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A NEW GEOGRAPHY

For example, it contains 20 farms of
1,000 or more acres,. and 15 farms
have an annual income of more than
$25,000. The farm tenancy rate is 43.3
per cent.

Forests Survive

A county as old as Anson, and cul-
tivated so long and closely, suggests
endless fields and pastures. But as a
matter of fact, over half the acreage
is still in timber, and the cutting of
pulpwood is one of the major sources
of farm income. For some years, wood-
using industries, especially paper con-
cerns, have been buying up Anson land
to add to their reserves, a process
which has caused some shrinkage in
the number of farms.

They do so with good reason, for
Anson’s soil is excellent for trees. In
the eastern sands it is slash pine, in the
western clay. it is loblolly, and both,
as an official put it, “make the pines
jump right out of the ground.” The
area around White Store is especially
favorable, and some fine forests were
observed in this region.

The lumber industry had several
periods of prosperity. In 1917, it was
.quite active again, with old field pines
fetcking good prices and increasing
value of land. '

When the Civil War came, Anson
was fixed in a pattern more like that
of the Deep South cotton country than
of Piedmont North Carolina. Only a
few industries had been developed, but
large plantations had brought pros-
perity to some families who lived in
comfort and even luxury. In 1860,
there were 6,832 slaves, 101 free
colored and 6,556 white residents.

Civil War
Anson was enthusiastic about the

Confederacy. It hoisted its own seces-
sion flag prematurely and sent 1,182

men to the army. And it suffered cor-
respondingly by defeat. Sherman’s
bummers burned and pillaged. Over
half the tangible property of the citi-
zens was wiped out by emancipation,
and reconstruction was a time of de-
pression and despair.

Railway Arrives

Anson paid little attention to any-
thing except agriculture for the first
century and a quarter of its existence.
A prerequisite of industry — trans-
portation — got a start in 1861 when
tracks were laid for the old Carolina
Central, but it was 1874 before trains
reached Wadesboro. Since then Anson
has obtained service from the Sea-
board, Atlantic Coastline and the Win-
ston-Salem Southbound. Twenty - one
major truck lines operate in the county.

Then in the 80’s, the presence of so
much cotton suggested the obvious —
a cotton mill. In 1890, the Wadesboro
Cotton Mill — the first locally owned
industrial plant in Wadesboro — was
opened. In the same year the first silk
mill to be built in the South was lo-

cated at Wadesboro by George and

Robert Singleton of Dover, Delaware.
It operated into the first quarter of
1900. A full decade passed before an-
other industry was realized, this one
also derived from its great crop. The
Wadesboro Cotton Oil Company was
-established.

Industrial Awakening

But little else stirred the county. A
contemporary writer said Wadesboro’s
streets were “ankle deep in sand,” civic
equipment was inadequate or lacking.
Arrival of the Winston-Salem South-
bound railway, gave the county three
railroads — an enviable asset — and
in 1911 came the plant of Virginia-
Carolina Chemical Company, and ten

Ty e g

This is the 6th courthouse (dedicatec
in

years later Anson began to awake

Sn.uall businesses sprang up
meetings were held, a chamber o’f
merce organized. A water system
ms_talled in the county seat, an
ss:vxft_ order came a new po;t o
high 'school, courthouse and theat

Another textile plant was orga
— the Wade Mill employing 325
Ia-rge plant for that day. Two lu
mills followed and the community
U a fund for investment in an
dustry planning to locate.

Power Development

The largest single developm,

1to tome to Anson Count}f aer?é

eading to other industrial €xpa

of the section, was building of

gow::r dam at Blewetts Falls, Her

2 tnarrow gorge, William Bluitt (
) had a profitable ferry and fis

And here Hugh MacRae of wijl
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" MEM

TO: Staff N
DATE: January 29, 1999 _
FROM: - Jeanette Stanley, Environmental Chemist

NC Superfund Section ,
SUBJECT:  Fertilizer Manufacturing Facilities
Contaminants of Concern ,

I have reviewed the sulﬁmc acid manufacturing chapiers in two Chemical Engmeermg texts -

dated 1928 and 19412, and Kirk Othmer®. The manufacture of sulfuric acid was a central part of the

fertilizer manufacturing process. The purpose of this review was to détermine which contammants. .

would be associated with the various structures, features and processes shown on the Sanborn maps
of old fertilizer manufacturing facilities. Sulfuric acid was used to acidulate phosphate ‘rock.
Fluoride is a component of phosphate rock, and the acidulation process results in the formation of
hydrogen fluoride and fluorine gas.

In the eighteenth and nineteenth centuries and up to the turn of the century; the chamber
process was the most widely used method of manufacturing sulfuric acid. Iron pyrite (fool’s gold)
was the most common raw material for sulfur compounds. The pyrite was burned/roasted in brick-
lined fire boxes of varying designs. In addition to iron pyrite, this raw material also coritained
arsenic and seélenium with some copper, nickel, cobalt and gold. If a plant used pyrite, it is
almost certain that.these contaminants will be found in the vicinity of the pyrite burners, pyrite
storage areas, and areas of spent pyrite disposal. The acid stream also contained these contaminants.
By 1920, 80% of the factories burned fairly pure sulfur, so facilities that only bumed sulfur may not
have these contaminants. Due to its corrosion resistance, lead was used as a construction material
at all of these old plants. Very little lead is used in fertilizer plants today.

After pyrite or sulfur burning, the hot sulfur oxide gases were transferred to the bottom of -
and rose through the Glover Tower and then sent to the lead chambers. Sulfur oxides, water, and
oxides of nitfogen (produced from a separate ammoniation step) were combined in the lead chambers
(usually of series of three to six chambers) to make sulfuric acid. Lead chambers were typically
rectangular vessels, constructed of sheet lead with dimensions ranging from 50 - 150" long, 16 - 26'
high, and 20 - 30' wide. There were usually three - six chambers. A portion of the acid condensed
on the chamber walls, drained into a gufter constructed inside the chamber and dripped from a
spout outside the chamber. Observation of this fluid gave the plant operators information in order
to operate the plant. Overland pathways leading from the lead chambers will likely show high levels
of lead. By 1941, several variations of this basic chamber design wete tried throughout the US to
facilitate mixing and contact, the most popular of which was the Mill-Packard system that used a
series of truncated cones, 7,000 to 18,000 cubic feet each. All design variations of the chamber
process dlscussed in these references st111 used lead as the construction matenal '

After leaving the lead charnbers, the acrd was then - trickled down the Glover Tower
(countercurrent to the r1s1ng, incoming gases), and thereby concentrated. | ‘The Glover Tower was
constructed of acid-proof brick;, with or without a sheath made of lead. The Glover Tower rested -
on a lead pan, and on top of the lead pan was laid an acid-proof masonry floor. The tower was

packed with a coarse material such as quartz gravel The packed sectlon of the Glover Tower was -
30 40" high. :
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After Ieaving‘the Glot'erv Tovwver, the acid was typicelly cooled in water-jacketed lead tubs

filled with lead cooling coils. Another tower associated with the process, the Gay-Lussac Tower,

served to recover oxides of nitrogen from the exhaust gases. Facilities usually had two 35'-tall Gay-
Lussac Towers next to each other. Lead was not typically used as a construction material in the Gay-
Lussac Tower. The ammoniafion facilities were usually constructed of cast iron. Platinum catalysts
have been used in the ammoniation step since about 1926. Heat exchangers containing ammonia
usually were constructed of nickel or alummum

The contact process was minimally used prior to 1928 and was used to a greater extent by
1941, mostly to make high purity sulfuric acid. (By World War II, the chamber process was
practically obsolete.) Platinum or vanadium catalysts were-used for the reaction process. Due to the
vulnerability of platinum catalysts to poisoning by contaminants (arsenic and halogens) in sulfur
oxide gases derived from pyrite, contact process plants eventually used sulfur for the raw 1zaterial.
Even so, a lead-lined box filled with coke was used to filter out the contaminants in the gas stream.
The contact process usually included additional acid scrubbing towers. Vanadium r‘atalvsts were

‘introduced in the US in 1926. Vanadium was inexpensive and relatively free from poisaning effects,
- but the expense due to licensing and:patents caused the continued use of platinum. By WWII,
.platinum catalysts had been mostly phased out. Support matrices for the catalysts, such as asbestos
-and magnesium sulfate were likely disposed.of on the sites during catalyst regeneration,

Even though the lead chambers were not longer used in the contact process; the contact
_ process used lead in the filter boxes, Glover Tower, axd: coolmg coils and boxes. Drips from
"~ these ccolers;scrubbers and filters were collected and recircuiated, so the level of lead contasination
may-not be as high as that found at chamber process plants. - Contaminants expected in connection .
with the contact process include lead, platinum, and vanadium. Since most of the catalysts were -’
recovered and recycled due to their value, it is not expected that large quantities of catalyst materials
will be found. Support matrices for the catalysts, such as asbestos and magnesmm sulfate may be
found on these s1tes

'zBadger ‘W. L.AndE M Baker Inorgamc Chemtcal T echnology, McGraw-Hlll Book Co Inc

York,andL ] 'don, 1928 pp 39 78 and 1941 PP- 37 75 respectlvely
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MANUFACTURING PROCESS FOR YSUFER-PHOSPHATE FERTILIZER"

Phogphate is stripped from low-grade, phosphate-rich rock,
using sulfuric acid. Sulfuric acld is processed from pyrite and
arseno-pyrite ores originally imported from Spain and England.
The ores were brought in by barge and delivered to manufacturers
by rail. Iron pyrite (i.e. FeS.), or "Fool’s gold", is often
mixed with small quantities of copper, arsenic, nickel, cobalt,

gelenium and even very trace amounts of gold, depending upon the
source of the ore.

In the early 1900’s, sulfuric acid was commonly processed
ut11121ng the lead chamber method. In this method, sulfidesg such
as the iron pyrite or "pyrite", copper or chalcopyrite (CuFeS,),
and argeno-pyrites were heated to produce sulfur dioxide, leaving
iron, arsenic, copper and other heavy metals as a by-product.

The sulfur dioxide was then mixed with air, steam, and nitric
oxides as catalysts in lead-lined brick chambers, producing
sulfuric acid. Sulfuric acid, added to finely ground low-grade,
phosphate-rich rock, would produce "super-phosphate”, releasing
fluorine (gas) in the process.

Begides pyrite ores, elemental sulfur could also be mined
from various ores and roasted to yield sulfur dioxide in making

‘the sulfuric acid. A typical composition of the end product of

"super-phosphate” fertilizer would be as follows: CaH,(PO,),-H,0 at
30%, CaHPO, at 10%, CaSO, at 45%, Silica at 10%, Water at %5, iron
oxide and alumina.

Iron and copper compounds remaining from the roasting of the
sulfides would produce the "reddish" or magenta coclor to the
waste byproducts. Other heavy metals, such asg arsenic, cobalt,
selenium, and mercury, would be concentrated in the wastes as
well. The presence of lead in the wastes ig from the acid
leaching of the lead-lined brick chambers.

The lead chamber method or "chamber process" ig an obsolete
practice for manufacturing sulfuric acid and is no longer used in
the United States. Virgina-Carolina Chemical Company and Barker

Chemical Company were two manufacturers who used this process in
the early 1%00’s.
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CHAPTER 111
SULFURIC ACID

.

Sulfurie acid is the most important product of the inorganic
chemical industries. Tt enters into so many different processes
in large amounts that the sullurie acid market may he considered
a betler haromeler of business conditions than even Lhe iron and
steel market,  "This is nol only bheeause sulfurie acid has fully ny
many applications as iron and steel, bub also heeause, sinee it is
rarely stored, ils production and consumplion respond more
quickly to changes in business activities.  Sulfurie acid not only
represents the condition of manufacturing industries, but because

-of its use in fertilizer manufacture it is equally significant as a
harometer of agricultural conditions: Tt has even been said that
the industrial development of any country can he measured by
its consumption of sulfurie acid. .

The technology of sulfuric acid is remarkable in that the cham-
her process has been operated for seventy years with practically
no significant changes in equipment and method heyond those
that were made at the very beginning. Tn the last 20 years,
with a hetter understanding of such unit operations as combus-
tion, fluid flow, heat llow, gas absorption, and the mechanisin
of heterogeneous reactions, a number of attempts have been made
toredesign the old chamber process in the light of this new knowl-
cdge. Only onc of these modifications, the Mills-Packard, has
had any appreciable acceptance beyond the initial plants built
by the respective inventors. = Probably one reason for the failure
of the industry to adopt the newer enginecering ideas in chamber

LT . ‘ , plants is that it is generally recognized that the future of this

. : . pracess, even with these improvements, is decidedly questionable.

Iixisting chamber plants will probably continuc to operate as

long as it is ceonomical to run them, and will then be superseded
by contact acid plants.

Production and Distribution.—The production of sullurie aceid

in the United States in 1940 wasequivalent to 9,150,000 short.
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tons of 50°B6. acid. This was distributed amongst the various
uses as follows:

TanLe VII.—Uses or Sunruric Acip

Per Cent,

Fertilizers.coo oo oo i e ?;';
Petroleum refining. ..o oo o i o
Ironandsteel... ..o i 11.9
Chemieals. ..o ool iiiiiiii e 9: ’
Conl products. .. oo oot e i i, -
Other metallurgical. .. ..o oo (;.2
Paintsand pigments. ...l 5.1
Rayon and cellulose film..............o.iiil, ce 1.9
Explosivcs.....................................:.. 1:4
Textiles....oooviiiiiiiiiiaas, e e e
Miscellaneous... ..ol e i .

The enormous consumption of acid in the fertilizer industry -

usually results in acid plants and fer.t,ilizer pl.unts l?emg 11)11 312
same iocality. In many cases, the acid plan.t is .op'cmte ?rd 1f
fertilizer factory. 'The fertilizer pl'ant, ordl}mnly. uses aci .(;
50°Bé. and is, therefore, supplied divectly \vxtl} this dllu(tle aculi
Other industries cither need concentrated acid, or n.ec; lsmz'imd
enough tonnages so that they may purchase concentra e(‘ zlm d
and dilute it. Hence, they do not need .to be located utbl?lo luc,
ing centers.  The manufacture of explosives, and some ;anc \;s
" of the chemical industry, use acids of -extremely high s rength
and may operate their own plants to ‘})roduce these. aoid (6218
Sulfurie acid is ordinarily sold as 50°B¢. or chamber z).cll ((‘,°]'3(;
~per cent 11;S04), 60°Bé. acid (77.67 per cent H@OQ, ang 6. ; .
acid, or oil of vitriol (93.19 per cent H.S04). Ac.xds stronge‘x l‘.um
(66°Bé. arc usually spoken of by their per cent acid COllCcllltIE;. 1(;11,
and 100 per-cent sulfuric acid is commonly callt?d monohyc ra?' (;35
Sulfur trioxide dissolves in monchydrate to give fun'mng aci
or oleums. ‘The strength of these may be express.ec% 1111 vla.noglg
ways. An acid containing 20 pounds of freec SO; dissolvec m'
pounds of I1,S0, might be spoken of as 20 per cent oleum, 1?11-,'19'8
acid containing 85.3 per cent total SO;.  If to 100 pound.s ) 'lt,lls
mixture suflicient-waler (4.5 pounds) be added to combm‘cj, wi (l,
the free SO, there will result 104.5 p.ouuds of 100 lpt(,lx 18(31“5
H,80. Trom this point of view such acid would be calle K;

per eent acid.

At itgm g e T
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RAW MATERIALS

The carliest commercial raw material for the manufacture of
sulfurie acid was sulfur from Sicily. Later many plants turned
to iron pyrites (I e32) as theirrawmateria], This trendincreased
until at the beginning of the present century the larger proportion
of sulfuric acid made in this country was made from pyrites.
When cheap sulfur of high purity from American sources became
available, more and more plants turned to sulfur, until in 1920
about 80 per cent of the acid made in this country was made
from sulfur, The margin of cost between the two raw materials
is small, and for some years the balance between these costs has
resulted in making a gradually increasing pereentage of the total
from sulfur, : :

Sulfur.—Before 1900, the world’s production of sulfur came
entirely from deposits in volcanic regions, the most important of
which was in Sicily. - Sulfur was mined in the form of a porous
rock that contained up to 40 per cent free sulfur. The methods
employed were crude and usually consisted in piling the ore in
heaps, starting a fire at the bottom, and allowing the heat from
the combustion of part of the sulfur to melt the rest, which wag
collected in molds below the heap. The recovery was incomplete
and in recent years more economical apparatus has been used.
Even so, the yield is small and the cost high. A small amount,
of sulfur was imported into the United States as late as 1916 but
since that time there have been practically no imports,

The producing arcas in the United States consist of o few scat-
tered deposits, each covering a relatively small area, in the
Louisiana-Texas coastal plains.  13ach of these deposits lics above
an anhydrite lnyer cap rock of o salt dome. Although these
deposits were known in 18065, it was not until the development of
the Frasch process in 1891 that production was possible. The
Fraseh process was so successful that in & relatively short time it
was producing almost all the sulfur used in this country,

In these deposits, sulfur oceurs distributed through a limestone
rock, which is covered by thick layers of alluvial deposits and
quicksand that effectively prevent itg recovery by ordinary min-
ing -methods. The Frascl process(t23) consists in pumping
highly heated water into {he rock Lo melt the sulfur, and then



40 INORGANIC CHEMICAL TECHNOLOGY

misiug.the melted sulfur to the surface witlf an air-jet lift. A 10-
or 12-inch hole is drilled to the sulfur-bearing Jayer and cased to
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" the surface of the rock (Fig. 11). Inside this f:ﬁsing arethree ‘other
concentric pipes, about 8, 3, and 1 inch, in diameter respectively.
"The 8-inch pipe is perforated where it passes throg gh 'the sulfur-
hearing layer. Water superheated to 300 to 3’20 T. is pumped

pgyane gt
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down helween the 3-inch and the 8-inch pipe and flows into the
sullur-bearing stratum. The molten sulfur collects in a pocket at
the bottom of the 8-inch pipe. Compressed air sent down the
l-inch pipe lifts the sulfur to the surface it the 3-inch pipe. The
water is removed through bleed wells located around the outer
edge of the area to be worked. The sulfur-air mixture is dis-
charged to shallow pits from which the molten sulfur is pumped to
large plank bins, where it solidifics.

These blocks of sulfur, which may contain several thousand
tons; are later broken up with explosives and shipped. Thesulfur
so produced is 99.5 to 99.8 per cent pure and is free from arsenic
and selenium but does contain small amounts of asphaltic material
and incombustible residuc.

- The effect of the Frasch process on the situation in the United

‘States is strikingly pictured in Table VIII.

TasLi VIII.—Prooucrtion oF Surrun IN Mernric Tons

United States - | United States World
Year . . .
imports production production
1895 . 126,760 1,676 398,910
1900 167,328 4,630 581,282
1901 175,310 6,977 604,930
1902 176,951 7,565 - 552,900
1903 190,031 35,660 631,035
1904 130,421 196,588 767,249
1905 . 84,579 218,440 830,609
1910 30,544 259,099 787,732
1015 24,647 299,133 86a,000
1920 . 44 1,542,059 1,041,052
1925 102 1,431,912 2,213,330 -
1930 29 2,558,981 3,001,709
1935 1,763 1,632,590 2,254,000
1939 14,000 2,091,000 - 2,900,000

" In recent years, a beginning has been made in the production of
sulfur as a by-product of various industries. Sulfur is now being
produced in small amounts, but on an industrial scale, from sulfur
compounds remove in the purification of nitrogen and hydrogen
in the manufacture of synthetic ammonia; from various by-prod-
ucts obtained in the removal of sullur compounds from coal gas;
and by the reduction of sulfur dioxide with coke. This last proc-
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ess is at present in operation at a copper-lead smelter at Trail,
B.C.o  All of these methods combined do not produce an
important amount of ‘sulfur at present, but the production of
sulfur from smelter gases seems to have appreciable possibilities,
especially for smelters so located that they find it more economical
to ship sulfur than to convert the sulfur dioxide into sulfuric acid
and ship the acid to consuming points. '

Pyrites.—Iron pyrites is usually represented by the formula
TFeS, and if pure should contain 53.4 per cent sulfur; but the
mineral actually mined is variable in composition. Most manu-
facturers demand pyrites containing over 42 per cent sulfur.
During the World War, material as low as 30 per cent sulfur was
accepted. In 1937 the domestic production was about 50 per
cent of the total consumption.

Other Raw Materials.—In the metallurgy of most of the non-
ferrous metals there is a step that involves roasting a sulfido ore.
This operation produces sulfur dioxide that might be used as a
raw material for sulfuric acid manufacture. At present, however,
this material is important only at zinc smelters, where consider-
able amounts of sulfuric acid are made from the waste gas from
roasting zine sulfide. In a few cases, sulfuric acid is made from
the waste gas of copper smelters, but such plants are usually too
far from consuming centers or else they produce gas so variable in
composition as to be unsuitable for sulfuric acid manufacture.

In 1037 the relative production of acid in the United States from
different sources was as follows:

Tanre IX.—~Surruric Acip PRODUCTION ACCORDING TO0 Raw MATERIALS

Per Cent
From sullur,, oo oivierniiiiiiiiiiiiiiiiinennn, 64.4
From pyrites: ’
Imported....covniiieniiiniii it ienes 12.5
TDOINESIC. s it b e ettt i 11.9

By-product SoUrees..oovieeneii it iiiiine 11.2
CHAMBER PROCESS

Sulfuric acid may be made by several processes, of which the
most important are the chamber process and the contact process.
A general outline of the chamber process is given in Fig. 12, which

_is purely diagrammatic and indicates only the most important
clements in the process. Sulfur is burned with sufficient excess
nir so that the concentration of oxygen is slightly greater than

At N ed ecoae
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that of sulfur dioxide. Nitric oxide, obtained by the oxidation of
ammonia, is introduced into the gas stream. The gas mixture
.then passes to the base of the Glover tower,.down which acid
is flowing. The gas rises through this tower, concentrating
the acid, therehy becoming cooled and picking up considerahle
water vapor. Ifrom the top of the Glover tower the gases are
conducted to the lead chambers, of which there may be from

SULFUR WATER NH,
AR AIR

SULFUR AMMONIA
BURNER : OXIDATION

.GLOVER
TOWER

CHAMBER

1

L‘_ CHAMBER COOLER

CHAMBER ACID

NITROUS VITRIOL

GAY LUSSAC[™
TOWER

STACK

WASTE |
GAS 80" ACID
F1a. 12.—TFlow sheet of chamber process.

four-to eight, although only two are shown in the diagram,
Intermediate towers may or may not be placed between the
c!mmbers. Water is introduced into the top of the chambers
el.the?r in the form of spray or steam. In the chambers sulfux,-
dioxide, oxygen, water, and the oxides of nitrogen react to form -
sulfuric acid, which collects in the bottom of the chambers and
is drawn off as chamber acid of about 50°B&. At the end of its
passage through the chambers, the gas has lost most of its
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sulfur dioxide, but still contains oxides of nitrogen. These are
recovered'in the Gay-Lussac tower by absorption in o stream of
cold 60° ncid introduced at the top. The residual gas, consisting
largely of nitrogen and ‘oxygen, is discharged into the air from
a stack.,

The chamber acid is fed to the top of the Glover tower, and
in its passage down this tower is concentrated to about GO°BE.
Trom the base of the Glover tower it passes through a serics
of coolers. Tart of the eooled acid is drawn off as product, but
a considerable proportion is sent to the top of the Gay-Lussac
tower to absorb oxides of nitrogen. The acid drawn from the
base of the Gay-Lussac tower is called nitrous vitriol. This
is taken to the top of the Glover tower; and in its passage down
through the Glover tower the oxides of nitrogen are displaced

“and returned to the gas stream. Consequently, oxides of
nitrogen that are added merely serve to make up losses and are
only o small fraction of the total amount of oxides of nitrogen in
the system. If the plant produces only 50° acid, chamber acid is
withdrawn as the principal product and is not sent to the Glover
tower. In such eases, water is fed to the top of the Glover tower
{0 supply the water that would otherwise be added in the form of
chamber acid.

Sulfur Burners.—A successiul sulfur burner must fulfill several
requircments.  As o consequence of the low heat of combustion
and the high vapor pressure of sulfur, the burner must expose
a large surface of molten sulfur; minimize loss of heat by radi-
ation; provide sccondary air in the zone of high temperature
to burn sublimed sulfur; and facilitate the removal of non-
combustible floating impurities such as ash and asphaltic
matter, 7T oot

These conditions are met in o wide variety of apparatus.
Possibly the simplest sulfur burner consists merely of a large
brick chamber. A cast-iron pan about 5 inches deep, into which
sulfur may be charged, is set in the front of this chamber. The
pan should have an area of about 30 square feet per ton of
sulfur burned per day.  Air for primary combustion is admitted
over the pan. This air not only burns sulfur in the pan, but
curries from the pan considerable sulfur vapor which burns in
the rear of the chamber. Sccondary air is admitted under the
pan and mixes with the primary products in the rear. By

_ regulating the distribution of- air from these two inlets, it is
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possible to control the temperature of
the molten sulfur, and introduce any
desired proportion of sccondary air.
‘The older burners, in which the pan
was set on the floor, were not success-
ful because it is not possible to secure
complele combustion if all the air is
admitted as primary air. As the
.qu.antity of air enteringoverthesulfur
is increased, this merely increases the
total quantity of sulfur burned and
sublimed. At any giventemperature,
there will be an equilibrium between
gir and sullur, in accordance with
which the air will carry a certain pro-
portion of sulfur vapor. Inereasing
the volume of primary air increases
the quantity of air which can carry
sublimed sulfur. This also increases
the rate of combustion, thereby in-
creasing the temperature and con-
sequently the vapor pressure of the
sulfur, with correspondingly increased
sublimation, ' '
The Glens Falls sulfur burner (Fig.
13) ‘consists of a horizontal steel
cylinder with conical ends, revolved
on two sets of rolls at a rate of 14 to
2% v.pan. Sulfur is fed at one end
through a wormfced mechanism, and
primary air is admitted at the same [] ]
place. The heat of combustion melis
the sulfur within the eylinder. The ' F
rotation of the cylinder distributes
this sulfur in o thin film on the inside
of the apparatus, and also causes it to
shq_wer in drops through the hot gas,
fl‘he discharge end of the cylinder fits
into & combustion chamber, and
fsccondm-y air to burn sublimed sulfur
is introduced here by o sliding

45

F16. 13.—Glens Falls sulfur burner.
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damper. © The agitation of the sulfur prevents the formation on
" its surface of wfilm of impurities that might slow down combus-
tion. The cylinders vary from 20 inches by 4 feet to 4 feet by 20
feet; and have a capacity of one ton of sulfur per 24 hours for
cach 24 cubic feet of cylinder volume.

The most reeent tendency in sulfur burners has been to avoid
complicated mechanical construction of the burner itself and to
put the principal emphasis on subdividing the sulfur to giv: o
large surface for combustion. One type!® consists of a vertical
steel cylinder, lined with firebrick and divided with a perforated
firebrick arch about a third of the way down., Sulfur is melted

in a pit heated by steam coils and is raised to a temperature at

which most of the water is driven off. Coarse dirt accompanying
the sulfur settles at the bottom of the pit. The molten sulfur is
pumped to the burner and cascades down over a conical pile of
firebrick carried on top of the arch. Below the arch is a second
cone onto which residual unburned sulfur falls. The air, which
is predried, enters under pressure through flues, one near the sul-
fur inlet and one at the level of the arch,  This burner is reported
- to give remarkably complete combustion with a minimum of
- vaporized and unburncd sulfur in the gases.

The Zeisberg spray burner(® also operates with premelted
sulfur and predried air under pressure. The sulfur is atomized
in a specially constructed steam-jacketed jet, and the flame
impinges against a baffle wall of firebrick. The hot gases pass
over the tubes of a boiler, thus generating steam and cooling the
gases. In order to obtain reasonable boiler efficiency, the burner
is operated to produce gas of about 14 per cent SO;, but this is
diluted with additional air after passing through the boiler to
concentrations suitable for acid manufacture.
~ Pyrite Burners.—The type of burner that is used depends
upon the size of the pyrites, since coarse lumps and fine material
require different types of burners. '

Lump pyrite burners are simply brick-lined fire boxes about
G feet long and 4 or b feet wide, with grates constructed of straight

square bars. Since the production of uniform gas and the yield-

. of o maximum amount of sulfur dioxide requires carcful attention
to the fires, the individual furnaces are made small.” The licat of
combustion of pyrites is low and hence it is essential that radin-
tion losses be minimized. The furnaces are therefore set in bat-
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levies, ench battery consisting of two rows, back to back, witl

ll}u: bebween,  In order to seeure uniform and complct(; c,o bl .“'
lon, the depth of fire bed must be considerable and the uirnx1 U:
I)(s' ].)rchea(.ed. Preheating of the air js accomplished b ain
laining a layer of hot cinders on the grates.  About 50)’83‘[;'1;:;
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Fia. 14.—Buruer for fine pyrites.
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()rzt,;(frg:lz;,f area Is required Lo burn one ton of 45 per cent sulfur
I‘.Ica.rth burners for fine pyrites have been mudev ina wide
'\":Lrlety of designs. "T'he brincipal features are shown in TFig 114(‘ :
lhe.fumacc consists of a brick-lined steel shell in tile forrr% .of .
vc;;lencal cylinder 10 to 25 feet in diameter, in the axis of whi -la
s!,'mlds a slowly rotating shaft. In the interior of this cylin(ll((‘:xl"
:1‘110‘(:«.)‘1159-1101;0(1 i nun‘lbcr of superimposed firebriclk hearths.
1¢ central shaft carries two or nore arms for cvery hearth.
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Rabbles on these arms are set at such an angle that they draw
the ore toward a central opening in every alternate hearth, and
push it toward an opening near the circumference of the other
hearths. ‘The shaft and the rabble arms are cooled, and the
different designs differ in the method of cooling, the provisions

for making repairs, and similar details. Most of the air for com- .

bustion is introduced at the bottom hearth and rises counter-
current to the flow of material. The air is preheated by the
burned cinders on the lower hearth, Combustion takes place on
the intermediate hearths and the descending pyrites are pre-
heated by the hot gases on the upper hearth. If the burner
temperature becomes too high, additional air is introduced at
intermediate hearths. These furnaces require about 100 square
feet of hearth arca per ton of ore per day.
In many metallurgical operations where pyritic ores are con-
" centrated, pyrites are available in the form of relatively fine
material.  One method that has been employed for burning such
material is the flash burner.t® The fine concentrate, as received,-
“-is fed into a ball mill through which primary air for combustion
“.is blown. The purpose of this mill is not to grind the material
but to suspend it in the stream of air. This stream of air and fine
pyrites is blown into the center of the top of a vertical cylindrical
combustion chamber with a hopper bottom. Most of the cinder
falls from this hopper onto a conveyer, and secondary air enters
through the gap between the hopper and the conveyer. The gas
offtakes are near the top, so that the flame travels downward
through the center of the chamber and up along the walls.

Because of the presence of finely divided iron oxide, which can
act as a catalyst_for the conversion of sulfur dioxide to SOj, it
is necessary to cool the gas rapidly to a temperature at which
this'reaction cannot take place. It therefore passes first through
small dust catchers, and then through a steam boiler, which
reduces its temperature to about 350°C. It is then washed and
scrubbed in the usual way.

In order to prevent too high conversion to SO; and too rapid
destruction of the brick lining of the combustion chamber, it is
necessary that the temperature of the combustion space be kept
at about 1000 to 1100°C. The combustion of the pyrites would
normally produce a temperature higher than this and, therefore,
o part of the cooled burner gas is returncd to the ball mill to dilute
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the pr i
thz z);:)l:ll:ll:::z (:115 :g::}l:xstxon and thus control the temperature in
Burner Gas.—Lixperience has shown that the best results j
the chamber plant are obtained when the gas from the sulf 11:
-burners contains 8.5 to 9.0 per cent sulfur dioxide. This cory )
pon'ds to 12.0 to 12.5 per cent free oxygen. In the burnin C(S;
pyr.xtes, part of the oxygen of the air is combined with the ifox)
Maintenance of the proper ratio of sulfur dioxide to ox: ’ ;
therefore, results in pyrites burners being operated to give )agen{
of 7.(? to 7.5 per cent sulfur dioxide. In both the above c'zsgab
sufficient excess oxygen is left in the burner gas so that the \\: 0:,
gas 1:1'0m the process carrics 8.5 to 9.0 per eent oxygen. - e
N{ter Supply.—The former method of replacing losscs. of oxide
of mtr?gen was to charge sulfuric acid and sodium nibrat‘c i
approxnnatel)f equimolecular proportions, into a east-iron 1'e’ss]<:;
known as a niter hog. This was set in the flue carrying the hot
gas from the burner to the Glover tower, to éupply the heat t
carry out the reaction and vaporize the nitric acid. When thz

mtruf acxfl vapor mixed with the burner gas, it was reduced. The
reaction is probably S

- 2HNO; + 380, = 2NO + H,0 + 3S0,. - ()

S'mce 1926-1927, practically the only method in use in th
United States for supplying oxides of nitrogen to the chamhb C
process .lms been by the oxidation of ‘ammoniat® (see page 98(;l

In this process a mixture of ammonia and air is passel(,l ove.-
he.u.ted platinum gauze, and if the proper conditions are mainl
ta{nfzd the nitrogen of the ammonig is almost quantitativel—
oxidized to NO. The apparatus is compact and easily operutedy
The .supp]y of oxides of nitrogen to the process can be accuratel :
an.d instantly rcg}xluted by turning a single valve; and at prcsen{
f,)lré:s _n?:u?(r)r(\lx:onm and saltpeter, it is much cheaper- than the

The apparatus consists of a blower for furnishing air, a catalyst
c]xaln})ef', and n heat interchanger. If liquid ammor;ia. is &szd
thcmr _1s(_prchcatc(l in the heat interchanger, and the ammoniz;
1s ‘introduced through a contiol valye just before the mixture
cnte.m the. catalyst. The heat of reaction is sufficient to preheat
tl'ne Incoming gascs to the reaction temperature.  If aqua ammo-
nia 13 used, the air first passes up a small column down through
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which aqua ammonia is passed. - The mixture of air and ammonia 51

"is then preheated, but to avoid decomposition of the ammonia
the heat exchanger must be made of nickel or aluminum.
- The losses of oxides of nitrogen in the whole process, calculated
as sodium nitrate, amount to about 4 per cent of the total weight
of sulfur burned. This holds true for plants operating on sulfur
or a good grade of pyrites. Plants operating on metallurgical
gases of varying compositions may use as high as 8 or 9 per cent
sodium nitrate., The niter loss also varies with the method of chamber process that are
plant operation, since forcing the plant to high capacitics results . . : . ; g to Lunge, o very ‘im;i)(:'tzst

. . . . h . lace is held b
in a proportionately increased loss of oxides of nitrogen. Witl p 1eld by o compound i . .
prop y g 1 relation to sulfuric g p called nitrosyl-sulfuric acid, whose

ifor i t moderate rates the 1 held cid i . :
“uniform operation at moderate rates the loss may be held down formulas: 1d 1s shown by the following structural
to 2 per cent. .
Dust Collectors.—When pyrites are burned, if the fine material - Nitrosyl-sulfuric
carried over with the gases were not removed, it would soon clog - : acid Sulfuric acid
the Glover tower. The usual method is to introduce, between : 0=N—0 0 H : '
\ q . . —— fomn - : \S/ —0 0
the burners and the Glover tower, a chamber whose cross-section He 0\ ' >S<
is considerably larger than the gas flue. This chamber may be ‘ —0 0 H—-0 \O
empty and depend merely on a decrease in gas velocity to drop , : In the presence of sulfur dioxi
thie suspended particles; or it may be provided with baflles.. The acid can be formed by tl,lheu;ol(:zﬁ:ilg; xa ;ld;omc free oxygen, this
reaction:

cross-scction should be such as to reduce the gas velocity to about
3 feet per second, and it should be long enough to give the gases
a total time in the chamber of 0.5 to 0.75 minute.

In some plants, especially those operating on smelter gases,
the Cottrell system of electrical precipitation is used. This
requires cooling and humidification of the gases. It consists in
passing the gases through paths of relatively small cross-section,
cach carrying o central clectrode. Between this electrode and
the wall of the conduit a high-potential unidirectional electro-
statio-ficld,is maintained. The solid particles are electrified and
attracted to one of the poles. Provision is made for jarring the
clectrodes at intervals so that the accumulated dust falls into a
hopper below. ]

The Glover Tower.—TFrom s study of Fig. 12 and the deserip-
tion that accompanies it, it will appear that the Glover tower has
several functions, Among these may be mentioned:

280: + 2NO + H,0 -+ 340, = 2(ONO)(0OH)S0,.

This compound is easil
y hydrolyzed, liberating
and N,0, according to the 1'eactiony ' hemting

2(ONO)(OH)SOz + H,0 = 2H,S0, -+ N.0,.
It is also easily reduced by 80, according to the reaction
2(ONO)(OH)SOz + S0 + 2H,0 = 3H,S0, + 2NO. 4

buﬁillfll; oteg;g:rutures nlo{,) only favor'a more rapid rate of reaction
an equilibrium corresponding t y ,

decomposition of the nitros o acid. Tt fs olpgto it
) yl-sulfuric acid, 1t ; i

decor ; . is obvious t}

6fqzlllllaeaczlt'xon.s] (?) anc! (4) are favored by high conéentmtiol::

o u" loxide; reaction (2) taking place where concentrations
arc high, and reaction (4) where they are low

(2)

sulfuric acid

®)

1. Cooling the burner gases.

2. Concentrating chamber acid. :

3. Returning to the system oxides of nitrogen that have been
recovered in the Gay-Lussac tower,

-

to accomplish the recovery o
acid by hydrolysis in the upp
'txon by means of sulfur dio
tower.  Gay-Lussac acid is fi

It will be apparent, thercfore, that the Glover tower is adapted

f nitrogen oxides from Gay-Lussac
er pax;t of the tower, and by reduc-
x1(.le In the lower portions of the
ed ll:lto the top of the Glover tower
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and in addition there is added the comparatively dilute chamber
acid; or should-the chamber acid be taken off as a separate prod-
uct, water is added in its place. Hot burner-gases entering the
bottom of the tower and carrying a relatively high content of
sulfur dioxide are able to decompose, according to reaction
(4), oany nitrosyl-sulfuric acid that may have reached the
bottom of the tower. Thus, the acid issuing from the base of the
Glover tower should contain only a trace of oxides of nitrogen.
As the burner gas rises through the tower, it carries not only
the nitric oxide supplied to the process, but increasing amounts
of nitric oxide liberated from Gay-Lussac acid. This makes
possible the direct synthesis of nitrosyl-sulfuric acid by reaction
(2) at certain intermediate zones in the tower. Because of the
high temperature of the gas it is able to concentrate the .acid
which it meets and, therefore, as it ascends, it also carries increas-
ing concentrations of water vapor. This, combined with the
dilution caused by chamber acid or water at the top, gives a zone
Ain the upper part of the tower where nitrosyl-sulfuric acid is
decomposed by hydrolysis. Thus, it will be seen that in addition
to the functions previously mentioned, the Glover tower has
another and very important one; namely, the synthesis of sulfuric
acid. The acid formed in the tower may be as much as 20 per
cent of the total output of the system.

The construction of the Glover tower varies considerably, but
present practice favors a tower built of acid-proof brick, with or
without a sheet-lead sheath, and resting in a lead pan (Fig. 15).
On this lead pan is laid an acid-proof masonry floor, which sup-
ports the walls of the tower and also arches, which in turn support
packing material with which the tower is nearly filled. A special
distribiition-device at the top of the tower insures uniform wetting
of the packing with the acid. Thus the liquid is filmed out over
the packing material in the tower while the gas is forced to pass
up through this packing, and the two phases are brought into
intimate countercurrent contact.

All the reactions taking place in the Glover tower involve the
interaction of o liquid and o gas. At the high temperatures of the
Glover tower all these reactions are very rapid and a relatively
short time of contact is sufficient. Consequently, a rather coarse

packing with rclatively large free spaces is satisfactory. The:

packed section should be 30 to 40 feet high. Ordinary practice
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ing the first chamber from the Glover tower contain water

vapor elati i
fl-ei 0\-&:1:1 n uill‘utlveb.' high concentration of sulfur dioxide and
xygen.  The oxides of *nitrogen at this point are almost
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entively NO, as shown by the fact that the contents of the first
chamber are usually without any trace of red oxides. .
"The reactions by which sulfuric acid is made in the chambers
result in the evolution of heat, so that the central portions of
the chambers are always warmer than the outer portions, which
are exposed to the cooling influence of the surrounding air. The
chambers are filled with small floating particles of mist that
circulate about with the chamber gases, rising in the central
portions of the chambers and falling near the sides. These mist
particles consist of nitrosyl-sulfuric acid and sulfuric acid of
varying dilutions. Since the partial pressure of water vapor
within a given chamber is more or less uniform, and since these
particles arc hotter in the central portion of the chamber, they
will, therefore, be more concentrated in the central part of the
chamber and more dilute toward the walls. In the central areas
sulfur dioxide, nitric oxide, and oxygen can unite to form nitrosyl-
sulfuric ncid; whereas at the walls, where the temperature is
lower, water vapor condenses on the drops, diluting them,
hydrolyzing the nitrosyl-sulfuric acid, and liberating oxides of
nitrogen. Any N;O; liberated will recombine with great rapidity
~ with sulfur dioxide and water, forming more nitrosyl-sulfuric
acid; for the gas in the first chamber is substantially colorless.
Much of the difficulty in assembling a coherent theory of the
chamber process centers around the question of which oxides
of nitrogen are present and what their various functions may
be. The oxides of nitrogen involved in the process are commonly
considered to be three in number; NO which is colorless, NO,
which is reddish, and N,03 which is deep red. At the tempera-
ture of-the-chambers, N;Os cannot exist except in very small
- concentrations. If it is formed by the hydrolysis of nitrosyl-
sulfuric acid it must almost completely dissociate according to
the reaction
. N,03 = NO 4+ NOa.- , (5)
That NO,, except such as results from this dissociation, does
not enter into reactions in the chambers, is evidenced by the
fact that an excess of NO; over NO is never found in the chamber
gases. Any NO, that is present probably reacts not as such,
but by combining with NO to form N:0;. Consequently, the
assumption that only NO and N,Os or its cquivalent are present,
gives a satisfactory explanation of the reactions in the chambers.
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to the side walls at intervals not less than 3 feet apart each way, ﬁ the ins?de with a small connection to the outside of the chamber.
° oly fastening these tabs to the supporting framework A portion of the acid condensed on the chamber walls drains into
“;fl 5(1::",‘"0 ‘Il e ton 0? the chamber is hung in & similar manner. this gutter and drips from a spout outside the chamber. The
(Fig. 16). 16 10F . , density of these drips, together with the temperatures of the
-/1 _ chambers, furnishes the information by which the process is usu-.
ally controlled. ,

Gay-Lussac Tower.~—If the chambers are properly operated

, . there will be a very small concentration of sulfur dioxide in the
gas leaving the final chamber, and there should have been no loss

of oxides of nitrogen up to this point. Since the Gay-Lussac

tower is fed at the top with cold 60° acid, conditions are favorable

to reaction (G). It is obviously important that the concentra-

tion of sulfur dioxide be kept low, otherwise equation (4) would

take place with loss of oxides of nitrogen. On the other hand,

. if the sulfur dioxide be exhausted before the gas leaves the last
chamber, nitric acid will form in the last chamber, condensing on

the chamber walls and corroding them. Ixhausting the sulfur
dioxide will also permit the excess oxygen, required for the cham-

ber reactions, to oxidize nitric oxide to nitrogen dioxide in excess

of that corresponding to N2O;. The excess nitrogen dioxide will

not form nitrosyl-sulluric acid, and is only slightly soluble in
sulfuric acid. The function of the Gay-TLussue tower is relatively

simple and is represented in normal working by equation (6).

Some oxides of nitrogen arc always lost from the top of the Gay-
Lussac tower, due partly to the presence of SO. [equation (4)],

partly to inability to carry equation (G) to completion, and partly

to the presence of an excess of NO.. ' i

The Gay-Lussac tower is usually about the same in cross-sec-

tion as the Glover tower, but since the temperature is low and the
reactions -ure less rapid, a longer time and o more intimale con-

tact between gas and liquid are required to bring them even

u , , approximately to completion. Therefore, the packing is finer
W vrsssrmrrerrirrerrtrriis . . than in the Glover tower so as to expose more surface per unit
[ . ’ : g volume, and the length of this packed space is usuaily at least
—T ) ) . ' twice that of the Glover tower. ..Since it is inconvenient to build
¥iu. 16.—Detnils of chamber-plant construction: chamber ctous!.rucuon. 8 a single tower so high, there are usually two Gay-Lussac towers
. . - : % rating in series. The total length of the packed section in
Throug i ay nozzles for the introduction of . operating in- series. 'Ll
.ltluou[,h tll.zf:gﬁ,]pn:iiizrs ,ili:z’, The bottom of the chamberis & 9 the Gay-Lussac tower Is about 70 fect (two towers of 35 i.'ceb
?szl?l::fl?,;: ﬁ:)turuédyédges which are burned to the bottoms of the : each). With usualdpucl;mgs, these figures 001’1'031)211(1 (tlo &ltlm(; :
e - . . 2 t of liquid and gas of about 50 seconds* and a linea
; i ne the side walls a gutter is burned on : of contact of liq ,
_SIde walls. At intervals along ¢ . f * For packing having 50 % free volume.

. . - -
- - - ; )
. .
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veloeiéy of gas through the empty tower of about 0.6 foot per
ndard conditions. .
Se?ﬁg ,v?)‘;:r:xae of 60° acid pumped over the .Gay-Lussac tower is
one to three times the volume of acid made in the c.h_ambers, thc‘
actual quantity being so adjusted that the z}cxd leaving t:he toxyel
will contain 1 to 2.5 per cent of N;O; b.y wexg}}t. More 1nten:}vc
working of the chambers, which requires o higher conce.ntru. ion
of oxides of nitrogen in the chambers, will therefore require more
i : ay-Lussac.
ac;\(llligiergleis ofy Gases.—It is necessary to provide some meansl
for moving the gases through the cl.mmbers and tower&? and
creating a draft for the burners. This may be done b)l() n.lter—
- posing a fan at some place in the system, as between the ulélers
" and the Glover tower, or on the exhaust gases from the zfy-
Lussac tower. In place of a fan, the gases from the‘G.ay-Lus:lac
tower may be conducted into t.he boiler stack. This has the
advantage of eliminating the maintenance of fans. o of aid
Transportation of Acid.—Since very large quantities o a:;
must be handled in a chamber plant.; of even moderate size, ' u_:
" apparatus for moving this acid is of m}portance. .One very.su?
ple device, formerly used almost entirely and still exter}xswz]y
used, is the acid egg or blow-case. Most modern plants han '10
acid entirely with centrifugal pumps. These pumps are avax(i
able in a number of designs, either ir} hard lead or.Dux"lron, an
have proven entirely satisfactory. Sixty-degree acid or strorzgﬁr,
free from dissolved oxides of nitrogen, can be handled in specially
i iron centrifugal pumps.
degﬁgﬁisﬁit?hz hot 60°Bgé. acid from t:he base of. the Glover
tower must_be cooled. The coolers cor.xmst o.f B series of v_vatert—_
jacketed lead Tubs; flled with lead cooling c.oﬂs. This design of
cooler facilitates the removal of sulfur f:ar.ned from th.e lzlase. ;)1'
the Glover tower; and as the Glover acid is qu_xc.kb.r xrcxllxe with
partially cooled acid, corrosion of th.e lead Is.minimize h .
Special Systems.®—In the previous discussion, it gs ezzln
developed that acid formation in f:he chamber processd eperghs
on the mixing of gases and spray in the cl.xambers, an -?1111 e
dissipation of the heat liberated by the.reactlon. . In.the or y narji
lead chambers, mixing takes plac? cl}lef.ly by dlffusm.n .z.m f‘con
vection, and the heat of reaction is dissipated by mdlauoxé trolx;
the walls to the surrounding air. Such chambers use from 6 to
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cubic feet of chamber space per pound of sulfur burned per 24
hours. It is obvious that the rate of reaction could be inereased
and the amount of chamber space decreased if devices were added
for mixing the gases, for removing heat, or for bringing the gas
and liquid phases more thoroughly into contact with cach other,

A number of systems have been devised for accomplishing
some of these aims.  None of them has been adopted to the exclu-
sion of the standard process, and some of them have found very -
little recognition. The only one that has met with great favor
in the United States is the Mills-Packard system. It employs
lead chambers in the form of truncated cones, of 7,000 to 18,000
cubic feet each. The particular feature of the process is that g
film of water is allowed to trickle down the outer surface of these
concs to remove the heat of reaction, "This results in rapid cool-
ing and condensation on the inner surface of the chambers, so
that Mills-Packard systems operate with 3 to § cubic feet of
chamber space per pound of sulfur burned and a niter rate of
about 3 per cent. ‘ .

Purification of Sulfuric Acid.—Wlhen acid of high quality is
desired, it is usually sufficient to specify that it be made from
brimstone. If acid of the highest purity is needed, it can be
obtained by specifying that it must be made by the contact proc-
ess. The very rigorous purification that the gas receives in the
contact process means that contact acid will always be appre-
ciably purer than chamber acid. In some cases where chamber
acid is made from pyrites or blende, it may have to be treated to
remove arsenic.

This is best carried out by passing hydrogen sulfide through
acid of 50 to 53°Bé. It may be done in towers, or in special
apparatus in which rapidly rotating paddles subdivide the acid
and bring it into contact with the gas. The sulfide precipitate
is then removed by sand or coke filters. There are uses for

impure acid, and in most plants in the United States, purification
is not necessary.

CONCENTRATION OF SULFURIC ACID

~1§Usually,--clmmber plants are so located that they dispose of
most of their acid at 53 or 60°B6. The demand for acid of g°
or stronger is usually met with contact acid. There are cases,
however, where it is desirable to coneentrate either chamber geid
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or Glover tower acid to 66°. "This is usually done by methods in
which hot gases arc brought into direct contact with the acid;
and may be illustrated by the Chemico concentrator (Tig. 17).49
Other variants of this system differ only in structural details.
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Fra, 18.—Concentration of sulfuric acid in vapor at the boiling point.

The acid to be concentrated is fed at the top of the tower. The
tower is filled with quartz or stoneware packing, and delivers
the acid at the bottom to a pan. This pan is lined with ncid-




62 INORGANIC CHEMICAL TECHNOLOGY

proof masonry, and is heated by the products of combustion
from a gas or oil burner. At the back of this pan the concen-
trated acid overflows to coolers and a storage tank. The gas
leaving the top of the tower contains considerable sulfuric-acid
mist, and is therefore conducted through a Cottrell electrical pre-
cipitator. The acid collected by the precipitator drains back
into the tower.
Tower concentrators are similar in operation to a Glover tower,
"and have a correspondingly large capacity with low cost of main-
tenance. When fired with gas or oil, the purity of the acid is not
decreased in passing through the concentrator, and the product
may be water-white if the tower is fed with chamber acid.
Tigure 18¢9 shows the equilibrium concentration of sulfuric
acid in the vapor phase, corresponding to various concentrations
in the liquid phase, at the boiling point at one atmosphere. It
will be apparent that the vapor from boiling 66°Bé. acid would
contain about 30 per cent sulfuric acid, whereas the vapors from
50°B6. acid will be acid-free. Inert flue gas in the tower system
lowers the partial pressure of the acid vapor and thercfore con-
centration takes place at much lower temperatures. This results
in a lower concentration of acid in the gas phase than that called
for by Tig. 18. Tower concentrators possess a further advantage
in that they function in much the same manner as a rectifying
column, Acid vaporized in the lower part of the tower is largely
absorbed in the cooler and more dilute acid descending in the
" upper portions of the tower. .
Sludge Acid Concentration.—In the petroleum industry con-
siderable quantitics of sludge acid are produced. This is acid

that hasBdenrused- to treat various petroleum fractions and con- -

tains organic material dissolved in the form of sulfonates or
suspended in the form of emulsions.  Sufficient quantitics of this
materinl are produced so that it must be reconcentrated. Vurious
other organic industries may produce waste acid contaminated
- with organic matter. Such materials are usually recovered, not
so much beeause of the value of the acid as to eliminate waste-
disposal problems. '

One common form of concentrator is shown in Fig. 19. It
consists of a horizontal, cylindrical steel shell lined with acid-proof
brick. This is divided into a furnace chamber at -one end and
two concentrating chambers at the other end. The furnace is
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fired with oil or gas under sufficient pressure to cause .the hot
products of combustion to bubble directly through the material
to b? concentrated in the other two chambers, The weak acid is
fed 1.nto_ one of the concentrating chambers and then flows b
gravity }nto the other. The reason for this scparation is that thi,
weak acid very often foams, possibly due to g reduction of the acid
t? sulfur dioxide by the organic matter which may reduce the
yield to 70 to 75 per cent of the acid entering.

The gases pass from the drum

. ‘um into which the dilute acid is
fed, to a mist separator. This consists of a short layer of packing
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. R entrator for slud i
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Company.)

supported on acid-proof brick arch
electrostatic separator. '

Various other types of sludge acid concentrators are in use, in at
least onc of which the acid is concentrated at a high vucuu’mb
n.\,(_aq.ns‘.of high-pressure steam in lead coilg or in tubes of high}:
silicon iron. Originally, this concentrator was run with a vacuum
of about 28 inches. This took stecam up to 250 pounds and did
n.ot result in the highest concentration of acid. The particular
dlfﬁculty,-hpwever, was that under a vacuum of 28 inches the
temperature of the acid was high cnough to cause a reaction
between t?le organic matter and the acid, resulting in foaming and
loss of acid by reduction, Later, these concentrators were run
under very high vacuum (5to 10 millimeters). Thig gives, first,

es and followed by a Cottrell

63
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a low enough boiling point so that 120-pound steam can be used
and, sccond, a low enough boiling point so that there is no reduc-
tion of the acid by organic matter. Yields are of the order of
95 per cent of the incoming acid. .
Sometimes special steps are taken to break emulsions or to
coagulate the organic matter, thus leaving an acid containing
less organic matter to go to the concentrators. The organic
material is either discarded, or, if large quantities are available,
it may be treated by a process in which all the acid it contains is
reduced to sulfur dioxide and this is then sent to a contact plant.
The carbon dioxide in this.gas is objectionable in the contact
plant only because it lowers slightly the concentrations of sulfur

dioxide and oxygen.
THE CONTACT PROCESS

Many _industries, especially those organic industries that
involve nitrations, require high concentrations of sulfuric acid.
While 66°Bé. acid may be obtained by the concentration of
acid from the chamber process, sulfuric acid of 100 per cent or
stronger cannot be made in this way. Such strong acids are
made by absorbing sulfur trioxide in 66° acid. Sulfur trioxide
was first obtained by the -dry distillation of ferric sulfate or
shale containing alum or other heavy metal sulfates. Difficulties
in the production of large amounts of sulfur trioxide by these
methods created a demand for a method for making it directly
from sulfur or ‘pyrites. The successful development of the
oxidation of sulfur dioxide directly to sulfur trioxide, which was
nccomplished between 1890.and 1900, laid .the foundations, for
what is now known as the contact process for the manufacture
of sulfuric ngid:~The design of o successful contact acid plant

was accomplished, however, only after a satisfactory understand-

ing of the cquilibrium between sulfur dioxide and sulfur trioxide.
Theory of the Contact Process.—I'rom a consideration of the
equation -

S0: 4 140, = 80, (8)
it is obvious that at equilibrium the relative concentrations of
the reacting substances at any particular temperature, arc
defined by *

gy 1 )

1)80 1 1) Oy

[ SSRYrer o ot asaure
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:mmnn;ust shift with increasing temperature in such a way as
h(; :: ofotr] lower (:t?llversions of sulfur dioxide to trioxide Ify the
1€ reaction at any one temperat he i
heats of the reactin enowm, 1t 3o o Specific
g substances are known, it ; i
calculate. the variation of K wj !  faitly nocoatal
. th temperature fairly aceur .
With the best values for the constants it is found tl);at urmtely.

1 _ 8715 _ ‘
0g10 K 7 4.40 ] (10)

;vherﬁa ¢ is temperature in degrees Rankine. Table X presents
a serles of values of K calculated from -this equation and cor-

responding experi : .
Bodlander p menta]. values obtamed. by Xnietsch and

TABLE X —Errs [
—LErrEcT OF TEMPERATURE " ON EquiLisriuan CoNsTaNT 1
Tk CONVERsION OF S0; To SO, )

rc, ©F. e K K

o Rankine | calculated observed Observers
ggg : gg 1,302 191.4 187.7 Knietsch
200 e | 1,392 70.0 72.3 | Xnietsch
b Lo 1,419 53.2 65.4 Bodlander
o : , b 1,487 27.5 24.1 Bodlander
o0 : , 132 1,572 13.3 14.9 Knietsch
o b ,292 1,690 11.5. 10.5 Bodlander
7o ! ,472 1,752 3.55 4.84 [ Knietsch
. Ry 1,932 1.21 1.81- [ Knietsch

o 1,652 2,112 0.20 0.57 | Knietsch

o If 1(()10‘ mols of burner gas containing @ mols of 80,, b mols of

tez,uml. c n.lols of 803 are brought into equilibrium at any given

d.mpemt}ne, z mols of 80; will be formed. This will cause the
1.sappf:a}ance of 0.5z mol of O, and z mols of 8O,. = If the total

pressure is 1 atmosphere, the partial pressure of SO, in the 1

ing gas will then be rosulle

, 100 = 0.5z
beecause there has been o net contraction in volume of 0.52. In
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the sa.me way the partial pressubre ot(') %Oz in the resulting gases
— J.or
a

—— x b — Y.ox |
will be m) and of 02, 100_ 0.5z

Substituting these values in the equation for .K above.vwe

have the following: oo . | o

=" b — 0.5z )”‘
(@ = 2)\ {50 = 0.52

Tor a particular value of K the corrcspogding valuse of xllsv :{32
i thod of trial and error. Severa

simply found by the me . : T, T eber
: y d substituted in the right-ha

may be assumed for z an ) din the rghbe e valuo

Lhis equation. That value of z which g
})(r)r }‘{ islthd golution. Graphic interpolation may be used to
ten the work. o .
Sh(l)lrate.of Reaction.—The above discussion 18 based on conditions

that would obtain if cquilibrium were reached, and says nothing

e +eal
i « to.reach that equilibrium. Numerica
about the time necessary to-r o mclude bt

X e sti fragmen
ata for these rates arestill too : . :
(xlxll reactions increase in velocity consxdclmbly wtl‘:efz{,(-hiz,t:
i i y his particular casc,

wreases ‘in- temperature. Int Ccase,
l;lc(;'latxil'cs above 1100°F., the rate of reaction 1s very sloi\(\;.
IAthuugh at higher temperatures the rcuctlcfn may be more.mx.)de,
if reached, is at low concentrations of sulfur trioxide.

cquilibrium, _ .
: ;, the veloci
» the use of a catalyst, however, .
ll?; increased, so that at, low temperature§ wl}ere fay&rable equi
libsium conditions exist, pmctical. operatl.on is possi e.less .
substances catalyze this reaction more or '1‘. o
burning sulfur, practically no catalyflt 1str§sex;tin2n;1)yx;§i ;g o
> trioxi formed. In bur X
amounts-of.sulfur_trioxide are : yrites, L0
X tain extent and small amo
Fe,0; acts as a catalyst to a cer e ouns
s i i ; e best catalysts ar
of-sulfur trioxide appear 1n the burner gas. bt eom
OuS I taining cither finely divided platiny
porous masses con cithe tinum of 607
i With cither of these, equ
- e hed i wconds at temperatures from 750
substantially reached in o few sccon n 100
I*. Temperatur is order correspond to an cq
850°FF. Teimperatures of this or | on
tx"fx)uu;J so favorable that in actual practice conversions of. 93 p'ex:" Cfa'llt
: - are possible. .
> é)::fttf: g:)(;:act Plant.—The cssential s_teps ina s:onta.cb pr(f)cass
slant using sulfur are (1) burning sulfur, @) purlﬁcatlo?t?on 11::
lgus (3) passing the gas over the catalyst, and (4) absorptt
]

Many

ty of the reaction can -

3
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sulfuric acid of the sulfur trioxide so formed. When sulfur is
the raw material, the gas is sufficiently pure so that removal of
water vapor and a simple filtration is all that is necessary. The
filter is usually merely a layer of the same inert material that is
used to carry the catalyst. _

Tigure 20 is a flow sheet of & somewhat idealized contact process

plant burning sulfur. Inactual practice no two plants are exactly
alike, and there may be no plant that conlains exactly the equip-
ment shown in Iig. 20. Sulfur is melted and held at such a
temperature that solid impuritics settle and water is vaporized.
This melted sulfur is then pumped to a sulfur butner which, how-
ever, must be supplied with dry air.  This air is dried with strong
sulfuric acid in o drying tower, and the blower which carries the
pressure on the system is usually between the drying tower and
the burners. e
~In Fig. 20 the gas is cooled and filtered before going to the
catalyst chambers. These coolers are similar to those described
on page 69. In more recent plants operating on sulfur, the sul-
fur burner may be followed by a waste-heat steam boiler instead
of a cooler. . .

The conversion is carried out in two stages and there are usu-
ally two heat interchangers. Cool gas from the filter passes
through both heat interchangers in series and then to the first
converter at about 400°C. 'This converter operates at a higher
average temperature, contains a relatively thin catalyst bed, and
accomplishes most of the conversion. During this conversion
heat is liberated, and the gas issues from the first converter at a
temperature slightly under 600°C. It goes through one of the
heat interchangers to give up some of its heat to the incoming
gas stream, and then to the second converter at about the same
temperature as at the entrance to the first converter. This con-
verter operates at a lower average temperature,. has a much
deeper catalyst bed, and ‘accomplishes the final conversion.
TIFrom the second converter the gas, at about 460°C., goes through
the second heat interchanger and finally to o cooler where it is
brought down to a temperature of about 100°C. In starting up
a cold plant, a direct-fired preheater may be interposed between
the filters and the heat interchangers to start the operation, but

this is cut out of the process as soon as the cycle comes up to
temperature.
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The gas, which now contains about 95 per cent of its sulfur as
S0;, is absorbed in oleum and the feed of oleum to the tower is so
regulated that a rise of not over 0.5 to 1.0 per cent in acid strength
occurs in passing through the tower. All the SO; cannot be
absorbed in such strong acid and, thercfore, the gas goes next
to a tower fed with about 97 per cent acid,  The acid fed to this -
tower is so regulated that the acid strength increases about 1
per cent in passing through the tower. The product from this
tower is cooled and part of it may be sold as such, part of it goes’
to oleum storage to be fortificd in the oleum tower, and part of
it is fed to the storage tank that supplics acid to the air-drying
tower. This last storage tank may or may not have water added
according to the amount of moisture present in the air.

In those plants where the gas is not cooled after the burner
but passes through a waste-heat boiler, the boiler is eperated so
that the exit gas is at a proper temperature to be sent directly to
the first converter. The heat-interchanger system then dis-
appears and is replaced by a simple cooler, which cools the gas
between the two stages of conversion.” The preheater also dis-
appears, and the system is brought up to operating tempcmtuu-
by firing oil or gas in the sulfur burner.

Pyrites Contact Plants.—Sulfur is preferred to pyrites as a raw
material for the contact process because it gives a purer burner.
gas.  Pyrites introduce into the gas dust, arsenic and other metal-
lic oxides, and sometimes halogens. Consequently, the purifi-
cation of gas from pyrites burners is always more complicated
than a purification of sulfur burner gas. Where an elaborate
purification system is to be employed, as in the treatment of gas.
from pyrites buriers, the burner gas must be cooled "to a rather
low temperature before the purification system. This is done
by passing the gas through unlined cast iron or steel pipe, usually
arranged in either horizontal or vertical S-bends. This is usually
designed to cool the gas to about 275°C., 'at which point a hot
Cottrell precipitator may be introduced. Beyond this the gas is

- usually cooled in lead, and these lead pipes may cither be sprayed

with water or partially sprayed and partially submerged in water.
No standard flow sheet can be drawn for the purification of

" pyrites gas because the methods employed are quite varied.

They all employ, however, cooling, separating the dust (cither in
dust - chambers or in Cottrell dust collectors), serubbing. with.
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sulfurie ncid, and filtration.  1f halogens aro to bo removed, the
serubbing neid is usunlly under 56 por cent.

Although the scrubbing system gives nearly complele purifi-
cation, it is nccessary that the gas be absolutely Iree from sus-
pended mist or solid particles. The usual way of removing these
is by filtration. Various styles of filters have been used, but the
most common one is a rectangular box of relatively large cross-
scetion, lead lined, and filled with coke which has been carcfully
screened and washed. In a plant that makes 30 tons of acid per
day the filter may be 30 to 40 feet wide, 50 to GO feet long, and 15
feet deep. It should have a sloping bottom from which the acid
which is collected may be drained. The coke should be gradu-
ated in size and may range from }4-inch lumps at the bottom to
pieces as small as }/ inch or even 10 mesh at the top. Small
filter boxes packed with sawdust and asbestos fiber or mineral
wool have also been used successfully. ,

The gas leaving the filter must be thoroughly dry. Unless
strong acid was used in the scrubbing system, the final drying
follows the filters and is usually done in a cast-iron tower, packed
with quartz or stoneware shapes which are sprayed with 97 to
98 per cent acid. From here on the flowsheet of a pyrites plant.
is the same as Tig. 20.

Heat-transfer System.—After purification the gas is heated
to the reaction temperature either by a direct-fired preheater or
by heat interchangers. Since the gas is dry, these and subse-
quent units in the system may be made of steel. Cast iron is
less suitable, as the graphite in it is acted on by hot sulfur tri-
oxide. The heat interchangers are ordinary tubular heaters with
steel shells and boiler tubes. The gas to be heated usually passes
around the tibes:~ Baffles are placed inside the heater to prevent
short circuiting, lengthen the gas path, and increase the rate of
heat transfer. The gas which is supplying the heat passes inside
the tubes and generally goes through all the tubes in’parallel.
The direct-fired preheater consists of a large number of ‘boiler
tubes connected in series and arranged in the flue of an oil or

coke fire.

Catalysts.—The most vital part of a contact plant, and the one
about which most discussions have centered, is the type of con-
tact mass used. Originally this was always finely divided plati-

" num and the processes were classified according to methods of

i
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breparation of L eabnlyst or the con
chamber, AL the present Limo in the U
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: 1¢ vanadium contuct process.  Tlhe ’ I
: : 54 There may be congj

differences in f] b botavogs 1o bl

T ow sheels and cquipment i
ient between individ

plants of cach type, but ; i eaner.

\ none of these is of g igni '

uts. . general significance

) Platinum contact masses usually consist of finely divided plati-

um suspended on asbestos mats or on granular silica gel

sbruetion of tho enlnlyst
niled States the only Lwo

“he

is largely offsct by the fact that 90

per cent of tl i
be recovercd when the mass is discarded, ot
mass can operate with higher gas concent
higher conversions, and is possibly more fle

m can
The platinum contact
rations, gives slightly
xible in operation than

the vanadium mass. - . -

There are several vanadium contact masseé,'covered by closel
held patf?nts. The contact mass is sold by the holdersyof tli3 v
patents in the form of porous granular materigl, " About 9288
pounds of the mass are used per ton of 100 per cent acid m de
per 24 hours. Although the actual cost of the vanadium .
pound and the. preparation of the mass is g fraction of thecfci):'rslt-;
ﬁ::f: gll;t;h: ptl;at;nllxm, royal'ty charges at present make the equiva-
jont mnss.os of the vanu(hufn mass higher than that of the plati-
fre’(];:: mgr?ater sup.erio.rity of the vanadium contact mass is its
aedom r_c;m powsoming, The activity of many catalysts ig
cronse ,C:L Ilzgtpz(;:g:g (lerie:;x'chlzdi.by the presence of traces of

. ¢ platinum conta
that on f,\sbcstos) is particularly susceptible to (;tl‘uxzﬁa;iiiﬁt leﬁt,
most.senous of which are arsenic and fluorine qence
of 1:,hls, the gas for a platinum system mus.t'
_p_u.nﬁed, since 1 or 2 parts per million of arse
quickly destroy the activity of the catalyst.
become poisoned, the catalyst mass must
reworked. The apparent major advantage
catalyst is that it is not subject to poisonin

As a consequence |
l?e very carefully
nic in the gas will
If the platinum hag
be removed ang
of the vanadium -
8. However, the
the gas must be
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“Thercfore fllc gas must be carefully ﬁltexjed in cither co.s?l. lti
dust gets into the catalyst mass, the mass must be removed anc
sereened. ‘ . ‘
\M'J(:‘;:lc balance of advantages and disadvantages of the p.lultmulx)n
and the vanadium masses is at present a co?trovexsl.a Tu -
ject. (113 Advocates of the vanadium mass claim that its 102'{;
life .oﬂsots its slightly higher first cost. Advocates-of ti;he lpfu ;;
' num mass insist that with o prop(ln'lylopcrat;tcd :Jl:';ttmlleo fl :c;d
i i the net cos \
- the platinum is long enough to make ’ :
le;(; 1t?lw.n with the vanadium catalyst. They also poxn.t O‘;t._thf"t:
whereas the vanadium catalyst works best on gases con aém'.lig;
7 to 8 per cent 8O,, the platinum catalyst 01})101'u.t{)cs sat(,llsfz%c oxtx1 l_se
5 ining i 10 per cent -SO., thereby reducing th
on gas containing up to €] e ong Bie
i i st of the plant. Both typ
size of the equipment and the cos yoes of
i i sonsiderable number of plants in thi
satalyst are in use in a (,onsxdua: an
szlin{ry, with no indication of a general preferen(;e. f;)lxt(lelthcftt:g:é
' T rter, or ¢ ber in which the
erters.—The converter, o (.hfun
mg‘::l: contained, is simply a cylindrical sheet steel sh;:)ll, :Sm:;lllt:
ith talyst is platinum on asbestos, th
with a cone bottom. If the ca b the
i s of i ted asbestos mats, 10 to
shell contains & number of impregna . % 1050 I
i i ; ire netting and held in a steel frame.
unit, supported by wire ne an . e
lIlfl tzzlhe ca;.alyst is a vanadium mass, it is carried on wire screen
i i layers.
- perforated metal in somewhat thicker .
” Il;mt{?cl case of a plant in which the sulfur burner 1; fofllg»;cdtl]))};
iler so regulated that the gas may be fed to
a waste heat boiler so regula Bo fad fa the
: ture, the gas filter and the
converter at the proper tempera ure, t e e e
: i be combined in one shell. In
stages of conversion may o shell.  In this case
i \ f the converter, first throug
the gas will enter the bottom o
ﬁll:ef thenthrough the first catalyst bed, out to a cooler, and then
] ok v D, 8
2 to the sccond catalyst Led. ) .
lmzl;logher method of controlling the temp?ra:;lre ot; u:,;;:txtc):((i
ion i ies of vertical tubes.in the ca d.
tion i to embed a series o Catayst bec.
s air is blown; and the amount o
Through these tubes air is ; ) s aix I8
y rature of the catalyst be
; trolled that the average tempera ‘ :
:: l(':g}l)ltlat the desired point. In one t;_rpc of apparatus these
crve as heat interchangers. . '
tull)&(i)ss::';{i:n Systems.—The oleum absorption towembz;.le us;l.allyg
hell, lined with removable section
constructed of a shect s.teel shell, ] ; o it e
' iron or with acid-proof brick, and pac > :
zf- th)tl(;:vxix'e shapes. The 98 per cent absorption towers are
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usually east-iron towers similarly packed.
both for oleum and for 98 per cent acid are made of cast-iron pipe,
which carries the acid in the annular space between it and g
smaller cast-iron pipe supplied with cooling water.
The absorption towers may be fed with acid of any strength
.over 97 per cent.  If oleum i to be made, the gas will first pass
through a tower over which oleum is recireulated. The concen-
tration of the acid fed to the tower is maintained at 0.5 to 1.0 per
cent less than the desired exit coneentration. Such strong acids
exert an appreciable vapor pressure of sulfur trioxide and, there-
fore, the absorption in such a tower will be incomplete.
to insure recovery of the final traces of sulfur trioxide, a counter-
current system must be used, and the absorption completed in a
97 to 99 per cent so that the residual vapor

idein the absorbing liquid will be negligible.
‘Acids more dilute than 97 per cent cannot be used because
they exert an appreciable, though low, vapor pressure of water,
In the presence of free sulfur trioxide even minute concentrationsg
of water vapor condense to form a mist of sulfurie acid which is
very difficult to recover. If sulfur trioxide gas is to be absorbed,
there s an appreciable difference in vapor pressure between the
gas and liquid phase which causes it to diffuse to the surfg
the absorbing liquid. If, on the other hand, instead of gaseous
sulfur trioxide, finely divided liquid sulfuric acid ig to be
recovered, there is no such potential difference tending to drive
the particles to the surface of the absorbing liquid. The only
way these particles may be removed is by causing them to settle or
to impinge on g surface, but both of these are difficult in practice
and mist formation must be avoided. '
The absorption of sulfur trioxide is strongly exothermic, A
large rise in temperature of the absorbing acid in any of the towers
is undesirable; for in the oleum towers this means an increase in
the vapor pressure of sulfur trioxide with a consequent decre
of capacity, and in the fingl towers it means an increase in the
vapor pressure of water with g consequent tendency to mist

formation. Coolers are theref ore provided in the acid-circulating
system of all towers. ' :

The acid coolers

In order

ce of

ase
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Problems

1. What is the composition of the gas obtnim?d by buming 1())ur?e IFeS;
witl'x 50 per cent excess aif, assuming that all the iron goes to 1.'e, Y
9. A Glens Falls sulfur burner is operated on u.tmos;l)lhent air c?nj[;am(:,ﬁfl
som i y i is ‘753 millimeters of Hg
some moisture. The atmospheric pressure 13 /02 & ond
parti 13 millimeters of Hg. The g
. the partial pressurc of the water vapor s e o ter vapor.
inr the primary chamber contains only Ni, 805, 54 a1
l’f‘il‘;‘::,lobtal pr(}:)ssure of this gas is 753 millimeters and the partial pressure of S
is 76 millimeters. ) )
¥ ZIo:v much secondary air, expressed as mols per mol of pnmu;y air, dmust
be added in the secondary combustion chamber tq bufn the sulfur an 1
‘a Yicld o gas containing the theoretical requuement for converting 2
80, to S0, ) .
b. Yic:ld o gas containing 10.5 per cent(,) S(:i:, d{)y 13&;13?
. Yicld o gas containing 8 per cent SO,, dry basis )
; li::fcrrini to Problem 2, how many mols of water vapor will be p;gser‘xt.
in t,.hé"'gns«lewing the secondary combustion chamber, per mol of SO;, In
4 f the three cascs stated? .
. C'\cil (1)& sulfuric acid plant makes 100 tons of 60° acid per day. How lé‘{l(::;
pans three by six fect will be needed to burn the su}(i;u-? How many
*lls burners, of what size, would do the same wor
! ﬂ;ls S::cif y ,the size of tl;c Glover tower for the plant ,of. Problem 4{ _gf
the .iulet. gas temperature is 1000°F., what will be the actual inlet gas velocity
ted on the empty tower)? . -
(cﬁq‘g;c?:ify the total volume of the clmmbers‘ and the size of the C:nyt
Lus.sac tower, for this plant, if the plant is designed for maximum outpu
¢ cubic foot of chamber volume. ) R .
P°7. Tow much water must be supplied to :,he_chnmbers'f .
8. Each of two plants makes 50 tons of 66° acid per day in a tower co l
t t:or Ono takes 60° acid from the Glover tower for concentration, the
rator.
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other finds it necessary to send chamber acid to the concentrator at 53°Bé.
What is the saving in water evaporated in the first plant?

9. Three brimstone burner gases, A containing 14 per cent SO, B con-
taining 10.5 per cent SOs, and € containing 8 per cent SO,, balance in cach
case O; and Ny, are available. Caleulate for each gas:

a. Concentration of SO, at equilibrium at 450°C. and 1 atmosphere.

b. The per cent conversion of SO; to SO; at equilibrium at 450°C. and

1 atmmosphere. .

10. A contact sulfuric acid plant in the tropics wishes to munufacture
acid as strong as possible. The humidity is such that the partial pressure of
water vapor in the air is 38 millimcters of Hg. This water is remnoved by
scrubbing with strong acid; the dilute acid resulting must be included in
the produet (it is all used for dilution in the absorption system, and furnishes
all of the water in the product). The burner gas containg 6 per cent SO,
(dry basis). Assume 98 per cent conversion of SO, to SO, and 100 per cent
conversion SO; to acid. Total pressure equals 760 nun.

a. What is the strength of the product?

b. What is the minimum percentage of SO, in the gas that will permit

manufacture of 105 per cent equivalent 11,80,?

11, Predict the increase in ellicicney which could he expeeted if the
operating pressure of a contact sulfuric acid plunt were increased from 1 to 8
atmospheres (absolute pressure). Thie burner gas :coiftains 8 per cent SO,,
and the converters operate at an outlet temperature of 450°C.  Assume
equilibriuin’in exit gascs. ‘

12. A contact plunt is to produce 10 tous of 20 per cent oleum and 40 tons
of 98 per cent acid per day. The 98 per cent tower is fed with 97 per cent
acid obtained by diluting part of its output. ‘I'he oleum tower is fed with
19 per cent oleumn obtained by diluting part of its output with 98 per cent
acid obtained from the 98 per cent tower.

Calculate: (on a per day basis)

a. Tons of 98 per cent acid going to oleum tower system,

b. Tons of 19 per cent oleum entering oleum tower.

c. Tons of 97 per cent acid entering 98 per cent tower.

13. A contact sulfuric acid converter uses the heat of reaction in the

first stage for preheating the incoming gas. The heat of reaction (liberated)
is

80; -+ 240: = 80; — 22,850 calorics per gram mol

Sufficient conversion is obtained to prelieat the gas from 400 to 460°C.

. The gas from the brimstone burner contains 8 per cent SO, If all of the

heat liberated goes into pre-heat (i.e., none is lost ill radiation, and there is
no change in temperature of the converted gas), what fraction of the SO,

" present is converted in this stage of the converter?

Specific heats (mean, between 400 and 590°C.)

L

r Air: 0,25 B.t.u. per pound per degree Fahrenheit.
S0,; 0.19 B.t.u. per pound per degree Fulirenheit.
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CIHAPTER II1

SULFURIC ACID

oo Bl eat cmaats camatetl e ot Y S Sl e bse mene e

Sulfurie acid is the most important. producl of the inorganic
chemical industries.  I6 enlers into so many dilferent processes
in Turge amounts Chal the sulfuric-ancid mackel may be considerad
a4 beller barometer of business conditions than even the iron
and steel market,  Thisis nol only beeanuse sulfurie neid has fully
as many applications as iron and steel, bul also beeause, sinee it is-
rarcly stored, ils production and consumplion respond more
quickly Lo changes in business activilies. Sullurie acid not -
only represents the condition of manufacturing industrics, but
beeause of its use in fertilizer manufacture it is cqually significant
as o barometer of agricultural condilions, It has even been
said that the industrinl development of any counlry can be
measured by its consumplion of sullurie wid. :

The lechnology of sullurie acid is remackable in that the

B e LLLL e T L PR

§ chamber process has been operased unatil recent yenrs with
; practically no significant changes * equipment or methaod
3 beyond those which were muade at Lue very beginning.,  In the
] lInst few years many maodificniions have been suggested, and in
i some cases adopled.  In ab least one of Lthese, although the

reaclions are the same as in Lhe standard process, the plant
bears no physical resemblance to the classic arvangement.  These
S ' K changes have coincided with, and at least in some degree are Lo
B b be ascribed Lo, o more thorough fundamental knowledge of such

unit processes as commbustion, fluid {flow, heal flow, gas absorp-
tion, and the mechanism of heterogencous reactions.  While
these developments cannot be deseribed in detail in this book,
the trend will be apparent from the menlion of the recent special
modifieations of the chamber process. The effeet of o betler
knowledge of fundamentals is also apparent in the general
unification of the-contact processes.

Production and Distribution.—T'he distribulion of sulfuric acid
in ghe United Slales in 1927 was as follows:

. 39
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Tanri 1N —Usks or Surrunic Ac

Percentage
T 1, DO AL REE LR R ‘:.’.7 .8
ChemielS, . oeevei e iaeeenaranresasanrresoeanansenes 2().‘.:
Pebrolesm refining. coooe i i raaianmaaaenen ‘l‘.).u
Steel pickling and metallurgical. oo ooiieiiiiiene 20.0
Paints and PIEINENLS. oo veieiiiaaionrrarsanoenses . 53.()
IEXPIOSIVES . ¢e e v v enneerennan e s e 2.6
Pextiles.cveviineneaens J R R 2.0
MiscClilNeoUS. « oo vereseanossservesaneosens BT 4.2

"The cnormous consumption of acid in the fcrtilizcn: im}ustry
usually results in acid plants and fertilizer pl.ants being in the
ame locality. In many cascs, the acid plant xs.opgmtcd by tl}c
fertilizor factory. The fertilizer plant ordinnnly' uses an .acld
of 50° Bé. and is, thercfore, supplicd dircetly w1tlx. this dilute
acid.’- Other industries cither need cohcentrate_d acid, or need
small cnough tonnages - s0 that they may purchase con-
centrated acid and dilute it. Tlence, they do not need t9 be
located at producing centers. - The manufacture of cxpl(?snvcs,
and ~some Dbranches of the chemical industry, use acids of
extremely high strength and may operate their own plants to
y ¢ these. ' ' ‘
l)l(é(llxlllfﬁlx-ic acid is ordinarily sold as 50° Bé. or chamber acid
(62.18 per cent I1,S80,), 60° Bé. acid (77.67 per cent I~Isz4),
and 66° Bé. acid, or oil of vitriol (93.19 per cent I-Izs(?.,). Acids
stronger than 66° Bé. are usually spoken of by. th.elr per cent
acid concentration, and 100 per cent sulfuric acid is commonly

called monohydrate. . .
Sulfur trioxide..dissolves in monohydrate to give fuming

acids or oleum. The strength of these may be expressed in

various ways. An acid containing 20 pounds of free’ SO; dis-
solved in 80 pounds of HsS04 might be spoken of as 20 per CCl?b
oleum, or as acid containing 85.3 per cent total SOa. If to
100 pounds of this mixture sufficient water (45.5 pounds) b(:
added to combine with the free 8Os, there will 1'05(}1(; 104.5
pounds of 100 per cent 1,80, TFrom this point of view such
acid would be called 104.5 per cent acid. - . .

In 1925, the production of these different grades in the United
Stules was as follows:
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Tanre X.—DProbucrion or Sutrnunric Acid ny (IRADES

Lquivalent
- DPereentage
tons of 50
. of total
acid .

SO Bt 2,166,000 30.9
1 U 1,503,000 21.4
B0%, it iit it 967,000 20.6
Oleum and stronger........... © 1,161,000 27.1

BT 7,012,000

Nori: The average strength of the acid in the entry entitled Oleum and
stronger acids, is 1015 por cent. )

The total cstimated production, expressed as tons of 50°
-acid, in 1927 was 6,935,000 tons.

RAW MATERIALS

The carlicst commercial raw material for the manufacture of
sulfuric acid was sulfur from Sicily. Laler many plants turned
lo iron pyrites (IeS;,) as their raw materinl.  This trend increased
until at the beginning of the present century the larger proportion
of sulfuric acid made in this country was made from pyrites.
When cheap sulfur of high purity from American sources became
available, more and more plants turned to sulfur; until in 1920
about 80 per cent of the acid made in this country was made
from sulfur. At present the margin of cost between the two
raw materials is small, and a relatively slight change of prices
may turn the balance in favor of pyrites.

Sulfur.—Bcfore 1900, the world’s production of sulfur came
entirely from deposits in voleanic regions, the most important
of which was in Sicily. Sulfur was mined in the form of a porous
rock which contained up to 40 per cent free sulfur. - The methods
cmployed were crude and usually consisted in piling the ore in
heaps, starting a fire at the bottoin, and allowing the heat from
the combustion of part of the sulfur to melt the rest, which was
collected in molds below the heap.  The recovery was incomnplete
and in rccent years more cconomical apparatus has been used.
Even so, the yield is small and the cost high. A small amount
of sulfur was imported into the United States as late as 1916
but since that time there have been practically no imports.
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The producing areas in the United States cox.lsis(. of sca.l.t-,crcd
deposits, each covering a relatively small arca, in the Lomslan?.-
Texas coastal plains.  Although these deposits were known in
18G5 it was not until the development of the Frasch process in
1891 that production was possible. The Frasch process was so
suceessful that in a relatively short time it was producing almost
: ¢ sulfur used in this country. .
mlﬂl tlutse Louisiana deposits, sulfur occurs distributed through
a limeslone rock, which is covered by thick la}.’crs of alluvial
deposits and quicksand that cffectively prevent 1tszrecovo:1'¥ lfy
ordinary mining methods. The Frasch Process ¢+ consists 1r‘1
pumping highly heated water into the rock to mcl.t the sqlft.x},
and then raising the meclted sulfur to the surface with an air-jet
lift. A 10- or 12-inch hole is drilled to the sulfur-l.)eunn.g layer
and eased Lo the surface of the rock. Inside this casing are
three other pipes, about 6, 3, and 1 inch in diameter respectively.
AVader superheated to 830 to 350° T, is pumped down Phroxgh
the 3-inch pipe and distributed through the rock mass. The
molten sulfur colleets in the bottom of the well and is 'llftcd. by
_air sent down through the 1-inch pipe. Variou-s modifications
of the process have been made to control the inflow of water
from the quicksands and to distribute the 11(3(: water f:llrougll
‘the sulfur-bearing rock, but the process remains es§cnt1.ally as

deseribed. . The sulfur, as it issues from tl.xe we}l,' is piped to
large bins made of rough plank, where it solidifics. These
blocks of sulfur, which may contain scveral thousand tons, are

! .
Tanne NL.—Propuerion or Surrun 1IN MeTnic Tons

: United States United States \Vorlq

\..('“"' imports production production

R TR 126,760 1,676 308,016

{‘.)()()) ....... e 167,328 4,630 581,282
{113 1 ORI 175,310 6,977 60:1,9?9
1002, ... 0ceeens - 176,951 T, 565 552,996
1003, .o eens 100,931 35,660 631,035
1110 SR SN 130,421 196,588 767,249
1005, ..0cveneenen 84,579 218,440 830,609
) £11 11 Y 30,544 259,699 787,732
(XY 5 T 24,0647 299,133 860,000
1020, ... cveieenns . R & A 1,542,059 1,041,052
1025 . .000venenns 102 1,431,912 2,213,330
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later broken up with explosives and shipped.  The sulfur so
produced is 99.5 to 99.8 per cent pure and is free from arsenic
and sclenium, but does contain small amounts of asphaltic
material.

The effeet of the Frasch process on the situation in the United
States is strikingly pictured in Table XI.

Pyrites.—Iron pyrites is usually represented by the formula

FeSz, and if pure should contain 53.4 per cent sulfur; but the
mineral actually mined is variable in composition. Most inanu-
facturers demand pyrites contuining over 42 per cent sulfur.
During the World War, material as low as 30 per cent sulfur was
accepted. In 1926 the domestic production, which came mainly
from California and Virginia, was about 30 per cent of the total
consumption. Most of the imported pyrites come from Spain,
although in some years considerable amouits have been im ported
from Canada. ) ' .
- Other Raw Materials.—In the -metallurgy -of -most of the
non-ferrous metals there is o step which involves roasting o
sulfide ore, and this operation produces sulfur dioxide which
might be used as a raw material for sulfuric acid manufacture.
At present, however, this material is important only at zine
sinelters, where considerable anmounts of sulfuric acid are made
from the waste gas from roasting zine sulfide. In o few cascs,
sulfuric acid is made from the waste gas of copper smellers, but
such plants are usually too far from consuming centers or else
they produce gas so variable in composition as to be unsuitable
for sulfuric acid manufacture.

In 1918 the production of acid in the United States from
different sources was as follows:

TasLe X1L.—Svurruiic Acip PropucTioN Acconbping 1o Raw MATERIALS

Tons  Decrceent

Tromsulfur.....ooviininienn.. ... e eean 3,580,000 48.0
From pyrites:

Spanish..ooioo i 570,000 7.6
Domestic.coeen i it i, 050,000 12,7
Canadinn. . ..., ... 555,000 7.5
Trom zine smellers, c.oovie v eenneereeen e 1,200,000 16,1
From copper smelters. .. ovueevnnreinneeennnnnnn.. 600,000 8.1

These dala represent unusual conditions due to the World War.
More recent figures arc not available, but at present the pro-
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porlion of acid made from sulfur is much higher than this
table shows,
CHAMBER PROCESS
Sulfuric acid may be made by several processes, of which the
most important are the chamber process and the contact process.
A general outline of the chamber process is given in Fig, 12, which
is purcly diagrammatic and indicates only the most important
clements in the process.  Sulfur is burned with sufficient excess
air so that the concentration of oxygen is slightly greater than
that of sulfur dioxide. Sulfuric acid and sodium nitrate are
“mixed in the niter pot, which is placed in the flue carrying the
hol burner gas.  The nitric acid vapor so formed is carried into
the stream of gas and reduced to oxides of nitrogen. The gas
mixture then passes to the base of the Glover tower, down which
‘acid is flowing.  The gas rises through this tower, concentrating
Ahe acid, thereby becoming cooled and picking up considerable
‘waler vapor,  From the top of the Glover tower the gases are’
conducled - to the lead chambers, of which there may be from
four Lo cight, although only two are shown in the diagram.
Intermedinle towers may or may not be placed between the
‘chambers.  Water is introduced into the top of the chambers,
-either in the form of spray or steam. In the chambers sulfur
dioxide, oxygen, water, and the oxides of nitrogen react to formn
sulfuric acid, which collects in the bottom of the chambers and
is drawn off as chamber acid of about 50° Bé. At the end of its
passage through the chambers, the gas has lost most of its
sulfur dioxide, but still contains oxides of nitrogen. These are
recovered in the Gay-Lussae tower by absorption in a stream of
eold 60° acid introduced ab the top.  The residual gas, consisting
largely-of _nitrogen and oxygen, is discharged into the air from
o stack, o )
The chamber acid is fed to the top of the Glover tower, and
in its passage down this tower is concentrated to about 60° Bé.
I'rom the base of the Glover tower it passes through a series
of coolers.  Part of the cooled ncid is drawn off as product, but
& considerable proportion is sent to the top of the Gay-Lussac
tower Lo absorb oxides of nitrogen. The acid drawn from the
hase of the Gay-Lussac tower is called “nitrous vitriol.” ‘This
is tnken to the top of the Glover tower; and in its passage down
through the Glover tower the oxides of nitrogen are displaced
and returned to the gas stream. Conscquently, oxides of
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nitrogen which are added by the niter pol merely serve to make
up losses and are only n small fraction of the total amount of
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and is not sent to the Glover tower.  In such eases, water is fed
Lo the Ltop of the Glover tower to supply the water which would
otherwise be added in the form of chamber acid.

Sulfur Burners.—A successlul sulfur burner must fulfil several
requirements.  As a conscquence of the low heat of combustion
and the high vapor pressure of sulfur, the burner must expose
a large surface of molten sulfur; minimize loss of heat by radi-
ation; provide secondary air in the zone of high temperature to
burn sublimed sulfur; and facilitate the removal of non-com-
bustible floating impuritics such as ash and asphaltic matter.

These conditions are met in o wide variety of apparatus.
Pogsibly the simplest sulfur burner consists merely of a large

_brick chamber. A cast-iron pan about 5 inches deep, into which
sulfur may be charged, is set in the front of this chamber. The
pan sliould have an arca of about 30 squarc fect per ton of
sulfur burned per day.  Air for primary combustion is admitted

~over the pan.  This air not only burns sulfur in the pan; but
‘carries from the pan considerable sulfur vapor which burns in
the rear of the chamber,  Sccondary air is admitted under the
pan and mixes with the primary products in the rear. By
regulating the distribution of air from these two inlets, it is
~possible Lo control the temperature of the molten sulfur, and
introduce any desired proportion of secondary air.

The older burners, in which the pan was set on the floor, were
not suceessful heeause it is not possible to sccure complete
combustion i all the air is admitted as primary air. As the
quantity of air entering over the sulfur is increased, this merely
inereases the total quantity of sulfur burned and sublimed. At

any given temperature, there will be an equilibrium between

air ad sulfur, in accordance with which the air will carry a
certain proportion of sulfur vapor. Increasing the volume of
primary air increases the quantity of air which can carry sublimed
sulfur. - This also increases the rate of combustion, therchy
increasing the temperature and consequently the vapor pressure
of the sulfur, with correspondingly increased sublimation.

A method of burning sulfur, which has been recently introduced
but which has not yet become general, is to spray molten sulfur
inlo a combustion chamber exactly as fuel oil is sprayed. Here,
it is possible to admit all the air in one stage, because the sulfur
may be fed at a regulated rate, so that an excess will not be
available for sublimation,

—sekn.
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The Glens [Palls sulfur burner (Iig.
13) consists of a horizontal steel cyl-
inder with conical ends, revolved on
two sets of rolls. Sulfur is fed at
one end through a worm-feed mech-
anism, and primary air is admitted
at the same place. The heat of
combustion melts the sulfur within
the cylinder. "The rotation of the
cylinder distributes this sulfur in o
thin film on the inside of the appa-

ratus, and also causes it to shower in

drops through the hot gas. The dis-
charge end of the cylinder fits into
a combustion chamber, and sce-
ondary air to burn sublimed sulfur is

introduced here by a sliding damper.

The agitation of the sulfur prevents

the formation on its surface of o filn’

of impurities which might slow down
combustion. The cylinders vary
from 20 inches by 4 feet-0 inches to
4 feet-0 inches by 20 feet-0 inches;
and have o capacity of onec ton of
sulfur per 24 hours for cach 24 cubic
feet of eylinder volume.

The Vesuvius sulfur burner is
shown in Tig. 14. It consists of o
number of superimposed shallow cast-
iron trays A set in a brick-lined steel

shell. Sulfur is charged into a melt-
. ing chamber B at the top, and is fed

intermittently to the burner by open-
ing the plug valve C. Lach tray is
provided with openings D. Suc-
cessive trays are so placed that their
openings come on opposite sides of
the burner, so that the sulfur cascades
from tray to tray. Air is admitted
under the bottom tray and rises
through these same openings, At

Poil=ee
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F16. 13.—Glens Falls sulfur burner.
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the level of each tray there is a door E through which some air
may be admitted at cach level. The exit pipe conlains a
damper I to admil sccondary air into the flue. This flue leads
into a fircbrick-lined sccondary combustion chamber G where
sublimed sulfur is burned. This burner is made in sizes from 4
{0 6 feet inside dinmeter, and burns 1 ton of sulfur per 24 hours
for every 15 to 20 square feet of tray arca.

n

S B IR S R |

[ 1
F16. 14.—~—Vesuvius sulfur burner.

Pyrite Burners.—The type of burner which is used depends
upon Lhe size of the pyrites, coarse lumps and finc material
requiring-different types of ‘burners.

Lump pyrite burners are simply brick-lined fire boxes about
6 feet long and 4 or 5 feet wide, with grates constructed of
straight square bars.  Sinee the production of uniform gas and
the yield of & maximum amount of sulfur dioxide requires
carcful attention to the fires, the individual furnaces are made
small.  The heat of combustion of pyrites is-low and hence it
is cssentinl that radintion losses be minimized. The furnaces
are therefore seb in batteries, each battery consisting of. two
rows, back to back,with o flue between. In order to sceure
wniform and complete combustion, the depth of fire bed must
be considerable and the air must be preheated.  This latter is
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accomplished by maintaining a layer of hot cinders on the
grates.  Aboub 50 square fecl of grate arca is required Lo burn
I ton of 45 per cent sulfur ore per day. '

Burners for fine pyrites have been made in o wide varicty of
designs. The principal features are shown in Fig. 15. The
furnace consists of a brick-lined steel shell in the form of a
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vclitical cylinder 10 to 25 feet in diameter, in the axis of which
stands a slowly rotating shaft. 1In the interior of this cylinder
are construeled o number of superimposed firebrick hearths.
The central shaft carries two or more arms for every hearth.

Rabbles on these arms are set ab such an angle that they draw

the ore toward a central opening in every alternate hearth, and
push it toward an opening near the circumference of the other
hearths. The shaft and the rabble arms are cooled, and the
different designs differ in the method of cooling, the provisions
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for making repairs, and similar details. Most of the air for
combustlion is introduced at the bottom hearth and rises counter-
current to the flow of material. The air is preheated by the
burned cinder on the lower hearth. Combustion takes place on
the intermediate hearths and the descending pyrites are pre-
heated.by the hot gases on the upper hearth. If the burner
lemperature becomes too high, additional air is introduced at
intermediate hearths. These furnaces require about 100 square
feet of hiearth area per ton of ore per day.

Bxperience has shown that the best results in the chamber
plant arc obtained when the gas from the sulfur burners contains
8.5 to 9.0 per cent sulfur dioxide. This corresponds to 12.0 to

12.5 per cent free oxygen. In the burning of pyrites, part of

the oxygen of the air is combined with the iron. Maintenance
of the proper ratio of sulfur dioxide to oxygen, therefore, results
in pyrites burners being operated to give a gas of 7.0 to 7.5 per
cent sulfur dioxide.

Niter Supply.—'Lhe usual method of replacing losses of oxides

- of nitrogen is to charge -sulfuric acid and sodium nitrate, in
_approximately equimolccular proportions, into a cast-iron vessel
‘known as a nifer hog. This is set in the flue carrying the hot
“gas from the burner to the Glover tower, to supply the heat to

carry out the reaction and vaporize the nitric acid. When the
nitrie acid vapor mixes with the burner gas it is u,duc(,d The
reaction is probably

21INO; + 380: = 2NO + 11,0 + 3S0s. (1)

Sometimes in place of the niter hog, chambers lined with acid-
proof masonry are used; or if the plant is large, retorts such as
are used for the manufacture of nitric acid (p. 91).

In -the.manufacture of nitric acid, a certain amount of the
product is obtained in the form of solutions too dilute to be
marketable. This dilute acid may be added directly to the
Glover Lower, where it is decomposed by sulfur dioxide according
to the reaction already given.

In recent years there has been a pronounced tendency to
supply oxides'of nitrogen to the chamber process by the oxidation
of ammonin @9 (sce p. 111).

In this process n mixture of ammonia and air is passed over
heated platinum gauze, and if the proper conditions arc main-
tained the nitrogen of the ammonia is almost quantitatively
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oxidized to NO.  The apparatus is compact and easily operated.
The supply of oxides of nitrogen to the process can be accurately
and instantly regulated by -turning a single valve; and at present
prices of ammonia and saltpeter, it is much cheaper than the
older methods. '

The apparatus consists of a blower for furnishing air, a catalyst
chamber, and a heat interchanger.  If liquid ammonia is used,
the air is preheated in the heat interchanger, and the ammonia
is introduced through a control valve just before the mixture
enters the catalyst. The heat of reaction is sufficient to preheat
the incoming gases to the reaction temperature. If aqua
ammonia is used, the air first passes up a small column -down
through which aqua ammonin is passed.  The mixture of air
and ammonia is then preheated, but to avoid decomposition of
the ammonia the heat exchanger must be made of nickel or
aluminum.

The losses of oxides of nitrogen in the whole process, ¢ caleulated
as sodium nitrate, amount {0 about 4 per cent of the total
weight of sulfur burned.  This holds true for plants operating
on sulfur or a good grade of pyrites. Planis operating on metal-
lurgical gases of varying compositions may usc as high as 8 or
9 per cent sodium nitrate, The niter loss also varies with the
method of plant operation, since forcing the plant to high
capacitics resulls in o proporlionately increased loss of oxides
of nitrogen. With uniform operalion at moderate rates the loss
may be held down to 2 per cent.

Dust Collectors.—When pyrites are burned, if the fine material -
carricd over with the gases were not removed, it would soon
clog the Glover tower. The usual method is to introduce,
between the burners and the Glover tower, a chamber whose'
cross-scelion is considerably larger than the gas flue. This
chamber may be empty and depend merely on a deerease in gas
velocity to drop. the suspended particles; or it may be provided
with baflles. The eross-scction should be such as 1o reduce tho
gas velocity to about 3 feet per second, and it should be long
enough to give the gases a total time in the chamber of 0.5 to
0.75 minuLcs

~1n some plants, especially those operating on smelter gases,
the Cottrell system of electrieal precipitation is used,  This
requires cooling and humidification of the gases. It consists in
passing the gases through paths of relatively small cross-section,



52 INORGANIC CHEMICAL TECHNOLOGY

cach carrying a central electrode. Between this clectrode and

the wall of the conduit a high-potential unidirectional clectro- -

static ficld is maintained. The solid particles are clectrified and
attracted to one of the poles. Provision is made for jarring the
clectrodes at intervals so that the accumulated dust falls into
a hopper below.

The Glover Tower.—From a study of Fig. 12 and the descrip-
tion which accompanies it, it will appear that the Glover tower
has several functions.  Among these may be mentioned:

1. Cooling the burner gases.

2. Concentrating chamber acid.

3. Returning to the system oxides of nitrogen which have been
recovered in the Gay-Lussac tower. -

4. Supplying water vapor to the first chamber. Before
‘proceeding to a more detailed discussion of these it will be

“necessary to consider some reactions of general importance.

The reactions which take place in the chamber process have
"been the subject of many controversies, but the theory advanced

Ly Lunge® has had the widest acceptance and has withstood
criticism. * Nevertheless, it is not complete, and there arc many
“details of the operation of the chamber process which are not
.yet fully understood. According to Lunge, o very important
place is held by a compound called nitrosyl-sulfuric acid, whose
relation to sulfuric acid is shown by the following structural
formulas: '

Nitrosyl-éulfuric " Sulfuric acid
acid
0=N—0 0] II—0 0o
4 >
1—07 N0 1—07 N0

..
e eem

In.the ;)rcs;x;cc of sulfur dioxide and some fret; oxygen, this
acid cin be formed by the following reaction:

280, 4 2NO + H.0 4 320, = 2(ONO)(OH)SO0.. 2)

This éompound is casily hydrolyzed, liberating sulfuric acid
and N,O; according to the reaction _

2(ONO)(OH)S0. + H.0 = 2H,80, + N:0. . (3)
"It is nlso casily reduced By S0, according to the reaction ‘
2(ONO)(OM)S0; + SO, + 2H.0 = 3H.S80, 4 2NO. (4)
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High temperatures not only favor a more rapid rate of reaction,
but also give an cquilibrium corresponding to more complete
decomposition of the nitrosyl-sulfuric acid. It is obvious that
both reactions (2) and (4) arc favored by high concentra-
tions of sulfur dioxide; reaction (2) taking place where concen-
trations of NO are high, and reaction (4) where they are low.

It will be apparent, therefore, that the Glover tower is adapted
to accomplish the recovery of nitrogen oxides from Gay-Lussac
acid by hydrolysis in the upper part of the tower, and by redue-
tion by means of sulfur dioxide in the lower portions of the
tower. Gay-Lussac acid is fed into the top of the Glover tower
and in addition there is added the comparatively dilute chamber
acid; or should the chamber acid be taken off as a separate prod-
uct, water is added in its place. Hot burner gases entering the
bottom of the tower and carrying a relatively high content of
sulfur dioxide are able to decompose, according to reaction
(4), any nitrosyl-sulfuric acid which may have reached the
bottom of the tower. Thus, the acid-issuing from the base
of the Glover tower should contain only a trace of oxides
of nitrogen. As the burner gas rises through the tower, it
carries not only the nitric oxide from the niter pot, but increasing
amounts of nitric oxide liberated from Gay-Lussac acid. ‘This
makes possible the direct synthesis of nitrosyl-sulfuric acid
by reaction (2) at certain intermediate zones in the tower.,
Becausc of the high temperature of the gas it is able to
concentrate the acid which it meets and, therefore, as it
ascends, it also carries increasing concentrations of water vapor.
This, combined with the dilution caused by chamber acid or
water ab the top, gives a zone in the upper part of the tower
where nitrosyl-sulfurie acid is decomposed by hydrolysis. Thus,:
it will be scen that in addition to the functions previously
mentioned, the Glover tower has another and very important
one; namely, the synthesis of sulfuric acid. The acid formed
in the tower may be as much as 20 per cent of the total output
of the system. ' .

The construction of the Glover tower varics considerably, but
present practice favors a tower built of acid-proof brick, sheathed
with-lead and resting in o lead pan (Fig. 16a). On this lead pan
is laid an acid-proof masonry floor, which supports the walls of
the tower and also arches, which in turn support packing material
with which the tower is nearly filled. A special distribution
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device at the top of the tower insurcs uniform wetting of the
pu.cking with the acid. '

© All the reactions taking place in the Glover tower involve the
interaction of a liquid and a gas. It is, therefore, necessary t}mt
these two phases be brought into as intimate contact as possible
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in countcrcurrent. - For this purpose, the liquid is filmed out
over the packing material in the tower while the gas is forced
Lo pass up through this packing.

At the high temperatures of the Glover tower all these reac-
tions -are very rapid and a relatively short time of contact is
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suflicient. Conscquenily, a rather coarse packing with rcla-

tively large free spaces and filling only a short scction of the
tower (15 to 25 feet) is satisfactory. Ordinary practice calls
for 0.10 to 0.15 cubic feet of packed space per pound of sulfur
burned per 24 hours, and a gas velocity of approximately 1
cubic foot per sccond per squarc foot of tower cross-section,

The gas inlet at the bobtom of the tower opens into an empty

space, which is provided to give more uniform distribution of
gas through the packing. IFor the same purpose an unpacked
space is left at the top of the tower. The packing consists of
broken quartz or stoncware shapes, supported on arches of
acid-proof brick. Since the cross-section of the tower is great
compared to the height of the packed scction, special devices
must also be employed to insure compleie distribution of the
chamber acid and nitrous vilriol over the packing. These
usually consist of a considerable number of openings in the top
of the tower and a number of pipes leading Lo _these from a
central distributing box. : :

Lead Chambers.—The lend chambers are essentinlly large
vessels which ollow space, and therefore time, for the major
reactions to take place before the gases leave the system. The
gases entering the first chamber from the Glover tower contain
water vapor, and a relatively high concentration of sulfur dioxide
and free oxygen. The oxides of nitrogen at this point are
almost entirely NO, as shown by the fact that the contents of
the first chamber are usually without any trace of red oxides.

The reactions by which sulfuric acid is made in the chambers
result in the evolution of heat, so that the central portions of the
chambers are always warmer than the outer portions which are
cxposed to the cooling influence of the surrounding air. The’
chambers are filled with small floating particles of mist which
circulate about with the chamber gases, rising in the central
portions of the chambers and falling near the sides. These
mist particles consist of nitrosyl-sulfuric acid and. sulfuric acid
of varying dilutions. Since the partial pressure of water vapor
within a given chamber is more or less uniform, and since these
particles ave hotter in the central portion of the chamber, they

will, therefore, be more concentrated in the central part of the
chamber and more dilute toward the walls.  In the central arcas
sulfur dioxide, nitric oxide, and oxygen can unite to form nitrosyl-
sulfuric acid; whereas at the walls, where the temperature is
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lower, waler vapor condenses on the drops, diluting them,
hydrolyzing the nitrosyl-sulfurie acid, and liberating oxides of
nitrogen. Any N,O; which is liberated must recombine with
- great rapidity with sulfur dioxide and water, forming more
nitrosyl-sulfuric acid; for the gas in the first chamber is sub-
stantially color]ess.

Much of the difficulty in assembling a coherent theory of the
chamber process centers around the question of which oxides
of nitrogen arc present and what their various functions may
be. ‘The oxides of nitrogen involved in the process are commonly
considered to be three in number; NO which is colorless, NO,
- which is reddish, and N,O; which is deep red. At the tempera-
ture of the chambers, N.O; cannot exist except in very small
iconcentrations. - If it is formed by the hydrolysis of nitrosyl-

-sulfuric acid it must almost completely dissociate according to

“the reaction:

N,0; = NO 4 NO,. . (5)

" That NO,, except such as results from this dissociation, does
inol enter into reactions in the chambers, is evidenced by the
““fact that an excess of NO, over NO is never found in the chaunber
:gases. - Any NO, which is present probably reacts not as such,
but by combining with NO to form N:0s. Conscquently, the
assumption that only NO and N,O; or its equivalent are present,
gives o satisfaclory explanation of the reactions in the chambers.
1t has been observed that the contents of the carlier chambers
arc white-or colorless, while the later ones show an increasing
reddish color. This indicates the absence of N,0; from the
first chamber. This is usually explained by assuming the
formation of nitrosyl-sulfuric acid according to the equation:
N304 211,80, = 2(0NO)(OH)SO0; + II,0. (©)

As the gas proceeds through the chambers, its temperature is
lowered and at the same time the sulfur dioxide concentration
is deereased, the decomposition of nitrosyl-sulfurie acid nccording
to equation (4) decreases, its hydrolysis by water with the
formation of N;O; increases, and thus the increasing color is
explained. Equation (2) calls for the synthesis of nitrosyl-
sulfuric acid by nitric oxide and oxygen. In the presence of
lower concentrations of sulfur dioxide and at lower temperatures,
the NO in this cquation may be replaced by N,O; as follows:

280, + N,0; 4 0, - I1,0 = 2(0NO)(OH)SO.. )
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Lt has been stated above thal al temperatures exisling in the
chambers NaO; exisls only in very small concentrations. The
residunl concentration of N,0; at cquilibrium is sullicient for
reaclion (7), thereby removing N.O; from the gas phase and
causing NO and NO; to react with the formation of more N,O,.

The reactions which have been discussed result in the removal
of water from the chamber gases to form sulfuric acid. The
water vapor supplicd by the Glover tower is usually sufficient
for the first chamber, but in succceding chambers water must
be added as steam or fine spray. v ,

At various times small intermediate towers sometimes empty
and sometimes packed, have been built between the chambers,
The original theory was that the purpose of these towers was
to cool the gases, but this has been proved incorrect. Probably
their most important function is to scrub out sulfuric-acid

‘mist.” If this mist in the chambers becomes too concentrated

or too cold, it may absorhb N.0; dircetly according to reaction
(6). This increases the quantity of nitrosyl-sulfuric ncid
in the liquid and decreases the concentration of oxides of
nitrogen in the gas. By reducing the proportion of acid mist
in the gas in the later chambers, a larger concentration of Lhese
oxides is left in the gas phase, and the use of an intermediate
tower therefore inereases the quantity of acid made in the
following chamber, o

Chamber Construction.—The usuallead chamber is n rectangu-
lar vessel of sheet lead supported on a suitable framework.,
"Thesc chambers may be 50 to 150 feet long, 16 to 26 feet high, and
20 to 30 feet wide. There are usually three to six chambers;
and they may all be of the same size, but it is more common Lo
make the first chamber longer than the others. Tor a given
method of working, the total capacity in cubic feet of chamber

‘space per pound of sulfur hurned is fairly constant. The older

chambers had o wood framework, but modern construction
employs steel. Beeause of the tendency of lead to erawl (defor-
mation beyond the clastic limit) it must be sceurcly fastened at
frequent intervals,  This is usually accomplished by burning
tabs of Tead to the side walls at intervals not less than 3 feet
aparteach vay, and sceurely | aslening these tabs to the support-
ing framework (1%ig. 16b). The top of the chamber is hung in
n similar manner.  Through the top project spray nozsles for
the infroduction of water wmist or, preferably, steam. The
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boltom of the chamber is a pan with upturned edges which are
burned Lo the bottoms of the side walls. At intervals along
the side walls a gutter is burned on the inside with a small
connection to the outside of the chamber, A portion of the
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Fi1a. 16h.—Details of chamber-plant construction: chamber construction.

acid condensed on the chamber- walls drains into this gutter

and drips from o spout outside the chamber. The density of.

these drips, together with the temperatures of the chambers,
furnish the information by which the process is usually controlled.
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Gay-Lussac Tower.—If the chambers are properly operated
there will be a very small concentration of sulfur dioxide in the
gas leaving the final chamber, and there should"have been no
loss of oxides of nitrogen up to this point. - Since the Gay-Lussac
tower is fed at the top with cold G60° acid, conditions arc
favorable to reaction (6). Itis obviously important that the
concentration of sulfur dioxide be kept low, otherwise cquation
(4) would take place with loss of oxides of nitrogen. On the
other hand, if the sulfur dioxide be exhausted before the gas
leaves the last chamber, nitric acid will form in the last chamber,
condensing on the chamber walls and corroding them. - Exhaust-
ing the sulfur dioxide will also permit the excess oxygen, required
for the chamber reactions, to oxidize nitric oxide to nitrogen
dioxide in excess of that corresponding to N20;.  The excess
nitrogen dioxide will not form nitrosyl-sulfuric acid, and is only

_slightly soluble in sulfuric acid. —The function of the Gay-Lussac

tower is, therefore, relatively simple and is represented in normal
working by cquation (6). Some oxides of nitrogen are always
lost from the top of the Gay-Lussac tower, due partly to the
presence of SO, (equation (4)), partly to inability to calry
cquation (6) to completion, and partly to the bresence of an
excess of NOQ,. ’ o

The Gay-Lussac tower is usually about the same cross-section
as the Glover tower, but since the temperature is low and the
reactions are -less rapid, a longer time and o more intimate
contact between gas and liquid are required to bring them cven .
approximately to completion. Therefore, the packing is finer
than in the Glover tower so as to eXpose more surface per unit
volume, and the length of this packed space is usually at least
twice that of the Glover tower. Since it is inconvenient to
build o single tower so high, there are usually two Gay-Lussac
towers operating in serics.  The volume of the packed space in
the Gay-Lussac depends on the clfectiveness of the packing. It
Is also inversely proportional to the volume of chamber space -
per pound of sulfur burned per 24 hours, The product of this
volume and the volume of packed space in the Gay-Lussac should
be 3, for avernge stonewnre shapes,

The volume of 60° acid pumped over the Gay-Lussac is one
to three times the volume of neid mude in the chambers, the
actual quantity being so adjusted that the acid leaving the tower
will contain 1 to 2.5 per cent of N2Os by weight.  More intensive
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working of the chambers, which requires o higher concentration’
-of oxides of nitrogen in the chambers, will therefore require
more acid for the Gay-Lussac.

Movement of Gases.—It is necessary to provide some means
for moving the' gases through the chambers and towers and
creating a draft for the burners. This may be done by inter-
posing a fan at some place in the system, as between the burners
and the Glover tower, or on the exhaust gases from the Gay-
Lussac tower. In place of a fan, the gases from the Gay-Lussac
tower may be conducted into the boiler stack. This has the
advantage of climinating the maintenance of fans,

Transportation of Acid.—Since very large quantities of acid

" must be handled in a chamber plant of even moderate size, the

apparatus for moving this acid is of importance. One very
. simple device, formerly used almost entirely and still extensively
used, is the acid egg. This is a cast-iron vessel provided with
“"three necks. One of these serves as an acid inlet, another is
provided with a pipe dipping to the bottom of the egg and
serving ‘as an acid outlet, and the third serves as an air inlet.
@' Acid is allowed to flow in until the egg is filled, when the supply
“-of acid is cut off, air is turned on and the charge blown out. The
- valves nccessary for carrying out these operations may be
entirely manually operated, but in more recent designs they are
semiautomatic or entirely automatic so that the egg operates
without attention. Many modern plants handle acid entirely
with centrifugal pumps. These pumps are available in a
number of designs, cither in hard lead or Duriron, and have
proven cntircly satisfactory. Sixty-degree acid or stronger, free
from dissolved oxides of nitrogen, can be handled in specially
designed cast-iron centrifugal pumps.

Coolers.—The hot 60° Bé. acid from the base of the Glover
tower must be cooled beeause the larger proportion is to be sent
to the Gay-Lussac tower. The coolers consist of a series of
water-jacketed lead tubs, filled with lead cooling coils. This
design-of cooler facilitates the removal of sulfur carried from the
base of the Glover tower; and as the Glover acid is quickly mixed
with partially cooled acid, corrosion of the lead is minimized.

Special Systems.”—In the previous discussion, it has been
developed that acid formation in the chamber process depends
on the mixing of gases and spray in the chambers, and on the
dissipation of the heat liberated by the reaction.  In the ordivary

|
-
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lead chambers, mixing takes place chiefly by diffusion and
convecelion, and the heat of reaction is dissipated by radiation
from the walls to the surrounding air.  Such chambers use from
12 to 30 cubic feet of chamber space per pound of sulfur burned
per 24 hours. It is obvious that the rate of reaction could be
increased and the amount of chamber space decreased if devices
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Tra.. 17.—Special chamber systems. - (a) Mills-Packard; (b)) Meyer tangential;
() Pratt; (d) Anaconda.

were added for mixing the gases, for removing ‘heat, or for
Lringing the gas and liquid phascs more thoroughly into contact
with each other. A number of systems have been devised for
accomplishing some of these aims; and while none of them has
been -adopled to the exclusion of the standard process, they all
show marked advantages over the usual chamber systemn.

The Mills-Packard system (IMig. 17¢) has been used mainly in
Lingland, though to some extent on the continent and in the
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" United States: It employs lead chambers in the form of trun-
caled cones, of 7,000 to 18,000 cubic feet each. The particular
feature of the process is that a film of water is allowed to trickle

- down the outer surface of the conc to remove the heat of reaction.
This results in rapid cooling and condensation on the inner
surfacd of the chambers, so that Mills-Packard systems operate
with 3 to 5 cubic feet of chamber space per pound of sulfur
burned. -

The Meyer tangential chambers (Fig. 17b) are in the formn of
vertical eylinders 33 fect in diameter, The gases arc introduced
near the top by o tangential inlet and are removed from the center
of the bottom. The resultant whirling serves to mix the gases

more intimately and results in a high rate of working; requiring
only 6 to 7 cubic feet of chamber space per pound of sulfur

Durned.

The.above systems have not been used to any great extent in
the United States, but there have been certain developments in
this country along similar lines. In the Prait system (Fig. 17c)
the chambers are reduced to three or four in number and 80 per
.cent of the total chamber space is in the first chamber. = Tollow-

“ing this first chamber is a ““converter shaft’’ about 25 feet high
and 25 feet square, packed with broken quartz. Water for the
process is sprayed in at the bottom of this shaft. A fan draws
gas and mist from the bottom of the first chamber, passes the
mixture up through this tower, and returns gas to the head of
the first chamber.  There is also, of course, the usual circulation
from the first chamber to the later ones. The Pratt system
resulls in o higher velocity of the gas in the first chamber, and
a thorough mixing and serubbing in the converter. The average
plant running on the Pratt system uses 7 to 9.5 cubic feet of
chamber §pace per pound of sulfur burned. ’

The most radical development is the Anaconda packed cell

system (Iig. 17d).® This is based on the logical assumption

that, since the formation of sulfuric acid results from reactions

" between the gas phase and the liquid phase, the logical thing to
do would be to make the contact between the two phases as
intimate as possible and to subject the gases to the maximum
possible aunount of mixing. In order to insure that the reaction
should proceed niore rapidly, between two and three times the

~ usual concentration of oxides of nitrogen is maintained in the
syslem, -
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The burner, niter hogs and Glover tower are the same as for
an ordinary chamber plant.  Instead of the chambers, there are
five towers or cells, packed with acid-proof brick st on edge, and
with cither lead or acid-proof masonry walls. These five tc;wcrs
are built as one common’ block to decrchse space and cost of
construction. Tollowing these are four Gay-Lussac towers of
the ordinary type.

T!lc cells have an acid circulation system consisting of a
receiver at the bottom, a pump, and a distributing tank at the
top. Water is added to these tanks as may be nceessary to
keep the concentration at about 50° Bé.; so that no sulfur
dioxide or oxides of nitrogen will dissolve in this acid. Some
of this acid is drawn off to the Glover tower, and in all other
respeets except the cireulation of acid over the cells the operation
is exactly like that of the ordinary chamber plant.  “The reactions
proceed so rapidly that this plant will operate with less than 1
cubic foot of chamber space per pound of sulfur burned. The
loss of oxides of nitrogen is, however, rather high; amounting to
possibly 4.5 per cent.

Purification of Sulfuric Acid.—When acid of high .quulity is
dqsircd, it is usually sufficient to specify that it be made from
brimstone. If acid of the highest purity is needed, it can be
obtained by specifying that it must be made by the contact
process.  The very rigorous purification which the gas reecives

in the contaet process means that contact acid will always be

appreciably purer than chamber acid. In some cases where
chamber acid is made from pyrites or blende, it may have to be
treated to remove arsenic. ’ '

fl‘his is best carricd out by passing hydrogen sulfide through
ncid of 50 to 53° BE. 1t may be done in towers, or in speciol
apparatus in which rapidly rotating paddles subdivide the acid
and bring it into contact with the gos.  The sulfide precipitate
is then removed by sand or coke filters. There are uses for
zmpure ocid, and in most plants in the United States, purification
1s not necessary. ' '

CONCENTRATION OF SULFURIC ACID

Usually, chamber plants arc so located that they dispose of
most of their acid at 53 or 60° B&,  The demand for acid of 6G°
or stronger is usually met with contact acid. There are cases
however, where it is desirable to concentrate cither ch:unl)m"
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acid or Glover tower acid to 66°. This is at present done by
one of two methods.  One of these (the cascade system) cmploys
indircet heating; in the other (the tower system) hot gases arc
brought into direct contact with the acid.

‘The Cascade System.—Tigurc 18 shows a type of cascade
system _conunonly used in this country. This consists of a
number of dishes of fused silica set onc above the other in
- refractory brick, so that the acid flows from dish to dish in
serics. "These are mounted over a firecbox in such a way that
the products of combustion pass up under the caseade in counter-
current.  The upper pans in the series may be rectangular and

Fia. 18.—Cascade concentrator for sulfuric acid.

flal-bottomed, but the greater proportion are approximately
hemispherieal basins, from 12 to 18 inches in diameter, with a

projecting lip on one side. Because of the low coefficient of -

thermal expansion of fused silica, these dishes may be set so
that their bottoms are in direct contact with flue gases.

If elismber-acid is being concentrated, the upper third of the
cascade may be uncovered, as these dishes then give off practi-
cally only water vapor. . 'When concentrating chamber acid, the
lower two-thirds of the cascade (and when concentrating Glover
acid, the whole of the cascade) must be covered, as the vapors
from this part of the system earry too much acid to be discharged
into the air. These vapors, under carefully controlled condi-
tions, can be largely condensed to yield a dilute acid of the
highest purity, suitable for storage batteries. The residual
fumes will be passed to towers, absorbed in water, and returned

" to the system. At the end of the cascade, the acid overflows
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Fia. 19.—Chemico concentrator for sulfuric acid. (Courtesy Chemical Con-
struction Company.)
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into a series of large fused silica beakers set in vessels of water
to cool the acid.

In some plants the fused silica parts of this system may be
replaced with Duriron; and combinations are found of lead pans
above and silica’ or Duriron vessels in the lower part of the
cascade. - Duriron or lead must be set in sand and not exposed
to direet fire. ) :

The Tower System.—The tower system, in which acid is
brought into dircct countercurrent contact with hot flue gas, may
be illustrated by the Chemico concentrator (Fig. 19).¢”  Older
varianls of this system are the Gaillard and Kessler concentra-
tors.0®  These all operate on the same principle, and differ
‘only in structural details. ) :

The acid Lo be coneentrated is fed at the top of the tower. The
tower is filled with quartz or stoncware packing, and delivers
the acid at the bottom to a pan. This pan is lined with acid-
proof masonry, and s heated by the products of combustion
from o gas or oil burner. - At the back of this pan the concen-
trated acid overflows to coolers and a storage tank. The gas
leaving the top of the tower contains considerable sulfurie-neid
mist, and is therefore conducted through a Cottrell eclectrical
precipitator.  The acid collected by the precipitator drains
back into the tower. '

Tower concentrators arce similar in operation to a Glover
tower, and have a correspondingly large capacity with low cost
of maintenance. When fired with gas or oil, the purity of the
acid is not decreased in passing through the concentrator, and
the product may be water-white if the tower is fed with chamber
acid. '

" Figure-2041._shows the equilibrium concentration of sulfuric -

“acid in the vapor phase, corresponding to various concentrations
in the liquid phase, at the boiling point at onc atmosphere. It
will be apparent that the vapor from boiling 66° Bé. acid would
contain about 30 per cent sulfuric acid, whcreas the vapors from
50° Bé. acid will be acid free.  This explains why the upper part
of a caseade system may be left open, while the lower part must
he so enclosed that the vapor from it may be condensed and
the acid recovered.  Inert flue gas in the tower system lowers
“the partial pressure of the acid vapor and therefore concentration
takes place at much lower temperatures.  This results in a lower
concentration of acid in the gas phase than that called for by
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Tlig. 20. Tower concentrators possess a further advantage in

that they function in much the same manner as

a rectifyi
column, a rectifying

Acid vaporized in the lower part of the towor is
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I'1a. .20.——Conccntmtion of sulfuric acid in vapor at the boiling point

!m'gcly’absorbcd in the cooler and more dilute acid deseending
in the upper portions of the tower. h

N
The tower coneentrators, therefore, produce less fume to he

condensed as dilule acid, cool the combustion. gus to a lower
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temperature, and discharge the concentrated acid at a lower
{emperature, than the cascade system,

"THE CONTACT PROCESS
Many industries, cspecially those organic industries which
involve nitrations, require high concentrations of sulfurie acid.
While 66° Bé. acid may be obtained by the concentration of
acid from the chamber process, sulfuric acid of 100 per cent or
stronger cannot-be made in this way. Such strong acids are

" made by absorbing sulfur trioxide in 66° acid. Sulfur trioxide

was first obtained by the dry distillation of ferric sulfate or
shale containing alum or other heavy metal sulfates.  Difficultics
in the production of large amounts of sulfur trioxide by these
methods created a demand for a method for making it directly
from sulfur or pyrites. The successful development of the

~oxidation .of sulfur dioxide directly to sulfur trioxide, which was
- nccomplished between 1890 and 1900, laid the foundations for
-~ what is'now known’as the contact process for themanufacture

of sulfuric acid. The design of o successful contact acid plant
was accomplished, however, only after a satisfactory understand-

“ing of the equilibrium between sulfur dioxide and sulfur trioxide.

Theory of the Contact Process.—I'rom a consideration of the

80: + }40:; = 80, (8)

“it. is obvious that at equilibrium the relative concentrations of
the reacting substances at any particular temperature, arc.

defined by
. PSOl 1
K=5—"¥X—%= 9
] PSO: ! '\/P01 ( )
where these pressures refer to the partial pressures of the various
£a8es; expressed in atmospheres, after equilibrium is obtained. ®
This reaction is exothermic and consequently an application

of Le Chalelicr’s theorem shows that the position of the equilib- -

rium must shift with increasing temperature in such o way as
Lo call for lower conversions of sulfur dioxide to trioxide. If the
heat of the reaclion at any one lemperature and the speeilie
heals of the reacling substances are known, it is possible to
aleulate the variation of I with temperature fuirly accurately.
With the best values for the constants it is found that

LOg 10]( = '8!7""Z§ — 4,406 (]0)
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\vhvr(.a ¢1s temperature in degrees Rankino, Table XTIII presents
y ;(anltz.ql.()f values of K caleulaled from this cqualion and ¢
responding - experimental  vadues  oblag i '

il alue ained by  Knictseh
Bodlander. . . Lo

m 1y O — 1 g v . '
PanLy XUL—Brrrcr or TemerErATURE ON BquiLmnium ConstanT N

e Convension or 80, 7o S0,

el e . e K K )
Rankine | culeulated ohserved Cbservers
f50 842 1,302 191.4 187.7 Knictseh
500 932 1,392 70.0 72.3 Kunietseh
gég 0959 1,419 53.2 G5.4 Bmll:m;l(:r
. o5 l,(l2:1' 1,487 27.5 24.1 Bodlander
1,112 1,572 13.3 14.9 Knictsch
G610 1,130 1,590 11.5 10.5 Bodlander
o 6292 | 0,752 | 855 . 481 | Kujetu):
‘((:,) 1,472 1,932 | __1.21 - 1.81 | Knietseh
00 1,652 2,112 0.20 0.57 | Kuietseh

If 160 mols of burner gas containing a mols of SO,, b mols of
0Og, and ¢ mols of SO; are brought into equilibrium at,any»givcn
tc.mperature, z mols of SO; will be formed, This will cause the
disappearance of 0.5z mol of O and z mols of SO,. The partiai
pressure of 8O, in the resulting gas will then be ’

_z+c

100 — 0.5z
because there has been a net contraction in volume of 0.5z. In -
the same way the partial pressure of SO, in the rcsultix.lg ,
?) - 0.5x
00 — 0.5z
Substituting these s i i : '
lee o f()]]()%ving; values in the equation for {'C above we

K=o e
(@ — :1:)(~-b — 0.5z >5‘-' ,(11)
100 — 0.5x

qur o particular value of I the corresponding value of z is most
simply found by the method of trial and error.  Several values
may be assumed for z and substituted in the right-hand member
of this equation,  “That value of @ which gives the desired .v:llllﬂ

— gases
ill be 5% and :
W DC 1G5 =5 and of Oy, 5

S0Or-
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: : : R T be used to different plants using the same system is as great as thedifference
for I is (lie solution. Graphic interpolation may between systems,
shorten the \vor!c., Tlie above discussion is based on conditions . Platinum Contact Plants.—T"he essential steps in a platinum
Rate ,°f Reactxo.n-.— hc.?b(_).v cn were reached, and says nothing contact process are (1) burning sulfur or pyrites, (2) purification
which would obtain if equili i 1 that cquilibrium. Numerical S of the gas, (3) passing the gas over the catalyst, and (4) absorp-
about the time necessary t.,o ma(.fl“ r (\n(ll'-u'y to include here,® tion in sulfuric acid of the sulfur trioxide so formed. “The most
data for tli(‘.§0 l‘il%CS arc Sl:‘u u-)l() -'][-db:;;)si‘:lcmbl v with moderate . difficult problem is to oblain & suj tably purificd gos to pass over
but all reactions increase in vIL O(Itl.l’x)i’s articular case, cven ab the catalyst. Many substances such as dust, halogens, and
‘increases. in tcmperatur(;. ntl : rat(? of reaction is very slow. metallic oxides, when present even in minute aiitounts, poison
temperatures apovc 1100, Fj.’tul}gs the reaction may be more the platinum contact mass, greatly reducing the rate of reaction
Although at higher tf:11111)01(11t is at low concentrations of sulfur . and making it necessary to replace the catalyst. .
rapid, equilibrium,-if reached, lyst, however, the velocity of the Figure 21 is a flow sheet of a somewhat idealized contact
Arioxide. By Lhe. use of al cata t,)lrlsa;, o {;cmperatul‘cs where process plant. Gas from the burners (usually operated on
reaction can bc‘ Increased, so ist, practical operation is sulfur) passes to coolers in which some dilute acid may be
favorable equilibrium conditions exist, p precipitated. It next goes to a scrubber where suspended
possible. - e < or less. In S matter is removed by weak sulfuric acid, and then through
- Many substances .cat.alyze thésl 1Sct:1 ??;r;cslg?geand negligible - Milters for final purification.  The drips from coolers, scrubbers,
burning sulfur, 1?1-ac§1c;§11y no cataly d. In burning pyrites, the : and the filters are collected in the weak-acid tank to be recircu-
-amounts of sulfur trioxide are fo.lm'e oxtent and small amounts , lated. This acid is maintain,_g,(Lat,tlm.dcsired-concentmtion-by—-———
l?,(,zg()aJl(_=tS.vfl-“i-a;‘(’&t‘ﬁ‘rlySt to a C(;'l fn;:lﬁfl‘m. s, Tinoly divided ) 7 Tadding water and overflowing weak acid. After the filters there
of sulfur trioxide appear in ?“’ | with this substance in an , , Is a second scrubber in which the gas is dricd with 96 to 99 per
platinum is the bCSt. gat;xlyst, mll()c ‘Subqt,antially reached in o cent sulfuric acid, This concentration is maintained by adding
aelive condition, CClulm.m‘umf f:tm 750 to éSO° F. Temperaturcs . oleum. Somewhere in the system, but usually following this
few seconds at temperatures from 1;1ibrium so favorable that in scrubber, is a blower which moves {he gas through the system.
of this order 001'1"531’0“,(1 to afnggqlcr d¢ent or better are possible. The gas must be heated to the initial reaction temperature
aclual practice cqnvm‘sgl(fns to hase been used as o catalyst in ~ before being brought into contact with the catalyst. In normal
' }(Iy Recently, V‘.""a(‘hu"llt 81 lcuaulcio those obtained with platinum.a® ‘ operation this heat is supplicd by the heat of reaction .through
@ ~one plant, w1tl.1 resu s‘eql ration the catalyst is a factor of heat intcrclmngcx_s. The direct-fired preheater is provided for
' Obviously, in 1“'“""""‘ operatt ial processes are classified on : starting up and to compensate for occasional irregularities in
prime importance. .'lhe comm(cllc Ir ;)1 1-oxide cinder from the operation. The exact arrangement of the heat exchangers, the
the -busi&.s).ﬁ-.'t.hc ?ataly st uscd. talyst in the Mannheim proc- converters, and their interconneeting piping, varies from plant
burning of !)yl‘l_t?s 18 usct% & Sl g cnverbslion of the sulfur dioxide. i to plant, but the arrangement shown is fairly typical. The gas
css. (9 This gives o pmtm:r c?nnd further conversion obtained first passes through both heat interchangers in order to heat it
"The resulting gas is then puri 30( 2 ‘ocess involves a complicated to-the reaction temperature. It then passes through the first
with a platinum gatal_ysf{. ' r““,s p({ (gf Jtes converter where, because of the high temperature, the reaction
i?“““’ and is not'uS(;d in the Umltctinmg cz;talysb only, Various proceeds rapidly but the equilibrium will not correspond to the
The other processes use Sa‘lp"?;lor-(}rillo and Tenteleff, have ; best conversion. Most of the sulfur trioxide is formed here.
names, such as B adlSCh.c.’ ;’ 1.10‘- (iiﬂ'crcnt,meLhOdS of preparing K The resulting hot gas is sent through the second heat interchanger
heen applied to Sysmms.mvolvmé, flow sheots. The distinction where its temperature is lowered, Tt then goes 1o the seeond
the calalysl and specific rt)l? are (.‘{cmp]iﬁ;:d in more modern converter which operates at a lower temperature than the
b;‘l.wt(‘(‘.l} thgsfol,:::fcfjf;o::?nc:'d){ and m fuet, variations between first, and, therefore, completes the
plants, s n jer A B

conversion under the most
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Tia. 21 —Flow shcet of contact process for sulfuric acid. -
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favorable ecquilibrium conditions, but at a slower reaction
velocity. The gas then goes through the first heat interchanger
where it is further cooled by the incoming stream of sulfur
dioxide, and then to a final cooler. Ilere air or water bring the
gas down to a moderate temperature. The stream of gas, which
now contains nearly all of its sulfur as sulfur trioxide, goes to
the oleum tower. This is fed at the top with acid stronger than
100 per cent, which absorbs sulfur trioxide to make still stronger
oleumn, leaves the tower through a cooler and gocs to the oleum
storage. .Suflicient 97 to 98 per cent acid is added to this
tank to give oleum of the desired final concentration, part of
which is withdrawn for market and the rest circulated over the
tower. The remaining gas, still containing some sulfur trioxide,
gocs to two acid towers, which are-fed at the top with 97 per
cent acid. These absorb the remainder of the sulfur trioxide,
and are so regulated that they produce approximately 100 per
cent acid, which passes through a cooler. Part of this acid is

withdrawn for the market, and the rest goes to the storage.
—tank; where'suflicient 94 to 97 per cent acid or water .is added to

maintain its strength between 97 and 98 per cent.  This system

‘of towers is not followed in all plants. There may be more or

less than three towers and the flow of acid through them may
be more complicated than shown in this flow sheet. The
absorbing system is varied according to the concentrations of
acid to be marketed. 1t should also be noted that practically
no two contact plants arc identical, and this flow sheet must be
considered as merely illustrative. :

Burners and Gas Purification.—DBurners for tliec contact

process do not differ from those described on page 46, except

that a few plants making high concentration oleum have the
burners so arranged that the air supply can be dried with strong
sulfuric acid. In any casc the gas is cooled to about 120° F. by
passing through a scrics of lead pipes, which may be submerged
in water or sprayed with water on the outside.

Pyrites arc not commonly used as the raw material in the
contact process beeause of the impurities which they introduce
into the'gas,. . When pyrites are used, dust chambers are provided
between the burners and the gas coolers; and the subsequent
purification system is more extensive,

The next step in the process involves the further cooling of the
gas, the further removal of suspended matter, and the elimination
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of any halogens which may be present. All .of these may })c
accomplished simultancously by scrubbing w1th.su1furlc acid,
" which ordinarily is not stronger than 55 per cent if halogcqs‘ are
‘1o be removed.  The simplest way of fulfilling these (‘:ondntlons
s Lo usc one or more packed towers over which the acid used'a:s
the scrubbing medium is circulated. If more t}.mn one tower is
used, :tlu".:op(:mtion is so adjusted that the acid in the last Fowcr
. isnearly 98'per cent in order that the gas may be dry. Itisnot
"x:lécusst:u'y' that’ these towers operate strictly in counter(.:urren‘t,
* gince the concentration of moisture or halogens in scrubbing ucx.d
. is kept v:ery low.. Conscquently, the acid used in one tower 1s
- recirculated over that tower and only a fraction drawn off to
" {he next tower in the series. o :
" In order to remove the heat, the circulating acid may be
“cooled outside the -tower in lead coils immersed in o tank of
-water; and in this case the amount of aci(! circulated must be
large to keep down its average temperature in the.tower.. tl‘here
might scem to be advantages in placing lead cooling coils in the

- e dower-itself, but the.saving in -acid-circulation-is-offset by diffi-

sultics of construction. In some installations, however, 1':he
packing is completely replaced by closely spaced lead coils,
‘through which cooling water circulates. .
Although the scrubbing system gives nearly complete purifi-
cation, it is necessary that the gas be absolutely free frf)m
suspended mist or solid particles. The usual way of removing
these is by filtration. Various styles of filters have l.)ecn used,
but the most contmon one is o rectangular box of relatively large

cross-section, lead lined, and filled with coke which has been

" earefully sereened and washed.  Ina plant whic.h makes 30 tons
of acid.per day thefilter may be 30 to 40 feet wTde, 50 to 60 feet
long, and 15 feet deep. It should have a sloplpg bottom from
which the acid which is collected may be draincd. The coke

{

should be graduated in size and may range from 14-inch lumps

at the bolttom to picces as small as 14 inch or even 10 mesh
at thé top. Small. filter .boxes packed with sawdust and
asbestos fiber or mineral wool have also been used successfully.
The gas leaving the filter must be thoroughly dry. TUnless
98 per. cent acid was used in the scrubbing sys.tcm', the {:mul
drying follows the filters and is usually done in a ca}st.-lron_
tower, packed with quartz or stoncware shapes which are
~ gprayed-with 97 to 98 per cent acid.
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Heat-transfer System.—After purification the gas is heated
to the reaction temperature cither by a direct-fired preheater or
by heat interchangers. Since the gas is dry, these and subse-
quent units in the system may be made of steel.  Cast iron is

" less suitable, as the graphite in it is acted on by hot sulfur tri-

oxide. The heat interchangers are ordinary tubular heaters with
steel shells and boiler tubes.  "The gas to be heated usually passes
around the tubes.  Baflles are placed inside the heater to prevent:
short circuiting, lengthen the gas path, and increase the rate of
heat transfer.  The gas which is supplying the heat passes inside
the tubes and generally goes through all the tubes in parallel.
The direct-fired preheater consists of s Iarge number of boiler
tubes connected in series and arranged in the flue of an oil or
coke fire. . :

Converters and Catalysts.—The classification of contact plants
is usually based on the type of catalyst mass. -A process in
which the platinum is supported on’ asbestos mats is called a
Badische process, and a process in which the platinum is carried

— on granulated ~anhydrous niagnesiuim . sulfute, a Grillo process.

These two are the ones principally used in the United States.

The converiers consist of vertical, cylindrical steel shells with
supports at intervals on the inside. 