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.~ Several commercial processes for recovering elemental sulfur from pyrite ores include the
 Outokumpu flash-smelter process, the Orkla process, and the Noranda process: Only the Out-

_okumpu process is «till being used commercially. The Outokumpu flash smelter, as well as
itsubish being used for continuous smelting of

 Mitsubishi and Noranda continuous smelters, are also

copper ores and delivering high-strength sulfur dioxide gases for sulfuric acid manufacture.

" Today, pyrite and zinc sulfide ores are usually roasted in fluidized'? bed roasters although

ters and multiple hearth roasters still exist. Acid sludges from petroleum refin-
furic acid. The recovery

B dx_’é‘b\'éingfsucoessfully regenerated'® to produce clean recycled sul
u ur rialized except for a few small instal-

rom stack gases in power stations has not mate

ver plants, when required to treat their stacks, usually treat the gases with alkaline
lime or sodium and discard the residue, usually calcium sulfate and /or sulfite.

ved from pyrite roaster and smelter off gases amounted to almost 20 X 10° t

‘e that a very active chemical such ¢
y used and most important technica
alfonation, but more frequently



srocess has been improved in all details and is now one of industry’s low-cost, automatically
entrolled, continuous processes'® (see Fig, 19.4). All the new sulfuric acid plants use the
«ontact process. One of the disadvantages which led to the demise of the chamber process is
hat it can produce acid of only 78% strength. Concentration is expensive, thus by 1980, only
one chamber plant was still in operation in the United States. :

YROPERTIES OF SULFURIC ACID. _Sulfuric acid is a strong dibasic acid. In addition, it is also,
11 oxi AA (! anddeh drating .;n parti loward organ compounds wm
! kml ant in absorbing "'Ll 1 Such chemical conversions as

and esterification, thus ens




Sulfuric Acid a27

Table 19.2 Commercial Strengths of Sulfuric Acid

Specific
Bé, Gravity, Sulfuru
15.6°C 15.6°C . Acid, %
Battery acid 29.0 1.250 33.94

Chamber acid, fertilizer acid, 50° acid 50 62 18
Glover or tower acid, 60° acid 60 7767
il of vitriol (OV), concentrated acid 66° acid 66 - 9300
98% acid - 9K0
100% H9304

20% oleum,® 104.5% acid .
40% oleum, 109% acid ok
66% oleum

*For oleums, percent means free SOs, RET T o 2 u-

SOURCE: Duecker and Weu Manufacture of Sulfuric Acid. ACS cmpabb l“ﬁ
pp. 2 and 411 (modifi

quantities of 98% acid

suitable for fertilizer

- The normal strengths
sulfur trioxide: 10
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as cogeneration. A modern sulfuric acid plant is, therefore, an electrical generating system
Of course, this secondary function complicates the plant’s operating system, but it sharply
reduces the cost of the acid produced. Plants have become larger to utilize the economies of
large scale; a 2800-t/day plant was brought on stream in 1982.

MANUFA ACT PROCESS) Until 1900, no contact plant had been built in
the United States, although this process had become very important in Europe because of the
need for oleums and for high-strength acids for sulfonation, particularly in the dye industry.
A substantial number of contact plants were built in the period 1900 to 1925, using platinum
catalysts. In the middle 1920s, vanadium catalysts came into use and have gradually com-
pletely replaced platinum. By 1930, the contact process could compete with the chamber
process regardless of the strength of acid desired. Since the mid-1920s most new facilities
built have used the contact process with vanadium catalysts. :

There have been many improvements both in equipment and catalyst. Typical flowcharts
are shown in Figs. 19.3, 19.4, and 19.5. Parts of the process vary considerably, depending
upon the type of raw material used. Sulfur-burning plants are the simplest and cheapest since
special purification of burner gases to protect the catalyst is not required. In the sin
- nfiguration, which was the normal procedure until the 1970s, lit
to planning efficient heat recovery so that all heat evolved

on could be recovered in the form of relatively high-pre
w materials such as sulfide ores and spent or slud :
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by burning sulfur
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Fig. 19.6. Eqpﬂibﬁum-tomper'qtm-
relation for SO; conversion to SOs.
(Monsanto Enviro-Chem.)




brium is approached. The reaction essentially stops when_

has been converted, at a temperature in_the vicinit of 6002

s over the remainder of the catalyst, is cooled in a_he f, éxcha
other means until the temp rature of the g
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‘expression for K, in terms of mole fractions and total pressures for the equa-
= 2503, we get:
N nio,

* " ndoy X noy X P

imber of moles of each component, N = total moles, and P = total pressure.

] '/wei get



ychlorides if large amounts of chlorides are present. Plugging with dust
problem . Dust can be removed from first-pass catalyst by removal
ions are high, up to 98 percent, depending on the SO, gas strength
single-absorption plants and up to 99.8 in double-absorption-type
must, of course, be provided. Monsanto Enviro-Chem, American
opsoe, and other vanadium catalysts are extensively used.
ions accomplished in double-absorption plants are not the result of
ficiency per se, but are accomplished by passing the gas through the
e after the majority of the sulfur trioxide has been scrubbed out of the
m is disturbed.
tinum catalysts were used before the 1930s but are now normally not
aced by vanadium. Catalysts are formed into larger cylindrical shapes
in order to reduce the pressure drop in the converter while retaining
rface. There are changes in the formulation, but present-day catalysts
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shown in Fig. 19.7, the hot conversion gases are rogressivel
, in a double-absorption plant, after leaving the third stage, pass through
Sometimes an economizer, before the SO containing gas enters the first
ower, having previously passed through an oleum tower if this product
ng the 98 to 99% tower is reheated i heat exchangers and reenters
fourth pass. On leaving this, it again goes through heat exchangers and/
enter the final 98 to 99% absorbing tower. The converter depicted in
d with trays for supporting the catalyst and manholes for access to it.
ally been made of cast iron and aluminum-coated steel, but ste nless ste
material of construction. Pressure drop through the converter
uce power consumption. The converter is the “heart” of
ore are many variables. All these must be opt to secure the maximum
ge as 14 m in diameter are being b t. Studies have been

ors® for converter design.

s. It has been known for a long time that a concentration of
% the most efficient agent for the absorp ion of sulfur
5id of this strength has a lower vapor pressure than any other.
strength is used in the intermediate and final absorbers for essen
the SO before the partially conver reente: cont
‘to the atmosphere. Water cannot




Sulfuric Acid 339

used to propel the air and/or sulfur;cw&_ggd_sgd
;qmpment% re Tocated in the flow so that they can handle
aree_conelec ut‘laimng gas (usually after the air or gas has passed through the
e ¢ motor- or steam turbine-driven single-stage centrifuga f 2
'o el or Tabricated steel. Pressure differentials as high as 55 kPa
ne main Blower in each contact acid plant, with capacities up to




