I npu t  M a t e r i a l s  - The p r i n c i p a l  i n p u t  i s  t h e  f i l t e r e d ,  a c i d i c ,  m inera l -  
r i c h  s o l u t i o n  f rom Process No. 12. Reagents a r e  most ly  inorgan ic ,  p r i m a r i l y  
f i n e l y  d i v ided  meta ls  such as z inc,  arsenic ,  and antimony. 
a c i d  may be added i n  small quan t i t i es ,  and l i m e  may be used t o  remove excess 
sodium carbonate o r  sodium hydroxide may be used f o r  i r o n  p r e c i p i t a t i o n .  
Organic m a t e r i a l s  such as 1-ni t roso-2-naphthol  may be used t o  remove c o b a l t  (1 ) .  
Inorgan ic  s a l t s  such as copper s u l f a t e  may be added t o  ca ta l yze  o r  promote 
some p r e c i p i t a t i o n  reac t ions .  
add i t i ves  are  smal l .  

3 .  
tu res  ranging from 40" t o  85OC, and pressures ranging from atmospheric t o  2.5 
k i lograms per  square cent imeter  (2) .  
c i p i t a t i o n  a r e ' c a r e f u l l y  regulated.  

4.  
a g i t a t o r s .  
so lu t ions .  Q u a n t i t i e s  a re  n o t  reported. 

5. Waste Streams - The atmospheric emission f rom t h i s  process cons is t s  o f  a 
m i s t  t h a t  develops from t h e  v e n t i l a t i o n  o f  t h e  leach - and p u r i f i c a t i o n  tanks. 
V e n t i l a t i o n  i s  necessary s ince  s ide  reac t i ons  can cause e G l T t i o n  o f  small 
q u a n t i t i e s  o f  exp los ive  hydrogen gas which must n o t  be a l lowed t o  accumulate. 
The m i s t  conta ins s u l f u r i c  a c i d  and smal le r  q u a n t i t i e s  o f  z inc ,  calcium, and 

Th is  a d d i t i o n  causes a cementat ion r e a c t i o n  t h a t  p r e c i p i t a t e s  
Ihe f i n a i s t e p s  remove a l l  b u t  

These meta ls  severe ly  i n t e r f e r e  w i t h  

Fresh s u l f u r i c  

Except f o r  z i n c  dust,  t h e  q u a n t i t i e s  o f  these 

Operat ing Condi t ions - The p u r i f i c a t i o n  process takes p lace  a t  tempera- 

The cond i t i ons  a t  each s tep o f  pre-  

U t i l i t i e s  - E l e c t r i c i t y  i s  requ i red  t o  pump s o l u t i o n s  and d r i v e  equipment 
Steam and noncontact coo l i ng  water  may be used t o  heat  and cool  

I 

' 
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arsenic ( 3 ) .  
from th i s  source. 

There i s  no estimate of the quantity of waste products released 

Except for  leaks and s p i l l s ,  no l i q u i d  waste i s  created by this process. 

Precipitated sol ids  consisting of impurity elements and excess reagent 
metals a re  accumulated as cakes from pressure f i l t e r s .  
cakes i s  variable,  depending on the charac te r i s t ics  of the zinc concentrates 
and the de ta i l s  of the processing. 

In some process modifications, much of the i ron,  and par t  of the arsenic 
and antimony or iginal ly  present in  the concentrate, a r e  precipitated in to  and 
discarded w i t h  the insoluble residue from Process No. 1 2 .  

6. Control Technology - Ventilation o f  leach and purif icat ion tanks i s  
usually controlled with impingement or  centrifugal demisting equipment. 
eff ic iency of these devices in t h i s  service has n o t  been reported. 

The disposit ion of most of the so l id  res idues  has a lso not been reported. 
W i t h  some zinc concentrates, a f i l t e r  cake r ich  in  copper i s  produced which i s  
sold to  copper smelters. 
tanks,  or are separately treated t o  reclaim zinc and cadmium. 
a re  reported to  have refined indium from some of the residues ( 4 ) .  
cakes rich in cobalt a r e  apparently being stockpiled by a foreign refinery,  
and s imilar  disposit ion may be practiced by some U.S. re f iner ies  ( 2 ) .  
n o t  known whether any of these materials a r e  being discarded. 

7. EPA Source Classif icat ion Code - None. 

8. References: 

The composition of the 

All a r e  highly metall iferous.  

The 

Some residues a r e  recycled t o  the roaster  or leach 
Two companies 

I t  i s  
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PRIMARY ZINC PRODUCTION PROCESS NO. 14 

Electrolysis  

1.  
s o l u t i o n b y a s s i n g  current through an e l ec t ro ly t e  solut ion,  causing zinc metal 
t o  deposit on a cathode. 
c e l l s ,  each of which holds a number of c losely spaced rectangular metal plates .  
Alternate plates  are made of lead containing 0.75 t o  1 .O percent s i l v e r ;  these 
are  the anodes t h a t  a re  e l ec t r i ca l ly  connected t o  a posi t ive potent ia l .  
remaining plates  are made of aluminum, and are  connected with a negative 
e lec t r ica l  potent ia l .  Purified e lec t ro ly te  from Process No. 13 i s  c i rculated 
slowly through the c e l l s ,  and water i n  the e l ec t ro ly t e  dissociates ,  releasing 
oxygen gas a t  the anode. 
hydrogen i s  not released a t  the cathode; instead,  zinc ions absorb electrons 
and deposit zinc metal. Hydrogen ions remain i n  solut ion,  and thereby regen- 
e ra te  su l fur ic  acid fo r  recycle to  the leach process (1,Z). 

Zinc smelters contain a large number of e l ec t ro ly t i c  c e l l s ,  often several 
hundred. 
vitreous l in ing ,  and are  e l ec t r i ca l ly  connected in  series banks. A portion o f  
the e lec t r ica l  energy i s  converted in to  heat,  which increases the temperature 
of the e lec t ro ly te .  Therefore, a portion of the e l ec t ro ly t e  i s  continuously 
circulated through cooling towers. These a re  usually open towers, i n  which 
the electrolyte  f a l l s  through a r i s ing  stream of a i r  drawn through the tower 
by fans. 
water (3) .  The cooled and concentrated e l ec t ro ly t e  i s  repumped t o  the c e l l s .  

a r e  removed, rinsed, and the zinc i s  mechanically stripped from the aluminum 
plates.  
specialized automated equipment. 
cleaned, replaced i n  the c e l l s ,  and the ce l l  i s  restored to  normal operation. 
Stripped zinc i s  sent t o  Process No. 1 s  f o r  melting and casting. 

2. Input Materials - The principal i n p u t  i s  purif ied e lec t ro ly te ,  which 
i s  a water solution containing about 70 grams of zinc per l i t e r  and about 200 
grams of su l fur ic  acid per l i t e r  (4).  
may be added to  the e lec t ro ly te  i n  order t o  form insoluble coatings on the 
ce l l  anodes, thereby minimizing both anode corrosion and lead contaminatidn of 
product zinc. 
position of zinc on the cathodes; materials used include glue, goulac, gum 
arabic, and  a mixture of agar-agar, sodium s i l i c a t e ,  and cresyl ic  acid ( 2 ) .  

Function - In e l ec t ro lys i s ,  metal l ic  zinc i s  recovered from the purified 

Electrolysis takes place i n  rectangular tanks, or 

The 

Electrode voltage i s  maintained su f f i c i en t ly  high so 

They are  most often made of concrete w i t h  a lead, p l a s t i c ,  or  

T h i s  method both cools the e l ec t ro ly t e  and evaporates the excess 

Every 24 t o  48 hours, each ce l l  i s  s h u t  down and the zinc-coated cathodes 

Stripping i s  accomplished manually i n  some smelters, while others use 
The aluminum cathodes a re  then chemically 

Barium hydroxide or  manganese su l f a t e  

Colloidal materials a r e  a l so  usually added t o  prevent uneven de- 

3. 
atmospheric pressure ( 4 ) .  

Operating Conditions - Electrolyt ic  c e l l s  operate a t  30" to  35OC and 

4 .  
e lec t ro ly t ic  zinc smelter. 
density o f  about 600 amperes per square meter of cathode surface. Voltage 
drop i s  3.3 t o  3.5 vol t s  per c e l l ,  and current eff ic iency i s  85 to  94 per- 
cent. 
metric t o n  of cathode zinc ( 4 ) .  

U t i l i t i e s  - Electrolysis consumes the major amount o f  energy i n  an 
Most plants use d i r e c t  current a t  a current 

Approximately 3300 kilowatt-hours of power are needed to  e lectrolyze a 
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Electr ic i ty  i n  much smaller quantity i s  used t o  operate pumps and fans. 

Fresh anode sludge 

Old anode sludge (from dump) 

5. 
process. 
of approxjmately the same. composition as th?. e lec t ro ly te  tha t  escapes in to  the 
a i r  of' the ce l l  room. '.Another mist of the same 'approximate composition is re- 
leased f r o m n s p h e r i c  cooling towersc Cell emission has been estimated 
t o  be 3,3 kilograms per ton of zinc produced (1) .  
emissions has been reported. 

a portion o'f spent. electrolyte 'must be routinely removed and discarded. 
is  not known t o  be occurring regularly in  U.S. smelters. 
no loss of  e lec t ro ly te  o r  other l iquid waste other than  leaks and s p i l l s .  

A sludge accumulates.in the c e l i s  which i s  periodically removed. 
18 provides reported analyses of t h i s  material .  

Waste Streams - There are'two sources of atmospheric emissions from th is  
Escape,of oxygen a t  the ce l l  .anodes causes the formation o f  a mist 

No estimate of cooling tower 

I f .  the ore concentrate contains quant i t ies  of sodium or  halogen compounds, 
This 

In general, there i s  

Table 

Concentration, ppm 

Cd Cr c u  Pb Zn 

12 10 85 170,000 12,800 

1,400 8 1,900 89,000 39,200 

TABLE 18. ANALYSES OF ANODE SLUDGES FROM 
ELECTROLYTIC ZINC REFINING ( 5 ) .  

6. Control Technoloqy - Cell rooms must be well ventilated t o  avoid accumu- 
la t ion of oxygen. This ventilation also serves t o  remove mist from the room. 
There are  no reports of treatment being applied t o  t h i s  a i r  stream, although 
this i s  apparently the largest  source of a i r  pollution from the e l ec t ro ly t i c  
process (6) .  

Treatment of mist from the e lec t ro ly te  cooling towers i s  a lso not docu- 
mented. 
emissions i s  so diluted by the large volumes of a i r  t ha t  i t  is  not a nuisance 
to  nearby residents (3). 

source of recoverable minerals, and i s  probably reprocessed o r  recycled, as 
are  the f i l t e r  cakes from Process No. 13. 

7. EPA Source Classification Code - 3-03-030-06. 
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PRIMARY Z I N C  PRODUCTION PROCESS NO. 1 5  

M e l t i n g  and Cas t ing  

1. 
e l e c t r o l y t i c  o r  p y r o l y t i c  p l a n t  i n t o  a marketable form. 
u s u a l l y  i n  a molten s t a t e  whereas e l e c t r o l y t i c  s t r i p p e d  z i n c  sheets must 
always be melted. 
combined w i t h  a gas- f i red  furnace. The molten z i n c  i s  c a s t  i n t o  27-kilogram 
s labs on an i n - l i n e  cas t i ng  machine. Some z inc  i s  cas t  i n t o  640- t o  1100- 
k i logram blocks i n  s t a t i o n a r y  molds (1).  

Cathode z inc  sheets from e l e c t r o l y t i c  p lan ts  a r e  d r ied ,  melted, and cas t  
i n t o  var ious forms of s lab  z inc.  A l l o y s  o f  z inc  a re  a l s o  prepared and cast .  
Depending on market condi t ions,  l e a d  and o the r  c o n s t i t u e n t s  may be added t o  a 
r e l a t i v e l y  h igh  grade o f  z inc  t o  make a s e l e c t  grade f o r  ga lvaniz ing.  Zinc 
dus t  i s  made a t  the  p lan ts  f o r  use i n  p u r i f i c a t i o n  o f  so lu t i ons .  

Because molten z inc  e x h i b i t s  a s t rong tendency t o  form dross, amnonium 
c h l o r i d e  f l u x  i s  usua l l y  added t o  t h e  m e l t i n g  furnace t o  r e t a r d  ox ida t i on  a t  
t h e  sur face and t o  c o l l e c t  any oxides formed. 
mel ted i n  a reverberatory  furnace w i t h  t h e  format ion o f  1 percent  o r  l ess  o f  
dross; e l e c t r o l y t i c  cathodes l o s e  6 t o  17 percent  under these circumstances, 
depending on the  presence o f  g lue, coba l t ,  and t h e  l i k e  i n  t h e  e l e c t r o l y t e  

2. 
a l l o y i n g  ma te r ia l s  t o  meet spec ia l  requirements. 

3 .  
Zinc must be heated above i t s  m e l t i n g  p o i n t  (42OOC) t o  fo rm l i q u i d  z inc.  

4. 
Heat requjrements are n o t  spec i f ied .  
molas r a p i d l y ,  bu t  u s u a l l y  does n o t  come i n t o  con tac t  w i t h  t h e  metal. 

5. 
t h e  me l t i ng  pots i n t o  t h e  atmosphere; q u a n t i t i e s  a re  n o t  given. 
h igh  o v e r a l l  me l t i ng  e f f i c i e n c y ,  dross i s  skimmed from t h e  me l t i ng  p o t  so 
t h a t  the  g lobules o f  metal may be separated from t h i n  ox ide  she l l s .  

Funct ion - The process invo lves  m e l t i n g  and cas t i ng  t h e  z inc  f rom an 
P y r o l y t i c  z inc  i s  

Recent p r a c t i c e  u t i l i z e s  i nduc t i on  heat ing,  poss ib l y  

Ord inary s l a b  z inc  can be 

(1 1. 
Inpu t  Ma te r ia l s  - Inputs  a r e  z inc ,  ammonium c h l o r i d e  f l u x ,  and var ious 

Operat ing Condit ions - M e l t i n g  and cas t i ng  are  a t  atmospheric pressure. 

U t i l i t i e s  - Gas- o r  o i l - f i r e d  m e l t i n g  pots are  used fo r  m e l t i n g  z inc.  
Water i s  used i n  some p l a n t s  t o  cool  the 

Q u a n t i t i e s  are n o t  spec i f ied.  

Waste Streams - Some z inc  oxides and c h l o r i d e  compounds are  emi t ted  by 
To achieve 

Cast ing coo l i ng  water genera l l y  conta ins suspended s o l i d s  and o i l  and 
greabe i n  the form of metal oxides, mold washes, and l u b r i c a n t s  f rom cas t ing  
equipment. 

The on ly  s o l i d  waste i s  t h e  dross produced i f  t h e  s l a b  z inc  i s  mel ted i n  
an e l e c t r o l y t i c  furnace. 

6. Contro l  Technology - Contro l  o f  atmospheric emissions i s  w i t h  scrubbers 
o r  f a b r i c  f i l t e r s .  Any processing t o  recover  t h e  z inc  values from t h e  cont ro l  
res idue must deal w i t h  i t s  c h l o r i d e  content .  
r e a c t i o n  i s  very  s e n s i t i v e  t o  t h e  de le te r i ous  e f f e c t s  o f  ch lo r i de .  

I n  e l e c t r o l y t i c  p l a n t s  the  
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The dross i s  treated by l iquat ion,  centrifugal separation of metal, 
f l u x i n g ,  e tc .  
purif icat ion or i t  MY be returned to  the melting pots. 

7. EPA Source Classif icat ion Code - None 

8. References - 

Recovered metal may be used t o  make zinc d u s t  for  e l ec t ro ly t i c  

1. Schlechten, A.W., and A. Paul Thompson. Zinc and Zinc Alloys. In: 
Kirk-Othmer. Encyclopedia of Chemical Technology. Interscience 
Division of John Wiley and Sons, Inc. New York. 1967. 
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PRIMARY Z INC PRODUCTION PROCESS NO. 16 

Cadmium Leaching 

1. 
f rom var ious cadmium-bearing dusts, fumes, and sludges from pr imary  z inc  
p lan ts ,  p r e c i p i t a t i n g  l ead  and o the r  i m p u r i t i e s  w i thou t  p r e c i p i t a t i n g  any o f  
t h e  d isso lved cadmium. There i s  no separate pr imary cadmium i n d u s t r y  i n  the  
Un i ted  States. Cadmium recovery processes use by-products o f  o the r  opera- 
t i ons ,  a l l  i n v o l v i n g  z inc,  i n  f o u r  major ca tegor ies  (1 ) :  

(1) Fumes and dusts f rom r o a s t i n g  and s i n t e r i n g  o f  z i n c  concentrates. 

(2) Recycled z inc  metal con ta in ing  cadmium. 

( 3 )  Dusts f r o m  smel t ing  o f  lead-z inc o r  copper- lead-zinc ores. 

(4) P u r i f i c a t i o n  sludge from e l e c t r o l y t i c  z inc  p lan ts .  

Funct ion - Leaching s e l e c t i v e l y  d isso lves  as much cadmium as poss ib le  

The f i r s t  and f o u r t h  o f  these categor ies a re  o f  concern here, s ince  they 
prov ide  t h e  i npu ts  t o  the  l each ing  process. The second category invo lves  
recyc led  z inc  metal ,  and i s  n o t  re levan t  here; cadmium-bearing dusts f rom 
lead  and copper smelt ing,  t h e  t h i r d  category above, a r e  sen t  d i r e c t l y  t o  
cadmium p u r i f i c a t i o n ,  Process No. 18. 

drawn o f f  as a fume t o  be recovered i n  ESP's. A f t e r  c o l l e c t i o n ,  the fumes 
and dusts a r e  leached w i t h  d i l u t e  s u l f u r i c  a c i d  and sodium c h l o r a t e  t o  ensure 
complete d i s s o l u t i o n  o f  cadmium su l f i de .  
f o l l o w i n g  reac t ion :  

Dur ing s i n t e r i n g ,  cadmium, lead, and t h a l l i u m  c h l o r i d e s  form and are 

Cadmium goes i n t o  s o l u t i o n  by the  

CdO + H2S04 + CdSOq + H20 

Sodium ch lo ra te  i s  a s t rong o x i d i z i n g  agent, added t o  p revent  reduc t ion  o f  
any s u l f u r  t o  s u l f i d e  and t o  prevent r e p r e c i p i t a t i o n  o f  cadmium o r  t h a l l i u m  
as su l f i des .  Cadmium and lead  a r e  converted t o  s u l f a t e s  and ch lo r ides .  
cadmium compounds remain i n  so lu t i on ,  b u t  l e a d  i s  almost completely converted 
t o  i nso lub le  lead s u l f a t e .  Th is  i s  f i l t e r e d  o u t  and sent  t o  l e a d  recovery 
together  w i t h  o the r  i n s o l u b l e  ma te r ia l s  such as quar tz  and s i l i c a t e s .  The 
lead  res idue may conta in  smal l  b u t  s i g n i f i c a n t  q u a n t i t i e s  o f  gold, s i l v e r ,  
and indium (2).  More s u l f u r i c  a c i d  i s  then added t o  t h e  s o l u t i o n  i n  order  t o  
b r i n g  t h e  concent ra t ion  up t o  10 percent and t o  r a i s e  t h e  temperature. 

Ins tead o f  a d i r e c t  leach w i t h  s u l f u r i c  ac id ,  i n  a t  l e a s t  one p l a n t  the 
dus t  i s  f i r s t  roasted and then water leached. The s i n t e r  fume i s  heat- 
t r e a t e d  i n  a four-hear th roas ter ,  which s e l e c t i v e l y  s u l f a t e s  t h e  cadmium and 
makes about 90 percent  o f  i t  water-soluble.  The water leach t h a t  fo l lows 
produces r e l a t i v e l y  pure cadmium so lu t i ons  conta in ing  about 40 grams per  
l i t e r  cadmium and 10 grams p e r  l i t e r  z inc.  Add i t i on  o f  sodium bichromate t o  
t h i s  s o l u t i o n  removes about 90 percent o f  the  so lub le  lead. The res idua l  
s o l i d s  a re  batch t r e a t e d  w i t h  scrubber l i q u o r  and concentrated a c i d  ( 3 ) .  

The 
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Another element i n  t h e  f l u e  dusts  f rom r o a s t i n g  and s i n t e r i n g  t h a t  i s  
economical ly recoverable i s  t ha l l i um;  t h i s  process ing i s  n o t  done a t  pr imary 
z i n c  smelters. 
t h a l l i u m  ( 4 ) .  

z i n c  processing. I n  the p u r i f i c a t i o n  stage, bo th  copper and cadmium a r e  
e l im ina ted  f r o m  s o l u t i o n  by t r e a t i n g  t h e  e l e c t r o l y t e  w i t h  powdered z inc.  
Genera l ly  t h i s  i s  done i n  stages making poss ib le  rough separat ions such as 
high-copper and high-cadmium p r e c i p i t a t e s .  Copper s u l f a t e  and arsen ic  tri- 
ox ide  may be added du r ing  these stages. The cadmium p r e c i p i t a t e  i s  h igh  i n  
z i n c  and conta ins v i r t u a l l y  a l l  t h e  cadmium o r i g i n a l l y  present  i n  t h e  e lec -  
t r o l y t e .  Th is  p u r i f i c a t i o n  s ludge c o n s t i t u t e s  t h e  raw mate r ia l  f o r  t h e  
cadmium p lan t .  
o r  on a steaming p la t fo rm.  The ac id -so lub le  cadmium i s  leached o u t  by s u l -  
f u r i c  a c i d  and spent e l e c t r o l y t e .  
f o l l ow .  

One r e f i n e r  i n  Colorado i s  t h e  s o l e  domestic producer o f  

Another source o f  high-cadmium res idues  f o r  leach ing  i s  e l e c t r o l y t i c  

I t  i s  ox id ized,  e i t h e r  by  a l l o w i n g  i t  t o  stand exposed t o  a i r  

F i l t r a t i o n  t o  remove i n s o l u b l e  copper may 

2. I n p u t  Ma te r ia l s  - The fumes and dusts  f rom r o a s t i n g  and s i n t e r i n g  
processes and t h e  p u r i f i c a t i o n  s ludge f rom e l e c t r o l y t i c  p l a n t s  a r e  the  
pr imary i w u t s  t o  leaching. Copper s u l f a t e  and arsen ic  t r i o x i d e  may be added 
d u r i n g  pre leach ing  p u r i f i c a t i o n  stages. D i l u t e  s u l f u r i c  a c i d  and/or spent 
e l e c t r o l y t e  a re  t h e  leaching agents. 
l i t e r  s u l f u r i c  a c i d  and 65 grams p e r  l i t e r  z inc.  Sodium c h l o r a t e  i s  added t o  
serve as an o x i d i z i n g  agent, and i n  some p l a n t s  water i s  used t o  leach the  
fumes and dusts. The res idua l  s o l i d s  from water  leach ing  are  ba tch- t rea ted  
wi th  scrubber l i q u o r  bo l s te red  w i t h  concentrated ac id.  Sodium bichromate may 
be added t o  remove so lub le  lead; one p l a n t  repo r ted  us ing  7.5 grams per  
k i logram of cadmium product. 
cadmium produced a r e  added (3). 

3. 
pressure. 
s u l f u r i c  a c i d  (1).  

4. U t i l i t i e s  - E l e c t r i c i t y  i n  unspec i f i ed  q u a n t i t i e s  i s  used t o  pump 
l i q u i d s .  The water leaching process requ i res  1.3 cubic  meters o f  n a t u r a l  gas 
p e r  k i logram of cadmium product t o  r o a s t  the  dust, f o l l owed  by t h e  a d d i t i o n  
of  an unspeci f ied q u a n t i t y  o f  water  (3). 

5. Waste Streams - No data were found on t h e  q u a n t i t i e s  o f  res idua ls  from 
a c i d  leaching, b u t  they are  probably  very  small. 
res idue a t  one p l a n t  i s  32 percent  lead, 8 percent  z inc,  0.7 percent  cadmium, 
0.13 percent indium, 0.45 percent  arsenic ,  0.30 percent  copper, 0.23 percent  
s i l v e r ,  and 4 grams per  m e t r i c  t o n  gold. The res idue may a l s o  con ta in  o the r  
i nso lub les  such as quar tz  and s i l i c a t e s  (3).  
p u r i f i c a t i o n  and leacning. An exhaust gas temperature o f  6OoC from leach ing  
was repor ted a t  one e l e c t r o l y t i c  p lan t ,  which a l s o  repor ted  exhaust gases 
from pre leaching p u r i f i c a t i o n  stages rang ing  f rom 60 t o  90°C (3 ) .  

The e l e c t r o l y t e  conta ins  200 grams per  

S i x t y - f i v e  grams o f  c a u s t i c  p e r  k i logram o f  
Quan t i t i es  f o r  o t h e r  i npu ts  a r e  no t  spec i f i ed  

Operat ing Condi t ions - Cadmium leach ing  takes p lace  a t  atmospheric 
A temperature o f  8OoC i s  reached a f t e r  the  f i n a l  a d d i t i o n  o f  

Typ ica l  ana lys i s  o f  t h i s  

Water vapor i s  re leased from 
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6. 
a long w i t h  o ther  inso lub les.  
h igh  i n  lead content  and are sent t o  a l ead  recovery p lant .  

Control Technology - Lead s u l f a t e  i s  f i l t e r e d  ou t  from the s o l u t i o n  
A l l  residues are recycled. They are t y p i c a l l y  

7. EPA C l a s s i f i c a t i o n  Code - None 

8. References - 
1. Calspan Corporation. Assessment o f  I n d u s t r i a l  Waste Pract ices i n  

the Metal Smelting and Ref in ing  Indus t ry  - Volume 11, Primary and 
Secondary Nonferrous Smelting and Ref in ing.  Dra f t .  A p r i l  1975. 

2. Howe, H.E. Cadmium and Cadmium Al loys.  I n :  Kirk-Othmer. Ency- 
c lopedia o f  Chemical Technology. 
Wiley and Sons, Inc.  New York. 1967. 

3. B a t t e l l e  Columbus Laboratories. Development Document f o r  I n t e r i m  
F ina l  E f f l u e n t  L im i ta t i ons  Guidel ines and Proposed New Source 
Performance Standards f o r  t he  Zinc Segment o f  t he  Nonferrous Metals 
Manufacturing Po in t  Source Category. EPA-68-01-1518. Draf t  data. 

Bureau o f  Mines. Washington, D.C. 1977. 
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4. Comnodity Data Summaries 1977. U.S. Department o f  I n t e r i o r ,  
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PRIMARY Z INC PRODUCTION PROCESS NO. 17 

Cadmium P r e c i p i t a t i o n  

1. Funct ion - The purpose o f  p r e c i p i t a t i o n  i s  t o  t r e a t  the  cadmium-zinc 
s u l f a t e i o n  f r o m  t h e  leach ing  process w i t h  z i n c  dus t  t o  p r e c i p i t a t e  
cadmium as a m e t a l l i c  sponge and then t o  separate i t  from most o f  t h e  z i n c  
dus t  wh i l e  the  s o l u t i o n  i s  ag i ta ted .  To avo id  excess z inc  contaminat ion,  
u s u a l l y  on l y  90 t o  95 percent  o f  t h e  cadmium i n  s o l u t i o n  i s  p r e c i p i t a t e d .  
The i n i t i a l  cementation w i t h  z inc  dus t  may r e s u l t  i n  a l i q u o r  con ta in ing  a 
res idua l  0.2 gram per  l i t e r  o f  cadmium and 30 t o  40 grams p e r  l i t e r  o f  z inc .  
To fu r the r  decrease o v e r a l l  cadmium discharge, t h e  s t r i p p e d  l i q u o r  i s  heated 
t o  40°C and recemented w i t h  1.6 t imes t h e  s t o i c h i o m e t r i c  amount o f  z inc  t o  
reduce the  l i q u o r  t o  0.04 gram per  l i t e r  o f  cadmium and 30 t o  40 grams p e r  
l i t e r  o f  z inc  (1 ) .  

cadmium, 30 percent moisture,  and smal l  amounts o f  l ead  and z i n c  (2). 
steam d r i e d  o r  dewatered i n  a cen t r i f uge .  The s o l u t i o n  f rom f i l t r a t i o n ,  
con ta in ing  p r a c t i c a l l y  a l l  o f  the  z i n c  added and about 10 percent  o f  t h e  
cadmium as ch lo r i des  and su l fa tes ,  i s  re tu rned t o  t h e  s i n t e r i n g  operat ion.  

f i l t e r e d  t o  remove i n s o l u b l e  copper in t roduced from t h e  e l e c t r o l y t e .  
f i l t r a t e  i s  then p r e c i p i t a t e d  w i t h  z i n c  dust i n  two o r  t h r e e  stages t o  mini-  
mize z inc  concent ra t ion  i n  t h e  cadmium sponge. 
added i n  one o f  these stages. The sponge w i l l  con ta in  about 80 percent  
cadmium and l e s s  than 5 percent  z inc .  Because t h e  e l e c t r o l y s i s  s tep t h a t  
f o l l ows  i s  no t  h i g h l y  s e n s i t i v e  t o  t h e  presence o f  impur i t i es ,  t h e  p u r i f i c a -  
t i o n  step w i t h  z inc  dus t  i s  u s u a l l y  adequate. I f f u r t h e r  p u r i f i c a t i o n  i s  
des i rab le,  c o b a l t  may be p r e c i p i t a t e d  w i t h  n i t roso-2-naphthol  o r  potassium 
xanthate, and t h a l l i u m  p r e c i p i t a t e d  w i t h  potassium chromate o r  dichromate. 
The sponge i s  then ox id i zed  again by steam d r y i n g  t o  enhance t h e  s o l u b i l i t y  
o f  cadmium and i s  leached i n  spent e l e c t r o l y t e  and f i l t e r e d .  The f i l t r a t e  
conta ins about 200 grams p e r  l i t e r  o f  cadmium as s u l f a t e  and i s  ready f o r  
i n t r o d u c t i o n  i n t o  the  e l e c t r o l y t i c  c e l l s  (1). 

2. I npu t  Ma te r ia l s  - The cadmium-zinc s u l f a t e  s o l u t i o n  f rom leach ing  and 
z i n c  dust  are the  p r i n c i p a l  i n p u t s  t o  p r e c i p i t a t i o n .  
be added du r ing  p u r i f i c a t i o n  i n  e l e c t r o l y t i c  processing, 
removed by the a d d i t i o n  o f  n i t roso-2-naphthol ,  potassium xanthate, and 
potassium chromate o r  dichromate. 
f i e d .  

The cadmium sponge i s  then f i l t e r - p r e s s e d .  It conta ins about 69 percent  
It i s  

For  cadmium product ion a t  e l e c t r o l y t i c  p lan ts ,  the  leach l i q u o r  i s  f i r s t  
The 

Stront ium carbonate may be 

St ron t ium carbonate may 

Q u a n t i t i e s  f o r  these inpu ts  a r e  n o t  speci-  

I m p u r i t i e s  may be 

3. 
Temperatures range from ambient t o  4OoC (1). 

Operating Condit ions - P r e c i p i t a t i o n  takes p lace a t  atmospheric pressure. 

4. 
i s  used t o  heat the s t r i pped  l i q u o r .  

U t i l i t i e s  - E l e c t r i c i t y  i s  used t o  pump l i q u i d s ,  and n a t u r a l  gas o r  o i l  
Q u a n t i t i e s  a re  n o t  c i t e d .  

5. 
p r e c i p i t a t i o n  operat ions a t  temperatures ranging from 45 

Waste Streams - Water vapor i s  re leased f rom both  p u r i f i c a t i o n  and 
t o  6OOC. 
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The f i l t r a t i o n  s o l u t i o n  f r o m  t h i s  process conta ins almost a l l  o f  the  
z i n c  added as w e l l  as about 10 percent of t h e  cadmium as c h l o r i d e s  and 
s u l f a t e s  (2). The p u r i f i c a t i o n  p r e c i p i t a t e s  may conta in  arsenic  and mercury, 
bo th  of which a r e  r e l a t i v e l y  low i n  concent ra t ion  i n  ores and concentrates. 
One p l a n t  repor ted t h a t  a mater ia ls  balance es tab l i shed 8 ppm mercury and 
23,000 ppm arsen ic  i n  an i r o n  p r e c i p i t a t e  f rom t h e  cadmium process, the  o n l y  
p lace where s i g n i f i c a n t  concentrat ions were found (3). 

6. 
f i l t r a t i o n  s o l u t i o n  can be p r e c i p i t a t e d  by l ime treatment. 
t h a t  f r e s h l y  p r e c i p i t a t e d  cadmium hydroxide leaves approximately 1 m i l l i g r a m  
p e r  l i t e r  o f  cadmium i n  s o l u t i o n  a t  pH 8; t h i s  i s  reduced t o  0.1 m i l l i g r a m  
per  l i t e r  a t  pH 10. 
shown a t  pH 11 (2). 
b e n e f i c i a l  f o r  removal o f  cadmium d u r i n g  l i m e  p r e c i p i t a t i o n .  The r e s u l t a n t  
l i g h t  s l u r r y  goes t o  s e t t l i n g  ponds, where t h e  s o l i d s  can be r e t a i n e d  f o r  
recyc l ing .  A t  one p l a n t  the  s l u r r y  i s  mixed w i t h  t h e  n e u t r a l i z e d  r o a s t e r  
scrubber l i q u o r  before being sent t o  a ser ies  of s e t t l i n g  ponds. 

Contro l  Technology - Much o f  t h e  r e s i d u a l  z i n c  and cadmium i n  the  
It has been shown 

Even lower values o f  0.002 m i l l i g r a m  p e r  l i t e r  have been 
Evidence has been presented t h a t  h i g h  l e v e l s  o f  i r o n  are 

7. EPA Source C l a s s i f i c a t i o n  Code - None 
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1 

PRIMARY ZINC PRODUCTION 

Cadmium P u r i f i c a t i o n  and C a s t i n g  

PROCESS NO. 18 

1.. Funct ion - The p u r i f i c a t i o n  and c a s t i n g  s tep  p u r i f i e s  t h e  cadmium 
sponge by me l t i ng  i t  w i t h  a c a u s t i c  f l u x ,  w i t h  d i s t i l l a t i o n  and perhaps 
r e d i s t i l l a t i o n ,  o r  by r e d i s s o l v i n g  t h e  sponge w i t h  s u l f u r i c  a c i d  and c o l l e c t -  
i n g  t h e  cadmium by e l e c t r o l y s i s .  

I n  py rometa l l u rg i ca l  processing, t h e  d r i e d  cadmium sponge i s  f i r s t  mixed 
w i t h  coal  o r  coke and l ime. It i s  then t r a n s f e r r e d  t o  a convent ional  h o r i -  
zonta l - type r e t o r t ,  where t h e  cadmium i s  reduced and c o l l e c t e d  as mol ten 
metal i n  a condenser. Occasional ly,  f o r  u l t r a - p u r i t y ,  the  metal  i s  d i s t i l l e d  
i n  graph i te  r e t o r t s .  
c h l o r i d e  o r  sodium dichromate. The metal  may then be c a s t  i n t o  a marketable 
form o r  f u r t h e r  p u r i f i e d  by r e d i s t i l l a t i o n .  Typ ica l  i m p u r i t i e s  i n  t h e  pro-  
duct  cadmium a r e  0.01 percent  z inc ,  0.003 percent  copper, 0.015 percent  lead, 
l ess  than 0.001 percent  t ha l l i um,  l e s s  than 0.0005 percent  t in ,  and l e s s  than 
0.001 percent antimony (1). Cadmium recovery has been repo r ted  as 94 percent  
from the  feed t o  t h e  leach p l a n t  and 67 percent  f rom t h e  z i n c  concentrates.  

s i m i l a r  t o  z inc  c e l l s .  
( re tu rn ,  e l e c t r o l y t e ) .  The anodes a r e  lead. The cathodes o f  cadmium a r e  97 
percent  pure and represent  90 t o  95 percent  t o t a l  recovery o f  cadmium from 
ore  t o  metal. 
cadmium sponge. The s t r i p p e d  cathode metal i s  washed, dr ied,  and mel ted 
under a f l ux ,  such as c a u s t i c  o r  ros in ,  and c a s t  i n t o  var ious  shapes. To ta l  
dep le t ion  of cadmium from the  s o l u t i o n  i s  n o t  c a r r i e d  out .  When t h e  r a t i o  of 
t h e  t h a l l i u m  t o  cadmium s u l f a t e  i n  t h e  e l e c t r o l y t e  reaches l : l O ,  t h e  cadmium 
cathodes must be removed and rep laced w i t h  new i n s o l u b l e  cathodes. 
u ing  e l e c t r o l y s i s  depos i ts  an a l l o y  con ta in ing  5 t o  20 percent  t ha l l i um.  
These cathodes a r e  then leached w i t h  steam and water  t o  separate t h a l l i u m  
i n t o  the  f i l t r a t e ,  l e a v i n g  cadmium as a residue. Small amounts o f  cadmium i n  
s o l u t i o n  are p r e c i p i t a t e d  with sodium bicarbonate.  Tha l l i um i s  p r e c i p i t a t e d  
w i t h  hydrogen s u l f i d e ,  then d isso lved i n  s u l f u r i c  acid.  
t i o n  can be e l e c t r o l y z e d  f o r  recovery of pure sponge t h a l l i u m .  The sponge i s  
washed, pressed i n t o  blocks,  melted, and cast.  

Processing o f  concentrated l ead  smel ter  baghouse dus t  i n  an e l e c t r o l y t i c  
cadmium p l a n t  i s  s i m i l a r  t o  processing of cadmium sponge. Since t h e  dus t  i s  
genera l l y  h igher  i n  i m p u r i t i e s  than t h e  sponge, some a d d i t i o n a l  p u r i f i c a t i o n  
i s  necessary. 
paste, then ca l c ined  t o  a s u l f a t e d  cake which i s  crushed and a g i t a t e d  w i t h  
spent e l e c t r o l y t e .  M i l k  of l i m e  may be added t o  n e u t r a l i z e  t h e  so lu t i on ,  and 
sodium s u l f i d e  o r  impure cadmium s u l f i d e  i s  added t o  p r e c i p i t a t e  copper and 
o the r  metal i m p u r i t i e s .  A f t e r  f i l t r a t i o n  t o  remove a l ead  cake, an agent 
such as sodium c h l o r a t e  ox id i zes  the  i r o n  and l i m e  p r e c i p i t a t e s  i r o n  and 
arsenic.  Heat ing ensures complete p r e c i p i t a t i o n .  P r e c i p i t a t e d  t h a l  1 i um 
chromate or dichromate i s  f i l t e r e d  o f f  a f t e r  t h e  a d d i t i o n  o f  a so lub le  
chromate o r  dichromate. 
s u l f i d e  and p r e c i p i t a t e d  by n e u t r a l i z i n g  w i t h  caus t ic .  

Tha l l i um i s  removed by  t reatment  w i t h  z i n c  a m n i u m  

E l e c t r o l y t i c  process ing o f  cadmium i s  c a r r i e d  o u t  i n  banks o f  c e l l s  
The sponge i s  f i r s t  d i sso l ved  i n  d i l u t e  s u l f u r i c  a c i d  

Recovery i n  t h e  e l e c t r o l y t i c  s tep  i s  96 percent  f rom t h e  

Cont in-  

This  s u l f a t e  so lu-  

The dus t  i s  mixed w i t h  s u l f u r i c  a c i d  and water t o  forin a 

Excess chromate remaining may be reduced by sodium 
The f i l t e r e d  s o l u t i o n  
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i s  fed t o  the  e l e c t r o l y t i c  p lan t .  
s i l i c o n  are  used as anodes ins tead  o f  lead. The f i n i s h e d  cathodes a r e  
melted and cas t  (2).  

2. I npu t  Ma te r ia l s  - Cadmium sponge from p r e c i p i t a t i o n  o r  l ead  smel ter  
baghouse dust  a re  the  p r i n c i p a l  i n p u t s  t o  p u r i f i c a t i o n  and cast ing.  I n  
pyrometa l lu rg ica l  processing, coa l  o r  coke and l i m e  o r  sodium hydrox ide are  
added, and z inc  ammonium c h l o r i d e  o r  sodium dichromate i s  used t o  remove 
tha l l ium.  One p l a n t  repor ted  us ing  65 grams o f  c a u s t i c  per  k i logram o f  
cadmium. I n  e l e c t r o l y t i c  processing, d i l u t e  s u l f u r i c  a c i d  o r  r e t u r n  e lec-  
t r o l y t e ,  a f l u x  such as c a u s t i c  o r  ros in ,  water, sodium bicarbonate,  and 
hydrogen s u l f i d e  are  t h e  inputs .  The c e l l  feed may run  100 t o  200 grams 
cadmium, 30 t o  80 grams zinc, and 70 t o  80 grams s u l f u r i c  a c i d  per  l i t e r  (1). 
Processing o f  l ead  smel ter  baghouse dus t  may e n t a i l  a d d i t i o n  o f  s u l f u r i c  
ac id ,  water, m i l k  o f  l ime,  sodium s u l f i d e  o r  cadmium s u l f i d e ,  sodium ch lo ra te ,  
a so lub le  chromate o r  dichromate, and a caus t ic ,  added a t  d i f f e r e n t  stages. 
Q u a n t i t i e s  a re  n o t  spec i f ied  f o r  any o f  these inputs .  

3. Operat ing Condi t ions - Cadmium r e t o r t i n g  furnaces a r e  n o t  pressur ized. 
Operat ing temperatures o f  455OC have been repor ted  f o r  the  gas me l t i ng  and 
amnonium c h l o r i d e  stages, and 790' t o  910'C i n  the  furnace i t s e l f .  
s i s  a lso  takes p lace a t  atmospheric pressure, w i t h  t h e  temperature h e l d  a t  
about 30°C (1). 

4. 
cadmium product. A i r  i s  brought i n t o  the  furnace. S p e c i f i c  q u a n t i t i e s  were 
n o t  found. 
amperes per  square meter (2) .  

Where c h l o r i n e  i s  present,  i r o n s  h igh  i n  

E lec t ro l y -  

U t i l i t i e s  - E l e c t r i c i t y ,  o i l ,  o r  na tu ra l  gas i s  used f o r  m e l t i n g  the  

I n  e l e c t r o l y s i s ,  c u r r e n t  dens i t y  may range f rom 140 t o  360 

5. 
process. 
c h l o r i d e  from f l u x i n g  and 108 k i lograms per  hour o f  cadmium from t h e  r e t o r t i n g  
furnace (1) .  

Waste Streams - P a r t i c u l a t e s  a r e  released a t  several  stages i n  the  
One p l a n t  repor ted  t h e  re lease o f  20 ki lograms p e r  hour o f  amnonium 

Residues from r e t o r t i n g  furnaces conta in  1.5 t o  6.0 percent  cadmium, 
together  w i t h  vary ing  amounts o f  z i n c  and lead. 
i nc lude  i ron ,  arsenic ,  indium, mercury, and copper (2).  Tha l l i um i s  n o t  
regarded as a ser ious i m p u r i t y  s ince  i t  i s  removed du r ing  processing. A 
sample o f  a cadmium f i l t e r  cake res idue  was obta ined f rom one e l e c t r o l y t i c  
p lan t .  A f t e r  cadmium had been recovered from t h e  f l u e  dust,  t h i s  waste 
amounted t o  514 ki lograms per  day. Analys is  was as f o l l o w s :  cadmium - 280 
ppm, chromium - 24 ppm, copper - 1150 ppm, l ead  - 21,5 percent,  z inc  - 3.9 
ipercent,  and t h a l l i u m  - 40 ppm. 
per  me t r i c  t on  o f  z inc  product (3) .  

6. 
systems. 
s i n t e r i n g  operat ion.  
t r a n s f e r r e d  t o  un l ined ponds f o r  l i m i n g  and s e t t l i n g .  
t h e  lagoons i s  s to red  on t h e  ground f o r  v a r i a b l e  per iods o f  t ime before 
shipment t o  lead smelters. 
t r e a t  s o i l  areas where dredged sludges are stored. 

F i l t e r  cakes may a l s o  

The f i l t e r  cake amounts t o  1.8 k i logram 

Contro l  Technology - P a r t i c u l a t e s  can be c o n t r o l l e d  w i t h  f a b r i c  f i l t e r  
The f i l t e r  cake der ived  f rom p u r i f i c a t i o n  i s  re tu rned  t o  the  

I n  some cases i t  i s  disposed o f  by open dumping o r  
Sludge dredged from 

No p l a n t s  are known t o  use l i n e d  lagoons o r  t o  
I n  e l e c t r o l y t i c  pro-  
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cessing, the spent e lec t ro ly te  i s  returned t o  various leaching stages i n  the 
c i r c u i t .  In some cases the e l e c t r o l y t i c  cadmium process cycle i s  completely 
closed with no discharge. 
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