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THE ROASTING OF ZINC ORES IN THE MANUFACTURE
OF SULPHURIC ACID BY THE CONTACT PROCESS

INTRODUCTION

The unprecedented demand for sulnhurie
scid of the higher strengths (98% and higher) in
the manufscture of explosives, has stimulated the
zinc smelters to increased efforts in the recovery
- 0f their Roaster gases in the form of Sulphuriec
Acid, The Lead-chamber process is unsuitable, how-
ever, in making "strong" acid and the smelters
naturally furned to the contact mass or catylitie
processes, |

In the roasting of zine ores practically =2ll
of the sulphur is removed &s sulphur dioxide, the dis-
agreeable odor and unmistakable injury to surrounding
localities, of which, first led to the adoption of
sulphuric 2cid plants by most zinc smelters. This
sulphur dioxide so formed has little value unless con~-
verted into sulphuric acid.

In the Lesd-chamter process this conversion
is brought about by certain chemical reactions with
nitrie scid familiar to everyone.

In the contaet process the dry, cleaned Sul-
phur dioxide is passed through & mass conta;ning a sub-
stanee which acts a8 a catalyzer converting the sul-

phur dioxide #o sulphur trioxide sccording to the follow-



ing resction:
2 80, + 0y = 2 +50g
This reaction is reversitble but proceeds to the right
at a temperature sbout 425°-475°c. Above 480°C the
S0z will te troken up into SOp and O, and below 380°¢
the reaction proceeds too slowly for vpractical purposes.
A numter of substances can dbring this reaction
to pass, but the most widely used catslyzer is platinum,
The contact-mass is usually made by sprinkling platinum-
chloride on trays contsining magnesium sulphate in
particles of about 1/2 inch in size. The trays are
srranged in the converters end gss vassed through which
expels the c¢hlorine and leaves a deposit of platinum
throughout the mess. Usually the contact mass will con=-
tain sbout 2/10 of 1% of Platinum when feady for use,
The S0, now converted to SOz, leaves the con-
verters and goes to the absorbefs, where it is dissolved
in dilute sulphuric acid up to the desired strength.
This ecid is then pumped to storage tanks where it is
held for loading to tank-cars,



GENERAL CONDITIONS NECESSARY TO THE SUCCESS OF THE PROCESS.

While it is true that the proéess works out in
practice quite as simply &s Jjust deseribed, it is equal-
ly true that it depends, from the very nature of it, on
g particulerly close sttention to minute details for its
commercial success,

We will discuss briefly these detsils before
teking up their spplication to roasting.

FIRST, the strength of the roaster ges in S0,.
This is an important economic point. It has been found
in practice that ordinerily it will not pay to treat gas
leaner than 3-1/2% in SO,. When the gas is too rich in
S50,, conversion does not go to completion snd the upper
commercisal 1limit has been found to be stout8.5%. The
usual strength which works out most economicslly in
practice is from 4.5 to 7.5%.

| SECOND, the presence of water vapor'in the roast-
er gas., In climates which are unususlly demp the sulphur-
ie scid plasnts have & considerable initiel loss of sulphur
to face in the solution of 805 and SOz in the water-#apor

of the roaster gzs which is condensed and thrown away at



the "coolers."” A lesky muffle in s rossting fuwmace
means the presence of an additional esmount of burnt
hydrogen or water-~vapor.

THIRD, the presence‘of deleterious sutstances
in the roaster gas. The chief cause of annoyance end
loss in the plant is "poisoning™ of the contact mass
by the presence in the roaster gas of deleterious sub-
stances which deposit on the platinum and "kill" its
catalytic action. Under this head may te placed arsen-
ic, btismuth, antimony snd fluorine. The arsenic, bis-~
nmuth and antimony are usually removed in the dust
catchers and coolers tut fluorine, tho never present ex-
cept in minute quantities, attacks the siliece in the
Glover towers snd is carried over to the converters as
81 P4 snd deposited there &s such. They only way to pre-
vent this is by using amecid of 45° strength in the Towers,
this teing the only strength which will decompose practical=
ly the tetrafluoride,

FOURTH, the presence of other gases in the rogster
ges. Keeping in mind the reaction for the conversion of
802 to 80z it will be seen that theoretically esch percent
of 302 requires one-half percent of oxygen for the conver=-
sion; In practice it has been found that 100% excess oxy-
gen is actually required for efficient work., 502 and oxy=-

gen are the only gases which enter into the resction but



unfortunately nitrogen from the air snd more often
carbton dioxide and monoxide from lesky muffles are
present. Nitrogen and carbon dioxide have no effect
on the reaction except insofasr as they cut down the
concentrations of the reacting gases, snd carton
monoxide has no effect other then in reacting with

the oxygen it further decreases the oxygen content,



GENERAL CONSIDERATIONS IN ROASTING FOR THE PROCESS.

In the roasting of ores there are & number
of points whiech must be torne in mind.

In the first place, many zinc ores are not
to be used in the masnufacture of spelter tut to make
zinc oxides. As & rule, these ores are complex sulp=~
hides containing ss low as 20% zine. If the remain-~
ing sulphides are chiefly iron sulphides the ore will
be more nearly self-roasting, and from the acid-
manufacturer's stand-point more acceptsble.

Unfortunately many of these complex sulphides
carry manganese, lesd and silica which ususlly cause
trouble by fusing the whole ore charge into large cakes
‘imposgsitle to rabble or remove without bresking.

Other gsngue materisls such ss ferriec oxide act
as catalytic agents and ceuse loss of sulphur by pre-
meture conversion of the SO to SOz.

In pyritic ores, the temperatures sttained in

roasting often are so high as to cause fusion and also



conversion by the formation of FepOgz.

Ziné ocres are never fully self-roasting snd
it will be found that after the removal of atout 60%
of the sulphur, continued externsl heat must be applied
for any further reaction. To remove the smaller per-
centsges of remaining sulphﬁr requires.fully 50% of the
total heat necessary.

In the roasting of the complex sulphides of
zine gnd iron there is always some zinc ferrite formed.
In order to treak up this compound, high temperstures
are necessary which means high heat consumption.

To summarize, the roaster will be expected to
remove nearly all of the sulphur from ores which may
heve a tendency to fuse and cske, and in most cases, from
ores whose calorifie value is not only low, but of such &
nature that there is usually the tendency to form re-
fractory compounds (zinc ferrite) which require sbnormsl-
ly high temperatures for decomposition. The roaster,

therefore, must have & high heat efficiency. It must te



g0 constructed that the ceking which may take place
will cause & minimum of trouble. Then, finally,
from the scid-manufacturers point of view, it must
sccomplish the metallurgicel requirements with e
meximum sulphur recovery in concentreted gaos volumes.

Recelling now the details of the conditions
of the gases necessary to sucecess of the process, it
will be noted that the roaster should deliver & gas
high in S50p and oxygen, low in water vapor and the car-
bon gases. It is obvious, therefore, that the roaster
mugt utilize to the fullest extent whatever air is ad-
mitted for the burning of the sulphur in order to keep
e high concentration of SO0p sand should te so designed
that the admission of combustion gases into the system
te kept at & minimum to prevent a decrease in SO, &nd
oxygen concentration,.

The quality of the gas determines, of course,
the success 0f the operstion of the scid process, Eut
it must te remembtered that the roasting of zinc ores
is not 8 mejor step in zinc metallurgy and the recovery
of scid must always be looked upon &8s a by-product in

the industry. The original reason for the installstion



of roasters spnlies with but slightly lessened force
today, namely, the necessity for the removal of the
sulphur before qpe manufacture of zine products can
tegin, How successfully and economically the roaster
can remove the sulphur determines lergely, of course,
the value of the rosster, its ability to do so success-
fully from the stand-point of the scid manufscturer
being usually secondary.

Prom the purely roasting or sulphur removal
point of view the roaster should remove the sulphur
completely (within practical limits), it should do so
at & small expenditure for fuel, labor and up-keep

materials.
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A SHORT DISCUSSION OF TYPES OF ROASTERS USED

FUROPE:- With one notsble exception the Roasters used
in continentel Europe may te characterized as hand
roasters. They are gll of the muffle type, hand fired,
hand fed and discharged snd hand rsthled. Chesap labor
has, of course, made this possible. The exception
mentioned stove is the Spirlet furnace, en invention by
a Belgisn metallurgist by thet name &nd in whose country
it hsd received prascticelly nationel approval. It will
be discussed more fully under American Roasters.
AMERICA:-The high cost of lator in America early deter-
mined that the exhausting work of operating zine roast-
ing furnaces should te done by mechanicel means &s far as
possible, end the economies which applies s0 generally to
Americsn industries determined a2lso that large units
should be used.
The Mathiesen-Hegeler Kiln

The first mechanicel roaster to come into genersl
use was the Mathiesen-Hegeler Kiln. This roaster with very
few modifications is still the most generslly accepted one,

in spite of its many inherent disadvantages.



It is, essentially, 2 large rectsngular brick
structure, consisting of, usually, seven superimposed
hearths, the lower two or 3 of which ere heated by means
of muffles, Throughout the length of this kiln on esch
hearth are opersted "plows™ or "rabbles" which turn and
advance the ore burden, At the end of esch hearth are
holes through which the ore drops to the immediately
succeeding hesrth on completion of its psath for the
length of the hearth. The lower two or three hearths are
hested by means of gas, 01l or coal burned in muffies be-
low each one., Usually in the case of gas fired furnsaces,
the air for combustion is pre-hested by mesns of re-
generators or "checker-tosrds™ underneath the kiln.

The Mathieson-Hegeler kiln becguse of its low
arch construction and long ore-path lends itself sdmirsb-
ly to a sparing use of air for the roasting and this
faect together with its comparatively-high heat efficiency
has contributed largely to its popularity., The cost of
upkeep and repsirs of the kiln is small and the 1life is

usually estimsted at 4 years. The arrangement of the
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muffles is such that very little carbon gas enters into

the gsystem, over & long period 8t no time could more

than .8% CO; be found, the average being considersbly be-
low this., Then, toc, from the stend-point of sulphur
removal the kiln has few equals. But it is doubtful whether
accurate snalyses of the situation would not show_that the
dissdvantages of this type would not outweigh the advanteges,
In the first place, the enormous first cost of the kiln
means an unusugl overhead charge. The number of mechanical
accessories mesns the cost and meintenance of a machine shop
snd intelligent, hence expensive labor, to operste, The
intermittent rabtling of the charge means thst on the pesk
the gases often reach 12.5% in SO, content, with the attend-
ent sulphur Josses through poor conversion, and then drops
down to 2 to 3%, with the consequent drop in production and

increase in overhesad.

Data Cn M & H Kiln

Capacity - 56=-60 Tons per day.
Fuel retio~- 30%

Sulphur Removal - 2% "falge" sulphur
Yen required per shift (-8-hrs..) = B

Gas mede -  2.5=- 12.5% varisble.



Spirlet Furnsace

The Spirlet Purnace, which originated in
Europe, consists essentielly of circular superimposed
hearths, the aslternate ones of which revolve, The
ore is rabtbled by wedge-shaped bricks set in the arch
of the hearth above. One or two muffles furnish the
heat necessary for the roasting. The Spirlet Furnace
utilizes to a remarkshle extent the air necessary for
the rossting and delivers a gas uniformly high in 50s,
The heat efficiency of the furnace is high and tecause
of the muffle constructioﬁ comtustion gases are absent
in the SO, gases. The Spirlet Furnace is without quest-
ion the best roassting furnace developed in the zinc-saecid
industry. Its chief drawtack from the American point of
view is the smallness of the uﬁits, none of them so far,'
constructéd having & cespacity of over five tons of ore
pér day. Replacements are simpie and maintensnce costs

low,
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Date On Spirlet Furnace

Capacity - 2 ~ b5 Tons per day.
Puel Ratio - 21 . - 25%

Sulphur Removel - 1,2% Felse sulphur

lfen required per shift- 1/2 man

Gas made- 4.5- 6.5%

Wedge PFurnace

The Wedge Furnace had been used =0 successfully in
roesting various oreé, that it seemed to the Ttuilders and
others that with btut slight modifications it should te used
in the roasting of zine ores in the manufacture of sulphur-
ic scid. A Furnace instslled for expefimental purposes is
describted in the Appendix of this paper. Operations covered
& period of some monthsand the conclusions drawn from this
operation are described fully in the appendix,

In genersl, however, the Wedge Furnsce as originsl-
ly designed for this work was not entirely successful for the
following remsons: Replacements were frequent particularly
of the rskes and rake-holders; the high arch prevented geed
air distributien; the ameunt of surface exposed to rsdiation

as compared to sctusl capacity was high and the heat
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efficiency of the furnsce correspondingly low; the
sulphur removal'of the ore was not complete enough abtove
the sixth heerth to avoid throwing too much sulphur on
‘the two lower hearths; the dust losses were rather high.
The furnace hsd, however, & number of sdvantages, namely,
low lator costs, low power costs, ease of operation, low
supervision costs and compared to the M & H Kiln, low
original cost.

The following will give sOme date on the

operation:

Capacity - 25 Tons ver day.

Fuel Ratio - 32%

Sulphur Removel - 5th Hearth -~ 7.9 False Sulphur
Total - 1.3 n "

Men required per Shift - 1-1/2

Gas Made - 4.3% SO,

The Merton- Ridge Furnace
In addition to the three furnaces mentioned atove,
there is the Merton-Ridge Furnsce which has attained some
degree of popularity in Englsnd, and hes bteen tried in this
country. It consists primarily of & rectangular structure

similar to the M & H Kiln, but instead of asdvancing the ore



bty means of straight-line rakes, it is done by mesans
of revolving arms whose paths intersect as shown by

the following sketch.

SaD

Fig.i.




CONCLUSION

In genersl, for all requirements, the Spirlet
Furnsce ig the best of the Purnaces in use in Americs
for the roasting of zine ores in the manufascture of
sulphuric acid., It is probable that a modification of
this furnace of larger cspacity will be ultimastely
sdopted. The Mathieson-Hegeler kiln, in spite of its dis-
edvantages, is used successfully end is the most popular
furnace., The Wedge Furnsce can, no doubt, be improved upon
to such an extent that it can, st least, successfully com-
pete with the M & H kiln. The NMerton-Ridge Furnace should

offer no great advantages over the M. & H. kiln.



APPENDIX

SUMEARIZED REPORT ON EXPERIMENTAL OPERATION OF
WEDGE FURNACE

Description of Furnsace.

The Furnace consisted of seven superimposed
rogsting hesrths and one drying hearth., Directly under
the £ifth hearth was & semi-muffle, the combustion
gases from which were removed thru holes in the muffle
opening into the sixth hearth. ZProducer gas was burned
in thig muffle and 2150 on the sixth and seventh hearths.
The combustion gases so formed, together with the sulphur
gagses produced on the sixth and seventh hearths, were
removed from the seventh hearth snd turned into a steel
stack which emptied directly into the air,

The System or Roaster gases formed above the
gixth hearth were removed Just telow the drying hearth and
by mesns of suction~tlowers drawn infto the sacid system,.

The sccompanying sketch will show the general
construction of the furnace. It will be noted that the
rattling arms on the sixth and seventh hearths were water-
cooled and on all of the others air-cooled. The experi-
mental work developed no reason for using water-cooling on
the two bottom hearths in preference to air cooling. The
cooling-water end-2ir entered and returned thru pipes in

the lsrge centrsl shaft.
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VERTICAL SECTJON- WEDGE FURNACE
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Ore was raised to the drying hearth ty means
of 2 telt and tucket elevator and dumped on the outside
of the hearth and gradually raebbled towards the centre
where it fell to the hearth telow thru an "ore-sgeal."
The ore wes worked slternately on the various hesarths
from the centre to the outside until it reached the
fifth hearth., It fell at the centre and wes rabtled to
the outside, but insteed of falling directly it was dis-
charged at three drop~holes which avolded the muffle te-
low a&s shown on the sketch,

The Producer gas Burners consisted simply of
six inch sheet steel pipes placed into the furnace at
two points on each hearth and the muffle and the gas flow
was regulated by gate valves.

Opersting Results

It was found in operating this furnaée that =
certsin definite smount of sulphur had to be burned per
square foot of hearth ares per unit of time in order to
maintain the temperature necessary for the roasting to con-
tinue.

With ores of a fixed amount of sulphur, the heat
input by the ore was limited, therefore, by the actusl

emount of ore which could te charged, on the one hend, &nd
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by the chilling effect of the ore charged end the ability
0f the furnsce to remove the required amount of sulphur,
on the other. Pyritic ores for that reason gave the test
heat results, hence roasting results.

Upon the amount of air admitted and its distribut-
ion depended very largely the success of the roesting.
The natural tendency of the furnace ss degigned was for a
large excess of air tb ke required in order to pronerly re-
move the sulphur. 3Resides the cooling effect of the addition-
2l air, this excess cut down the concentration of S0, in
the Roaster gases. The originel provision for sir inteke was
thru two holes sbout 9 inches square plsced in the centrsl
shaft on the fifth hearth. The air was blown in by the tlower
used to furnish sir to the cooling arms st a vressure of sbout
1-1/2" water-pressure. The air when in smount great ernough
to roast on the upper hearths, chilled this hesrth unduly.
The openings were, therefore, closed and sir was admitted only
thru openings in the "peep~doors™ in the furnace, the natursl
draft causing enough suction for the purpose. This step was
an improvement, but it was still seen that the air was not

properly utilized snd & further change was mede., TO csuse an
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gctusl "swirling™ motion of the gasses, it was decided to
instal on the fourth and fifth hearths nozzles bent in
the direction of revolution of the rakbles, thru which
gir 8t about sixty pounds pressure could bte tlown, This
gave a marked improvement in the roasting, particularly
on the upper hearths which originslly did very little
sulphur removing. As &n operating expense item, the us-
ing of compressed-gir is, of course, too great to apply
in practice, but the experiments showed in a convincing
way the necessity for proper air-distribution.

The lute-rings at the centre of the furnsce
used td prevent the contsmination of the system gas with
combustion gases broke and had to be removed. It wes
found that this caused a leakage of the combustion gsses
into the acid system and it beceme necessary to incresase
the stack draft consideratly in order to cut down the
stack-effect of the furnaée itself. In this way, however,
the amount of sulphur gases thrown into the air was ex-

cegsive and the test had to te discontinued.
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TEMPERATURE and SULPHUR REMCVAL CURVES-WEDGE FURIACE

Curves showing relations tetween
temperature conditions on the various hearths of the 7edge

Purnsce and the removal of sulphur.
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CONCLUSIONS

The Wedge Furnace on the ore treated did
not remove sufficient sulphur tefore leaving the fifth
hearth. Phe gir distribution btecause of the high arch
construction was poor. Better roasting results could
undoubtedly have teen secured by additionsl rabbling on
the upper hearths. Two complete muffles instead of one

semi-muffle would have aided considerably.
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SUMMARY- WEDGE FURNACE OPERATING DATA

Av.

Av,

Av.

Av.
Av.

Av.,

Av.

Av.,

Av.

Av,

Av,
Av.
Av.,

Analysis green Ore.............. e....(26.8% S

(20.0% Fe

(25.0% 7n
Burden‘l....ll... ............ ‘..0!...‘27 Tons
Volume of System G&S........ seeasell?d cu.ft. per min,

gt 0°C snd 760 min.

Temp. of System Ges leaving Furnsce....490°C

Analysis of System Gas...............(S0,- 4,28
(s0%- 0,30
(05 =10.76
(052- 1.45
(No%=83,21
Percent Sulphur in Ore leaving 34 Hearth-- 11.5%
Recovery of Sulphur &s S05.ven.. .. 48.4%
Volume O0f St8CK B8B..cevececcenn ..+2310 cu.ft.per min,
at 0°C &760mm
Temp. of Stack gas leaving Furnsce......... ...610°¢
(302 - 0,83
Analysis of Steck GaS......c.... (SO5 - 0,40
(CO5 - 6.49
(05" - 8.76 Wet.
(N2 -80.45
(20 - 3.07
Percent Sulvhur in Ore leéving Furnace -~ 4,2%
Elimenation of Sulphur of Ore --  86.1%
Temp. 0f cinder leaving Furnace - 770%,



e

SUMMARY~ WEDGE FURNACE OPERATING DATA{Cont.)

Av. Volume of Producer Gas used- 530 ceu.ft. per min,
at 0°C & 760mm.
Av. Analysis of Producer Gss used-(CO- 25.8
(Ho=- 12.4
(CH,~ 0.6
(co.- 5.1

(szusz.s
(520~ 3.5

Av. Temperature Producer Gas used.........21%C.
Equivalent to

Av, Cogl Consumed....cccovcevceceonns e....8.6 Tons per day
Av. Fuel ratio.....c.cvvvnnnn. ceeeees ...31.8%

Av. Volume cooling water.................8.89% ver sec.

Av. Temperature Cooling Water Inlet...... 14°C

Av. " " " Outlet.....23.46 °C

Av. Speed of revolving arms......ce0eec. 15 R,P. Hr.
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Design, Construction sand Operstion
of Electric Purnaces [Resistance
and arc) for the Smelting of
Bolivian Tin Ores.
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