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This invention relates broadly to the removal 
of lead from metallurgical products containing 
zinc and lead principally in the form of oxides in 
which the lead is an objectionable impurity. 
More particularly, the invention relates to the re- 5 
moval of lead from zinc oxide fume products con 
taining several per cent of lead. The invention 
aims to provide certain improvements in the re 
moval of lead from such products. 
The invention is particularly applicable to the 10 

deleading of the zinc oxide fume which is obtained 
by blowing lead blast, furnace slag with air and 
powdered coal in a slag treating furnace. The 
fume of this operation is composed largely of zinc 
oxide and contains several percent of lead oxide, 15 
a typical fume having an average analysis of 65% 
Zn and 9% Pb. This fume has heretofore been 
deleaded by passing it through a brick-lined ro 
tary kiln, 72 feet long and 7 feet in diameter, 
mounted at a slight inclination and heated by 20 
combustion gas applied at the discharge end of 
the kiln to a temperature as high as 2400" F. in 
the hottest zone. The fume takes about‘ 45 to 
55 minutes to pass from the upper or feed end 
of the kiln to the lower or discharge end, during 25 
which period it is turned over and over by the ro 
tationof the kiln (one revolution in about one 
minute), and is continuously submittedto tem 
peratures varying from 1000 to 1200° F. at the feed 
end to about 2350 to 2400 F“. near the discharge 30 
end, depending upon the type of operation. In 
this treatment of the fume, most of the lead 
oxide is volatilized without the volatilization of 
much zinc oxide, and the volatilized lead oxide to 
gether with the hot gases from the kiln pass 35 
through long, cooling fines and then through a 
baghouse where the lead oxide fume is caught. 
This so-called “lead” fume has an analysis of 
about 50% Pb and 10% Zn. The high maximum 
temperature (2350“ F. or higher) required in this 40 
operation causes rapid deterioration of the brick 
lining in the kiln, thus frequently interrupting 
the operation and increasing the cost because of 
the frequent repairs to the lining. Moreover, 
when treating capacity tonnages, only fair lead 45 
elimination is obtained. 
' More recently, it has been found that the ad 
dition to the fume of a small amount of crude so 
dium chloride (common salt) is bene?cial in the 
aforementioned rotary kiln operation. Thus, 50 
about 2% of salt mixed with the fume aids the 
removal of lead by its chemical, and perhaps. cat 
alytic, action. The bene?ts resulting from this use 
of salt are (1) better deleading of larger tonnages 
of fume, and (2) lower repair costs and more con- 55 

2 . , . 

tinuous operation due to lower maximum kiln 
temperatures (about 2250 ‘to 2300° F. with salt 
instead of 2350° F. when treating fume alone). 
However, the use of salt gives rise to two serious 
objections, namely (1) the destructive corrosive 
effect of chlorine in the resulting “lead” fume on 
lines and baghouse collecting bags (wool), and 
(2) very undesirable, accumulative effects in the 
lead plant where the lead chloride fume is sub 
sequently treated. - ' , 

The present invention particularly contem 
plates an improvement upon these heretofore 
known practices of deleading» crude zinc oxide 
fume. I have discovered that the addition vof a 
small amount of. coke to the fume promotes vola 
tilization of the lead contentof the product, and 
under properly controlled conditions makes pos 
sible a selective removal from the fume of a large 
proportion of the lead. Based on this discovery, . 
the present invention involves mixing the fume, 
or other similar metallurgical product containing 
oxides of zinc and lead, with a carefully controlled 
amount of coke, and passing the mixture through 
a heating zone having a temperature gradient 
from the entrance to the discharge points of about 

__ 1000" F. .to 2000‘ F. The rotary kiln hereinbe 
fore mentioned‘ is admirably adapted. to provide 
the heating ‘zone-and‘ to this-end may :be heated 
by the combustion of natural gas-or equivalent 
fuel applied to the discharge end oftgthe kiln-. 
The maximum kiln temperature-(near the dis-_ 

' charge end) is-at least 2000‘? F. and preferably 
about 2300“ 'F. and the temperature of the feed 
end of the kiln is from 1000 to 1200° F. Thus, 
from the feed end to the discharge end of the kiln 
the temperature progressively increases, and lead 
oxide is selectively reduced by the coke before 
the charge reaches a temperature su?iciently high 
to reduce zinc oxide. The coke ‘in the charge is. 
thus utilized in large part in reducing lead oxide, 
and by the time the charge reaches a temperature 
su?iciently high to reduce zinc oxide the uncon 
sumed coke is insufficient to reduce an objec-. 
t'ionable or uneconomic amount of zinc oxide.» 
The amount ofcoke admixed with .the'fume 

(or the like) is more or less critical. ‘It should 
‘be in excess of the amount required to reduce 
all of the lead oxide to metallic’lead but very sub-A 
stantially less than required to reduce the zinc 
oxide to metallic zinc. Since the fume or similar: 
product contains several times as muchzincas 
lead, .an_ amount of coke aboutdouble that-re-v 
quired to reduce all of the lead oxide to metallic 
leadvis', roughly speaking, satisfactory. Thus, the 
amount of coke admixed with the fume may be 
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from 0.1 to 0.2 (and preferably about 0.12) pound 
for each percent of lead in 100 pounds of the fume. 
Too much coke results in volatilization of a con 
siderable amount of zinc, thus lowering the grade 
of the “lead” fume with a corresponding loss of 
zinc and lowering of the grade of the deleaded 
fume. With fumes and similar products con 

01 

taining from about 8 to about 20% of lead, from’ I 
1 to 4% by weight of coke ordinarily give good 
results in the practice of the invention‘. 10 
Fume products are inherently ?nely divided, in ‘ 

fact powdery, and need no preliminary ‘condi'i 
tioning. 
may perhaps need to be ground or comminut'ed, 
since the materials constituting the- charge to the 

Other similar metallurgical products ,' 

rotary kiln, or equivalent heating means, should , 
be in a ?nely divided state. The coke should be, 
ground, coke breeze of minus 14 inch size being 
well adapted for the purpose. 
Whileia rotary kiln is a particularly vadvanta 

ge'ous type of apparatus ‘for providingthe char 
acteristic ‘temperature gradient or the invention, 
any other appropriate means for heating-the-mix 
ture of fume (or similar product) and vcontroll‘elad 
amount of’ coke to a temperature progressively 
increasing from about 1000° F, to at least 2000° 
F. may be utilized. The temperature gradient is 
correlated to the vtime» of passage of the charge 
therethrough to effect the reduction of substan 
tially all of the lead. oxide before ‘the charge is 
heated-to a temperature at which zinc oxide is 
easily reduced by coke. Generally ‘speaking, a 
time interval bf fromv 30‘ to 60 minutes for the 
passage of the charge through the temperature 
gradient is satisfactory. _ 
In practicing the invention in an inclined 

brick-lined rotary kiln so operated that the 
charge passes therethrough in 45 to 55 minutes, 
the mixture of vfume and coke enters the feed 
end of the kiln cold, and is graduallyv heated as 
it advances through the kiln to temperatures 
progressively increasing from about 1000° C. to 
at least 2000“ F. Lead oxide is readily reduced to 
metallic lead» by coke at‘ temperatures starting at 
about 1000°‘ F., while zinc; oxide is less easily re 
duced by coke at temperatures starting at about 
1800-1850° F. Thus‘, the lead oxide is, reduced by 
the ‘coke as the charge progresses through the 
zone of‘ lower temperatures and ‘beifor'e a su'iii-v 
ciently high temperature is reached to reduce 
zinc oxide. Because of the limited amount 'of 
coke used, most of this reducing agent (coke) is 
consumed in the reduction of lead oxide to lead 
and, very little coke remains for subsequent, re 
duction of'zinc oxide when the charge has pro 
gresed through the kiln to the ‘zone of higher 
temperatures. Thus, there is a marked ‘selective 
reduction of lead oxide. The atmosphere within 
the kiln is approximately neutral, theamount of 
air introduced being only such as to furnish 
sumcient oxygen for combustion of the heating 
fuel‘ and to leave about 1 to 2% of excess oxygen. 
in the gases passing from the kiln. In this at 
mosphere, however, the lead again is promptly 
oxidized to lead oxide and is withdrawn‘ from the 
kiln along with the gaseous products of the op 
eration. The resulting “lead” fume is collected 
in a bag-house in the heretofore customary 
manner. _ _ 

Precautions should be taken in feeding aro 
tary kiln to prevent dusting. The ‘mixture of 
fume and cokemay advantageously be fed to the 
kiln through a water-cooled screw conveyor so 
that the charge has the lowest possible drop from 
the bottom of the conveyor onto the lining of the 
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4 
kiln. The ?ue draft at the gas outlet of the kiln 
is held as low as possible in order to prevent 
excessive dusting, 
In an actual practice of the invention for de 

leading a zinc-lead fume obtained from blowing 
a lead blast furnace slag with air and powdered 
coal, carefully measured amounts of coke breeze 
were thoroughly mixed with the fume by throw 
ing the coke over the surface of the fume in the 
bag-h'ousepits, after which the mixture was car 
ried by pneumatic conveyor to the feed hopper 
at the kiln. The fume analyzed 65% zinc and 9% 
lead. ialrpound‘s or coke breeze (minus 14" size) 
were mixed'wit'h every 100 pounds of fume. The 
kiln was72 feetlong and 7 feet in diameter, and 
"made one revolution per minute. The kiln was 
?red by natural gas to a maximum temperature 
of (2300" F. near the discharge end, and the tem 
perature at the feed end was about 1000° F. The 
deleaded zinc fume produced in this operation 
contained 0.5 to 1% lead and about 77% zinc, 
The “lead” fume produced in the operation con 
taihed about 50% lead and 10% zinc. 
The cost ‘of coke used in the practice of the 

invention is ‘considerably less than the cost of 
common salt used in the heretofore described pro 
cedure of the prior art. Moreover, the invention 
enables the production ‘of a considerably higher 
grade of deleaded zinc fume than can be produced 
with‘ salt (77% Zn with coke compared to 74% 
Zn with salt). The kiln temperatures necessary 
in the practice of the invention are not unduly 
detrimental to the brick lining, and the coke 
causes no corrosive action of the lining and im 
parts he undesirable properties to the “lead” 
fume.v 

I claim: _ 
1'. The improvement in removing lead from a 

metallurgical product containing zinc and lead 
principally in the form of oxides with the amount 
of zinc several times the amount of-lead, which‘ 
comprises mixing said product with coke in 
amount about double that required to reduce all 
of the lead oxide in the product to metallic lead. 
and heating the resulting mixture at a tempera 
ture progressively increasing from about 1000° F. 
to at least 2000° 'F. by‘ burning heating fuel in 
contact with it, in the course of‘which lead oxide 
content of the product is reduced to metallic 
lead which vol'atilizes and ‘separates from the 
zinc oxide, said heating being conducted in an 
atmosphere containing only a very small amount 
of oxygen in excess of that necessary to e?ect 
substantially complete combustion of the heating 
fuel, ‘said excess of oxygen being su?icient to re 
oxidize the volatilized lead, and removing said, 
reoxidi‘zed lead from the heating zone along with 
the products of combustion discharged there 
from, 

2. Theimprovement in removing lead from a 
metallurgical product containing zinc and lead‘ 
principally in the form of oxides with the amount 
of zinc several times the amount of the lead; 
which comprises mixing saidproduct with coke‘ 
in amount about double that required to reduce 
all of the lead oxide in the product to metallic 
lead, and heating the resulting mixture at a 
temperature ‘progressively increasing from about‘ 
1000° F. to at least 2000° in the course of 
which the lead oxide content of the product is 
reduced to metallic lead which volatilizes and 
separates 'from the ‘zinc oxide, said heating tak-' 
ing place while said mixture is being contacted 
with a flowing gaseous stream containing only a 
slight amount of free oxygen, but suiiicient to re 
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oxidize the volati-lized lead, and removing said: 
reoxidized lead from the heating zone while sus-v 
pended in said gaseous stream. 

3. The improvement in removing lead from a 
metallurgical product as set forth in claim 1 in 
which the metallurgical product is zinc oxide 
fume containing several percent of lead, and the 
heating takes place in a rotary kiln. 

4. The improvement vin removing lead from a. 
metallurgical product as set forth in claim 2 in; 
which the metallurgical product is zinc oxide 
fume containing several percent of lead, and the 
amount of coke is very substantially less than 
that required to reduce the zinc oxide. 

5. The improvement in removing lead from a 
metallurgical product containing zinc and lead 
principally in the form of oxides with the amount 
of zinc several times the amount of lead, which 
comprises mixing said product with coke in 
amount ‘from about 0.1 to 0.2 pound for each 
percent of lead in one hundred pounds of the 
metallurgical product, and heating the resulting 
mixture to a temperature progressively increas 
ing from about 10000 F. to at least 2000° F. by 
burning heating fuel in contact with it, in the 
course of which lead oxide content of the prod 
uct is reduced to metallic lead which volatilizes 
and separates from the zinc oxide, said heating 
being conducted in an atmosphere containing 
only a very small amount of oxygen in excess 
of that necessary to effect substantially com 
plete combustion of the heating fuel, said ex 
cess of oxygen being su?icient to reoxidize the 
volatilized lead, and removing said reoxidized 
lead from the heating zone along with the prod 
ucts of combustion discharged therefrom. 

6. The improvement in removing lead from a 
metallurgical product as set forth in claim 5 in 
which the amount of coke is about 0.12 pound 
for each percent of lead in one hundred pounds 
of the metallurgical product. 

6 
7. The improvement in removing lead from 

a zinc oxide fume product containing at least 
8% of lead in the form of lead oxide and sev 

, eral times as much zinc in the form of oxide, 
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which comprises mixing said fume with coke 
breeze in amount from about 1% to 4% by weight-l. 
on the weight of the fume product, passing the. 
resulting mixture through a rotating kiln heat-v 
ed by gaseous products of combustion to a tem-= 
perature of about 2300° F. at the discharge end‘ 
and about 1000° F. at the feed end, in the course‘ 
of which lead oxide content of the product is\_ 
reduced to metallic lead which volatilizes and»v 
separates from the zinc oxide, said heating tak 
ing place while said mixture is being contacted‘ 
with a ?owing gaseous stream containing only a: 
very small amount of oxygen, but sui?cient oxy-'. 
gen to reoxidize the volatilized lead, and remove‘ 
ing said reoxidized lead from the heating zone‘ 
while suspended in said gaseous stream. 

8. The improvement in removing lead from a 
zinc oxide fume product as set forth in claim 7 im 
which the amount of coke breeze mixed with 
the fume product is about 0.12 pound for each‘, 
percent of lead in one hundred pounds of the 
the fume product. 
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