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PART OI'E



A. INTRCDUCTICH,

Sulphuric acid is one of the well known heavy chemiculs which is pro-
duced in heavy chemical industrial plants. It is by far the most widely
used campound in various sorts of chemicel industries. Its use in the
chemical field ie comparatively the same as steel is in the automotive
industries, The daily output capcecity of sulphuric measures up to steel
based on hundreds of tons per day,

In the past few years a greact deul of study and effcrt have been
spent toward bettering the opzrative conditions of sulphuric acid plants,
notably, the reducticon of chamber space. NDuropezn countries huve mzde
more prosrecs in this direction thun the United States, consecuerntly,
more of such newer plants are found in Burope for the duily production
of sulphuric acid. BEngland is the rankins country in latest desizns
and mcre especially her M.ills-Packard Process.™

It is cdesirous to make sulphuric zcid by a tower methed, yet employ-
ing the chawber process resctions, £lso, not only to reduce chunber
capacity in converting sul-hur to sulphuric acid, but to eliriinate them
completely, To accomplish this v»oint in mind it would reduce the cost
of construction enormously since the lewd chambers are expencive and
bulky to build. Yot only that, but ground space would be cut down con-
siderzbly which is of vital importence. .1 more rapid cycle would save
time in comparison with the chamber process when the sulphur enters the
plant and leaves as sulnhuric acid. Thus, a study of sulphuric acid by

the tower method wae thought to answer the point in mind.




B. HISTCORY CF IAYING SULFIURIC ACID.

Small guantities of free dilute sulphuric acid were found in some luakes
and streams, notzbly, Rio Vinagre River in South America, and Lake lLiount
Indian in Java. It has been said that sulohuric acid was either formed by
spontaneous oxidation of natural sulpaides, or by the action of water con-
taining cholrides on certain silicates uand sulphates tozether under the in-
fluence of internul terrestrial heat. If the drainage water from copper
mines should run over pyrites beds in the presence of moist air a sufficient
anount of acid will be produced which would have a highly corrosive action
on equipment and machinery.

Sulphuric acid has been knovn for centuries as an artificial chemiceal
compound obtuined by distillation of sulphutes, especially alum ond Terrous
sulphate. In this way a strong end powerful corrosive zcid distillate was
produced.,

Sone have shown when saltpeter and brimestone were burned conjointly in
small amounts in moist air, or in vecsels contzining vwater to absorb the
produced fumes, sulphur trioxide, &n acid licquid was formed which upon evap-
oration of water left the concentrated sulphuric acid,

Few understood the identity of sulphuric zcid and ite iaportance., Not
until about 1740 when Jjard set up at Richmond, England a smzell plant for
the production of mulphuric acid. He called it "™per czmpanen® nude by the
bell, the so called shape of the glass vessel. In this vessel eight parts
of sulphur and one part of saltpeter weres burned together. fThe lower part
containing water was kept warm by the use of a heated sand bath., Charges

were fired inside of the bell at resular intervals so that the fumes pro-
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duced by one chzrze could be condersed before another one was vade, ulti-
mately, the watery acid ovtzined becwie stron enough for ordinury uscs.
After evaporction in gluss retorts, the process grew cowmserciully to a
full extent, and co-urutively profiteble in cost production with that of
distilling sulphates. Thus, the nwnulacture of non-fuming sulphuric acid
from sulphur developed into one of the luerrest chemical industrics ut that
time.

after certuin developments of the coal tar color industries, they had

creatzd « concideruble demand for fuming acid which obseleted Turd's procsss

1. Production cof Fuming Sulphuric acid.
A lar:se nunber ¢f various wroceceses in 1he munufucture of fuming sul-

pliaric acid had bhecen pateated fron tine to time wad conceguently put into
actual operution for conz.ercicl purposcs. These uaybe conveniently sroup-
ed into thres divisions., (1) Those depending upon the action of hect on
sore metallic sulrhute whereby decorposition took place to evolve sulphur
trioxide. Further decomposition of sulphur trioxide resulted into sulphur
dioxide wnd oxyzen which wus not desirable, so temperatures had to be under
careful coatrol. (&) Thoses in whicl the esscntial action was the surface
action offerred by solid mzterials in briszging the two gases, sulphur di-
oxide, and oxyren, in conlact to form sulphur trioxide., (3) A4nd those
based on other reactions which have Dbeen held secretly and reserved. The
first two princi:zles cuan te combined inasumuch us the sulphur dioxide and
oxygen could be united azain after originel cdecimposition in the distilla-

tion of metallic sulphutes., Such a plan of corbination wus processed and pat-
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ented by Neal in 1876,

a, Distillation liethod of lLietallic Sulphates,

The substance larzely employed at any rate was sulphate of iron,
formerly in form of "copperes™ or "™zreen vitroil® (Ferrus Sulphate).
It was curefully dried to deprive most of its water of crystalliza-
tion and partially peroxidize it during the procéss. Secondly, the
ferric sulphate as a crude mass was prepared by long continued weath-
ering of certain sazlty mineruls containing iron sulphide disseminated
throushout, Lixivation of the mess discolved out the mixed ferrous,
ferric, end aluminic sulphates which were later evajporated to remove
the water., Firully the evarorated sulphutes were zeutly roasted to
dehydrate the mass and carpletely peroxide the iron present.

Cn heating such materials, a series of cley retorts were mount-
ed torether in & larre gullory furrace., Sulphur trioxide was ex-
pelled at sufficiently hirh temperatures. It was condensed in suita-
ble receivers previcusly charged with small amounts ot water or weaker
solutions of sulphuric acid from a primery run. In the same manner
several batches were worked off into the same set of receivers. The
remaining residue of impure ferric oxide, more or less brightly tinted,
csettled in the retort vas so far from being valueless that it consti-
tuted quite an imnortant by-product for the use of verious shudes of
pigzment.

Heretofore few peonle had only seen a few pounds of acid made,
The described process produced 98 per cent sulhuric acid @and two
per cent of water per ton of cormercial acid.

Other numerous methods turned out few tons of fuming sulghuric



acid per day. One of thece processes was patented by R. Schubert

who worked with diminished pressures thus effecting the distillation
method wherebty the sulphates were decoriposed at lovier temperatures.
He also passed the evolved vapors throuch heated platinized usbestos
to cause the reunion of sulphur dioxide and oxyzen formed by bresk-
ing up the evolved sulpghur trioxide under the influence of heut,
Sanstadt in 1875 bettered Schubert's methed in substituting macsnes-
ium sulphate in place of ferric sulphate, because it gave off sulphur
trioxide at lower tenperstures,

Scheurer-Xestner found thet by heating a mixture of two parts
of calcium sulphate and one part of ferric oxide to a brirht red
heut, a great deal of sulphuric anhvdride was evelved and corparsa-
tively very little was lost as sulphur dioxide and oxysen. It was
said other sulphates of diasbasic metals could have been substituted
for calcium sulrphate.

S. Pitt had patented a procsss whereby sulphuric anhydride wus
obtained from acid residues of petroleum refining. This consisted
of converting the residue into ferric sulphste by addition of red
ocher zné heating in air to 30C° - 250° centrigrade. In this manner
one-third of sulphur went to sulphuric acid while the remainder went
to ferric sulphate. J. D. Sitark completed the same method in which
the residue, ferric sulphate, vas fed into a retort by means of an
endless screw., Heat vwus applied to drive off sulphur trioxide and
all the sulphur dioxide formed was a~ain reunited in pascsing it

through platinized asbestos tubes, The residual ferric oxide wes



utilized over arain with the acid residue of petrcleum refineries.

In 211, this process was a continuous one.

b. BSurface Action Process.,

It has lonyg teen known, as a laboratcry experiment, when a mix-
ture of sulphur dicxide and oxyzea was passed throuzh & tube contain-
ing heated asbestos, that immediately sulphur trioxide was formed.
For many years such a plan had been used in vitroil-mzking. Phillips
patented a similar process in 18Zl. He burned brimstone in excess of
air so that the guseous mixture of sulphur dioxide and excess eir
could be pazsed and broucht in contact with platinized asbestos.

Tut, such a method involvinz expensive platinum could not compete
commercially with the nitre vdrocess., From this conclusion the nitre
process beczme a popular one. Subsecuently, the sume reascns vere
anplied to other cases where attemps were nzde in prcducing vitroil
by catulytic agents due to high coste., VYet, in 1875 jinkler pointed
out similar reactions could compure with the distillation methods.
In the sane ysur Squire and liessel putented a process in Pritain
based upon a princivle where platinized pumice stone acied wus a
catalytic apent as well as affordine surface action. Their idez

met difficulty in zpolying the plen industrially, due to a rapid
corrosive action turning out upon the plant where sulphuric wcid

was decomposed by heat.

urerous improvenients from time to time hiéive been made. Tiinkler
patented the use of a variety of catalytic agents of high uctivity,

such substances as astestos, slaz wool, infusorial earth, and even
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orcanic bodies like cellulose, cotton-wood 1i.gregnzted with plati-
num black by soaking in platinum chloride solution and reducins vwith

thic kind were suffi-

(o}

sodium formcte, 3urface acting nmterials o

ciently active to enable sulphuric zcid to be easily m=z=de from burn-

er gases containing zs little ac four ner cent of sulphur diqxide.
Rath in 1882 took out a patent for the use of ordinary burner-

gases (Sulphur or Fyrites burnt in air). By pessing these gases

through purifiers, the dust and aqueous vapors vere retainad behind.

Finally the clean and dried gases were forced throuch vertical iron

Z T

tubes containing surface acting rmaterials btetween a temperature of

a low and full red heat.

c. Niscellaneous FProcescses.

Reactions other than the ones described have been cupable of giv-
inz rise to fuming scid, and huve accordingly been patented. Thecse
have not been used to any fﬁll extent. anonz those was Gruber's nitro-
syl sulphuric acid method. This plan deovended upon the formation of
nitrosyl sulphuric acid (Chamber Crystals) which were prepared by the
vwell known reaction of ordinzry burner gaces &nd oxides of nitrojen
in the presence of steum, The action of these in aznother vessel with
hot sulphur dioxide mixed with 2ir or oxysen eliminated tihe oxides of
nitrogen. Shown as follows:

1. 250,(0z)(1i0y) + 505 + air «w 210 + HpSO4 + 2503

2. llanufacture of Hon-Fuming .icid.
Since yard's time, changes in the nature of sulphuric acid plants

were in the increase of dimensions rather then involving material variu-
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tion in nost seneral procecses, Aboubt 1745 Roebuck substituted lez
vessels or chambers in place of the glars bells., Later steam was used
and generated in a sepurate boiler. A reguluted continuous air sunply
wes maintained instead of intermittent amounts which hzd been control-
led by valves., A separate sulphur burner was @leo introduced us a
source of sulphur dioxide rather than from pyrites or other metallic
sulphides. The zddition of the Gay-Lussac and Glover towers was pro-
posed and used., These towers introduced an economical move whereby
nitrous fumes were recovered insteszd of passing away with the spent
air. The hect given of f from the sulphur burners was emploved for

the purpose of concentreting dilute zcids obtuined from the chunibers,
also for vaporizing water and e suving in additional fuel to generzte
steam for the chambers. l.inor viriztions and ad justments in the nmode
of supplyins nitrous fumes had been made. The routine of processes
were carried out scientifically under more precision and skilled sup-
ervision. Thus lurger yields cume into rezlity and a saviag in cost

of production resulted in larcer profits.

&. The Lead Chamber Process.

The essential characteristic of the chamber process is the action
of the oxides of nitrozen in the presence of air, namely, for convey-
ing oxygzen to the sulpbur dioxide. The spent oxides of nitrogen are
recovered in the Gay-Lussac tower (to be fully explained later) to be
used over and over again to rezct with nore sulphur dioxide until
oxidation is practically completed.

Bither suplhur or pyrites can be burned for source of sulphur
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dioxide. When using brimstone, about €5 per cent of it is sulphur
along with about five per cent of ash which contains sand, calcium
sulphate, pyrites, and a little bituminous matter along with silica,
arsenic, zine, lead, antimony, selenium, mercury, thallium and other
elements.

The start of the operation begins with the burning of either
brimstone or pyrites in their suitable bturners. At any rate, sul-
phur dioxide is generated and represented by the following equations:

1. From Brimstone.,
S + 0g —= 505 + heat
’2. Froin Pyrites.
4 FeSp + 11 €5 —= 8 505 + 2 Feplz + heat
The sulphur dioxide leaves its respective burner znd passes through a
flue attached to the burner and the other end is connected to the bot-
tom of the Glover tower. Nitre pots filled with saltoeter and little
sulphuric acid 1lie inside on the bottom of the flue line. Thece are
heated from the under side of the flue line by the heat of the sulphur
or pyrites burners. Thus the sulphur dioxide pusses over these nitre
pots and air as well which carry along the nifrogen dioxide generated
as snown by the following equations:
3. NaliCg + oS50, + heat —= NaHS0, + N0y
4. DNaliSO4 + NaNC3 + heat —e Na2804 + H05
5. 20, + heat —w 2 NOp + I0 + 3 O
The gases, sulphur dioxide, nitrogen dioxide and air alter puseing
overhthe pots and entering the Flover tower through the flue line,

enter what is known as the oxidization zone of the Glover tower,
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In this zone the suplhur dioxide is oxidized to sulphur trioxide
by the action of the nitrosen dioxide and the suriace action of the
packing of the Glover tover as follows:

6. SCg + Y0o —=50;z + MO + heat
Next in line the sases sulphur trioxide, nitric oxide, znd air pass
up the remaining packed area (to be explained later) and consequently,
enter the top of the first lead chamber, there being 3 to 12 cham-
bers which lie between the Glover und Guy-lussuc towers. In the
first lezd chumber the gases are showered with steum from above by
use of a sprayer affuair or an stomizer. In this menner the 53° e
acid is forined:

7. S0z + H20 ——'-H2304 + heat
The same takes place in the succeeding chambers and more sulphuric
acid is formed from sulphur trioxide which escaped from being cou=-
pletely showered in the first chamber. These chambers are so arrang-
ed and baffled in order that it will tuke a lonrer time for sulvhur
tridxide to mss through the entire lead chumbers to insure w11 of
the absorption of sulphur trioxide as sulphuric acid. The chambers
play anotlier role from the one just detailed., Theoretically, all
of sulphur dioxide was suvposed to be oxidized in the Clover tower,
but actually this does not takes place. Thus sone of the sulphur
dioxide does pass into the chambers, end since there is uzlzo more
nitrocen dioxide due to rapid oxidation of nitric oxide to nitrogen
dioxide with ercess air p»resent, more sulphur trioxide is formed in

the chambers znd accordingly showered to form sulphuric acid or
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commonly called "Chamber acid" In conclusion tlie chambers finish
the work the Glover tower feuils to comvlete., This "Chamber “cid"
is drawn off at the bottom of the chambers as 53 Be!' acid.
Insofar as the nitrogen dioxide has contributed its furction
and being the key to the entire set up, it vwould leave us waste

gas with the spent air which contributed the oxysen in oxidizing

o+

the nitric oxide to nitrocen dioxide., Tor this rezson the Gay=-
Lussac tover £ids in the recovery of the oxides of ritrosen which
are costly to lose,

The Gay-Lussac tower of earlier days was constructed of sheet-
lead metal supported by wooden scaffoldinsg in the sume fashion s
were the lead chambers. Roth square and circular types were built;

althoucgh, the latter ones had double uévantaze of offering more cubic

space for a given erea of sheet-lezd, and an equcl distritution of

[

beorbing acid in all parts of the tower.

Hard-burnt coke wus somewhat employed for packing of thece towers,
and verious other materizls zuch as frazments of glass end porceluin,
Cther substances capuble of resisting zcid reactions were utilized.
Coke seems to fulfill the call when it comes to regular contour of
packing and surfecing, only others answered better against ucid re-
sistance., Coke also hzd & terdency to reduce the higher oxides of
nitrogen to the nitric oxide form which was not desirable frem the
stund point of complete recovery of nitroren oxides. In dcing so the
coke soon vore down to a crumvled state which paclted the bottom

tightly, consequently, a blockaze of entering guses resulted. Such a

case would interfere with the operation of the tower. Yet coke was



satisfactorily employed providins the tower temperatures were kept '
low enough to prevent reduction of hizher oxides of nitrogen. 1In
the end the use of coke did not over balance the cost of cooling
facilities, To remedy this situation perforated stoneviare plates
were used extensively in columns and they answered well in wushing
the gases, sbosrbineg, and surfzcinzg too.

Now, as the nitrogen dioxide, ritrogsen and spent air enter at
the bottom of the packed tower from the tottom of the last chamber,
60°Ze' sulphuric acid is spruyed over the entire packing., Since the
Zases can only pss upwerd through the uniform packing, the trickling
down 60°Be! acid absorbs the nitrogen dioxide while thie nitroren and
air escape out at the top of the Gay-Lussac tower.

Sixty degree Re' sulphuric acid is used beczuse at this strength
the nitrogen dioxide gzs is best dissolved or absorbed as nitrosyl
sulphuric acid:

8. 2 NCp + 11504 —= 50N + iNCg
This eguation representinz the manner in which the oxides of nisrogen
are recovered is basic from the standvoint of the Gay-Lussac tower
operstion,

To return the nitrosyl sulphuric wcid and nitric acid to the
Glover tower it follows the route ncw to be discuzsed, First, the
acid vwill be called Gay-Luzsac acid owing its name to the tower name.
The Gay-Lusszc acid is drawn off at the bottom of the sald tower where
it gathers after trickﬁing down the pacsing. After being crawn off into
a suitable reservoir, it is pumped from here to & tank which lies on

he top of the Glover tower.



Owing to the hi'her terperatures of the geses of tue Glover
tower, it was far more stroungsly built than the Gay-Lussac tower.

The Glover towers were also slieet-lead lined as well zs the Gay-
Lussac towers, but thicker plates were used to a stoutness of 20

to 25 pounds per square foot in the ujrer rart and double this

arnount in the bottom portion. These towers were mcked with fire
brick in order to withstand heut, znd acid resctions zs well., Such
towers were also circularly constructed for the same rezsons supple-
menting the Gay-Lussac type.

The function of the Glover tbwer toward the chamber process will
now be explained. The Gay-Lussac acid vhich hud been pumped into the
tank resting on top of the Glover tower drains dcwn through a pipe
and finally comes out in a spray over the entire packing. Soite sort
of a sprayer resictive to acid is emploved to distribute the Gay-

ussac acid. There are three zones in this tower, numed in order
from the top to bottom; the top zone,or oxidation zone,for sulphur
dioxide to sulphur trioxide at the expense of nitrocen dioxide, the
middle zone or denitration zone where the oxides of nitrogen of
nitrosly sulphuric acid are released, the bottom zone, or concentra-
tion area.

As the Gay-Lussze acid triclles down throuch the top zone, it
eventually works down into the middle zone or denitration zone. Since
the trickling acid is of GOOBe', it is diluted by the uz coming steem
from the concentration zone. The final dilution becomes 5&°Ze’ &t

wvhich concentration the oxides of nitrocen are relesced as follows:
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9. S0gNH + HIlGg —= 20p + Iig304

10, 25CgH + HgC —= ZHgS50, + 10 + MNCop
BRoth of these rezctions will tzke rluce. The ninth hapyens in the
manner illustrated since nitrosyl sulphuric is unstable in concen-
trations at or below 58°Re', The tenth will breck up if steum hits
the molecule of nitrosyl sulghuric acid. Cnly, it is believed that
the first predominates. as soon &s the oxides of nitrocen are re-
leased they are immediately curried up into the above oxidation zone
by the upn comingz &ir from the sulphur burners. At the szme instant
sulphur dioxide is lixewise beinz carried along with the zir., Thus
the nitrogen dioxide and sulphur dioxide come in contact in the
oxidation zone producing more sulphur trioxide (Kguation l'c.6) and
passing into first chamber on through out the whole cycle. In the
szme journey the oxides of nitrogen go «lcng vith the sulghur trioxide
as previously explained.

Now, the 58°Ee! acid keeps on trickling through until it rezches
the concentration zone, the one situated at the very bottom of the
Glover tower. .s the hot gases from the sulphur burner come into the
Glover tower, thev muke their first passace thircugh the bottom zone,
or the concentration zone. The hot gases drive off the water as steum

acid
from the 58°Be’, by the time it trickles and gathers into a lead pan
receiver., From this lead pan the acid is drained into some suitable
reservoir and from it pumped into a tank resting upon the top of the
Gay-Lucssac twier. The acid drained off from the Glover tower is call-

ed Glover acid, owing its name to the tower name.
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Note that in describing and explaining the thrce zcnes each one
was named after its type of operation. Thus concludes the operation
of the chamber process except that a little dicscussion on coastruction
and compariscn of each unit v1l11 now be explained.

The lead chzmbers are built of sheet-lead zbout 5 to 7 pounds per
square foot. GSome sort of scaffoldins is necessary to supgport the
chambers, These chatbers,~enerally eisht in all, arc naumed atfter the
material made of., Zach was 20 to Z0 feet wide, 16 to 25 feet high,
and 25C to 200 feet long with a total capucity of 100,000 to 150,000
cubic feet.

About 14 cubic feet ol chamber spauce is requiired to burn elficient-
ly one pound of sulphur per 24 hour day. Ten to 15 pounds of preccure
is used to force in the stezm into the charibers to iasure conctant
spraying. Generally automctic regulators take care of this work,

The comparizon of towers employed are z2s follews: The Cay-Lussac
tower is frcm & to 10 feet on the inside diwneter and 30 to 50 feet
high with a capacity of 1 to 2 per cent of the chamber cpace, 7Th
Glover tower is 8 to 14 feet in diameter and 20 to 30 feet hish with
a total cepazcity of 550 to 600 cubic feet. The Glover tower as pre-
viously mentioned is somevhat stroncer built. BRoth are sheet-lead
lined and properly scaflfolded to support the linirg. The picture of
the chamber procezs is with the Glover tawer at one snd of the cliam=~
bers and the Zay-Luccsac tower &t the other end. In such manner thuat
the chambers lie between the twe upright stending towers. The Glover

tower ccontains three zones where as the Gay-Lussac contains only one.
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The concentration zone is lcosely and coursely packed with muterials
lerger in cross-section than “rhe pecxinzs of the upper zoncs. The
denitration zone is pocexed & little tiohiter with finer puckings.
The oxidaticn zone is packed riore closely with firest meclkting in
cross-section than either lcwer zones. The Gay-Lussac tower is
packed of uniform size throuchout the ertire height,

In conclusion the ®chumber process"™ is theoretically a perfect
cycle, but due to soume loss wiich is bused on oxices of nitrosea
escapirg out of the Gay-Lussac tower, the plunt is ©2 per cent
efficient, Very little amounts of culphuric zacid are lest,

Recent years have led to tie developient of sulphuric zcid
plants to obtain more suituble methods then the widely employed
chumber process, bub most sezarchers could only revise or muke cddi-
ticnal chznges to the chamber method., Thus lills-Packard method wes
successful in reducing the chamber snace, They stumbled on their idea
one day while the acid plant was in operation when a heavy ruin fell
end the plent scered to operste more efficiently than ever bvefcore,
1.i1ls and Fackard observed kXeenly that the chauber termperature dropced
as compared to nurmal days. They realized that it could only be cue
to the cooling of chambers at the expense of heavy rain. Leuad is
used to dissinate all the heat {rom the inside gases, but not as desired
ﬁy I1ills-Puckard from that tire on.

The above discovery gzve them & lead to alter and muke additional

changes in their chamlers. Zoncequently, the design of water-cooled
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chambers followed and were used extensively in Great Rritain and

some other countries, but not as yet in the United States, Cooling

was accomplished by running water in lead troughs which encircled

the outside of chambers. Chamber design is ecsentially truncated

cones with lead curtains supported by steel frames. A4As nmentioned

above, the water-cooling-troughs encircle the truncated cone., A

5

great number of these leud troughs increused with the height of

chambers in order to accomnodate sufficient cooling in removal of heat

evolved

The

1.

2.

3.

4.

S.

6.

from reaction of gases vithin the chawmbers,
advantazes claimed [or such chambers are as follows:

The chamber space required per unit weight of sulpiur burned
is reduced from one-third to one-half of the usual space ter
24 hours,

laterial seving in cost of construction per unit capacity is
reduced frow 30 per cent to 40 per cent.

A substantial saving in ground space per unit of producticon
capacity.

Longer life of leud clambers.

Usually no buildings are nececsary for housing the chambers.
Niter consumption per unit of sulphur made into acid is no
higher than that of ordinury types of chambers,

Feasibility of combing the chambers with rectangular charnters

of existing plants,

Actual operating results show for these cliembers only 3.5 to 4.5

cubic feet o' chamber space as compared with the best ordinary type



which is 8 to 10 cutic feet with non-cooling facilities. *®rom 3
to 4 per cent of niter concsumpticn is &1l that is necessary to com-
plete operation based on sulphur burned,

Great care must be exercised in building the iills-Pacxard chanm-
ber. If they are too high, chunce of wind storms will overtirow tiaem
unless supported extra heavily.

The following teiiperatures were recorded for tle i.ills-Packard

chambers, 47 feet high}

(@)

Ch&mbér Humber Temperature ~C
1 77 - 84
2 62 - 72
3 | 60 - 70
4 50 - 60
5 30 = 40
6 ° 20 - 30

©ldon L. Larison of Anaconda, lontena, who was their counsulting
engineer in 1920, worked on acid-proof masonary for mek ing sulthuric
acid. Anaconda Copper Company was confronted with the principle
waste gas, sulphur dioxide, from copper sulphide smelters. This waste
was detrimental to nearbty civilization as well as to green growth,
Such a problem had to be dealt in the face of the common luaw which pro-
tected the neighborhood from any disugreeasdble or irritable gas. Thus

Vr. Larison was asked how such a handicap could be properly harnessed,

l. From Chemical and letallurgical Sngineering, Volume 24, o, 18;
Page 786, 1921 by andrew 1. Fairlie.
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His only answer was to utilize it in the manufecture of sulghuric
acid since sulthur dicxide could be gotten for nothing inasswuch as
the compzny was only interested in copper refining.

The reauctions, in meking sulphuric acid, generste consldersztle

Q.

amount of heet which ordinarily is dissipated bty the lead walls of
the plant. The radiation capacity of lead chambers ic a fixed re-
lation, and a rather definite 1limit of production is set beyond which
the chambers fzil to function properly. It has long been knovn and
recognized thet the reuction velceity in the chamber process could be
increased by vigorous mixing of gases, causing then to impinse upon
the surface wetted with acid. Thus Larison constructed an acid-
proof masonry plant. The heat cof reaction was removed by a contin-
uous flow or circulation o sulphuric acid over the acid-resisting
tower pzcking. Yet the concentration ves so resulated to avoid the
absorbtion of nitrcgcen dioxide,

The first all masonry acid-proof tower was erected in 1S11 at
Nitrolee, South Carolina., It was built of stone and acid-proof cenient
imported from Cermeny. Later the nitric acid producers took up the
construction of all mascary towers along with the phospheric aucid plants,.
Ry 1¢14 American made cherical bricks and ecid-proof cerient were used.

In the year of 1¢14, the first all masonry acid-proof plunt for
sulphuric acid was set up in liacon, Ceorzia. Since that time €1l nasonry
equipnent becamne popular for Glover and Cay-Lussac towers and acid con=-
centfators, in all parts of United States.

Crdinary ovccking for towers became obselete because of cracking
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upon intense hezt, thus, came in the demund for checker-work chemical
brick. GCraded sizes of luwp quartz or combination of brick and quurtz
were made,

4ater atomizers displaced hot steam for the sake of cooling con-
veniences and facilities.

In 1614 brimestone was resumed in pluce of pyrites which had sup-
erseded the orizinzl use of brimstone., Due to the world wur restrictions
on irportation for Spanish pyrites was the ianitial move toward brim-
stone., Lany plants were constructed for the purzose of susplying sul-
phuric acid for high explosives, Such beinz the situation brimstone
industries once more bezan to flourish in the South, The demand for
sulphuric acid kept the chumber plants nore active than in the previous
years.

0pl of Kruschau, austria, patented a nitration method in the United
States to produce sulphuric acid by the leadst use of lead chambers.,
Kaltenbach developed two other nitration methods which had been put to
commerical use, OCne was called the "Pipe Process™ and the other was

called the "Packed Cell Process.™

b. The Pipe Process.

After considerable study of thermal balunces between neat entering
and leaving - (1) The Glover Tower; (2) The first two chambers out of
a total of four; (3) snd the last two chambers - Kaltenbach cume to
the conclusion thuat the chamber temperatures were an influencing fuctor.
He also concluded that unsatisfactory contact between the reacting gases

and liquids, the inefficiency of leud surfaces for dissipation of reaction
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heat, and bulXy exvensive constriction were the defects in the chaumser
process.
To cvercome these observed faalts, the pipe procecs wus devised

and patented by Yaltenbach., Its muin charwcteristics are according to

e

the designer us follows:

l. The imnmedizte dissipaticn of heat involved in the necrby vicin-
ity of its rmenerution;

2. Tke possibility of centrolling simultaneously both reaction
temperatures und zcid concentration to obtauin favorzble con-
ditions;

3. Intimate contact between the rezcting gases wnd liquids,

The operation of this system will not be explained since it is about
the sume as the "cell Packed Process®™ which will scoon follow,
The advantaces of the pipe vrocess mcy be listed in order:

l. Great ease of contreolling reaction temperatures by means of
circulating water in the jucxets and of cooled ucids in the
tubec;

2. Iffective utilization of the tubes surface for the interchan:e
of heat,

3. Reduction of lead and other construction materials;

4, TEase of isolating one or more tubes for cleaning or rapairing
without stopping the operaticn of the plant,

5. Possibility of limiting number of tubes used in the production;

6. Complete independence of atmospheric conditions;

7. BEmployment of heat of reuction for concentrating the weaker

acids to commercial standuards;
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8. Finally, elimincstion of water atomizers.

ce The Pucked Cell Process.
This method was fully developed by Lariscn. lils reseurch consisted

e
as follows: First, (to constrict an apparatus in such a manner thet the

gas mixture from the Glover tower would iwmpince visorously on the packing
surfaces wihich are wetted by sulphuric zcid of a low specific rruavity.
The concentration of sulphuric weid would have to be just low enocuch so
that it could not absorb oxides of nitrogen. OSecond, to control the
temperature of the rewucting guses by a dirsct circulation contact with
quantities of cooler weak acid., Third, having provided for the rcueval
of rezction hext by neuns other thon radiation throush the metallic walls,
to dispense coripletely with the leud chaubers, end finally adopt acid-
vroof masonry towers internally packed to new design.

Details of the Packed CTell plant:

A column of acid resisting brick wes introduced for two rezsons.
One that it vias most effective in causing vigorous mixing of gases, The
other provided « larse aount of wet surface for cooling, iwpingement,
and condensation of acid. This unit is incased in a maconry structure,
and the reacting gases are driven through the brick column by use of fanc.
Particular care rust be employed in laying the bricks as packing so that
the cross sectional area will not offer unreazsonable resistance to the
passage of a predetermined cus volume, Due to structural considerations
these packed columns are built in series of cells or small towers,

It has been possible to desisn and construct an acid plant without

the aid of the lead chambers. Such a plunt consisted of the Glover tower,
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a set of packed cells, and a Gay-Lussac tower. This type of set up
will make acid at & rate corresponding to one cubic foot of zross pack-
ed cell volume per pound of sulphur burned per 24 hours. When operating
with a seven to 8 per c=nt of sulphur dioxide mixture, about 10 minutes
were required for converting sulpghur cioxide to sulphuric zcid. Such a
plant was built at Anaconda, Lontana producing 25 tons of 50° to 60° ze!
acid per day.

The Anaconda plant utilizes sulphur dioxide gus from roasting copper
concentrates in a wedse furnace, Sulphur dioxide is drawn, cooled, and
blown in by a blower which forces it into the Glover tower of standard
size and dimensions. Two 4 x 4 x 40 foot coolers receive and cool the
out flowing acid., This division of the plant is just as would be pro-
vided for any chamber plant of equzl capacity.

From the top of the Glover tower the gazzes puss throush a pair of
flues to enter the packed cells. There are five cell packs in one block.
These cells are packed with acid resisting bricks of standard shape,
The results show no dilference in efficiency whether the gases travelled
down or up. EREuach cell is provided with its own acid distribution syster.
The newly made acid is drawn at the bottom of each cell and passed into
a series of coolers, The cooled acid is pumped around by centrifugal
pumps. The gravity of the acid must be 48° - 50° pe' because at this
concentration, it will not take up sulphur dioxide or oxides of nitrogen.
This is accomplished by runnins water into the distributor tanks as re-
quired., A very precise control of the gas temperutures can be maintained

by varying the flow of ucids in the cells,



> the szme run of period
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The averzse daily niter consumption durin
vas 670 pounds of sodium nitrzte or 6 - 7 per cent bused on the sulphur
in mzcde acid. As the operation becerie more accustomed to plant practice,

the niter consumption decreused to 4 - 5 per cent.
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1. Diécussion.

About three weeks durings the suriner was spent in the library search-
ing and studying uany availuble literature that pertueined to the manufac-
ture of sulphuric acid. might or 1C most widely cormercialized processes
used in the eurly seveateenth century to thie nresent dzy were carefully
studied in details as to the theory involved in ewch method. liost of the
sulphuric acid plants seem to have oricinuted as developements or meodifi-
cations of the chamber process viich till holds thie leuwd in output of
cormercial sulphuric acid.

Having read considereble literature, most nien had devoted their time
in studying and investigating the function of the chauabers. L.any improve-
nients have been centered around the chumiers where very little work was
done on the towers and other vital sttuchments. In tuis problem it is
desirous to depense with the chambers comnletely und give thought to de-
velopment of the towers and their minor surnlementary units, Illeverthe-
less, the same chemical rezactions will be co:nfined to this tower retiod
as those used in the chanber process. In order to accomplish this move-
ment it will be necessury to worx with the gus-liquid phease more so than
in the ordinary methods. The clhambers consist of nothing but larce enpty
space since they are baczed primarily on the gas phase, The towers consist
of packing vhich is practically hinged on the gus-liquid phace. This being
true, it seems possible to do away with the spacious chumbers.

Since the lead chambers not only provided excecs velume for gases to



react, they also removed the heat of chagiicel rezction by radigtion thr-
ough thre le=d wells. This point muet be dealt with in the tower method,
because it is necessary to reaove the heezt of reucticn. It can be solved
by worxing with rmuterials which will radiaute heut to the outside znd be
able to resist acid rewction. Sone meens of cooling fucilities will huve
to be designed. 4 water-jacketed tower uppears to &id the protliem for

laboratory work.

2., Construction Cf The 7Qlass Tower.

The first part of Fall term was spent in tuilding a gluss water-jack-
eted tower. Glzss answered well to acid-resistance and a cliunce to ob-
serve whet will take place within the tower., 1t is also a good conductor
of heat so that water could curry the hezat awav after it once pazsed to
the outside of the tower walls,

The ertire éet up in rexzlity contains two towers in onc; The top huif
(2) (Refer to Elue Trint Ijo.l) known as the Gay-Lussac while the lower hulf
is called the Glover tower (3). DBoth of thece towers are cornnected with a

)

fo
5]

suitable rubber stopper throush which srmall necessary glass tubes (D)a(
pacs so that the air and oxides of nitrosen can enter into the Gay-Luséac
tower (2) from tower (&), and the Gay-Lussac acid can drain into the lower
half, or Glover tower (3). (For betier underztanding refer to accorpany-
ing RPlue Print to.l. All blue prints ure enclosed in the pocket of the back
cover of this thesis. 1t is advised to ta'ze out blue print lo.l and refer
to it as the construction of the glass tower is expluined.) acid-proof

cement was used to cover the rubber stoppers. Rubber will not resist cor-

rosion to oxides of nitrogen nor sulrvhuric acid to uny appreciable extent.
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Inasmuch as the connection had to be air tisght, final assurance could
be depended upon the acid-proof cement. The acid-proof cerent was nix-
ed with sodium silicate to a plastic stete and anplied around the rubdb-
ber stopper and ends of the gzlass tower. Cver night the cenent dried
and beczme as hard as rock,

Both the Gay-Lussac (2) and Glover (3) towers as one rest upon a
wide mouth bottle (X) which is joined to the bottom of the glass tower
(3) with a rubber stoprer and acid-proof cescnt as described zhbove.
Four-quarter inch glass tutes are inserted thrcugh this rubber stopp-
er (1C) so that gases can enter into the wide rmouth bottle which will
be called the reccticn chamber (7). Cne glass tube admits nitrogen
dioxide from the rcenerztor (L). OCne glass tube lets in the sulvhur
dioxide from its source (T). iAnother serves the means of pussing air
into the reaction chamber., The luct tube has its one end reach to the
bottom of the wide mouth bottle in order to draw out the newly made acid
with a vacuum., This reaction chauber has a capacity of seven and one-
half liters. (One wust not confuse himself when chamber is mentioned
here because its purpcse is entirely different froa the terminolozy in
the leed chamter process.) Its use in tuis set up serves as & sunsort
for the zlass tower, catches and collects the acids that trickle down
from the above tower, and aids as an entrance for the gases in pzasing

into the Glover tower,

a. Glover Tower (3).
This Glover tower is 48 inches high and two inches on the inside

diameter. The walls of the tower are one-eighith of an inch thick,
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It is pmcked with fine glass wool which is cut into two inch strips.
Particular care was exercised in packing the tower so that it offer-
ed least resictence to passage of guses and likewise to the counter-
flow of trickling acids. . 250 cc. separatory funnel (I) rests on
top of the Glover tower with its stem pacsing through the rubbder
stopper. This container holds dilute sulpliuric acid which is emnloy-
ed during operztion for the abtsorbttion of new sulphur trioxide which
is made in the Glover tower. A snall verforuted lead pan (F) lies

on top of the wcol vucking. It serves the purnpose of eqgually distrib-
uting the dilute sulphuric acid which drivs into it from the 250 cc.
separatory funnel (I). The Glover tower is designed with two zones,

The oxidaticn zcne (i) takes up the bottom hulf of the tower. Her

«©

the sulphur dioxide is oxidized to sulphur trioxide by nitrccen di-
oxide., The upver half known as the absorption zone (iF) tuxes on

the sulphur trioxide made in the lower vart (). A centiszrade ther-
morieter was placed in the pzekins and protrudes into the oxidation zene
H). The idea in :ind wes, naiuly, to study oxidation recction terpera-
tures as & mezns of controlling choemicel reuctions. If the readings
were low they indicated lack of oxidetion since 1t is knewn that such

a reaction gives cff enormious quantities of heat. For this reuson the
lower half was water-jucketed (4) to rerove the internzl heat. The tow-
er itself is factened with a coandenser clamp (11) to a rinz stand well
supported onto a teble to prevent the set up from tipping over because

air passing through it is more than apt to turn over the wicle tower,



b. Gay-Lussac Tower (2).
This tower being similar in conetricticn to the Glover tower (C)

rects unon the latter. a4 piece of zluss

ot

ubing two inches in ciumeter

and 42 inches long concstitutes the entire muke up (2). The bottom end

o

is enclosed by a lead cup (3) sealed with weid-proof cerent. Two helf
ineh glacs tubes (L)&(E) pzssine up from the Glover extend up thrcuch
the botton of the Gay-Lussac tower, or the mentioned lcud cup., (Refer
to blue print o. 1 arain). The short tube (D) peraits the oxides of
nitrogen and air to enter the Gay-Luzsac tower from the Zlover tover.
The other longer cne (E) carries the Gay-Lussac down two-thircs of
Glover at the point (F) and is released., The lead cup (G) menbtioned
cserves as a collectiny pzn for the trickling acid in its tower. 7The
bottem part of this tower is packed vith beudés (l2) so that the wcid
could freely drip into the botto: tower; cotheruise if gluss wool (C)
were packed all the way down, it would hold the wcid from draining be-
cause of the fine close macking. From here up, ¢lacs wool filled the
rerzinder of the tower. A thermometer was placed in about the center
of tower (2) so thut temperaiures could be observed. Aancther perflorut-
ed lewd cup (3) recis upen the paneking (C) of this tower to zct ws a
distributor for the 60“Be' acid which is in the ubove 250 cc. separa-
tory funnel (A). The top of the tower is cepped with a rubber stopper
hrouch which pusses the stern of the 250 cc. szparstory funnel (A), the
half-inch flue line (W), and 2 therinometer. The thermoweter was incsert-

ed to obtain the temperature of thre s»ent air for finul calculations,.



This stonper is not covered with =zcid-prcof cernent ws other joints
are since nothine but air attaches it, 1t merely aids c¢s a cleosed
top to the set up and holds the above described attachments in their
respective positions., This tower like the Glover tower is fastened

with a condenser clamp (1Z) te the s=me rinz stand,

c. OSuprlementary Attachments.
These are numerous and it is nececczry to mention euch one's
functiocn and purgose.
A six liter erlenneyer [lack constitutes the entire btody of the
renerator {(L). It has its top closed with rubber stopper zwnd acid-
oroof cement. Three cnc-ei~hth inch glacs tube lines pess into it
throush the rubter stopper. Cne is the stem of glass funnel (i)
vhich was used to pour through nitric and sulshuric acid. Since
this generator hus its top peruanently closed and alr tisnt sealed,
a vacuum line (14) was necessary to draw off the =pent acids., The

hird line (@ is the flue lire for the pssaze of nitrozen dioxide gas
from the generetor (L) into the reaction chumber (X) previously descriv-
ed. Sowe of the air is naesed into the generator through the vacuum
line so it cean bubtle throush the mixed zcid and carry along with it

the nitrosen diozide gzs irto the rewetion (). The whole producer is
heated with & buncen burner (iv) to releare the oxide of nitrozen. (Refer
to how cach was run on puge 34).

The newly.mude acid contuined scnie oxides of nitrosen which had to
be removéd. Thus a six liter erlenricver flask (S) proviced ac a mesns

of this remcval. It is canped with a rubber stoepper through which three



cne-ejchth ineh zlazos tubes pusc, One was used to drow of ff the new=-

ly made =2eid with 2 vacuun from the rezetion chumber (k). The other
served as a flue line for the oxides of nitros which were driven

off by heat (4A) and carried by air into the rezction charber (X)
throurh the third glass tube.

A ten liter battery jar (6) was used to cool the reaction cham-
ver (K) which contained the newly rade wnd srent acids. Cf course,
this particular cooline chambter in a coueercial plant of this desicon
would not be necesszary. In this cese it wus desirous so thut u cou-
plete heat-bzlance could be calculated to account for all the heat of

ezction. The inlet cooling weter (X) came in at the bottom throush
a rlass tube which extended vertically henesuth the surfece and almost
touching the bottom of the buttery jar (58). The outlet coolinz water
was drewn off with a vacuum into a five gallon bottle (7).

In order to measure the coasumed volumes of sulghur dicxide and
air, one twenty-lislit dry ses wmeter (V) and one thirty-lizht dry gas
meter were obtuined from Consuniers Power Company in Lansing. The
gemaller one wias used for sulzhur dioxide while the lurger one was used
for the air. Two muncreters (T)2(P) hud to be nwée; one for ecuch wmeter.
Particular care was necessary not to exert more than tro pounds pressure
ver square inch upon theze meters. [iny auocunt over two pounds would
give inaccurate readings and p»robably ruin tie meters. For tuis rewson
tlie air pussed throush tie manometers first and then inito the dry

meters. Note thut the ternverature of sulphur dioxide (V) and air (R)

vere accounted for by respectively pacsing eauch into its s.ail bottle



and out again., Xach bottle wes seuled tisutly with a rubter stopo-
er. Inlet and outlet gluss tutes us well us & thermoueter were in=-

serted throush the rubber stopper.



First, 60%°2e' sulphuric ucid was poured into the sepuratory el ()
vhich rests on top of the suy-Lusszc tover (2). (For better understanding
refer to the accompanyinz blue »rint o, 1. all tlue orints are eaclocsed
in the pocket of the back cover of this thecis, It is advised to take ocut
the corresponding blue print and refer to it =s esch detail is described
and explained). 3y opeunins the stopecock (4), the zcid runs into the per-
forated lead cup (E) situcted on top of the paciting (C) of tower (2). The
cup distributes the acid in & syray vhicia tricrxles down over (C). Thus the
saturation of the surface materizl of the tower was naintained while the
test was mede., The purnose of this is to muwe 1%t voscible for the oxides
of nitrocen paszsinz from (i) throurh (D) to be recovered by the 60°2e' acid.
These oxides of nitrogen reuet with the seid acid to form nitrosyl sulopliuric
acid as follows:

1, 21Gg * 30,4 —= SCsNE + 1y
The nitrosyl sulphuric wcid mixcd with the 60°ze! acid,und both are collect-
ed in (G) as they pess into (E) which carries thenm into (II) where dilution
toox vlzce with trhe dilute acid. It then runs from (I) throuch another
perforated lezd cup (F) distributing it cver the ;xckinz (J). iihen the
dilute acid znd tlLe 60°Re! ccid contuinins the nitresyl sulphuric wcid meet

tre following reaction takes pluce:

2. 2305 + Eo0 —e 2.ip50, + G, + 1

r~Crn

itrosyl sulphuric is stable in 6073e' sulphuric acid wnd ¢s scon as water
cets to it, dilution %t:zkes place and nitrosyl sulphuric acid brozis up as

shown by reaction 2. Cousequently, the oxides of nitrocren ure releused in
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(1), and the diluted €0YZe' acid pasces down into (:
The orizinal source cf oxides of nitrseen were lntroduced from (L)
called the nitrocen dioxide generwtor. Five hundred ce. of ZiCy (1.2°
Sp.3r.) were poured into (L) threoush the funnel (L), zlso, 52C cc. cf
concentrated sulphuric acid (5603e') vcre added to lhie caie container
tironsh (L). Having both ccids in (L) ws mixed acids, these wre hewtsd
by the bunsen burnsr (f). Uypon heztin-, the oxidez of nitrosen wre lib-
erated Trom the solution and rars thrai-h thie flue line (L) inlo the reuc-
ticn cnauber (K).

Porticular cure vwes exercicod in hewtin: (L). If toe nuesh heut is
apulied to the nixcd acids, the nilric wcid will Gisztill over, u=zd this is
not desiratle; so by usin: o lower flume (i7) a greater nortion will reuuin
in {I). Conecentrated sulrhuriec 2cid wac usced becuuse it hes more olfinity
for wuter than do the oxides of nitro~er, Thus the sulzhuric acid could

ske on its meximum water of hvération. Concentrited nitric acid wae em-
ployed because 1t contained little water, thereby, lessenincg the possibility
of hzving too nmuch water rresent to form ritric ucid as the oxides of nitro-
zen viere once evolved,

thhen over int- ths air

The air was iatrcdiced throush the
meter () from vhere it passed into the tampecruture recordinz unit (R). Fron
(R) it was transmittsd into (3) and finally into the reuction cheuber (7).
as the oxides of nitrocen were generated in (L) and evolved over §) into (¥),
the air carried them up in the Glover tower (%). This was continued until
the reaction charmber (K) and the Glover tower were filled., Since the oxides

of nitrozen (302) are of rszddish brown color, it was eusily obecerved when the

recction chamber and Glover tower were [illed with then.
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At this point the S50, wus admitted into the set-up. From the 5Co
cylinder it was passed through the manometer (T), then over into the
S0, meter (U), next into the temperuture recording unit (V) @nd finally
into the reaction chamber (K). The szme air thit carries the 10y from
(X} into the tower (3) simultaneously carries the 802.

The SO, and 'O, both react in the tower (Z) at (&) called the oxida-
tion zone with the following reaction taking place —=---

e S0g * 105 —= 303 + IIO. + Heat.

302 is oxidized to S0, by nog at the same time evolving heat. This heat

3
is kxnown as positive heat of reaction. From and Letween the points (5)
and (F) of the Glover tower (Z) the 50z is carried up by the air and
absorbed by counter flow of dilute sulphuric acid from (F). hus the
concentration of this weak acid is built up corresponding to the amount
of S0y formed. INow, the built-up acid trickles below (L) and into (K).
From (K) the newly made acid and 60° DRe' acid which came down from (A)
‘were drawn out by means of a vacuum. This was doné to draw out the
product where it could be heated in (S) to drive off the oxides of
nitrogen which happen to be absorbed in solution. As soon as all the
product is drawn into (S) the vacuum is released and air comes in throush
the same line (vacuum line) carrying back the NG, gases into (X) while
(8) is being heated.

Coing back to reacticn (3) the 170 gases were carried into the Gay=-
Lussac. tower (2) by the air through (D). The [0 is oxidized to KOy, on

its way up. by the oxygen present in the air in the following menner ---



4, NO + 70 —= 1.0 ~- huat.

his rcuction differs from & insofar as evolution of heut is concerned.
Instead of giving off positive heat it tokes on heut from the iruicdiate
vicinity. Such a reaction is known us endothermic while reuction 3 is
exothermic. As the NOs enters the Cay-Lussac tower (2) thirouzh the flue
line (D) with the air carrying it zlong, it is absorbed by the 60° Be!
Acid coming down from (4). Reactioa lio. 1 takes pluce within this area
(c}. The air keeps on passing and leaves the tower (2} through the vent
line (W). It is known as spent air consisting mostly of nitrogen since
its oxyzen was taken up by reaction 4. Thus the cycle of this process
is completed, It will go on as explained duringz time the run is con-
tinued.

It is necessary to explain the different points of the set-up while
the test was being made. The manomcters (T) and (P) were nude up to in-
sure proper pressures on the meters (U) and (G). If the pressure exerted
upon these meters was grecater than two pounds per square inch, they would
not register properly the respective volures of 505 and air.

The meters were emplcyed for four reasons. First, to be able to
account for the amount of 50, and air introcduced so that cazlculations
can be made for the materiul balunce. J3ccond, the wmount of zcid mude
from the SOp and third, the heat bulunce, and finally as a meuns for
controlling the prccess. The air should theoretically te pucsed in at a
ratio of 3.6 to 1 by volume. At this degzree enough oxygen is available

to indirectly convert SO to 50z; althoush,it 1s best to excced the ratio

to insure a sufficient amount of oxyzen.
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The temperature recordinz units (R) for air and (V) for 5Cp were
employed so that data could be obtuined for heat balance culculations
of the process.

Since this problem involves nuking sulphuric acid bty a tower method
as pointed out in the introduction, it is known that heat of reaction will
have to be renoved in order that tle processvwill carry on efficiently;
also fhat the he#t of rezction will be given off in the oxidation zone
(i1) of tower (Z). For this reason it wus vater—jacketed, indicated in
the blue print as (4). uAs the hezt is liberuted from the oxidation zone,
it is conducted to the outside of the tower where it is picked up by the
cooling water circulating in (4). The reaction chamber is kept cool in
the battery jar (6). Water passes in from (x) and is divided so thut
‘half of it goes into (4) and the other half into (6). From (6) the spent
water is drawn off by a vacuum into (7) where the wmount can be accounted
for., Likewise, from (4) it was drawn into a suitable container and also
recorded.

In order to study reaction temperatures of the Glover and Gay-Lussac
towers while the run was in prozress, thernometers were inserted in tower
(3) and (2). In (Z) the thermcmeter was placed in the oxidation zone while
in (2) in the center of it. Thus if there was a rise in tempcrature of
tower (3), it indicated that oxidation of S0, to 504 was taking place.

The other in tower (2) was used to study Gay-Lussac tower temperztures
from the standpoint of controlling the heat of that srea. In practice
such towers should te cold in order to have good recovery of oxides of

nitrogen.
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While the run was in operation, data wus recorded every fifteen
minutes. Such an interval was chosen becazuse it took that long to
record the temperutures of inlet air (R), S0, at (V), and water at (X),
and of outlet air at (W), outlet water of the reaction chamber at (U),
and of the water-=jacket at (2). Cther data was aslso taken such as volune
of air at (Q) and of SOg at (V); pressure of air &t (P), of 505 at (V);
pressure of air at (P), of S0g at (T), and the weight of outlet cooling.
water from reaction chamber at (7) was received in a pail and weighed as
sucn. Of course another bucket was replaced while the one containing
the water of the previous interval was being weighed. The containers (A)
and (I) had to be refilled when they became emptied. This was done during
each interval, and amounts of each filling were measured out in cc's.
Temperatures of these input acids were also tabulated,

Such procedure was followed out for each run. Some of these runs
were from 2 to 3 hours long while others were shorter due to some

difficultics arising at which points the tests had to be concluded.
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4C,

Laboratory Runs.

The folloving symbols were used to denote various recorded data.

Inlet temperature of 50, degrees C.

Inlet temperzture of air hd ",

Cutlet * " spent air degrees C.

Inlet " ® cooling water desrees C.

Cutlet " " " *  of the Glover tower degrees C.
Cutlet " " " " " " reaction chamber degrees C.

Temperature of Glover tower,
| " *® Gay-Lussac tower,
Pressure of inlet air in pounds per square inch.
" " ® SC, in pounds per square inch.
Volume of inlet air in cubic feet,
. n " S0p in " " .
Weight of cooling water in pounds from the Glover tower.

" " " " " " » * reaction chanber,

The following pages include laboratory runs and discussion of eache
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Run No. 1
Time |
u;:. Ts|Tay [T (To |70 (T2 |T3 |Ta [Pz B2 M0 |72 |1 (%
0 |27.°27.0°/27.0(19.°90/19.0/|19,0|27.0{27.0/0 |0 o (o |o 0
15 [21.°| 21,0 [25.0|19 [25.0|28.5(32.0(31.0|{1.06[1.06| 1.0| 2.0| 7.58| 5.16
30 |22, |22.0 [25.5|19 [25.5[28.5(32,0(45.0(1.96(1,96| 4.0| 6.5| 7.60| 4.84
45 (22, | 22,0 [25.0(19 |25,0(29,0(32,0(45.0|1.62|1.56| 7.5|12.0| 7.12| 5.60
60 |22, |22,0 [24.5|19 |24.5(28.5(33,5(45.0(2.16(2,00| 9.0(14.0| 7.,13| 5.40
75 |22, [22,0 24,019 |[24.,0(27.5|35.045.0 (2,16 (2,00 (10,0 |16.,0| 5.,10| 4.00
90 |22, [22.0 [24.0(19 [24.5(|27.534.0(46,0(2,66 (2,37 [11.5(21.0| 4.80| 4.80
105 |22, [22,0 [23.5[19 |23.0|26.5|32,0(45.0 (2,50 |2.1213.0 [26.0| 4.10| 2,57
:;:r-zz. 22,0 |24.5(19. |[24.5(28.0(32.9(42.8(2.06 (1.89 (13,0 (26,0 |43.61 |32,57
Temp. 23.°C Input
FpSo HNOg
SP. Gr. 1.69 1.08 1.39
Grams. 1268,0 1028.0 146.0
Vol. ce. 750,0 950,0 105.0
Temp. 27.°C Output
HpS0,
Specific Gravity 1,38
Grems. 2528.0
Vol. cc. 1831.0




DISCUSSICK CF LABCRATORY RULS
Run lio. 1

Observation of the results on this run showed that it did not
turn out very satisfactorily. The ratio of air to 30p theorctically
should have been 3.6 to 1. Data showed a 2 to 1 ratio. 32y this indica-
tion most of the NO was lost due to lack of oxidation to KOo.

All the averace temzeratures show that there couldn't have been
much oxidation between SCg with NOp, becuuse the thermometer readings
were low. If this reaction had gecne to the full extent and with the
13 cubic feet of S0g, the thermometer readings would have been hisher.

The temperatures of the Cay-Lussac tower vere hijgsher thun at
any other point. For a satisfactory run the Gay-Lussac tower temperatures
should be low. Something rust have taken place in the Gay=Lussac tcwer

to raise the temperature,
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Run No, 2
Time|
u;z. Té ?‘1 ?‘ TO Tl T2 T3 T4 Pl P2 Vi Vz Wi Wz
0 | 22.0[22,0({22,0(18,0° 18.0 | 18.0|23,0(23.0(0 0 0 0 0 0
15 | 23.0]23.0(25.5/|18 23.0 | 24,0|28,0|28,0/0,16|0.25|2.0( 4.5| 7.23| 6.2
30 | 21.5/22,5(25,0(18 20,0 | 24.0(29.0(28.,5/0456|0481|2.7| 6.3| 7.46/ 5.6
45 | 22,0|22,0|24.0(18 20,0 | 22,0[{29,0(30,0/1431|1,62(3.0( 8,3 6,58/ 5,65
60 | 23.5]|22.,0(24.5|18 2065 [ 21.5(|26.95(|34.0|1s75|2,00]|3.5{10,0| 6.35|5.10
75 | 24.0(23.5|26,0|18 21,0 | 21,5({27.,0%35,0|1.87|2.16|3.7[{11.8| 6430|5.00
90 | 25.0|23,726.5]18 21,5 | 2240|30,0(33.0{1e87(2.12|369|13.5| 6.12]|4.47
105 | 26.0]24.8{27.3|18 21,5 | 2145|3040 (37.5/1.62|1.87|4.1{15,0| 6.00(4.24
120 | 26.0[2548]28.3|18 | 21.5 | 22.0|2940 (3760[1e86{2.00(4.3|17.4| 5.82|4.16
135 | 26,0[26.0(28.5(18 23.0 | 23003043 [35¢0|1486(2,00(|445|20,0| 5.02(4.28
150 | 25,0|26,0(28.5(18 24.0 | 2340(31.5(3640(1.86(2.00{4,7|23.5| 4.50|3.92
165 | 24.0(25.0(27.5|18 25,0 | 23,0!31.0 [37.0|1,86({2,00({4,8|27.0| 4.00]|3.56
180 | 24.0|24,5|27.,0|18 24,5 | 2340(31e5 [3760[1.86{2,00(4.9(29,0| 3.82|2.,16
195 | 24.0|24.5(|27,0|18 24,0 | 23,0(31,5 |39,0|1.86{2,00(5,0 {31.0| 2,00/2,00
210 | 24,0(24,5(26,0(18 2445 [ 23.5(3145 [3840]1.86[{2,00]5,1[33,5]| 2,00/1,75
“Aver- B
age | 24.0(24,0(26.6 (18,0 [22,4°|22,7(29.7 |32,0(1.54(1,77 5.1 [33.5|73.2 |57.94
*Dilution of 60° acid with 10,8° acid.
Input Output
HyS0, HNOs | B,S0,
Sp. Gr. 1.70 1,08 1.39 1.39
Wt. Grams 850,0 1080 152 2250
Vol. cce. 500.0 1000,0 | 108.2 1620
Temp.°C 23 23 23 26
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Run No. 2
This run ran for three and one-half hours whereas Run Fc. 1 was
one and three-quarters hours lons. The object was to cut down on the
flow of 802 and lengthen the time to cut dovm on the velocity of 502
in passing through the Glover tower. According to the temperature,
aczain the reedings were about the same us those of tie previous run.
The efficiency of converting SCs to Hp304 increascd from
15.85% of the first run to 61.87% for this one. The increase may be
due to the excess amount of air used in comparison with theoretical
amounts. Another reason for such increase in efficiency arises from
the fact that Gay-Lussac tower temperatures were lower. This run
showed a decrease of 10° C. over the first one in the Gay-Lussac
tower., Still these temperatures were higher than those of Glover tovier.
At the end of 75 minutes the Gay-Lussac temperature began to in-
crease which may be due to the water content of the air or dilution with

127 acid,



Run No. 3
Time
ui: Tg | T AR E L ERA
0 |22.0 | 22,022 |0 0 0 0
30 |19.0 |19 |36 |1.00[ 1.12] 0.3 | 3.0
60 |18.0 |19 |38 |0.62| 0.75| 0.6 | 6.0
90 (18,0 |18 |40 |1.28] 1.38|1.4 |10.0
120 {18.,0 |18 |46 |1.87( 2.00 1.9 |14.0
150 {18.0 |19 |46 [1.87| 2.00 | 2.4 [15.0
180 [18.0 |19 |46 |2,00] 2.12 | 3.2 {17.0
Aver-
ege | 18 |18.7 [42 [1.44] 1.56 [ 3.2 [17.0
Input Output
H,S0, HNO H,S0,
Sp. Gr. 1.71 1.08 1.39 1.29
Wt. Grams | 762.0 [1080 160.0 [1892,0
Vol. ecc. 445.0 (1000 115.0 |1468,0
Temp. °C 22,0 22,0 22,0 27,0

45,



Run No. 4
;ﬁﬁf Ty T;l Tl T [T Tl T | Tl B (B [ (% | ™ (%
0 (23,0 | 22.0(23 |22 |22 |22 |23 |23 |0 o |0 (o |o Jo
10 21,0 | 20.0|22 |22 |22.5(|22 [24 |22 |1.25 1.5 [0.2§ 2.0 3.10|2.71
20 [19.0 |19 (22 |21.5 |23 |22 |25 |22 [0.75 |{0.87(0.50 3.0 | 3.12|2,79
30 {18,018 |21 (21 (23 |22 [24 |21 |1.25 |1.5 |0.7Q 4.33 3.71(2.80
40 (18 |18 (20 |20 |22 |22 |23 (20 [1.75 [1.87(0.9d 6.0] 3.41[2.79
50 |19 |[19.5|21 |20 |22 [213[26.5(|21 (1.75 |[1.87|1.2| 7.3qQ 2.90|2.91
60 |19 |20 |21 |20.5 |21 (21 |25 |21 (1,87 [2,00{1.3( 8.3q 2.50(2.71
70 {18,519 |21 [20 |21 |21 |21 |21 (1.87 |2.,00(1.7| 9.7 6.00(4.0
80 [18.5 |18 |20 |20 |21 |21 |21 (20 |1.56 [1.81|1.8 [10.2 | 6.72|4.1
90 (18.5 (18 |21 [20,75{21 (21 (22 |21 (1,75 [1.87(1.9 (12,0 5.98(4.14
100 (18,5 |19 |30 |20.25(22 (22 |23 (30 (1,00 [1.12|2.4 [14.0| 5.62(4.70
110 (19 |19 (30 |20.25|22 |22 |23 (30 (1,00 |1.,12|2.7 [16.7 | 5.70|3.92
120 |19 |19.5(30 (19 |22 |22 |23 (30 [1.00 |1.12|2.9 [16.7 | 4.60|3.47
Aver-
age [18.8 | 18.9|23.8 20,7(21.6 |21.8 23.3 23,2 1.4/1.56|2,9 [16,7 |53, 33|42,04
Input Output
HyS0,4 HNO, HpS0,
Sp. Gr. 1.1 1.08 1.39 1.30
Wt. Greams | 710,0 1080,0 | 148.0 1900,0
Vol. ¢c, | 415.0 1000,0 | 106.2 1460,0
Temp. °C 22 22 22 25




Run llc. 3
The use of cooling water was omitted in this run to see how

important a function it reclly scrved, Ijote, that all the teauperutures
inereased considerably; not due to more oxicdation in the Glover tower
because the efficiency was lowered. The water dces repove considerable
heat which needs to he taken out. A drop of efficiecncy of €0% to 135
proved it.
Run No. 4

All the temperatures did not rise more thuan a degree or two
through out over the initial temperaturcs before the sturt of run.
Still tuaere was u 40% cfficient conversion of 50y to Hp3Qacid. This
information brings to light that other fuctors influence conversion of
S0p to d5504 besides the showing of oxidation which in turn 1s indicated

by the thermorneters.



:i:; Tg ?‘1 T, | To T, T, | Ty T, | By [P | V| Vo | Wy u,
0{;0.° 20.0|20,0|20,0(20,0| 20,0 20 20 |0 0 0 o 0 0
1018 (18 |20 (20 |[20.5| 21.0{19 23 |0.25|0.5 |0.2 | 2,0| 2,16| 1,92
20(18 (18 |21 |20 (20,5|21 |19 23 |0475|0.93|0.3 | 3.3| 2,18 1,87
30(17 (18 {20 |20 ([20.,5| 21 |20 24 [0,50|0,68|0,5 | 4.0| 2,17 1.96
40|17 (18 |20 |[20,5|21.5| 21 |[20,15/26 |0.,56|0,75/0.9 [ 5.1| 2.18| 1.82
5017 |18 |20 |21,0({22.0| 21 |20.C |29 |0.87|1.00|1.,2 | 6.2| 2,16| 1.70
60 (16.5|19 (21 |21,0(23,0|21 |21 29 (1.87|1.00{1.5 | 7.5| 2.19| 1.82
70117 {19 |21 (21.0|22,5| 21 (21 30 [0.25(0.56(1.,8 | 9.5| 2,18| 1.9
8017 |19 |21 |21.0|22,0| 22 |22 31 |0.45(0.62|2.2 |10.8| 2,20| 1,96
90118 (19 |21 [21.0(23,0| 22 (22 30 |0.,62({0,83(3,0 {13.0( 2.10| 2,0
10018 {18.5|21 [21,0(24.0 | 22,5|23 32 |1.,25(1.,50|3.8 |15.4| 2.16]| 1.86
110 017 |18,5|22 |21.0|24.0| 22.5(23.5 |31 [1.06|1.18|4.6 (17,6 | 2.17| 1,72
120 17 |19 (21 |21.0|24.0 | 23.5|23.0 |32 [1412]|1e25|5.2 [19.5| 2,19 1.9
Averw |-
0ge [17,3|18,5(2069 |20,9(2242 | 21¢5|21e1 |28¢3[{0.81|0.90|5.2 [19.5 |26.04 (22,43
Input Output
H2804 HN03 H2804
Sp. Gr, 1.71 1,08 1.39 1.40
Wt. Grams 707.0 540,0 161 . 1316.,0
Vol. cc. 413,0 500,0 115.8 940,0
Temp. C 20 20 20 23
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Run No. 6
Tim? TS T‘l T‘ To Tl T2 T3 T4 P1 V2 Vi P2 Ui Wz
ol19 |20 |19 |22.5| 22.5| 22.5/23 | 20| O 0 0 0 0 0
10{18,7(19 |21.5|22. | 22.0| 22 |23 | 21| o.81| 1.3 |0 1,06/ 4.88 | 2,71
20/19,0(19.7|22,0|21.3| 22,5| 22 |23 | 21| 0.87| 3.5 | 0.27{1,06{ 4,15 | 2,56
30/19.0/19,7(21,7| 21 22,2| 21,7|23 | 21| 0.87| 4.8 | 0.5 [1.06{5.15 | 3,43
40|18.8(19, [21.5/20.5| 21.5| 20.5(23 |21 | 0.2 | 6.0 0.6 |0.374.69 | 3.11
50/19,0{19,5{21, |20.,5| 21,0 21, |22 |2l | 0.2 | 7.3 | 0e8 |037|4.04|2.39
60/19.0(18 |21, |20.5| 21.0| 20,5|20 | 21| 0.2 | 9.0 (1.0 {0.,40|4.,13 | 2,60
70(18.5|18.,2|22 (21 21,0 21 |21 [21| 0.2 |10.9 |1.2 |[0.35|3,93 | 2,07
80/18,0|19 |[21.5(21.,7| 22,0 21,7(24 | 21 | 0,2 (1243 {1e5 |0s37( 4444 |1,93
90|18,0(18,7(22 |22 22 22 |25 | 21| C.4 |13.5 | 2.0 [0,7 [3.88 |1.48
100/18.5]19.2(22 |[22.,5| 22.5| 22,5(24 |22 | 0.4 [15.4 | 2.5 (0,7 | 4,03 [1.48
110|/18.5{19 |22 |22.5| 22.5| 22.5(23 |21, 0.2 |16.9 [ 3.0 |0.4 [3.53 [1.31
120/18.5|19 (21.5(|23 23 23 (24 [ 22| 0.2 [18,5 | 343 {0.4 |3.53 |3.31
130|/18.5|19 |21 |23 23 23 |24 |22 | 0.2 |20, 4,0 [0.4 |3.15 | 3.12
140/18,5|19 (21 |[23.5| 23.5| 23.5(25 |21 | 0.2 |21.5 (4.2 [0.4 |3.15 [2.21
150/18.5|19.,3|21 |24 24 24 |24 (21| 0.25(23.2 4.3 |0.5 |3.26 |1.91
160{18,5(19.5|21 |24 24 24 |25 |21 | 0.31(24.8 |4.5 [0.62]3.26 |2.,10
170|18.5(19 (21 |23.5| 24 23.5|25 |21 | 0,31(27,0 | 4.6 |0.62{2.22 |1.66
180{18,5(19 |21 [24 24 24 [25 |21 | 0.31(28,3 | 4.8 |0.62]|3.46 |3,46
lﬂ:;; 1845|119 [21.6(22,2 | 22,4 | 22,3 (2344{ 21.| 0,365 |28,3 |[4.8 |0.,58(67.88/42,83

Input Output

HyS0, HNOg HyS0,

Sp. Gr. 1.69 1,08 1.39 1.45
Wt. Grams| 1690 1080 170. 3300
Vol. ce. | 1000 1000 122, 2090

1 Temn.oc

2.5 ]

29 _§

{ 29._ 5 | 24



Run NO. 7

JVUe

zi:f TS 1‘ ?‘ To T1 ‘I‘2 ‘I'3 ’1‘4 Pl Py Vi Vé Wl Wz
0/19.5|20 (20 [18.5/18.5 |20 (19.5 (20 |O 0 0 0 0 0
15/19.5|19.5(20,5(19.0|21 20 |21, 21 |0461|0675({0e2 | 240| 5.36| 346
30(19.,5(19.5|20 [19,0|21 20 (21 2l [0e9 [lel |0e45| 3.0 3496| 2445
45/19.5|20,0(20,5(20 [21,5 (20 |22 21 (049 [lel |Oe6 | 545 3487 2,96
60119,5/21 (21 (20 |21.5 [20.5(24 21 (1.3 (1.45|1.4 | 6.0 3,03 4.48
75121.5|21 (20 (20 |21 21 |25 21 |1.75{1,87(2.0 | 844| 3.09| 4,53
90(21,0(20 |20.5(21 |21 21 |24,5 |22 |1.87(2,00(2,3 |10,0| 2.42| 3,03
105|22,0(20,5(21.5]|21 [21.5 [21.5|27 33 |1.87(2,00|2.5 |11,0| 3.,09| 2,96
120|21.5(21.5|24.,0 (22 |23 |22,5|27 24 [(1.87(2,00(3,0 |13,0| 3,78 2.27
135|20 (19.5|23. |20.5(22 22.5 (25 22 [1l.87|2,00|3.5 [15.3| 2.81| 3.39
150(20 [19.0(22. [19.5(22 21,0123 22 |1.,87|2,00(4,0 (17,0 3,12 | 5.45
Aver-
age (20.4 (20,2 (21.3|20,2]|21,55(21,0 [23,95| 218 |1+48 |1,62 |40 |17.0(29,02 [35.,12
Input Output
HySO, HNOg HpS0,
Sp. Gr. 1,69 1,08 1,39 1l.42
Wt. Grams|1540 1080 156 2840
Vol. cc 920 1000 112 1990
Temp. °C 20 20 20 24




Time Té ?‘ T‘ Tb Tl T2 T3 T4 P1 P2 Vi Vé Wl Wa
Min, 1
0(19.5(19. |21 19 19 19 20 |21 |O 0 0 o |0 0

15(17.5(17.5|20.5 |19 20 19,5 |23 |28l 042 |063 (07| 1a7 (5,78 | 5463

30117 (17 |19 20 21,5 |20 23 |20 [0.15]|0,27| 08| 4.0|3.84 | 2,75

45(16 |16 (18 19.5 |23 19.5 |23 (19 |0,2 |0e3 |1e2| 6.0|3.33 | 2.42

60117 (17.,0|17 20 23 20 23 |19 (0.2 (0,3 |1.8( 8.8|6.24 |2.75

75]19.,5(19.5(18 20 23.5 [ 20 23 [19.5(0,2 |0.3 |2¢0|11.2(6.06 [2.84

90121 |21 26‘ 2045 | 2345 [2065 |23 [2065(/062 |0e3 [2.2(|13.6(5.,96 2,66

10521 |21 |21 21 23.5 |21 23 |[20.5(042 |0.3 |2.5({16.,0(6.06 | 3,87

12019 (19 |21 20,5 |24, |21 23 120.5(0.2 [0.3 |2,8|18,3(5.,12 | 3.19

135|120 (20 |21. |20,5 [23. |21 22,5|21,0{0.2 (0.3 |2,9|2045(5.54 | 3.19

150 (20 (20 |21 20,5 [21.5 |21 22,5(21.,0/042 |0.3 |2.9(22.7 [4.78 | 246

Aver=
qge (188 |1848(19.65|20.,15|22,65[20435|23¢ [R0.2[0.2 [0e3 |29 (22,7 (52,71 3149

Input Output

;S04 ENOg HpS04

Sp. Gr. l.71 1,08 1,39 1.44
Wt. Grams 1805, 1080 165 3150
Vol. ¢c. |1055 1000 118,7 2095
Temp. °C | 20 20 20 21




Runs No. 5 to &.
These four runs did not give any new information than hud the
previous runs. Only one thing left to consider and thet iz the oxides

of nitrogen. Luch of S0

o Vas not converted to H2304 and this reaction

being devendent upon the influence of oxides of nitrosen left the problem
open %o tihie key of the process.

These eigsht runs were mude by generating the HOz gas and ad-
mitting it as such. It was thought to trvy and mix the H0y with the 60°
acid in the Cay-Lussac tower. This wus done. HKCB and 52304 were
mixed and used in the Gay-Lussac tower in the usual manner as the 600
HpS04 was heretofore.

Runs 6, 7 and 8 were mude under additional height of Gay-
Lussac tower which showed constant efficiency but not a satisfactory
one,

Up to this point glass beads were used as packing material.

These were removed and replaced with glass wool.



Run No. 9
;I"iixnne Tg TAl NENERENEN AR AR L A
o | 21.5/21.5(21.5(19.5(19.5{19.5|21.5[21.5[0 [0 |O > |o 0
15 | 22.0(21, |22, [19.5(23. |21.7|22 [21.5/0.2 [0.25|0.3 | 2,0 5.18| 7.18
30 | 22,5(20 |22 [19.5(22 |22 |24 [21.5(0.35(0.4 [0s7 | 4.6| 4.86 14,83
45 | 21,0[19.5|22 [19.5(26 |23 |31 |25 [0e2 043 [1e5 | 742 | 2.83| 6.5
60 | 20,0[19.5(32 |16.5|34 |24 |37 |26 |0.3 |0.4 |3.25|14.2] 1.7 [12,0
75 | 19.5(20 |29 [16.5[31 |23 |38 (13 [0.4 [0.45|4.9 [17.4| 1.35| 6.96
90 |[19.5(20 |25 (15,519 |21 |35 [19 |- |- |6.8 |21.6| 2.52| 7.46
Aver=
age | 20.7(20, [25.3(17.8(25.9|22.3(31.2 (2148|0429 [0.36(6.8 [21.6 [18.44 (54,93
Input Output
H,S0, HNO, H,SO,
Sp. Gr. 1.63 1.08 1,39 1,40
Wt. Grams|1392 1175 378 3440
Vol. cc. | 854 1087 272 2460
Temp. °C 21.5 21.5 21.5 23




Run No. 10

Od.

Time Ts TA ?‘ To Tl T2 T3 T4 Pl P2 Vl 72 Wi W2
Min, 1
0123 23 24 | 20,5/20.5/20.5 |24 |24 |O 0 0 0 0 o
15 | 22 21 25 |21 |22.,5(22 30 |28 |0e2 [0s3 |0.5 | 1.5| 2.90| 6.16
30 | 22 21 25 |19 |29,0(22 37 |27 |0625/0635 [1.0 | 2.5| 147 | 2.78
45 | 21 20 26 |19 |30 [22,5 |75 |36 |0e4 (0,50 |2,0 | 3.0 ]| 6.66| 9.21
60 | 21.5 | 20 36 [19.5|25 |22, 47 |27 10.25(0640 | 3.0 | 4.2 [12,9 |10.45
75 | 21,5 [19.5 |28 |19.5|28 |23 43 |33 | 064 |0.,62 [4,0 | 6429 8.5 | 9466
90 {20, |18 24 (19 |31 |23 46 |39 |0e4 0,62 |51 | 9.3| 65 | 9.82
105 119.5 |17.5 |24 |18.5(37 |25 50 |38 |047 [1.00 |6.2 [11.2] 4.22(13,3
120 118.5 | 16,5 |28 |18.,5(37 |25 58 |51 (0.7 |1.00 | 7,0 [14.1| 3,75]|13.6
135 |19. 17. 27 |18.,5(30 |23 48 |51 |0.4 [0.75 |8.1 [17.5| 7.42(19,9
150 | 18.5 | 18. 26 [18.5(30 |21 37 |32 0.2 |0435 |9.,27]19.2| 1,09|17,78 |
Aver-
age | 20,35|18¢85/2749[19.1(29,0|22,85]47,1|3642{0639|0,589|927 /19,2 [55,64]|112.66
Input Output
HpS04 HNO3 HpS04
Sp. Gre 1,63 1,08 1,39 1,42
Wt. Grams 2300 2100 304 5315
Vol. cc. 1410 1944 219 3740
Temp. °C 24° 24° 24° 26°




Run No. 11

:Iﬁf Ts| Tay| T | To| M| T2| To{ Ta| P2 (P2 [Va| V2| M|
0|24 [24 [24 |19 |19 [19 [20[2¢ [0 o [o [o |o 0
15 |23 [23 |33 [19 [20 [20 |22 |85 |0.25 [0.37|0.6] 1.7[11.34] 5.18
30 [21 |21 |25 [19 |24 |20 |46 |56 |0.35 [0.50(1.2| 4.1| 5.50| 7.31
45|20 [19 |22 |19 (24 |20 [47 [48 [0.35 |0.50|1.8| 6.5| 6.43| 6.87
60 |19.5/17 |[31.5/18 |24 |20 |47 [77 |0.38 |0.60(2.2| 9.0| 6.97| 7.25
75 |19, [17 |25. |16 |24 |20 |55 [86 [0.38 [0.60[2.9[11.2] 6.81] 9.69
90 |18 [16.5/22 |15 |23 |19 |53 |83 [0.38 |0.60|4.0|13.8| 7.81|12.56
105 |17 |16.5|35 |16 |24 |18 |55 |80 |0.35 |0.50[5.0(15.5| 7.62[12,78
120 |16 |15, |57 |16 |20 |18 |30 [89 [0.38 [0.60[6.0[17.6] 7.19 (11,37
135 |16 |15, |42 [17 |19 |18 |31 |70 |0.38 |0.60|6.5|19,9| 7.25[11.13
150 [16 [15 |23 |18 [20 [18 [55 |56 |0.38 [0.60|7.0({21.5| 6.50 |10,
165 (16 {15 |21 (18 |21 |18 |55 |60 |0.38 |0.60|7.2|22.0| 6.25| 9.75
Aver-
age [18.3|17.2|30.5(17.3| 22,119,045, |71.7|0,348|0,55|7.2|22.0(79.67 [103.89
Input Output
HpS04 HNO3z HpS04
]
Sp. Gr. 1.8 1,08 1,39 1,55
Wt. Grems | 1888. 1055 254 3466
Vol. co. | 1021 968 183 2230
Temp. °C 22 22 22 24




Run No. 12
pel Ts Ty [ To || T Ts | Tg [P |F2 |2 |2 (M [ ™
0 [20]20 |23 |23 |23 |23 |21 (23 |oO 0 0 o |o )
15 |20f19 |23 |23 [2¢ |23 |37 (32 |0.17 |0.37 |0.6 | 2.5 9.22| 8.62
30 [20]18 (23 |20 |25 |23 |[52 |37 |0.25 (0.37 [1.15| 4.4| 8.63[10.38
45 (20|18 |23 |18.5 (23 [22.5|57 |54 |0.27 |0.37 [1.,70| 6.0 9.06(12.83
60 20|19 | 24.5 |18.5 |22 (21 |51 |68 |0.30 |0.40 | 2.50| 7.9| 9.75| 8.63
75 (20|19 *55 [18.5 |21 (21 [43 |70 |0.30 |0.4 |3.10| 9.5| 9.83| 9,72
90 [20f19 |35 |18 (20 |20 |40 |70 [0.25 |0.37 | 3.70[10.6| 9.10]| 7.75
105 [20{19 |29 |17 ([21 |20 |45 |68 |0.22 |0.37 |4.50(12.1| 8.22] 7.75
120 |20[19 |3 [15 [19.,5 [19.5(40 |68 |0.30 |0.4 |4.90[13.8| 7.37| 8.34
135 |20(18 |31 |15 |[18.0 (19, {35 |70 |0.30 (0.4 |6.0 [16.0| 8.43|10,31
150 (20|18 |38 |15 |[18.0 |19 (40 |85 |0.30 |0.4 |7.0 [18.0| 8,10| 5.31
Aver=
age |20 18.q 31.25| 17.85| 21, 25| 20,8 44.0|63.2|0,266|0.385| 7,0 |18,0(87.71 89,64
Input Output
80, Moy | H;S0,
Sp. Gr. 1.8 1.08 1.39 1.60
Wt. Grams | 1129 800 148 2670
Vol. cec. 627.5 740 106.6 | 1669
Temp. °C 22 22 22 22

% Gay-Lussac acid turned violet color.




Run No, 13
;ﬁf: Ts| T, I'NENEREY EN AT A R A
0l2e |21 [21.0019 [19 [19 [z21e1 (o 0 0 o |o 0
15 |24 |21 |24 |19 |20 |21 |30|23 |0.3 [0.65|0.5 | 3.0| 8,09[ 6,63
30 |24 [19 |24 [19 |21.5|21 [32(23 [0.3 [0.6 [1.0 | 6.0| B.5¢| 7,00
45 |23 |17 |26 |19 |21.0 |21 |36(24.5/0.3 [0.6 |1.65 9.2| 5.67| 7.25
60 |22 |17 |27 |18 |24.5|21 |[42|25 |0.3 [0.6 |2.5 [12.5| 5.8¢C| 7.00
76 |21 [17 |25 [17 |25 |23.5/42(27 |0.25 (0.5 [3.6 |14.7| 4.00| 5.87
90 [20 |16 |23 |16 |23 |22 |s2|35 |0.35 |0.4 [4.6 |16.9| 6.28| 5.50
105 |20 |15 |24 |15 |26.5|25 |60(63 |0.40 |[0.5 |5.8 |19.1| 3.00( 8.66
120 (19 |14.5/28 |14 (22 |22 [58(69 [0.35 |0.6 |6.7 |21.4[10,00 éo.ze
135 [19 [15. [37 |16 |21, |21 |[63|67 [0.35 |0.5 |7.9 |23.7| 5.25]| 6.75
150 (19 |14.5/28 |16 |22 |21. |45|40 [0.35 |0.5 [9.0 |25.9| 6.75| 8.9
— %=
Aver-
age |21.1 16.5|25.5 16.9 22.65( 21.8| 46 |39.6| 0.325|0.535| 9.0 |25.9(59.34 |73.8
Input Output
H,S0, HNO, E,S0,
Sp. GOr. 1.63 1.08 1.39 1.65 |
Wt. Crams | 1360 1100 156 3300
Vol. cc. 742.5 1020 112 2000
Temp. °C 21 21 21 25




Run Ilo. S,
One prominent factor stood out and that was oxidation between

SO2 and KOz. The difference in temperature betvcen outlet and inlet

cooling water was more marked than in the previous runs. The con-

version of 50, to H2304 vas 8E,%5. This was either due to the wool

packing or else the oxides of nitrosen wsre ample enough by mixing

4° Althoush in the end this is not desirous, since

the III-.‘O3 acid rmst be removed from the fin=1 product.

HIIO3 with H250

Runs No, 10, 11, 12 and 13.

These were all about the same as 9. Since there is good con-
version, it is now desircus to build up the concentrations of future
runs, This cean only be accomplished by increasing the flqw of air and
S50p, or decreasing the downward flow of used acids to absorb the newly
made SCy cas. aving received enough information on tower methods, it
was thought to reproduce the same results on a larger scale or called

pilot plant research.

2. Data and Calculated Results.

Page (59) contains sverauged data for eaéh serarate run made in
the laboratory.

Page (60) contains everaged input and output data and computed

results.



59.

‘I6MO3 J8AOTH JO 3Y3Tey Tenbe 03 Jemoy owssny-Len Jo QOﬁpﬂcum - m

Iomo3 oyj FUTTO0d INOYITM OPVW §BM URI STYL - T

¥C°6S | 08°€4 [00°6 | 6°G2 |S3c°0 |SSS*0| 9°6E | 0°9% 8°T12 |g9°22 6°9T | S°G3| S°9T | T1°Te| 0S°2 €T
TL°u8 | $9°68 |00°4 | 0°8T |992°0 [S88°0| 2°29 | O0°¥¥ 8°02 |S3°TI2 | $B8°4T |G2°TE| 9°BT | 0°02 | 0¢°2 21
49°64 | 68°20T |02°4 | 0°32 [S3¢°0 [SSs°0| 9°62 | 0°9% 8°T13 |g9°32 6°9T | G°G8| S°9T | T°Te | G4°2 11
$9°GG | 99°3TT [43°6 | 2°61 6€°0 [ 68S°0 | 2°9¢ | T*4¥ | ¢8°22 0°62 T1°6T | 06°42 | S8°8T | €°02 | 0¢°2 (128
8T | €6°¥S |08°9 | 9°T2 62°0 | 9¢°0| 8°T12 | &°1¢ £°22 6°62 8°4T | £°C3| 0°08 | 4°02 | 0S°T g6
06°TE | T4°2S |06°3 | 4°32 03°0 | 0S°0| ©°02 | 4°02 | g£°02 |S9°22 | S1°02 | &4°6T| 8°8ST | 8°8T | 06°2 8
30°62 | 2T°SE [00°¥ | 0°4T |TBP°T |429°T| B°T2 [86°C2 | 00°T2 |[SS°T2 8°02 | ¢°T3| 3°03 | ¥°02 | os°2 4
86°49 | €8°2% [08°¥ | €°83 |C9e€°0 | 8S°0| 0°T2 | €°12 | 0£°22 ve22 2°22 | 9°23| 0°6T | S°8T | 00°C | 9
$0°93 | €¥%°32 |02°C | ©°61 18°0 | 06°0| €°82 | T°12 | 08°12 3°23 | 06°02 | 6°92 | G°8T | €°4T | 00°2 ]
ee°eC | 0’3 |06°2 | 4°9T1 OFP°T | 9G°T| 8°S3 | 1°92 | 09°12 8°13 | 04°02 | 2°c3| 6°8BT | 8°8T1 | 00°2 ¥
- - 02°s | 0°aT T | 96°T - - - - - 0°2¥% | 4°8T | 0°BT | 00°S | «¢
02°C4 | ¥8°4S [O0T°C | ¢°¢ee PG°T | 4L4°T| 0°2e | &°62 4°33 $°23 0°S8T | 9°92 | 0°¥2 | 0°¥%2 | 0G°E 2
T9°C¥ | 26°2¢ [00°CT| 0°93 48°T | 90°2| 8°2% | 6°2¢ 0°8e S°¥3 0°6T | S°¥2 | 0°22 | 0°22 | S4°T 1
Jemo], | Iequeyp oessny Joquey) | Jemol
JOAOTD | mor3ovey %os Y mom ITY | =Aep |XeAOTD |UOTIOBEY|I0A0TH| Je3BN | ITY ITY %08 g3y | uny
Jeq8y 2UTTOO0) |BuyToop| 30T | 36T | 36T uy
°8qY uy 1904 o1IQRD youy °bs 81080, 36TIN0 49TUT | =310 -ul =-ul wmy 30
Xe3wy FuyTo00 Jod °sqy oprISTjuUe) Sealfed eanjmIisdwol J0 .
267300 JO 3ufren U} ewmyoA eameseq , owpl | °oN

*£1038I0Q9T UT OPUN UNY YIBY JOJ ©I8g 6FVIGAY °v




60,

G°96 (0°220T|0°STOT |0°*¥0O¥T (0°00CE | 0°00023 | 3°4S | G9°T | OF°T Fo.d 0*00TT|0°020T |PE8°T|0°09€T |G°2¥4 | 08°2| ST
6°68 [0°C38 (0°PSL |0°980T|0°0492 |0°699T | 2°¥S | 09°T | TH*T [BO°T | 0°008 [0°0¥L [08°T|0°82TT [G°439 | 08°2| 2T
4°9S [0°9%8 [0°08F |0°GB4LT[0°99%C | 0°0832 | G°TIS | SC°T | 4%°T [BO°T | 0°SPOT(0°896 |08°T|0°6£8T [0°T20T| S4°2| TT
0°36 [0°060T|0°COO0T |0°206T |0°0%LE | 0°0%LE | 8°3F% | SP°T | TE°T [BO°T | 0°00T2(0°¥P6T|29°T| 08632 [0°0THPT| 08°2| OT
6°88 [0°664 (0°604 |0°0SBT|0°0¥¥E | 0°09%2 | P°TP | OP°T | 2€°T [BO°T | 0°SLTT|0°480T |25°T|0°26CT (0°¥PG8 | 0S°T| 6
S3°¥S p°6ge |0°PBT P°EBPT|0°0STS | 0°G602 | €°¥% | ¥P°T | TP°T [BO°T | 0°080T|0°000T |T4°T|0°GOBT |0°SSOT| 05°2| 8
068°TS pP°69% |0°E¥P2 (0°*0S2T|0°0¥B2 | 0°666T | 8°2F% | SP°T | 4E€°T [BO°T | 0°080T|0°000T |69°T|0°0OPST |0°086 | 0S°2| &
09°4S [0°¥9S [0°G2¢ [0°092T|0°002C | 0°06028 | O°CP | SP°T | BE°T [B80°T | 0°080T|0°000T [69°T|0°069T | 0°000T| 00°C| 9
06°%2 [0°46G |0°6FT |0°94S [0°STET |0°0%6 | #°T¥ | OP°T | 92°T [BO°T | 0°0PC |0°00S |TL4°T|0°404 |O°CSTP | 00°2| S
00°0% [0°6S€ |0°9ST [0°¥29 [0°006T | 0°09%PT | 4°CS | 0S°T | 92°T [BO°T | 0°080T|0°000T |T4°T|0°0TL |O°GTP | 00°2| ¥
G6°ST [0°94E |0°09 [0°049 |0°268T | 0°89%T | 0°ee | 63°T | 43°T [BO°T | O°0BOT|0°000T [T4°T|0°394 |0°S¥P | 00°C| €
08°T9 [0°86C |0°04E [0°CHL |0°0S22 | 0°029T | O°TH | 62°T | 63°T [BO°T | 0°080T|0°000T (04°T|0°0S8 |0°00S | 0S°S| 8
G8°CT [0°S2ST|0°0%2 [0°0TOT |0°83G82 | O°TS8T | £°0% | 8€°T | ¥£°T [BO°T | 0°820T|0°0S6 (65°T|[0°892T [0°0Ss4 | S&4°T| T
Yog%g o4f*xoeyy | Ten3oy suexsn | °*9090 *xp | sproy | *axpn | swsan| °*o0 | *xp| swean | ‘00 [*sag |uny
20g 03 andang qudur | Ju3tepn| sumToA |,09 *dg | gnduy | *dg | 3uBtep eumyop °*de| 3yItem|eumTop | uT
% ut Jo 208 meu JoJ USeJOJ3TN JO SepIxQ| wy | Jo
333 tomﬂm 4oNpoId S80IH cxnedg| eouoz uorsdaosqy Jo Axeao9ey Uy Jo
oMoy, %00T Jo sueIp e3e uy pelordury pefotduy ¥ogdH |ewyl |*oN
-JeAy (e3ntra) PoseH

‘ejTnsey pue Yogdy o3

e3eq 3ndqng pue jndur °q




Input and Output Data Continued from Previous Page.

No. Ratio of Input Ratio of Newly Cu, Pt, of |B.T.U. HH
Air in Cu, Made 100% H,SO, Tower Space | W in
of ¢, to SO:5 to 100% Used per 1b of S |Cooling
in Cu. Ft. in Grams per 24 hrs, Water
Run | Theoretical | Actual | Theoretical | Actual
1 3.68 2.00 1,51 0,37 0,07 2260
2 3.68 6.50 0.81 0.50 0.09 5440
3 3.68 5.30 0.56 0,10 0.45 -
4 3. 68 5.75 0454 0.22 0.15 3035
5 3.68 375 1.04 0.26 0,13 1325
6 3.68 6.00 0.42 0.24 0,09 671
? 3.68 4.25 0.38 0.20 0.10 2640
8 3.68 7.83 0.23 0.12 0.13 1508
9 3.68 3.18 0.42 0.38 0.02 3041
10 3.68 2,07 0.57 0.53 0.02 7030
11 3.68 3405 0.47 0.27 0,05 7520
12 3.68 2,57 0.75 0.69 0,30 6660
13 3.68 2.88 0,73 0,735 0,023 5570




¢, Heat Balance - (Based at 0°C and 760 mm, Press.).

The heat balance was calculated for the run showing best

results, This happened to be run No. 13.

Summary Heat Balance of Glover Tower,

Input

Not due to any chem. reactions.

Beat
Heat
Heat
Heat

Heat

Heat
Heat

Heat

Heat
Heat
Heat
Heat
Heat

Beat

content of saturated 8irececcescscccccccscecs
content of sulphur dioxid@seccsceccccccccces
content of nitric acideccccccoccccceccccccns
content of sulphuric acid 60° Be'eerscesscee
content of sulphuric acid 10.8° Be'eeesecoss
Tot@leseseseeecoocsccsosceccne
due to reactions.
of formation of sulphuric acidiesscccccccces
of dilution 60° acid t0 41° Be'sesesvscsncss
Sum Tot8leeecssoccscesccecccss
Output
content carried by air to Gay-Lussec tower,.
content carried by final productececsccccecece
of centrating acid 10,80 Be' to 41° Beeesssee
of centrating acid 41° Be' to 57.2° Beesceo
taken out by co00ling wWaterseccccsccccccocssce

lost by redietion..c.cceecceeccsscccsccccccse

Calories
1,032

51
1,900
12,580
20,800

6, 363

540, 000
48, 200

624, 563

50, 100
4,125
5,100

82, 000

352, 000

131,338

Sum Totaloo.oooooo.oooooo 624’565

0.2

0.3
2.0

3ed

8645
7.7

100,0

8,0
o7
.8

13.0
56.5
21.0

100,0






Summary Heat Balance of Gay-Lussac Tower.

Input
Calories
Heat content carried by air from Glover to
Gay=Lussac tOWer.iceeesccccsssscocssscccsscses 50,000
Heat content of 60° HoSOg.eececeecscsscsssccscccoce 9, 330
Heat content of HNOgz acid......................;... 1,050
Tot@lecscecocococacscococones 60, 380
Output
Heat content carried into Glover tower by 60° acid. 11,130
Heat content carried by HNOsz acid into Glover tower 1,682
Negative heat of reaction by oxides of nitrogen...e. 9, 650
Heat content of air in leaving Gay-Lussac towereese 6, 360
Heat lost by radiationecscccsccocccccccoccccscccccse 31,558
Tot8leceeoscoosscooscsceccccae 60, 380
Summary Heat Balance of Whole Tower,
Input
Glover tOWereeecscscscosscossossnssvssscccse 624,563 cal,
Gay=-Lussac tower.....;..................... 60,380 cal,

Total.'0..0..0.'.0.0.000000..00...0..00..0. 684'943 cal'

Cue

82,8
15,5
1.7

100,0

18.4

2.9
16,0
10,5
52.2

100,0

91,4%
8.6%

100 %
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Output

Glover tOWerseeecscsoccccecsscsccases 624'563 cal, 9104%
Gay=Lussas tOWeTessesececvscsccssccce 60,380 cal,. 806%
Tot@lececescsccescosssscosscccscsccscse 684,943 cal, 10000%

d. Material Balance.
The material-balance was calculated for the same run

as for heat-balance.

Summary Material Balance-

Input
Saturated Bircceccccececcccccccccccccs 931.0 grams, 22,0%
Sulphur 4i0xidGeeeccecssscccccecscscae 680,0 ® 16.1%
Nitric acidececcccccccccsscccccccscce 156.0 * 3.7%
600 Be' HoSO4eecccooceccsccccsccccnce 1360,0 " 32.2%
10,8° Be' HpSOgeeeccesvccscsocccccnse 1100,0 " 26.0%
Tot@leeccecesoasocsocasssosscscessccs 4,227,0 " 100,0%

Output
Spent AlTceccoceccoscoccsccosasscccce 635.2 graps. 15.,0%
Water in Gay=lLussa8Cessccsscesssssccce 136,7 " 3.2%
60° Be' HoSOgeeecsccceveocscsssssssecs 1360,0 32.2%
10,8° Bo® H2SOgeceseccscoscsscoscsses 1100,0 @ 26.0%
Grems, Of SOzeccssesccossssccseoccsse  832,0 ® 19.7%
HNOz AC1decevececsvoocccssssscrccsces  148,9 ® 3.5%
Loss of Oxides Of Noceesscoeceosccosce 14,2 " 0.4%

Total...'.....‘.....‘0.00....0...0.‘. 4’227.0 grams. 10600%
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Sample Calculutions for Run o. 13.

as Results of luboratory data.

(1)

(2)

(4)

Averaze Sp. Gr. of input acids.

)

742,5 cc. (Sp. Gre. 1.8%)= 1365 grauus.
1020 cc. {Sp. Gre. 1.0€)= 1100 zrans,
1762.5 » 2463 grams.
Dividing,

2465;-' 1762.5= Ooooooo-o..o-'ooooo'ooooo"oool.[xc S')

Input, 10C5 HeS04 in grams.

1.83 Sp. Gre = 94,5 Ho80,

[
rJ

1.08 Sp. Gr. = 0 £, SC,
Then,
1385 x 0,94 = 1272 grams 1005 H,80,.

11C0 X 0,12 = 132 gsrass 1005 HESO4.

Gr.

Total...........................................1.404. griﬂfis.

Gross output, 10C, [oS04in grams.

1.65 3p. Gr. = 70.4

A
% 11,50 .

TUeTT4
wWeight of output = 3300 gramns.

ultirlying, -

ZSOO x 0.734= .00'0000000o.o'o.oooooooooooo00024:’22 gI’Cﬂ.’lS,

Net cutput, 10C% Hy50, in grans.

Subtructing (2) from (2) cr,

2422 - l404= .000.0000-0.-00.0000..00.000....01018 gI‘de.



(9]
~

Tower efficicncy in 5 of converting 502 to E12304.
9 cu. ft. of SO2 consumed.
1 cu, ft. of 50, weighs 0.129 lbs.
at 239" ii:.
1l 1lt. = 454 gruns.
Therefore,
9 x 0,169 x 454 = 680 grums of S0z.
SOp+ 205 +1Hg0 — 1550,
Lol. Wt. of Ho30, = ©8.
lol. %Wt. of 350, = 64.
Then,

620 x 98 = 64 = 1022 grums of Ho80, {theoreticul).

Actual conversion from (4) = 1018 grams.
Thus,
1018 - 1022 X loo%: .o............................0096.5';5

(6) Tower spaced used/one pound sulphur/burned 24 hours.
Capacity of tower calculated as followis,
leight of Glover tower 48 inches and 2" in diam.
HTeight of Gay=Lussac tower 42t and 2" in diam,
48 x l“2 3,1416 = 151 cu., in. capacitj of Glover tower,
42 x 1° 3,1416 = 132 cu. in. canacity of Gay~Lussac tower,
Totul capacity, 151 + 132 = 287 cu. in.
287 =+ 1728 = 0,166 cu, ft.
680 grams of 30, contuins (880 = 454) (32 = 64) = 0,75

lbs. of sulpnur.



0.75 1lhs of sulphur uced in 2.5 hours,
Dividing,

0.166 =+ 0,75 = C.221 cu. ft. per 2.5 hours.
Then,

0.221 x 2.5 = 24 = 0.083 cu. ft. or tover

spuce reguired per pound of sulphur bturned

PEr 24 NOUISeeseessecccesascessssaceaceassssCa023 cu. Tt,

be. Heat-pulance, based 0° ¢. ard 29w Hz.
GLOVER TCHER
INFUT

Lefore start of chemical reauctions.

1. Heat cortent of saturated air.
Inlet temperature 16.5° ¢. = 61.8° F.
Fron accompanying chart.
Lotent heat (3.T.Uy/1b. Hp0) for 61.8 F.  .....1057 B.T.U.
Humid heat (B.T.U./'OF/'lb. dry air) for
61.8° F.  +40.0.243
Humidity (lbs. Hgg/lb. dry air) for
| 61.6° F.  ....0.012
Then,
1057 x 0,012 = teeeeeoessel2,70 B. To U
00243 (61le8 = 32) = eeesse 7.25 B. Te Us
Totzl B. T. U.,/1lb. dry air at 16.8° C.ee.....12.95 . T. U,
1 T‘ T. Us = 252 cual.
l.cu. ft. Sat. air weighs at 29" lig. 0.079 lbs.

295.9 cu, ft. of air used.






(@)}
(@]
L]

Now,
252 X 04079 X 25.9 X 18.959= eueeeeeeessslle32 cul,
(2) Heat content of sulphur dicxide.
Inlet temperature 21,1°% ¢, = 70° F.
From accompanying chart.
B. T. U. / 1b. mol. 505 / ©F for 700 F = 2.1
Censity of 305 , 29" 1iz. lbs. per cu. fte oeeeeesa0.168
2 cu. ft. of 502 wutilized.
Then,
9,0 x 0.169 = 1.421 1lbts. of 30g.
Pound mol. of 505 = 64 lbs.
Or,
9.1 x 1.421 - 64= .....0.202 3. T. U,
202 % 0.202 = veveeceecerncncesconnasss 0LoO cul,
(<) Hezt content of 1Cy (78.185).
Inlet temperature 21° C.
Frem accompunying table,
Heat capacity in cal. / grum of solu.
per °C. for 78.18) iiiCg = C.58
weisht of IE103= 1586 grwiase
Then,
0.58 (21=0) 156 %= 4eueesavssssssscasses 1,200 cul.
(4) H%tcmﬁmtofﬁ§m4(mﬁL
Input temperzture 21° C.
lleat cupucity, cal. / gram / °C for 125 scid = 0,9
iWeight of H2304 acid = 1100 grams
Then,

O.g (21-0) lloo= oo'vooo.oooooooaoo0000“20,800 Cdl.
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¢ heat capacity in calories per gram

of solution per °centigrade.
Percentage
HNO4 c
0 1,00
1;0 ;985
2.5 « 965
5.0 . 935
10.0 888
15,0 848
20,0 «807
25,0 770
30,0 737
40,0 «669
45,0 662
50,0 +655
60.0 «634
70.0 +610
80,0 «581
90,0 553
98,0 «475

100.0 +460

SN



7C.

(5) Heat content of H,504 (60°).
Input terperuture 21° C.
Heat capacity, cal. / gram / ©C. for 60° acid = (.44
Weight of 60° acid == 1280 grums.
Thern,
0444 (21=0) 1360 = suveseesesocacesensssssal2, 580 cal, .

Total heat entered before start of run = 36,353 cul.

Heat due to Chemicul Reaction.

2 gas,

(6) 1Ileat of formation of :p3Cqe [e304 is formed from S0
liquid water and oxyzen. actually tlhie conversion takes
pluce in two steps with intermediate forrmtions. IHowever,
the net effect is the same as though the following reaction
preceeded --

S0z (g) + 205 (3) + Hz0 (1) —1HzS04+2
Where Q = Total heat of forumtion in calories.
S0, (g) = 5405 - 69,400 cal.
05 (5) = 0 (zero),
Hp0 = Ho + 10, = 68,310 cal.
Io504=Ho+ S + 2 0y = 189,730 cal.
Then,
S0p = 69,400+ 0 + Hg0 = 68,310 = Hp304 = 189,750 +12
Q = 52040 cal. / gram mol. of Hg30,.
1018 grams of H2504 were mude,
10l., of Z{BSO4= e8 grans.
2 X wt. of acid (100,5) = 98

52040 P 1018 = 98=.--.........-.............U‘lO,UOO Cillo






(7) Ecat of dilution of 60° wcid.

17 u chznse in concentration rwy

Heat of dilution accompunyin
be calculauted by subtractinz the heat of solution at the
J S

initizl concentraticn from the final councentretion.

w»

tols. of H,0 / mel. of 1,50, in 6CO acid.
60° acid = 755 Eg30, & 223 L
22 = 18 =1,23 nols. of LIECo
78 == 98 = 0.796 mols. of H2£304.
1.23 <+ 0,796 = 1.53 mols. of H 0 / mol. of HyS0,.
From accompanying chart,
Heat of solution for 1.5% mols. cf water / mol. of
H2304 = 8,50 calr ner gran mol.
Weight of 60° acid = 1350 grams.
hen,
360 x 2,500 = 98 = 91,800 cul. heat of
initicl concentration.

1.4 Sp. Gr. of final concentration = O5l. } 50 and

49 = 18 = 2.22 rols. of i,0.

5l =~ 98 = 0,52 mols. of H r)OO4c

2.22 = 0,352 = 4,28 mols. of 1120 per ::‘.Ql. o504

From accompuanying churt.

Heat of solution for 4,28 mols. of H.O per rol. EoS04 =

lu,OOO calories per grum nol,



Final heat of solution =

1060.8 x 134000 = 98 =144e40es4140,000 cul,
Subtracting, or total heat solution,

140,0CC = 91,5800 =csevaesseedl,200 cal,

Sum total of input hcat in Zlover tovier 624,563 .cal.

CUTIXT
(8) iieat content carried out by spent wir to Guy-Lussac tower
at 46° ¢. or 114.8° 7.
Lutent heat (5.T.U. / 1b. #,0) for 114.8° F. = 1028 5.T.U.
Hunidity (lbs. 5 0 / 1lt. dry ain for 114.8° F. = 0.065.
Then,
1028 X 0¢C85 = seevocescensessssble® B.T.U.
iurid heat (3.7.U. / F. / lb. dry air), 0.25 for 114,8° p.
Or,
0625 (11448 = 32) = sesscsssssea29.0 2T,
Total B.TeUs / 1D, QIT eeeevoevesss3.8 B.TuTs
%eizht of outlet zir, 2.05 lus,
6.8 x 2.05 = 19C.8 BsTWVe
198.8 X 202 = ceeescesesececssssdl,100 cul,
(9) 1leat contcnt carried down by finzl product.
Weilzht of finzl product = 3Z00 graus,
1.65 Sp. Gr. of final product.
Tenperature 25° ¢. of finsl product.
leat capucity cul. / grem / ©C. for 1.55 Sp. Gr. acid
eseesessDed
Then,

0'5 (::3 - O) EZOO = n;ooo-ooo-o'4,125 Cal.



e e



(10) Heat of centrating acid (125 or 10.8° Ze' to 41° pe').
Initial corcentration = 1C.E° Tet.
10.€° Ze' acid == 127 11,30, & E8) 1in0.
88 <+ 18 = 4,88 mols, of I[1,0.
12 =98 =0.122 mols. of HLSO4.
4,68 %+ 0,122 = 40 nols. of ;0 / mol T30, / mol. gram Ho30,
From accorpanyins clart.
Eeat of solution for 127 acid = 16,800 cul. per zraa mol.
Taen,
0.12 x 1100 x 15,800 = 98 = 22,3500 cul,
Final concentration = 41° Be'
From (paze 71) 41° Be' acid contains 4.28 mols. of water
per mol. H2504 and heat of solution =12,000 cal. / gran
mol. 1100 gruws of 124 were used.
Then,
110C x 0.12 x 13,000 + 98 = sessescosessel?,500 cal,
Subtracting,
22,600 = 17,500 = teeeccvscccsesscecseess 0,100 cal.
(11) Ieat of concentration 1.4 53. Gr. acid which is averagze
Sp. Gr. for input acid and was btuilt up to 1l.65 Sp. Gr. by
the newly made 100,; 1,50,
welght of input acid == 2460 graus.
wWelzht of output acid = 3300 graws.
Initial heat of solution for l.4 Snh. Gre acid ==

12,000 cul, / gram mol.






Taen,
13,000 x 24€0 X oZ1%F 980 = seeeeeees 135,5CC cal,
Final heat of scluticn for 1.35 Sp. Gre. acid.
1.65 8p. Gre= 73,35 H.SC, & 25.5,5 H_O.
< 4 2
26,5 = 18 = 1,47 mols. HEO'
7345 8= 0,75 mols, 1,80,
1,47 = 0,75 = 1,93 mols. of 520. por oi. of aczid.
Heat of solution from chart for 1,95 rols. of ;0 / mol,
of H, S0, = 10,C00 cul. / zram mol.
Then,
33C0 x 0.735 x 10,000 + 8= 248,500 cul.
Subtracting,
268,500 = 150,500 cale= eeessscovrececess CI,000 cal,
(12) Ileat removed bty cooling water,
Wt.e of cooling water from cxidution sone = 99.34 lbus.,

e

temnerature 73°
Weisnht of ccoling water from reaction chamber = 73.8 lbs,.,
temiperature 71.2° F.
Inlet tenperature of vater = 61,80 .
Taen,
B.T.U. from Glover tower.
(7340 = 6148) 59434 = seesesesccenes 0544
BeTeUs from reaction chamter.
(71.2 = 61e8) 7348 = ceesescceesees 694
Total BeTeUecesossoccoscsccscossesse 1038

[4Zae]

Total Caloriesx l,uub X 2\32'—- .4.000.0.0:0..352,000 C'al.






r,

(12) Heut lost by radiation  seeesececcsssesealll, S cul,

Total heat output fro. 3lovar tOWET eeees.e524,553 cal,

GAY-LUGsAC TCHER
IKIGT
(14) Heat content in air from Slover tower, salle as output to
Gay-Lussuc (pa_e 7%)e eessecscccsessnesse 51,000 cul,
(15) Heat content of 60° acid.
Ileat capacity, cul. / gram / ©C. for 78] awcid= 0.44
Teriperature of acid = 21° .
Weight of zcid = 1350 grams.
Then,
0e44 (21 = 0) 1350 == sesesscsasasceassss 2,350 cul,
(16) Xeat content of H;.'OB acid.
Hoat cudzcity in cale / gram of solution / ©C. for
78.185= 0.8
Temperature of IZ0, = 21° c.
Weight of 1110y = 156 grams.
Then,
0e58 (21 = 0O) 156== eeescccsasssesssessse 1,000 cul,

Total input of heat for Gay-Lussac tower .. 60,380 cul,

OCTIXT
(17) Heat content carried dowm by 60° acid into Glover tower.
Neisht of acid = 1360 graus.

Input temperature 21° C.



as 720 A

Teriperature leaving tower 3%.6° C.

= ...........-...-......ll,lZO cal,

0.44 (3%9.6 = 21) 1360
(18) Heuat content carried by 111{03 (78.18) acid into Glover tower.
leat capacity = 0.58
Welzht of acid = 156 grams.
Temperature out = 39,6° ¢C.

la )

Temperature out = 21.0° C.

Then,

0.58 (39.6 - 21) 156 ;.....-oaooo...ooonooooo. ,682. Cal.

(19) Heat absorbed by NO —- 10,
NOy+ SOo=+=5Cz +1i0 = heat
1018 grams of H2304 were rnude,

80 x 1018 = 98 = 820 grams of SO3.

To make 830 grams of SCz it required x grams of 0o

Or,

x =830 x 46 = 80 =477 graws of NO,e

s

Heat of formation of 1702:: =320

ow,
9,650 cal,

930 X 477 2 40 = eovecccorcccccsccsccccsssscsnece
(20) Heat taken ocut by spent &ir,
205 1lbs. dry zir used.
Temperature 25.5° C. = 77.2° F.

Humid heat (B.T.U. / °F. / lb. dry air)= 0.268






.

Then,
0.268 (77,9 = 32) 2,05 = 25,25 n.T.U.
20420 X 202 == eeececsecscsccscccessssscsnsesesb, 500 cul,
(21) Lost heat due to raediation=m ,eceeeeccceccaceeesdl,DB8 cul,
Total output heat from Guy-Lussac toOWETeesses.s50,380 cal,
llaterizl - Balance.
INIUT
(13 sSaturated air.
One cu., fut. at 2¢" Iig weighs 0,078 1lbls.
25.9 cu. ft. of air consumed,.
Then,
25.9 x 0,079 = 2,05 1lbs. of air.
2000 X 4594= ceecvsccecccccscssscacsssscscssense JCla0 grarms,
(2) sulphur dioxide.
One cu. ft. of SC, at 29" liz. weighs 0.169 lbs.
9 cu. ft. of 502 consumed.
Or,
9 x 0,169= 1.521 1lbs, of .‘502.
1e521 X 454 = ceccececvevsccscsscscascceccncsscsense 080.0 grams.,
(3) wWeight of HNOZ== eecceccescecocccccsasaaccncsceses 156,0 grams.

(4) Weight Of 600 I{2804=.oaoooo-ooo'oooooooo-ooooooo 1,\")60.0 GI’am.Sg

(5) 'rieight of 12;2 112804=00000000~'oocooo-oooooo:ooo. lllOOoO LTS 4

Total 1nput.'.'0.0....0...'....................‘ 4,227.0 grarns.




CUTHKCT
(6) sSpent air.
Inlet air = water content.
Pounds of Ti;0 / 1lb. saturated air for 18.5° C. = 0,012
25,9 cu. ft. of air consumed.
Then,
25.9 x 0.079 x 012 x 454 = 13C.7 graas of HEO
Weight of inlet air =931 granms,
Subtracting,
931 = 126,7 = 794,3 graums.
Spend air'- oxygen content used.
1018 grams of H2304 made.
Mol, weight of ¢ Op =16
Or,
1018 x 16 = 98 = 166.4 grems of oxyzen consured.
Oxygzen 20 by volwae in &ir..
794.0 x C.2 = 15;‘3 grams of oxygen used in converting

502 to .’503 from air.
4

166.4 grams were actually used.
So,
166.4 = 158 = 8,4 granms of oxygen was deficient.
Finally,’

794.0 = 158 = or air Spend cevscsccsssssssssss 035,0 graiis.
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(?) water held back by Guy-Lussac acid cescsceessellD? gruamis.
(8) weicht of 60° zcid leaving tower eeessessese 1360.0 grams.
(¢) weiszht of 125 acid leaving tO0WEr  eesessessss 1100.0 grams.
(10) Weizht of acid muede minus water or remainder is
SOS’ 1018 X 80 = 98 == cevcccccsssvecccssscscee CEI2.0 grams.
(11) weicht of H:IO‘,3 acid recovercedecsccsecescessse 14148 grams.
(12) Loss of IIL'O3 as NOz eeecsrecsesscescsessvecsree 14,8 pgrums.

TOtal outputoo...o'voo.oc'ooooococoo.'ooo.a.'o4’227.o g]"&ms.

C. COIICLUSIOIS.

From observation of duta and results muny factors are open for
.discussion. ¥ith little experimensul work on sulphuric acid thus far
it appears that there is & lot to consider about sulphuric acid. Re=-
actions taking place in the tower method are affected by outside factors
such as temperéture, pressure, and velocities of reaction which are
influenced mainly by type of packing and finally tower space.

Possible reactions teking pluce muy be divided into three grouns

as follows == those which tuke place in a homojeneous gas phase.

l. 204+ 0y —= 2 N0y = heat

2. 2 NO+ 3 Og—e 1503 = heat

3, Ny0z+% Oy —e N3Oy = heat
It is said reaction llo, 2 takes place with great speed while No. 3
completes No. 2 and comparatively slowly. High temperature will affect
No. 2 in breaking up N203 to NO and NGy . There is a second series

taking place in a heterogeneous gas-liquid interface phase and repre=






80,

sented by the folloving equations --

H
1. 502+

— .80,
20 ZjSOb

2e HgSOz+ NOp —= (H2304) NC, known ws violet acid.

3. 2(iS0,) N0+ £ 0c(l0g) —= 2 505N + .Hgo(;:c)

4. 2 SO+ 5054 IO —= 2(15304) KO+ Iig50,
Reaction llo. 1 takes pnluce very rezdily, but is unstable, yet with
ample supply of IICp 1t will produce as shorn under flo. 2. T:is re-
action can be detected by it$ violet color and wus observed in both
towers. Violet acid can be produced with concentrated X, 50, and (z:0)
under pressure. The lattef nay Lave taken pluce in the tower, becauuse
with a sufficient supply of air the violet color disappears. In either
case, heat is evolved. Insofar as it does take place in the Slover
tower, it is desirous since in the end 22304 will be mude; but, not

in the Gay-Lussac tower where the temperatures should be low. In the

Gay-Lussac tower the NO and NO_ finally are recovered by the H2804 to

2
form nitrosyl sulphuric acid which is the customary way ol bringing
back the oxides of nitrcgen into the Glover tower. As mentioned before,
high temperatures sonewhat affect this reaction. Other reactions which
occur in the liguid phase may be listed as follows --

1. (H,)so4) KO — 1,50, + NC

2 <

2. 5,0+ 2 SOgh —= 2’112304 + 10 + N0y

3e SCglll+ 0y —= oS04 + 2109
These reactions were evidenced in the Glover tower and the reaction

chamber. Dy closely observing tie liquid trickling dowm the pucking



it seemed clear and colorless when all at once in the oxicution uzone
Hoz ces was noticed by its reddish-trovn coclor. At this instant re-
action No. & took place due to the HZO contained in the dilute acid
which met the cdown coming nitrosyl sulphuric acid from the Gay-Lussac
tower. The same tcox place in the reaction chanber where there must
have been scne HNO3 and reaction o. 3 resulted. The IILTO3 canze from
two sources, from interrmediate recactions from sbove znd from the
nitrozen dioxide generator which distilled some of it over.

Thus, by harnessing the work with the gas-liquid and ligqid
phase, it may be possible to eliminate the chambers the points to
develope in this problemn.

In conclusion, some runs were promising while others were not.
Better results were obtained with the gluss wool packing rather than
with the glass beads. In study with a similar construction of tower

in pilot plant, the glass wool packing will be enmployed,
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PILCT PLANT CPLRATICIS.
l. Discussion:

After considerable inforuution had been cttuined on prepcraticn
and study of sulphuric acid on an experimental scale in laboratory,
it was desirous to duplicate the same in the pilot plant. (Pilot
plant research is nothinz more than reprcducing the sare as of
experimental, only on a consideruble lurcer scale.)

A new complete touer huad teen retuilt out of the one in pilot
plant where others bad devoted time and study in scarch of similar
results. The rebuilt tower, and frem nov on, will be refsrrzd to
as the "tile tower" mainly to its construction of glazed zcid-
resisting tile. The tile tower was designed to differ fromw the
0ld tower in some respects becuuse of information gotten from
experimental study in laboratory. 3till, tiis tile tower is quite
analogous in principle to both the o0ld tower =md the glass tower.

dhen the gluss tower was built and set up, the top half which
heretofore had been referred to as the Gay-Lussac tower, wus not
provided with cooling facilities. The object wus that the chemical
reactions taking place in that region were of nezative héat of
reaction and cooling was not necessary. (By necative heat of re-
action it is meant - heut is teken on due to chemical reauction.
Heat will be absorbed from close-by surroundings.) The lower

half or the Glover tower had to be water cooled due to the chemical
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tower will be water cocled froui source of inlet guces at the
bottom to the outlet waste air at the top.

If the Gay-Lussace tower viere also cooled, the heut that
would ordinarily remain in it would breakx up the nitrosyl
sulphuric acid into oxides of nitrosen and sulpiuric wcid, or
merely reversz the reaction which is not desirous. Due to such
deconposition, a loss of nitrogen dioxide anrnd nitric oxide wouwld
result and consequently a drop in efficiency. 3ince the oxides
of nitrogen are the key to the entire process, they nced to be
considered and delt withe. In conclusion, the proposed plan
can only be tested out for further comments to be made, if any.
CONSTRUCTICN CF ACID-PRCCF TILZ TCwZR.

The old tower was torn down to the cement buse (FF). {(Refer
to Blue Print No. 2). A lead cup (i) six inches in diameter and
eight inches deep was‘directly inserted, or imbedded in the center
of the concrete bvase (FF). This foundation is thirty inches square
and thirty-six inches high from the ground floor. A half-inch
drain in the bottom of the lead cup was made of lead pipe to allow
the newly made and spent acids to drain throush it. An acid-
resistive sprigot (C) was attached with acid-proof cement at the
outer end of the lead drain pipe which has its inner end burned to
the bottom of the lead cup (N). Thus a permanent connection was
sound against cas or acid leaks.

A lead grate was burned upon the open end cf the lead cup ()



reactions being of positive heat of reazction giving off heat,

In drawing up the conclusions from experimental results, it

was clearly seen that the Zay-Lussac tower was nuch more Lotter

than the Glover tower. The only source of heat that could have
possibly entered into the Cuy-Lussac tower wWas primurily due to

the air carrying the heat up from the lower hialf of the zlas

tower., It is believed with such a tecwer metlicd in the muanufucture
of sulphuric acid that the entire tower should te eguired with
mearns of coolins. From the study of the chamber nrocess, the

mest widely one usced in corrercial work, the gassez leaving the
Glover tower are very hot and by passing through the lead clhambers
practically all of the heat is removed before entering the Gay-
Lucsac tower. (Refer to history of Chamber Process on wanufucture
of H2804). The heat is remcved from the hot guses by being dissirated
in the lead walls of the chamber. Since in the tower umethoa, the
chambers are coumpletely left out. Then it stands to rewuson thut
time involved for the hot puses to leave tie Glover tower wnd enter
the Guy-Lussac tower is much more shorter then the hot guses leaving
the Glover tower enroute through the chanbers and into the Guy-
Lusseac tower of the "Chamber Process." At first upon the cunstruc-
tion of the glass tower, it was thouzht the heat of reaction would
be completely removed by cooling the Glover tower. Theoretically it

should huve, but actual it did not. For this rcason tic entire
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whose walls are one-inch thick, namely, to suppert the gluss
woocl packing and finally to permit acids to trickle dosn from
the above tower (3) into the lead cun (ii}. From hers they vere
drawn off as descrited above.

a. Glover tower (3).

After the lzad grate hud been sealed tightly upon the
lead cup so that gases couldn't escupe through its burned joint,

a six inch glazed acid-procf tile (i) was set up rizht upon the
lead grate (LL). These acid-proof tiles which will constitute the
tower are two feet in lengtﬁ. The bottom of the firsct tile wus
cermented to the lead cup (i7) with acid-probf cement which took
about two days to dry out thoroushly. Thus an air tight»joint was
made, This csealed connesction made up the bottom of the Gleover
tower (3). Care in settins: the tiles was necessary, in wiich they
were vertically lined with a plumb line, so that the ccncurrent
flow of acids could wet the inside circular wall of the tower and
the packing.

The second glazed acid-proof tile (1L.) (numbering from the
bottom up) was placed upon the top of the first, and sealed securely
to insure leskage of gases and acids., A& problem resulted in trying
to use suitable materials with which to seal the joints between
the tile. A4t first the whole bell of the tile was packed with
acld-proof cement. Sodium silicate mixed with powder acid-proof

cement to a plastic state was applied into the bell joints, The
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sodiuim silicate being in nature of a viscous liquid hardens

when exposed to the atmosphere, Thus, trouble hud been en-
countered vherceby the plastic ceizent only dried on the outside
surface or tpe one exposed to the air. This beins the situation,
the cement beneath the dried crust was as soft as when it was
packed into the bell joints. 1In conclusion, such a connection
with an unstuble center was not desirable since it did not

offer positive assurance azainst leaks and finally a very poor
binder for the safety of kecping the tiles from tippinz over.

The tiles rwust be permncnently set and vertically lined,

After a little tirme hud Leen spent on study of applicable
materials for joint purposec, it was thousht that a small layer
of acid-proof cement would do, just small enough to dry éomwletely
throuch its thickness. 3till this idea left some doubt. INext
plaster of paris had teen mentioned by I'r.e Reed, namely 1t being
a calt (Caso4) of sulrhuric acid would not be attached by the
acid itself, Tlaster of puris was mixed with a little water to
the form of a mud and introduced as such.into the bells of the
tiles, 30 with a small layer of acid-proof cement and a con-
siderably larger layer of pluster of paris, the uncertainty had
been relieved. If the first layer should permit the sulphuric
acid or zases to escape, then the second would prevent further
leakage. Plaster of paris fulfilled ome phase as an acid resistant
and also as an air-tizht connection since it expands upon solidifica=

tion due to weater of hydration.



Up to tnis point the joints were sourd in respect from
the inside to the outside of the inner tower. Since this tower
was to be water-jacketed (4) for cooling purnoses, the water
would slizhtly dissolve the outer layer which is exposed to it.
To remedy this cuause a very suall coat of wsphult wes painted
over the plaster of paris to ward off the water. Insofar as
the bell joint wus considered now, it was guite air-ti;ht in
recard to water entering in, or zusesc wnd acids escupin
With this point in view it is not stronz enougch tc hold the tiles
from tilting over, becuzusc the coapressitility of larger layer
is too higzh. By packxinz in a layer of ccncrete above, or on tcp
of the asphalt coat wnd wzuln painting another coat of usrhalt
on it, the jeint wus sound in every recspzct and fulfilled all
requirenents.,

Three tiles were worked up in this maaner ana constituted
what has heretofore been referred to as the Glover tover (Z). Thae
inside of this tower wus puclked with fine gless wool (F) in such
a mode tnat the least aount of resistance would be offered waen
tlie acids trickled dvwn, or guses traveled upward, and lastly,
producted sufficient surfucing area.

Havin~ prosressed to this degree, the set-up contained

he buse (7)) amd the Glover tower (3). Zefore adding the top

half known as the Say-Lussac tower (2), two sections of sewer



tile (I7:) twelve inchaes in diamecter, and tio feet long were set
around the Glover tower and mede up the bottom of the wahter-jacket(4}.
The first sewer tile was set in the busc (). Both 1t znd the first
tile of the Glover tower were intedded four inches deep into the
concrete base (Refer to 3lue Print io. 2). In this position they
were securely held and toth colusns veing firmly fortified by the
base, thus insurin~ the dunger cf tipping over. The second seier
pipe was placed in its locaticn on the first tile (Acuin muiabering
frem the bottem up). The sealing of these tell joints was an easy
task in comipurison with those of the inner touer. Rope oaiun,
asphalt, and & considerwtly lurser layer of concercte, reccpectively
affirmed the connection from water seenage or tilting of sewer

tiles as the water—jacket‘wus carried upward in its construction.

les of the watsr=jacket, the
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top of the Glover tower wus complehud. A perforstel lead pan (E)
six inches in diaseter lies on top of the ziass wool nacziiinz (F).

It szrves the ohject of despensing équally thie dilute acid over

the packing. The dilue acid (J) makes its way into the perforated
distributor (E) fhrouvh the dilute acid line (). Two to three
incnes above the rim of the perforated Hun & one-inch lead plate (D)
and nine inchas in diameter msts in the shoulder of the bell of th
third tile of the Glover tower (3). Both the plate and distritutor
were connected by the Cay-Lussac acid line (L) which extended flush

from the top of lead plate (D) down four feet into (G) of the Glever



tower (%), with the packing (F) centered wround it. Tle entire
unit was supported by the bell shouldcr. This sauwsz lcad disc wus
alr-tizht sealed with acid-proof cement. Its purpose served as;
first, the bottcm of the Gay-Lussac tower (2); seccondly, the top
of the Glover tower (Z); «nd lastly, collected the Gay-Luscac
acid (A) which in turn drzined into the mentioned small pipe
line (1) and in the end enptied into the oxidation zone (3) of
the Glover tower (4). Ia conclusion a vent line (I), half an
inch in diumeter and tnree inches ebove the surface of the lead
plate (D) was burned in so thaet oanly the spent wir could puss
through it from the Glover tower (3) to enter into the Gay-Lussuc
tower (2) without any acid draining in over it, becuuse it is
desirous to have the acid collect on the lead plate (D) and drain
down its proper line (i). Thus the two towers were securely
connected.,

b. Gay=-Lussac tower (2).

Next in order the dilute acid line (i) rwde of half-inch
lead pipe was instulled., It extended downward from the top of
Gay-Lussac tower (2) to ubout two inches below the plute (D) in
the bottom of the Gay-Lussac tower. Note, that it is a U-tube
affair (F) whose design wus necessary against upward pressures in
order to allow the dilute acid (J) to fill the perforated pun (E)
on top of the nacking (F) of the Glover tower (2). (Refer to Z2lue

Print No. 2). Cecnsequently a free flowing streum of dilute acid was



constantly rmintained.

Continuinz in further construction, the fourtli wcid-precof
tile (00) was plzced in its desipnated pocition on too of the leed
plate (D) and it was sealed in the bell shoulder of the third tile
up. Similarilry, fifth wd sizth tiles were set in their respective
places, und correspondinsly the joints wera filled cor pucked with
various layers herstofore described in the construction of the

Slover tower (2). .lore eglass wool (C) was used to pack these

2

three tiles which formed the Gay-Lussuc towsr (2). Saue cure was
exercised for uniferm pucking us in the lower half (3) of the sct-
un for similar recsons.

another lead perforated pan (Z) serving the purvose us a
distributor rested on top of the lutter packinzg (C} and was also
held by the shoulder of bell of the sixth tile. gpo acid (a) runs
into this pan (B) which evenly sprayed it over the nackingz (C).
Consequently, the acid trickled down throucsh the packing (C) of
the Gay-Lussac tower (2). The tip of the dilute acid line (X)
and air vent (EE) passed through this cup (3) and both were
held in place by beinz burned in place with an acetylene torch.
The air vent permitted the air to lezve the set-up. This coupleted
all the work on the inner tover. The remaining thrce sections of
the water-jacket (4) were inserted cnd cerented togzether. an
entry (BR) for inlet water was put in the botbm while a similar
one (CC) at the very top carried out the spent cooling water.

This concluded all work in construction of the entire tower.



S

C. llinor Attachments.

(1) ©pDilute acid reservolir (J)

A fifteen liter soft glass bottle fulfilled the need as a
container for dilute acid to flovw into the dilute acid line‘(K
at a uniform rate while the pilot plunt run wus in operation.
It was graduated into liters whereby the difference of levels of
acid before and after gave the amount used in each test., A&
siphon made of quarter-inch glzass tubling conveyed the dilute acid
into its respective line (xX). It is held firmly in the imouth of
the bottle (J) with a suitable rudber stopper. JLlsc, a four
centimeter funnel was inserfed through the stopper for adding more
weuk acid into the reservior (J) when it becume empty. A small
size peep glass tube was forced throuch the same stopper to ullow
the air to escupe when more acid was poured into the container.
(2) Reservoir for €0° Be' acid (a)

This container is identically the same «s the one (J), only,
its 600 acid flows into the perforated lead pan (2) lying on the
top of the Gay-Lussac tower (2). The acid is thus showered over
the packing (C). In the end it was received in the bottom. (D) of
the Gay-Lussac tower from where it emptied into & half-inch lead-
pipe (i) which is four feet long. In this nanner the Gay-Lussac
acid containing the absorbed oxides of nitrogen returned the@ back
into the oxidation zone (G) which mude up the bottom half of the
Glover tower (3). The top half was called the absorption zone
which was showered with dilute acid. Both siphons are eguiped

with valves for regulation of flow of respective acid,



(2) Sulphur dioxide meter (X)

An ordinary house fus meter woes loaned to the chemicul encineering
department by the Consuuers' Power Comparny of Lansins, It was horrowed
for measuring the volume of 302 in order to e able to obtuin accurate
data for calculation of results. G5Co was emitted from its cylinder in
which 1t was contuined in the liquid stute und ernunded upon entrance
into the atmosphere as a gas. 2y puzsing it threush a manometer (W),
then into the gus meter (X) and finally into the tower (Z) throuzh
the entrunce (7) at the bvottom; tiiis methcd supplied the constunt

low of 802 during working conditions, The menometer (W) acts us a
cafety device over which a limited pressure cn the gus meter (X}
%ill cause inaccurate reristerinz of cu. ft. of suz. It also ful-
filled the task of indicating puckine resistance to inflow of cuses.
A thermometer (Y) wae inserted between the rus meter (X) and tower (3)
to obtain the irlet temperature for computing the heat bulance.

(4) Air meter (T)

snother larzer common sus meter wus borroved from the Consuners!
Power Coapuany of Lunsing for recording tle voluae of alr passed ner
unit interval. It too was eguiped with a manometer (S) for safety
and a thermometer (V) to obtain inlet tempsruture of sir. In this
case a meter was necessary to contrcl the ratio of wir to 505 which
should actually be 4 - 1 by volune at atmospheric conditions of
pressure. The recorded volume of air offered inforraticn in regard
to calculating the heat and naterial bulances. Quarter-inch rubber
and air into the tower from

tubing was used for brinzing the SC

.
»
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their respective sources.
(Z) VYitrosen dioxide cenerator (5)

3oie coavenient meuns of intrcéucirn~ the nitrozen dic;ide nud to
te made in such & way that a censtant introducticn cculd be maintained,
A six liter erlenmeyer flask (D) wus cmployed and projerly installed
(refer to Zlue Print No. £). An gir line passed into this flasi through
its open top. 1In like manner the fuannel (Q) was inserted for adnitting
nitric aid suiyiirie acids into the generator (5). Lastly, g fume line
(V) conrected the mouth of the flask (5) with theventrance (7} cf the
tower (3). Acid-proof cement was pucked into the opening mouth of
the generator (5) to form a seuled cap to prevent escape of nitrous
fumes except into the tower{lZ). A bunsen turner (R) supplied tie lheat
to the nmixzed acid to drive off the ocxides of nitrogen. After tiae
exhaustion of oxides of nmitrosen, the spent wcid cousisting practically
of sulphuric acid and water was drasn cut by & vacuum through the same
lire which admitted the @ir into the set-up while in operation. Then
by refilling with a n=w mixture of acids, the generutor wus ready fer
use a-ain.

Ancther identical erlenmeyer flask (5) fulfilled thevrequiremcnt
in driving off the oxidss cf nitrozen which caie down with the neuwly
made acid. S50 by draining the zross acid and pourins then into the
container throush tne funnel (Z), the oxides of nitrosen wers exvelled
by heat of & tunsen bturner. Tiis unit is located to the rizht of the
tower entrance (7).

The tcwer entrunce (7) is of importunce to consider. A way of

introducing 306,, air, a«nd nitrcus fuwres was neczcesary insolfur as tie

)



operation was concerned., a0 air-ti-ht entrance W to be made to
admit the zases named wnd yet rrevent nuscwse of then othrer than
into the tower (3). TFor this point in mind a 6C0 cz. beaker (7)
was used. The flue lines (V) and (aia) of thie 6 liter flusks pass
over the tip of tle beaker (7) and protrude about one inch belod

.~ . "

the acid-proof cement cap wizich closes th

w
(O]

top of tliec 60C cc.

bveaker (7). Throush each of these flue lines the wir comes in and
brinzs along the oxides of nitrosen from the zenerator (5) und the
rewly made acid. Then one end of a lurger zlass tube also pro-
trades cne inch beloa the surface of cap on the beaker (7} and

the other end leads into the tower. The latter end is sealed into
the lead cup (iv) in center at the concrete base (FF). Thus there is
a passaze from the bezkxer (7) into the tower (3). A4 guarter-inch
glass tubte was inserted throuch the sume cement cap for admittance
of sulphur dioxide. A similar size gluss tube was placed tarouszh the
cap so that it reached the hotton of beuker (7) where any condensute
could hte drawm off by a vacuuwil.

In conclusion of constructing the tover and its wminor units,
such a set-up was used in the study of preparation of sulphuric acid
by a tcower method in pilot plant.

Ze 10w EACH RUW «AS IADZE.

The pilot plunt sulphuric acid to.er is wbout 15 feet high. (Refer
to Blue Print lo. 2 which is enclcsed in the nocket of the buck cover
of this thesis. It is advised to take out the said plan wnd refer to

it in how each run was nmade.)



O acid was held in a graducte reservoir (A) from where it was

8]
siphoned over into the perforated lead pun (S). This leuwd ran dis-

tritutes the 60° acid over the packing (L) contained in the Gay-Lussac

<
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tower (2). Finally the acid trickling dorn the puckins zcbsorts
(ii0g ) passing up from (G) throush (k) and (I). The following reaction
results as absorption of NC, by the €00 acid takes place --
1. 2N02+ 112504—- SCsl‘EI 4+ IL.C
Nitrosyl sulphuric acid (SOSZH), nitric acid (LKCZ) und the 6® acid
(2504) are collected in (D). From (L) ths mixed acids drained into
the Gay-Lussac acid line (i) of the Glover tower (3) dovm to (G).
At (G) the mixed acid wus diluted by the down-cominz dilute wcid from
its reservoir (J) siphoned over into the dilute acid (i) which carried
it over the trap (L). Trcm h@re it was broucht into the perforatcd lead
pan (B), distributinz it over the packing (F) of the tower (3) until
both the dilute acid and £0° wcid from (i) met at (G). At (G) the
following reaction toox place =-
2 25505’..‘11 + HBO — 1?02 + NO + 21{2504_

Mitrogen dioxide (XC¢) and nitric ozide (LQ) remuired at (G) while the
diluted sulphuric acid (H2304) trickled into leud cup (N). From (i)
it is drawn out throush acid-proof sprigot (0) into a lurge bettle (F).

The orizinal source of 1ICy was generated in the sixz liter erlenneyer
flask (5). 1500 cc. of nitric acid (1.29 Sp. Gr.) were poured through
the funnel (Q) into (5). The cane was folloved by 1C00 cc. of con=-

centrated sulphuric acid (l.84 3». Gr.). Then the stop-cock of



funnel (3) was closed.

o]
~

ny heating (5) with the bunsen burner (R)

NCp was liberated from the solution of the nixsd acids. The gir
was pussed into the manoucter (£), the air meter (T), the termperature

recording unit (U) and into the gcenerator (5).
through the heated mixed acids thus carried alon::
over the flue line (V) intc the
passed up into the tower (2) tarou:h the packinz,
tainer (5) and flow of
nitrogen dioxides werzs generuted.
Jhen the above was counpleted, 302 was introduced from
through the manometer (&), 30, neter (X), the tempercture
unit (Y), and the tower entrance (7) from where it passed
tower (3)}. At (8) the 50, and L.O; reacted to form 304 as
3. 302-1- 1‘302 —_— 303 -+ 10
Sulphur trioxide (307) is absorbed above the point (G) by
cuction

trickling dilute acid from (E) wnd the following

4. SOZ -+ HEO — i{2304 + heat

In this runner the dilute acid was concentrated by tulking

Tne uir pussing up

he liberated 0o
tower entrance (7) frc:i where both
Hleating of thec con-

air were continued until sufficient amount of

its source
recording
the

into

follows ==

the doun

cn SCSQ

Iow, the built up acid trickled down into the receiving leud cup (i)

from where it was drawn off throuch the spricot (C) into (P).

oxides of nitrcszen were carried alonz into (P). Thus the

put was emptied into (S) through the funnel (Z).

<

with a bunsen burner the oxides were liberatcd.

some

Zross out-

Applying heat to (9)

The air passed into

(S) and bubbled up through the gross ucid in such a munner that it
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carried ulonz the oxides of nitrozen over thae flue line (A4) into
the tower entrance (7) and finally in the tower (Z) =t (3) whnere
more 50, met it to form S0;e

llow going back to reaction 3, the N0 is carried up into tower (2)
by the air throush (H) and (I). Ca its wey up the air oxidized the

I.C to IO

2

5. 10 4+ 0, —= 10, = heut.
Asain the 105 1s absorbed by *he trickling mcid,in (C) of (2) and
reaction No. 1 was reprocduced. The air derrived of its oxygen, to
0, passed up throu.h (EX) and uade its escuvne into the atmosphcre.
Thus the cycle of process of guses, air znd counter-flow of wcids is
outlined and explained.

Points of interest were watched and observed toward tue function of
the tower method for nmakiny sulphuric acid.

Data was reccvered every fifteen wminutes for 2 to & hours. 3ince
the tower vias fifteen feet high and in orcer to record the outlet
temperature of air and water, a ladder was used to clind up.

The following data was tuken on tubuluted duata puper -- the
temperatures of inlet air at (U), of inlet 505 at (Y), of inlet
vater at (B2); and outlet of air at (EE) and outlet water at (32).
The difference of levels of recservoirs (A) and (J) gave the wiount cof
input acids in liters. Volumes of sir at (T) eud of 30, at (X) were

written down wlong with correspondins pressurazs at (S) and (W).

sht of watoer hed to be sclved.

Sorme nieans of accounting for the wel



This was done bty pascins the outlet water of water-jaclket (4) at
the ton at (CC). From (22) it was led into = tun't 48 inches in
diareter and 2 feet high. 5o Ly meczuring the difference of level
of the water for euch interval juve the volwne of wabter passed. From
its volume the weight was culculated.

With the use of meters the ratic of air to S0y was controlled. The

nperatures

()

ratio being actually 4 - 1. TDiffecrence of inlet and outlet ¢
were watched., A1 increase of sucli ghowed reacticns of 302 to ﬁ0304

)
viere taking place,

. a
1

guch care and srocedurs was exercisad in makinz all runs., Results

were calculated which pertained to the po:zsibility of develeping a

tower method for corrercial »urposes,

r runs of Pilot Plant.
The folloving pgres contain data taken on cach run. Jurves
were also plotted to study each run. after this, discugsion of cach

trial is nade,
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Run No, 1

Calculated 100% HoS04 for 15 Min. Intervals

Time Grams 100% H,SO, for Each 15 Min. Interval
Néz. Gross Output Input Actually Made | Theoretical
15 807 326 481 820
30 545 415 130 526
45 302 481 - 585
60 177 140 37 574
75 188 617.9 - 480
90 199 593 - 58.5

105 1510 345 964.1 468,0

120 985 237 748 585.0

135 950 365 584,5

150 1150 345,9 804.1

165 1470 494 976

180 *2790 415 #2375

Totalﬂ 11,073 4,981,.2 6,091.7 4,096,5

* This indicates amounts remaining in tower and drawn off
next day. The wool packing retained these amounts due
to the large surface offered. Thus the residual acid
could not be drawn off at the 15 minute intervsal.







(]

Discussion of Run To. 1 wde in nilot »nlunt.

1, esleulutions for 1CC 5 sulnauric wzid

ol were connuted

2 15 nrminute interval for zross outout, input, wnd theorstical
etounts., The dilute and €0°Ce! acids wers corbined us on2 represcnting
total innut. Then the cifference betwzen

anount of newly made sulphuric

ool aC1
<

.

3
S
(]

the volune of sulphur dicxide consuned,

cults were computud for
1% minute intervuals so they could e plotted and studidied from ths
roint of curves.

2 stura-

S0 bty plotting the tine as the

ebscicsa and grans of 100, H58C,
as the ordinate (rsfer to previous vuge), three curves
cne representins the input acid, another the output

while the 1:
theoretical,

Interesting informution cun he szen by closely observing the
results.

Trheoretical and actual amounts of wcid follow the swis path
only sepurated uniformly apurt. 3ince the curves follos

the san

nathh it shows thut ws much

ame

acid was mece ws the 5C, vus adiritted,
These curves also brinz out the point thet the sulrhur dioxide was
rot pessed in at a uniform rate. IF tlhis were

carriced out, the curves
would have been horizontzl iiith the wubscissa. It appours that the
"t acids have sone uffect

in=-
too, cnly its best not to rely on it as yet.
The difference of teripsruture of inlet and cutlet air indicuted
#ood sisns. The saune 3

vater,

of coolirng

satisfactory and thus far, the
same can be renroiuced as was of luboratory test

s in latoratery

18v]
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Run No. 2

Calculated 100% HySO, for 15 Min, Intervals

Time Grams 100% H,S0, During Each 15 Minutes
Mi:. Gross Output Input Actually Made | Theoretical
15 1120 565.4 554.6 626
30 614 518,5 95,5 500
45 377 518,5 - 813
60 313 518,5 - 877
75 288 557.8 - -
90 765 679.2 85.8 -
105 837 549,7 287.3 -
120 #2217.4 391.6 #1510.0 -
Totals' 6532.4 3999.2 2533.2 2816

* Indicates amount remaining in tower and drawn off the
The glass wool packing retained these

following day.
amounts due to the large surface offered.
residual acid could not be drawn off at the last 15
minute interval,

Thus the
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Discussion of Run Nc. 2 nace in pilet »lant,

Riht off hand this rmin uas to shert. I% had to bz stopped due
to a XY eak breaxin;; cut in the ;ererctor cf oxides of ritrogen. 3till
the ca ta was saved to deter-ine mere risults und study them with use
of cuurvwves., Acuin the swie wnalo-ous results are reproduced in that
the thheoretical curve arnd cctucl fellowed similar paths.

YParticular care hud teen used to control regular iaput volume
of s\l phur dioxide, but #ith leust success. Vet fuveruble conditions
“ere reprezentzd by temvercture reswdinss. The efficiency of the touer
¥“as S0,.55 which is very good.

Another run was necessary to procure wdditionzl Tacts.
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Calculated 100% H,30, for 15 Kinute Intervels

Time Grams of 100% H,S0, for Each 15 Min, Interval
in
Min, [Gross Output Input Actually Made | Theoretical
15 775 809 - -
30 471 565 - -
45 309 565 - -
60 275 605 - -
75 292 383 - -
90 375 266 25.8 313
105 318 178 197.8 251
120 568 681 204 235
138 430 364 203 235
150 408 360 65 175
165 201 364 37 213
180 580 286 269 251
195 236 310 - 338
210 770 336 439 310
285 336 331 302 272
240 498 - 404 262
255 558 - 302 200
a7 615 - 384 -
285 558 - 255 -
Totals 11,543 7,486 2,057 £,960.,0
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Discussion of Run [lo. 2 rmude in pilot »lant.

This run wasn't as good &s the previous one. Cbservin: the
representative curves on the rreceedins puige chow no uniformity us
desired and intended for. Cther points in canrarizon were about
the szme. he input materials were controlled to ge resulur at
each intervual, btut the results show it to be different.

The efficiency wus lower than either cf the first two runs.

It is believed thut too much heed was taken in passing to suull
of guantities of input mutericls, It way be true cof input acids

wihich wers insufficient to produce thoroucrii wetting of the packin;s.

rue t! uses comingz in contact could only have reucted

ot

This beinz

0}
[\

v

with the wetted portions ard those contactins with the dry nurts

escaped unreacted,
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Discussion of Run !o. 4 mide in pilet plant.

While the tower was in czeration, ths Glover tover breke out

O

—

into a leak due to the cracking of the ton tile (Refer to Ilue
(&) <

Print o. 2). The only reason thut can bve given Tor itz cracking
was due to the heat of dilution plus the reaction heat. This happened
since it was desirous to increuase the c¢fficiznecy by increasing the
tower cunacity by passinz in more SCo end input acids. As a result,
immediate quantities of heut wcre given off &t the expense of chemical
heat of reaction and heat of &ilution. Thus the tile served its
purpose to resistance of acids but not to ercessive heat weur,

By referring to the dutu tuxen on run No. 4 made in pilot plent
cn the tile tower, one can tell by the coamparison of input averuge
specific gravity (1.25) with the output specific gravity (1.21) that
dilution took pluce. Two reasons can be given for this lowering;
one, that the average input specific cruvity was higher thun tiie out-
put which even with small efficiency of the tower should have been
somewhut increased, secondly, the cutput volume exceeded the input
more thun could have been acccunted for. .while the tower was under
operction these two points were considered; and, after being convinced
that the water was muking its way into the inner tower from the outer
Jjacket, the run was shut down,.

This test wus of value for it showed that tile constructed towers
can not meet up with heat difficuities. Yet, such tyre of materizl
will withstand resistance to acid. Since the given problem involves
consideration of acid-resistance and heat, other more suituble mafefial

will have to be used. This nmeans in order to proceed another tower




P

needs to be constrcted in place of tle tile tower.
2+ Datu zrd Calculutzd results,
Avercze data for each run in pilot pl.nt is contained on
race 112,
Innut and outovut mutericls and computed results for euch
separate run are on pace 113.
Eeet balance of Run YNo. 3 is on pace 1105.

~

Iateriul balance of Eun Yo. 3 is on rage 1l10.
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C. Heat sulance = calculated at €° an’ SOw o,
Surmary Hewt ZBalance of Tile Tower.
INIXT

Before start of cheilicul reactions.

(&)
.

(@)
[

(1) Heat content of Suturuted air seseeese S11.CC E=.7.1.

(2) Heat COit".‘t Of 302 @0 6ees 00 e0o0 0000000 0059 I_‘:.To"?o O.l/{)
(3) I{eat COTltt:n‘& Of }::03(78'18;&)oo--oo.-oo 33.50 IB.T.U. 3.4.,,’7

~

(4) 1leat contert of I 57,(1eC5 32 GTe)ese 341.C00 Z.TelUe . 3ulpn

(5) ::e'dt content of Gv':A':,’-LUSS'dC acid....... 327.00 v’:’:-ToUo 5'6/{)
Total heut before reactiolececsesesseelClZ.19 S.T.0 -

Tleat after chemicul reuction.

3

(6) 1Ileat of formution of EoS0 e venerenss 4,215,0C m.T.U. 47,77
&~

(7) Deat of 3110ution eeessecssecescassens 3,080,000 B.T.Us  40.S%

Totdlcooo00000000000000000000000oo.. 9,008.19 p TOUO 1C0003

CCTIXT

(1) :lzat content carried w.ay b7 wil'eess 675,00 Z.T.U, S.75
(2) ezt content curried avay by &cidees 070,00 2.T.". 1C. 85

() 1Ilcat of concentrutionieeeeeseeseeess 1,13 .00 Z.T.T. 12.C7%

(4) =ea

o

rerioved by coolinz wateleseesses 5,200.00 B.T.U. 38,20
(5} leat absorhed by NO-—-KOz......... 77.40 B.T.U. .95

(€) feat loct by rudictioNecececccsceses 70579 ReTel W g, &

ee 9,008,119 E.T.U. 100,03

TOtal.oo..vooooo..oo00000'00too.c
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Suturutcd @ileeeseseoscoscccnes
Sulphur dinZidEeseesecessenccss
iLiCz ucid (1.Z3 320 GTe)evnnnes
Tebtul ([ SO eeecevsconncnsconses
&

4

Totul ixput......--............

CCTECT
356Nt ClTeeeeevracecscvsccocsonae

WAeloht of output nroducCleceecss

weiziit of water Leld lack [rom &

welsht of :5.0., acid recovzred.,

Acid left in tle pacit

[
)
.
.
L ]
.
.
.
.

Tothl Output¢00000000ocoooooooo
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Sunple Culculations (kun le. 2).

(1} Averuze 8p. Gr. of inpat weids.
Input acids—-=--=

80 (3.. Gr. 1.72), £,080

(]
«Q

2,030 x 1.72 = 5,250 crans.

2,140 x 1,70 = 3,240 crums.

4,100 x 1,05 = 4,200 ~ra-s,
2,30C cc, 15,2C0 granms.
Dividing,

3,200 - 9,500 = .......o..........l.‘ls S;:. GTe

2 Input of 10C5, B SO in gzrans.
s /v 2 o

4
1.72 39. Gr., 805 5550,
1.70 3p. Gr., 72.55 1I_S0
1,05 3p. Gre., 7.751i.80
= 4
Iultiplying,
5,200 x 0.8 = 4,300 sras ;ic504

2,640 x 0,775 = 2,835 zraus H.,SC4
~

4,300 x 0,077 = ZZ1 -rums I S0
o~ R 3

TOtal ©0 00000 se0scsssseeceos0000vc0c0n0e 7,‘.‘18{3 SIramS.
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()

Gross Cutput of

weizht of rrocs output, 15,185 srams.

ultiplying,
15,1E0 X 04C3 = ceocvcescsccccncsoes <,052 Srans.
(4) Liet output of 100 1550,
Suttractirz (2) from (3)
9,239 = 7,488 = sececoecrvvascsnnses 2,007 Srums.

o efficiency of
sulphur dioxice

2 cu. ft,

5
“ve

)

l.cu. ft. of

Cre peuna is

Tierefore,
25,2 x 0,169
I~ J
S0, + L0+

L.ol. weight o

Tiien,
1,924 x 98 =
trec
00,
2,057 = 2,90

tower in converting

T+
inso

sulchuric weid.
of 30 consuned,
“)

o

3Co welms 0,169 lus,

equivalznt to 454 cruus.

% 454 = 1,934 grans

Tr
—
e

2

0 —1I

2

f 30, = 64 grans.

> heat
bO4+ ea

64 = 2,050 gsrums of E:.50, or

1
RS

reticzl anount.

Oxloo-..ooooOOOOCOOQ 6904/40
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(¢) Tower space used / 1h, of 3. burned / 24 Lours to acid.

Volunie of Guy-Lussuc toucr, 1.C3 cu. LU,

volune of Glov

@

r tover, O.

TOtalﬁlooooo.ooooo-oooonoc Z.QC‘S Cl. fto

delght of 5 in 1,984 grums of 3S0_.

1,934 % 22 + 64 = 957.0 rruus of S.
957.0 = 454 = 2.13 1lha. of 3.

2.13 1bs of S wzs used in 3.25 hours / 2.06 cu. ft,

{®

volume of touer,.
Dividing,

2,05+ 2,13 = C.227 cu. ft. / 2.25 hourc.

0,967 X C,80 < Z4 = cevesvecccncssressses O0s1Z1 cu, ft,
b. Heat bulance, btused ub 0° ¢ and 29" Il
T
pefore start of chewmical recctions,
(1). Iizat contunt of sut. wir.

Inlct tempersture, 57.2° F,

From acconpanying hnidity chart.

Latent heat (3.T.U. / 1b. 11.0) for

~
57.2°F. S I o1 B 15 R o8
dumid acat (5.7.U. / ®F. / 1b. dry air) for

57020 F' .Qoooo.oooootloot.oo'.0000247



(

(

)

)

lunidity (lts. I,C / 1b. dry air)

for 57.2° F cesesessesesesassssess 0,011
lultiplying,

1,052 X CuCllem weveesocsceanssacees 1105 3.T.T,

0.247 (57.2 - 82) = eeeesscececcece 542 ZeToUe

Total heut / 1B, Gry 2ileeeeececeeseess 17.8 TuT.U
1 cu. ft. of zwir wieizhs C.079 1lbs.
Cu. ft. of air consumed, 221.
Tow,
2281 X Co072 X 17e8 = seeevsocsscosees CL1o0 Z.T.U.
Heat conternt of 502.
Inlet temprzrature 17° C. = 62.6° F.
From accoupanying chart,
3.T.U. / 1lb. nol. / °F. for 52.6° F., 8.9
Density of S0, at 29 Iz, ,lts. / cu. ft., C.169
25.2 cu., ft. of 302 used.
Found Mol. of SCo 64 lbs.
Then,
25.2 X 0,169 X €49 = 64 = ceeeesseess CaD9 B.T,U,
Heut content of ILiCs (78.185).
Input temperwhure 21° ¢.
Fror accompanying chart,
Heat capacity in cul. / grum of solu. / ©C. for

78018,/; 1{’03 0000008 000 Pe0O 00RO TS o000 0058



jclume of D0z, 1439 G5o. Gr., 5C0 cc,
Iultiplying,
500 x 1.39 = 695,00 ;runs of IIZ\OB.
0.58 (21 = C) 395 = §€,470 cal,
1 Z.7.T., 252 cdls

Dividinz,

8,470.‘252: o.oo.ooco.ooo.ooooo'oozzos SOT.UO

Eeat content of 1,50, (1.C5 81n. Gra )

Input tzmzerature, 21° ¢.

From wccompanrine crart,

Heut cenazity, cul. / gram / 9C for
1.05 3p. Cre = 7.7% ﬁgsoé, C.95

Weight of I.5C, ,4,3C0 orums.
~

4
Then,
0.95 (21 = 0) 4,300 = 85,200 cul,
85,900 < 252 = veeeioccsccssccnccsccnseneeeddl,
Heat content of Gay-Lussac acid.
Input temperature 21° g.
Teut capacity, cal. / gram / ©C for
1.72 8p. Gr., €C}5 da304, 0.442
1,70 Sp. CTe, 78.5 j HyS0,, 0.440
Weizht of 80 H,80,, 5,260 grams.
Weight of 78.Z5 1550,, 5540 gruns.
Then,

0.442 (21 - 0) 5,250 = 4€,800 cul,

SeTWUo






———

0.44 (21 = C) 3,540 = 23,500 cu1,

Total @0 0000000000 c00 00000000000 o0 82,400 cal¢

82,4(}0 = ::‘2 = ec¢e0vcevceccvcsoc e 327 r?oTnUo
Total heat taken in before start of 1,013.19 Z.T.U.

re&CtionSol.O.!OOOOOOQ'....0't...'.

(8) ifleat of formution of I 5 4"

Sulphuric acid is mwde from SC cas, wnd liguid

u
-

o O cxyren

water. actually the ccnversion tukzs pluce in two stens with

intermediate formuticonsc. iovever, ths net effect is the sane

as thoush the following rsaction proceeded in this nunner ——
505 (2) + 205 (£) + 1,0 (1) —= 150, (1) + 12

wiere = totul hewt of foruwation in cal,

50, (5) = 340,- 62,400 cul.

7.0 (1) = Hy + $0y = 08,310 cul.
ACding algebraically,

-

505 = 59,400 +

20s + H50 = 63,31C —+1:50, - 132,750 - 3
o = 52,040 cul, / cram mol. of 10304
2,037 crums weore nude,
%=1, ef 1123(‘,4, G rrams.
lultiplying and dividing,
2 x welght of acid = 98 = totul Leat of fommution.

52,040 x 2,057 + 98 = 1,088,000 cul.

1,088,000‘3‘ 252 E— ....'t.o10000'0000004’515 BOTOU.






(7)

Tleat of diluticn of 1.72 3p. Ge acid.
Tewt of dilution of 1.70 39. Gr. wcid.
Teut of dilution wecompanyin a churce in

nay be

the initial that of

Vaaka
tion.
Mo, of mols. of o0 / wol. I55C4in,

l1.72 3

.- -~ 1 e~ N ~ A -~
o GTe wold, L0, 50, 205 10,0,
~ i~

1.7

o

.
Sre AT

o s B )

20+ 18=1,110 =
£l= 18 = 1,195 rois, of i

€0 = 8 = (0,218

5

of

[
.

Then,

Mols. of 2,0 / mol. of H2304,

1,110 + 0,816, or 1,335

1,195+ 0.801, or 1l.49
From accompanying chart, heat cf solution
of water / mol. H,S0,, 8,000 cul. axd for
welght of 1.72 32, Gre acid, £,280 grans.
welghit of 1.70 5p. Gr. acid, $,640 crans,.

lultiplying,

)]

fas]

50 x €0CC 4+ 98 = 430,000 cal,

2,540 x 8300 + 98 = CE,C00 cal.

the findl

conezsntra

for 1,36 mols.,

1.43, 8,300 cul,



}—
o
(&
.

tdl 1“1&/‘?.11 }:Cat Of SClUtiOIZ ...........786,000 Calo
No. of molu. of 4,0 / mol. 1,50, ia le42 33. Gr. acid;
“ o4
52,55 1i,;80, y 47.3,5 1,0, or final ccncentra
e

47,5 = 128 = 2,240 vols. of I O.
:

1
2
1
s
D

O0Z.0 =+ 98 = 0.320 ols. cf ';-E;;,SOII.

2.564 %+ C.I25 = 4,23 wols. of 11,0 / nol. of II.SC,.
Heat of solution for 4,93 rols. “00 / X:SO4,
13,300 cal,
Weight of 1.42 5o. Gre acid, 13,000 srus.
Then,

12,000 x 13,3C0 = 98 = 1,705 cil., or

firnal heat of solution.

]

Subtructing initial nhicat of gsolution from final
1,765,0C0 = 72,00 = 227,000 cul.
Total heat of dilution is

027’0(_)0_; 252 = ao..o.o.onoo-oo-ooooco0.3’680 LeTeUe

Total input heut cf tile tCwWer eevocevcocesees 9,0CE.19 E.T.U,

CTICT
(8) ileut content carried out ty air into atmosphere.
212 cu. t. of uir consumed

Outlet tereruture 22.5° C. or 85.1° 7.

Immidity (1ts. 1.C / lb. dry air) for 83.19 7., C.005






amid hewo

£5,1° ®,

1 1u. air welichs at 297

212 x 0,079 x 52,2 =

{9) ilzut content

Vvelume of

(o]

carried cut by

roet (SeTeUe / 1lb. I o‘

0.275

.

PSS

t (5.T.Te / °F. / 1v.

e oo e e

;o 0,079 1lbs,

o0 00000000000

nrocuct.

#recz produet, 10,105 cc..

' sross product,

Heat capacity, cal. /

Welrht

of acid = 10,105

0.5 (31.5 - C) 15,580 =

<

S

-
25

1.53

4.

«O°C.
On

L ~

1,53 or 18,520 grams.

2 =

(1C) i2ut of concentration of l.42 Sp.

final product.

[SE A
GI‘.; 52. 0,0 n.50

1 <
&
<

4 -
GTre 63,‘0 uZSO

47,5 18 = 2,%4 rols,

C760 = 18 = 2.05 1mels.

52.5 = 98 == 0,525 mols.

08 =

0.643 mols,

4

4’

of

of

of

of

for 6

(ﬂ

1
0

7.

LU

hesia

L,\).lo T‘o’ 1010 ;,o_LoLo

aciad,

90 0000000000000

Ia!

or. to 1,53 Sp.

y 47455 H,0.
~

875 1,0.

I,Ce
2

11506
~






Dividing,
2404 = CeTl5 »m 4,94 1:0lr. of 1,0 J mol, Hp50,.
2,05 #+ 0,243 == 3.19 mols. of 1.C / mol. 1,5C,.

From chart, hout of‘solution fer
4.94 mols. of 1,0 / mol. 1550, 15,200 cal..

5.12 mels. of #.0 / mol. #,50,, 11,500 cal.

Teat tuken by cencentraticn se.... 1,800 cul,

Weight of final product, 15,530 grinmss

Then,

(15,520 = 98) (1800 == 252) mm esoeeesseel, 130 Z.T.Te
(11) ileat reomoved by cooling water.
Yei-ht of cooling water, 104C 1lbs,
Outlet temmercture, 18.95° C., or 65.75° F.

Inlet temporcture, 16,00° ¢., or 60.20° 7.

lultiplying,

(12) Heat wbsorbed by !0 —1i0,.
i 2+ 502 — 303 + .0

5Cz + tg) —» LS50,

Grams of acid made, 2,057
lol. weight of S0, 80 graus.
low,

(80 + 96) 2057 = 1672 grans of $0,.

in grums,.

T 1 I r 9
“02 reguired by uOZ






(12)

(1)

(3)

10l, Weiskt of 1Co, 408 f£ruis,
or,
(46 = B8C) x 1072 == 930 grais

Heat of forwmticn of 10, (=050

Multiplying and dividing,
930x9€0+46 == 0 0000 00 00 00

19’500+ 52= 000ccesecoocc e

of W0 ..

..19,500 cul,

ee o0 000000000

[
13V]
(8]

7764 ZoTTCe

Ieat lost due to RedictiONesecesscscescsccsscanee 705,79 =, 7.7,

TOtal h-eat OUtput-oooooo.o'-ooo-o-o.oooooo.oooo &(108019 BOT.UC

Ce laterial Dulance.

II’XT

Saturated air.

1 cu. ft. of air at 28" Iig. weichs 0,079 lbs,

£12 cu. ft. consumed.

Lultiplying,

212 X 00079= 000.000..0....-.......16.00 lbs

Sulphur dioxide.

)
0}
o
L]
'_J
o

Q

w
[N

€2,

1 cu., ft. 509 at 29" Hz. we
25.2 cu. ft. consured,

Lultiplying,

1bs,.

25|2x00169=...........'.......O. 4'25 lbs

0z acid (1.29 3p. Gr.)
500 cc. used.

Multiplying «nd dividing,

500 x 1.39 =~ 454 == ecagec0vooocno e

1.53 1bs.
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l >

(4) sto4 (L.72 5pr. Gr.).
" (170 » = ),
d (.05 » » ),
Arounts used.
3,060 cc. of 1.72 Sp. Gr.
2,140 cc. of 1.70 3p. Gre
4,100 cc, of 1.05 3p. Gr,
Iultiplying and dividing,
3,060 x 1.72 <+ 454 = 11,50 lts,
2,140 x 1.70 = 454 = 8,02 lbs,
4,100 x 1,05 = 454 = 9,85 lis,
Ya

TOtal goo-ooooooo-tottooooooo'ooooo.o.ooono--'o29047 luo.

Total input into toWCTreesececocosessacesccnseeeDlelD 15,

CTTIXT
(5) Spent air.
Inlet air minus water content.
Pounds 0 / 1b. sat. air for 14°C.
or 57.2°F, 0,011.
%Welzht of air passed, 1660 1lbus.
lielght of water content, 16 X 0,0l]l ms seseeess0s18 lbs,

Subtracting,

Dry air minus oxygen content or actuual air spent.

ieight of (.50, mude, 2,057 grams.



»
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()

(7)
(e)
(9)

(10)

Lol, weight of 705, 18 cranms,

or,
(16 = 98) 2,057 = 24 grams of oxyzen used.
334 =+ 454 = 0,74 1l:e,

Subtracting finally,
15482 = 0074 == cesesesecsssassssseaalls0C lbz,

welsht of output acics.

1.72 3v. Gr., 156,50 1bc,

1.70 » ", £.,02 1lts,.

1,05 ", 2,47 lhg,

TOtal LR ) 00029.47 lb.’:.

TOtal seeeeeccecsacecscrsscsnsscccsneocsscdeCd 103,
water content retcincdeceseccsccsseccscsoesseCelS 1bs,
Weizht of recovered Hﬁoa.....................1.28 los.
Loss of HLIC3 8C1GeeessessceesecsossencccsssselCel5 1lbs,
Lozs of acld In toWeTreesececcsossceccsensceeslad? lbs,

Total Outputcnooo-'oococ'oooo-oooooocoa--00051025 lbse
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c.

COIICLUSICHS

The study of properaticn of sulphuric acid on a lars

1Z¢.

conlpared with laboratory work proved to be guite successful,

Similar results as of lulcratory were ejqually reproduced.
thing failed to do was that in obiuining s
inforuation which should huve bsen sinilar for «ll teshs, This

may be cdue to some cutside factcers which need looxing

ient duta &nd

order to ohtuin constunt results of like nature.

1

ite in

e tile structure fuiled in wore vitul respects than it

proved suitable in others. s for saxe of

it was not aff

resic

s

proper cooling, it wes inadeguate for reuoval of

Cne

ting;; ecid wear,

3 v 33, Y-
irmediute hea

ected in the leusst, Jhen 1t was subjected to

of dilution anG of formation. In comparing the tennerature

of inlet eir with thz cutlet wuir, the diff

incofar as the Gay-Lussac tonperciures wsrc

nas btecn pointed out bzlor:z, the cole key

vas too rreat

As 1t

temperatures are ik, tie oxides will be driven off due to

~

cruiation of

—
o
@)
n
(o]
H
H

at lover tempocretures. Thus, if there is

lozs of nitrous fumes as the cuze avpcared

nitrosyl sulphuric acid wiideh rcacts test

a constant excessive

to

o

=

sufficient oxidetion of mulphur dioxide results.

in all

runs,

It was desirous to use just a little over the theoretical

anount of IIIC, to produce tae reguired shars of nitrcus fuics.

C

t

in=-

w
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By doing so, the elficicacy urc med due to lur- s locec:s of oxides

nitrozen. Somctices the Lonpcratires of the
vere nouentarily Ligh btecaice tiz licdiale Lewt wus not re-
meved fast enourh by coviuelion throssh %he weld-proof rasonTy
tile, thus it roiwinzd in the toocr. Then the ur-wssing oir
no doubt cerricd it o the Jay-Lussac tower wieres il “revented
the forwticn of nitrusrl sulnhurizs gcid which irn turn could

ot be carried down into the oiidution cone of tlie Glover tower.
Scnsegquently, thc oxides were lLeld Iroe in the Gay-Luscac tower
or clse carricd cut into the ctmosphers. llow, s soon us tlie
oxides of nitrcien ore not carried to the oxidation zone, the
sulphiur diormide maites 1ts way iato the Gey-Lussac touir and
there the oxidation talez pnlace still ruicinz the tenper.iire.
Suech a cace wus weinally observed,  Jlen the supply cof 502
wes turned off ronentarily the tauperaturcs decsrcaced.  Zy othut
time more nitrosryl sulphuric acia was forned, and reccvery of
oxidzs of nitrorea rezulted which rniwde thelr wey into the
xidation zecne. The sulslur dloxide valve was opened woain
to adxit rore 502 into the systexn iz order to continue tke run.
I2 conclusicn the tile wus a very poor conductor of heat.

Too manry Jjoints werz creuted with the two-foot len;th

tiles ord charses for leuxs were possibls. This defect us far
as the rrocess is concerred had no influence on 1t, yet it left

an uneasy feelinz about the stability of the touers

of



121,

Tnestmuch as witkhstandins Wil tenperactures ia the Slover

ns hiz ;
tcower, the tilz cruclicd upon intense heat. CZomercially such
material could not be utilized. f course, for the pursoss of
pilot plunt study it was alrisht to use right off huand, tudv

1

difficulty eroce in the end., Thiz bein_ the cuse the aata

.
-

C

cbtuined cculd not bz rslied unon Tor desianin: a camiercial
nlant, It:would be hest to work with tower material that
could also be uszd in ceonctruction of an inanstrial plunt.

The use of gzlass wool tracking was csacellent for the
abundant surfacin: in »rocection of the gus-liguid phace. It
elso vweatherad the heat and wcid vear in the most desiratle
fazhicn,.

ain furtiher inforrution a ncuw wer will hav 0 be
To obt furtier f t tourer 11 have to 1

constructed of some type of zcid recistive wlloy.
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A. PILCT TLANT CPiRATICS.
l. Diccussion,

In reference to whot has teen sct out to do as
explained in the dizcussion of sart III, continuance
will be carried on froa that point.

Since the tile tower could not stand under the in-
fluence of hecat, a toucr of more suitahle material was
mude. Lead, right off hand, answercd well insofur as
to acid-recistance and conduction of heat for pilot plant
rczearch. Yet, for industrial ucse a niore recistive alloy
would be better becauce corigindlly it vwas desirous to dic-
perse with leu? comnletely as wvell us the lewd chumbers,

The tigrest peoint in procress tovard developrent ot that
sture was to increwse output per unit capacity. Sy that
stase, it is meant vhen the tile tower crazxed due to
exceosive haut., In the end the lsacd tower should stund up

tirst teut, but net nearly so well awinst acid
weur. S5t1ll, it siould weather throv:h to obtaein the con-
cluding information as to prospects of devzlopement of such

& nethod for comrrercial usc. acuin it iz briefly stated that
maximum output per unit time will te tried for by making more
rurcs. A faster ratz of SC2 , air, and NOE will be supnrlied
ver same unit volwre per unit time to obtuin the ultinate

daily output with a satisfactory efficiency.



Lrdyid
lu‘;.

2. Constructioan of Leud touer.
There was not any chenize in this sot-up in comvarison with

the tile tower dezscribed in nart III (rae 80). The only
- v

aifference is tuat the inner tower ic made o leuwd still con-

8
P—J
[}
(&)
~—
(o]
H
<t

taining two sectionz, the tcp he Guy-Lusszc tower,
and lower as the Glover (13), front viese (Rofer to jlue Print
Mo, 3).

First, the previous pilot plant towzsr vuas torn down to the
concrete bhase (G). The leud cup (DD) was reroved to be re-
constructed and inserted tack in itz pluce. A short helf-inch
lead pipe (4), sideview, is durmad to cuter side of (LD), znd
it extends into the cup (DD} =t the btottom in such a manner that
the acids cun druin out of (DD) thrcu:h (4) wnd over the sprigot
(i), sideview, and into the receiver (I), flont view. liext, the
entrunce line (K) from towcr entrance (29), sice view, wus joined
to the top of the cup (UD) £o thut the suses could enter tover
(7) and (8), side view. The lead srate (L) wies burned uvon (LD)
to form the bottom of tover (7). It also suvported the inside

and pernitted suses to puss throush the packing.

=

packing
(a) Construction of Glover touwer (7), (side view),
Tno sheets of lead 2/16 inches thick were rolled
cylindrically to form a six inch diameter tover and six feet long
(7)e The bettom of (7) wus burned around the leud srute (L) and

on top of the lewd cup (DD)}. Thus an «wir tisht joint (Z) pre-

vented the escane of ~uses to the outside or leukuc-e of water into



(7) from watur-jucket (2). Ilf of thie tower (7) wus nacxed
with cless weol (i.)e. Then the Guy-Lussue acid line (U) haed to
be suspended into (7) crd the sluzss vwool packed around ().

Four lezd luss (0) an inch sguere and inech and half long

were burnzsd guartsrly azurt inside of the cirenlar tower (7)

down fcour inches from the top of (7). A nerfoeruted lead pen (P
& Y L

six inches in diuneter wnd two inclhes dzed rests uvon the lu's

)

(@]

(C). Then on top of tre laud nun (P) a s

inch thick «nd 6 incrn=zc in dismetor wus burned to the inside wall

1id lzuc plate (4) one

of toser (7). Throu-h ths center of (3) znd (P), patses the lecd

line (i7) burrmed so that acids cannot leak along side of (1) at the

points where () passes throush () and (P). Short vent lines

and () so that the oxides of nitrozen and uir cun enter iuto

tover (8) from (7). Thisc Zicecussien conctitutes the top of

0

Slover toucr (7) wnd the bLottom of towar (Z), or the Jay-Lussuc.

(») GCay-Luszeac to.er (€}, (side vies in 3lue Print lo. 3).

~

The tuo lo.ur sener tilsg (12) and (17) were inscriod

with the lower one (LI} i:redded four inches belod tle top of the

concrete tuse (3). low, the roerainder of the inrver leud to.er
was finiched. Too more loal clizets 2,715 inches thicle were rell
and make up tower (L), & inchcs in dianster und SO ianchines high.

This was lowered into the ton of touer (7), wnd outside of (7)

-~

(@]



— e

wus burned a_oirct the outside of (€). (Tihiz is cluurly shown o

[N

studying the cutout s2ct

orn (X) of ti: zide vicy ia mlue Print Ioc. Z.)

The tottowl of (£) .us (illed wi4t™ coarse nackins (R) adout six

inches deep, so that the Gay=Lussac acid could drain irnto (i) and at

the same tize permit alr to pass throuch the vents of (7)) and

(R) up, slass .ceol was pacxed arourd the dilute acid (S).

().

AL

thie top of (&) and resting on the slao: weel pacliin: (W), sieother loud

porforated van (B) was burted to the inside weall of (L). T2

The renainin~ thres tiles (18), (18), ad (14) of tihe watle

coripleted all the wory on tus tover.
(¢) lLinor Units (Fromt Vies of Zluc Print Lo. &).

Acid rszerveirs (1) wors ndce ¢of 10

«S such, Two sinucns (SC) and (£1) w.ore ids of cuarter—inek

tutirg eguiped vwith -lazs stoz=cocxs. Rutler chcogers cless2

mouths of “ottles (1), and threuh then pass the glorter les

Pk TR o W@ ey Ty, b
1557 200LLg8 anC ~Sruduacsea

ouch (3)

lass

=

siphons (20) wnd (21). Thus the sirhons are {irmly held in the shown

positicn. Two funrnels (Z2) wnd (ZU) also resnective

suwrie rutber stonrers of bvottlss (1). Reguired irput aczids wo

throuch these furnels, Likewice, tioo peuop tubes wore ilzserted tihrouckh



Ry
-t o
so that air could escare wlien tle reservoirs wore teint fitlcd with
more wcid of reguired strenctl.
The G ceneretor (U) and MC_ roucved from newly wade acid In (V)

n
ny

are made of 12 liter round boltcesn pyrex flacis. Thzge urs surnoried
by the trirveds (W) and (Y), and the € laics (an) wnd (3L). The mouths
of each are filled in with a wistare of astestoc and portland cenent
(cc). Asvestos, portlind cersnt wd water were nired Lo a plastic

state «nd avnlied as such. These cans (CC) not only foru a cap,

(F7), fuanels (GG) and

5
o

but also hold in place the flus linus (LX)

]

(%), and the &ir lines (II) and (LL). ©Bunsen burnsrs (TT) and (33)
were us=d to haut (U) and (V) rescectively.

The manometers (idI) and (LI.) were nmele to obtuin the pressures
of the inlct air wnd 5C,. Gas meters (10} end (CC) rezistered
respectively the volwie of 302 end air pussed into tle systen. Also
the control of ratio of wir to 30, was rainbained with (137) and (GC).
Treoreticully the ratio should bs 3.8 of air to 1.0 of 3G by volune.
Actually this derres wus excceded so thaut a sufficient amount of air
sntersd tc provide ample supply of oxymcn to the vnrocess. Temderaturc

recordins units (PP) and (RR) were devised for obtuinins the inlet

PO

temperatures of 302 ard air. This cencluded the work on building

the lecd tower und its nminor units.
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00 BACH TN WAS LAbg.

e ¢a1 the lexud touer identically the same as

o

Trhe runse were a
those on the tile tower. Similar deta was also taioen.
l. Filot rlunt rums on the Lewd Touer,
The followinzg pares contuln thie tabuluted data for euch
separate run. Grams of 10C7 input, outnu* and thooretical amcunts

of wucid were plotted ws three curves. Thece amounts were celculated

Q

for each intervul wrd plottced acainzst the time intervuls., The

exnlainzd in discussion of ezch rmn.

(¢4
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curves vcr
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Run No. ) on Lead Tower

100 § HpSO4 Calculated for 15 Minute Intervals

Time 100% HoSO4 in Grams

in Gross Net
Min, Output Input Output Theoretical

15 1360 686, 674 1170

30 1068 460, 608 1170

45 1842 803, 1039 1170

60 1000 486. 514 1170

75 1100 276 824 -

90 910 650 260 -
105 1080 650 430 -
120 1220 920 300 -
135 1192 1310 - -
Totals | 10,770 6,461 4,309 4,680

140,
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iscussion of Run [lo. 1 for thc lewd touer.

First of all the efficiency was very good which was ©Z,. when
the test was mude, it lacked sufficient amcunt of nitrosen diouide
tecuuse the odor of 502 leavinz out of the air vent cn top of Guy-
Lussac tower indicated the leoss. Chserving the curves on tlhe

previous pare show thut the input acids have scue influence on the

operztion of the tower., This indication presents that wetting of

[

the surface is essential, 02 wes carefully rerulated to wdmit
it at a constant rate and it did not influence the operction. et
previous runs of the tile tower showed that it cid, ithout any
doubt it should huve in tlis run. This leuads to discussion as to
some authority that the SC; passes into solution with water to fomm
sulphurous acid vhich recucts with the L0y as follows ==

1. 502+ IIEO “nSO:3

2. 20,304 + NCg ——2(1&2304)1.*0
The (1{2504)IIO is called the violet acid. It in turn reucts with nore
I-.’OZ ané oxygen as follous ==

3. 2(11,50, )10+ -2;02+ NO,—= £30.IE+ I,0(iC)

4, ‘uaosm{ + 30 + 2Am0 —_— 2(“,,804)1‘0 + H,;50,

Se 1'22804)1.70 — "0 + 1

resoures were

‘o

These reactions are greutly influenced by pressure. The
considerable higher than in the previous runs. The internal resistunce
of the packing may have increused the pressure because greater quantvities
of gases were passed per unit tite. Also some of these reuctions zre

of heterogsencous type oa the gas—=liquid phase. So it seems logical



that this could have happened along Wit

the pacxing

o

process is concerned there isn't any harm 1f the rzuctiorn

this cource.

Temperuture coanditions ars

temperature.

to produce a homozencous liguid=phase.

N
n o

h wettin

Tnscfar as the

e

15 pursue

fuvorables cxcert the Guy-Luscac tower

z of input wcids upon
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Run No. 2 on Lead Tower

100 % Hp30, Calculated for 15 Minute Intervals

Time 1004 HpSO, in Grams
in Cross Net

Min, Output Input Output Theoretical
15 387 652
30 526 665
45 1060 652 408 1400
60 1320 626 694 1285
75 1220 633 587 1400
90 1620 738 882 1050

105 1110 1029 81

120 1280 1462

135 4020t 1410 3610

Total 12, 543 7,867 4,676 5,135

1. Drawn off the following day.
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Discussion of Run Io. 2 for *the leal tower.

The efficiency of thiz ren wes 910 or 1% lecs *han in rin o, 1.

s that thez retlllic towzr produces

Yet tnis is swtisfuctory for it se
uniform rceults for the two runs thus fur mede. Culy a sli it ircrouse
in caracity output wac zained per hicur which 1z somsinhat encourasing
from the stuncépoint of coiziercial outnout. lore ruus will te mude to-
ward the lutter venticned point.

The curves ars not o

-~ 1 1, 3 1. s e P o S
erpected tc ve since the ontire recults ccould

(0]

not be nlotted. From this zcrsiderction mich cunnet Le relied upon ther,
The run &3 a whole wis promising in zary respocts.  The outlot air
temperatures were lowsr bty 12€ o, which is quite a ¢rop for the size
of tower empleyed. 4 bisser difference in cooling water temperstiures
“Was observed since en equal amcuut of water was rta-sed in both cussu,.
Furt of the increuce in difference muy te due to use of more input
acids whoce heat of dilution wus corresponiincly sreater in connurizon
with the firct rmin. 2y closely comparinz the amecunt of dilute acid
vassed in euch czse it seecns that wost of heut rewoved was due to
heat of foretion rathier +hwn hect of dilution.
In figal conz ucion thsz metulliec tover to shidy with for re-
duction of curic veluws ner nound sulghur rurnel in 24 hours is

turring out retter ws rutched with the tile touer,
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Run No. 3 on Lead Tower

100 % HoSO4 Celculated for 15 Minute Intervals

Time 100% H,SO, in Grams

in Gross Net

Min, Output Input Output Theoretical

15

30

45 332

60 850 963

75 1210 950 260

90 1200 1121 79

105 1200 855 345 730
120 1180 725 455 730
135 1150 725 425 730
150 1410 725 685 730
165 1253 863 390 730
180 1160 881 279 730
195 1275 751 - 524 730
210 1275 699 576 730
225 1558t
Total 14871 9258 5613 5840

1. Drawn off the following day.
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Discussion of Run llo. 3 for tihe lcad tower.
The elficicrey inereuced cver tihe prior two tsstis. The curves

0n

een to represent soac queer facls. e ro.sons hused on cotlier

tlovtings heretofore are contrury insofar us tizsz curves show it,

5

There uonears oven for discussion that cothcr fact influznece th

(¢

- 1 - 3 (Nt - 3 N . R Sy - N 3 -
rcactions besides the flowr of SCo anl input cecide wettins the nuckin-,.
2 I : : .

Preczures 4o wve scne effect throush viscrous Liipinsins of suses
upon tiie wettad surfaces. Vob, careful control wus usced to reilate
the wdnittuance of 5Cp and alr wharsty not only constant supply of

g

gases were maintained btut regular impingment of them upon tlie wet

AL » - N e el - .t o [P TR T . , 3
naclking.as well., DProrer fooperatures hove alded the efMicicucey, and

in observin: the data iz rerard to trhen, they urs sulbisluctory. Tie

one *thing left to consider and thwt is the pacwing. It nay hove held

the acids in certuin placss Jue to cleoce surfaucing of the fine Slass
ool puckinz., If this turns out to te the cuse, then thoszs osarte of

the tower will te idle,

The cutput canacity was logecr in tihis rmin «fter it was hopsful

to incresse it. Arotier 1un will te wde in order to sesg if it actually

can be zccomplished, and to incrcuse tlie elficicsncey.
One thing werth noticinz in this run is thut the output specific

N

gravity wus practically constunt which in cormiercial conditions is

irnortant,
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Rurn No. 4 on Lesad Tower

100 % HyS80, Calculated for 15 Minute Intervals

Time 100% H»S0, in Grems

in Gross Net
Min, Output Input Output Theoretical

o

15

30

45 1100

60 705 767

75 579 880

90 880 773 107
105 1810 760 1050 1340
120 1240 773 467 1520
135 1050 760 290 1410
150 1540 855 685 1285
165 1440 658 782 1050
180 1490 700 790 1227
195 3440" 396 3044 876
Total 17600 7322 8298 8908
1. Drawn off the following day.




Diccussion on Run lic. 4 for tuz lcad to.ur.

e ~ -y PRV e = RN o .y 3 1 o 1 N - -
The efficiency wus zool in this toot, yet 1t turncd cut very
. 3 AN ey LI 22 c s k- - 5 -
good in recard to the wuount of inrnut wcils. A orsostr net outhut
[ - ~ Lo ~

221d dn comnarizon

yed ere iaput welid

than they shoved for not outout. Generully 1n previcus runs a lar_er

anount of 60 T acid wus Lusc:G in ac commared to the wncunt of dilute

acid where in this cuc. ihie revirsel teow Hlaze whicll is nore desirous.
Coupurison of Shrese four runs 1t anpzars that wbout 40 cubice fzet

of 50p consured per nour sives the best efficiency. Thers was a

vast difference in coocling water temperatures indizating a larse re-

moval of heut. The heut of reaction no doubt was lurcer thun heat of

dilution basin-: it on the wreunt of sulrhuric acid made.

The curves indicate facts that are relicble. The 50, curve in
this cuse influenced the nowly vde weid., In considerin: whut some
authorities have said about this fuct, vet, it is believed they rust
have workcd wiith conditions wnich nredomincted in Run 0. 2 on the
lead tower. The tower input acids still show their gid tcoard the
reacting conditions. Termeratures vers sli~htly hisher whiclh had
souie effect on the final effTiciency. Thnis d=fect could only be
remedied by working with hi‘her towers in which the water could have

a better chance to rereve wll the available heate.
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2. Datu and Culesvlated Rosults,

The following rare contulns the averuge data for euch run nwie
with the leed tower in pilot plant rescarch.

The next fcllowing puze hus the input and output data and results

calculuted for each run,



1:;)30

148

088 0s°el Cee°¥T| 99°T| 9°8¥ |0°LT |0°S [ 8SC | S°C4 | &4°¢3 | 0°CT | 0°eS | 9°0T1 S°T| ¥

0291 141 Gev°eT| T9°T| T°6% [T°8 |[9°T | 102 | 0°0S [ £°8T | 0°ST | 0°2% 14 4T | 0°8| ¢

oTe 1 geo‘et| we°t| 9°tv | ¥°er|e6°s| zsT| 0¥ | g6 | o°cT | 2°1¥ BroeT [u°8T | 0°T| 2

(83 1) 144 SeLTT| ©¥°T| s°T1e E2°6 | 0°c | 2ST | 0°0F | G°AT |2T°ST | s°eS |4°8T [8°32 | O°T| 1
gpunod | #eqour U | °00 uy [*Ip°dg oo *dmel] xyy| %0 | xvv| Z%os |3eramolaerur | arv ary | %o *SJH [uny

uy POINSBER | WMTOA Jejep BUTT00D (38TINO| 3eTUT (3eTuI
pojBTNOTE) yu3teq at | ¥©
pesseg JI638 'ur°bhg xed | 3004 2TqQNY B

FuTT00) uUnowy andqng e80In *gqT ss0xXg | UT eumMTOA epeadrjued, exnjyexedmey, oty |*oN

qUeTd 30TTd UT epe uny ejsxedeg Yoy JoJ vieq edeeay




14,

806 °s | 862 '8 |22¢ 4| 008°c2|cce‘¥T | 8S| 99°T |2e°T | 80°T | ooT’8| 00S‘sc | 04°T [000°8 | 0OL‘¥ [0S T| ¥
o¥8‘s | 219'c |8c2 ‘6| occ*t2|ceveT | og| 19°T [2¥°T | B8O°T | cTe’s | oo0cs | 04°T |090°TT| 00S®9 [00°2| €
SeT’s | 949y |498°4| 000%02|cc0%eT | TG| ¥S°T |S¥°T | 80°T | 046°% | 009°v | 04°T |00T*3T | 00T*4 |00°T| 8
089°v |602°% [TO¥ ‘9| 00¥*4T|SSL TT | 4% | 8¥°T |48°T | 80°T | 08T*c | 008°% | 04°T [00g®s | 008°% |00°T| T
Teor |3ndang|andur|ewexn |*o0o uy %8 [*50°ds| *xp [*xp°dp |°ID°IM [*00°TOA | °Ip°dg| °ID°IM |°O0°TOA| *8IH (URY
-30I00Y] Ul °34|eumTOA odp
sndut ¥os3n e3jnrIq Yos%H L0d 409 ut | Jo
YosH oFe
$00T Jo swexp ndang esozp ~ToAY p1ov Yog%H anduy euryy | *oN

uny 3UeTd 30TTd YOUY J03 perrdmop s3Tneey pue srerdezww 3ndang pue andur

*q




Livle

b

000°4T 410 8y 9°¢ eT°T ¥°C6

00G4sT LT°0 oy 9°¢ 19°0 0°S6
049°%0T 61°0 g°'c 9°¢ 09°0 0°06
0sc s 12°0 g°e 9°g 99°0 0°26

‘a°lL°g uy seyouy %2 N3y Tedt3exo0eyy ep1oY Jndur ¥ uy

o e Jed g 03
Fuyto0p Jo °qy aed %0s 03 a1v andang 333
£q Aemy Iemol Jo

petIIe) 3ueq 3004 9TQnD sor3ey Jomo],

e8ud SNOTAGIJ WOIJ PONUTIUC) $ITNEGY puv sTeTIesey 3ndang pue ndur




(1)
(2)

(1)

(7)

Suwtiary reut Talance of Leuwd Tower.

STy
FS BN

pefore start of chemicul recactions,
Heat contozt of cite GIT eecoeseces
feut content of 502 tececsscccssons
Izat content of 0z seeevcccencens
ileat centent of Gar-Lussac acid ...
Feut content of dilute uCidecesceee

Total Lefor: r2action eeesscccceses

Zeat after chemical resctions.

Zeat of feruwtion Of 1 _ SO eecececen
e 4

Ile&it Of dilution ,.0..'..'0..'..0..

m,
;Othl ® 9 © 0 000000000000 0000000000000

CCTXT
Heat ecarried out by @il seeeeccecece
IIzut curriced doun by cross acid ...
Heat of concentration eeeececssccee
Teat removed by H20 esccccecssscccns
Heat «bsorted by 170 — rog seceseos
Feat lost by radication seecesecsccse

Totul 90000000 0ce0000ONOPNOIOIOEORPOOCOIOINEOYS

EeTeTo

BT

GeTelo

ol T
LeTeTo

- m e
es e e

17,480.C

9,270.0

“eTeCo

BeTeTo

*
SeTWaTo

[}

(@]
(53}
L ]

1.405
0.01%
0.127%

1.047%

o s~ 1

~e -«lJ

o 4
E2e0 0

¢

77 or?
uuoc;a713

28,190.5

DeTeUo

100,0C 7%

(&)
-
(o]
[or}
(@]
L]
(@]

.T.Ce

B.T.U.

100.,00%
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3.

d, Materiul Ralance.

ITTXT

(1) suturated air ceeees
(2) SO eeveveneecnnaees
(2) 10, @210ceeccaccsane
(4) Cay=Lussac acid seee

(

(92}

) Dilute &Cid eevecens

Totdl @e00evcencssco o

CCTXT

(l) Srent 8ir ceccessces

(2) RCCOVered ::\03 eevecccoe

(Z) Lo3s Of ZH0 selesee

ld

(&

(4) Gay-Luszac acid .ee.
(5) Dilute 3Cid sesecoes
(6) Lbs., of SOz eoccenas
(7) LOSS eeecesscssencas

TOtal 90000000000

Sample Caleulaticns (Run Ilo.

Same sct of calculations

rnade in pilot plant with the

L

LRI )

LRI Y

~~

7~ et
vUe <0

eoe 20e4 1t i,
oo lol lbs.

eee OCe4d 1lbs.

cee 17.8 1lbs.

eee 14,9 ibs.

100607




o



C.

CCICISICIS.

In the study of prepuration of culpiuric acid it tecuer

nethods, it is evideat tist u nmetul tover is rnore suitable in
acid manuficturin; than tile touers zrz., It is very ftrue that

he latter's 1life would be lorner under wcriting conditions in-
sofar as chenicul reactions attack the nuterials enclosin

thern, Yet the heat will cracx the tile towcr wlhsreas the metol
one will witlkstund it nicely., L.etul alco a.swers well in con-
duction of hoat which in tower metiod is cf a vitel inporiunce.
During the last few years certuin alloys are cupuble of warding
off acid reuction to a considsratle esteat. . ith such metal
irprovements, it is posszitle to enrlory netll tousers with a fair
cres of assurailce.

Corpurin: *“he reoults of Lotl touers in the pilot plunt,
tlie lewd tover exncellad the forer in tlhie most luportint peints.
Cne was tiuht a hiher ané nore uniform efficiency was ohtuired
in each suvceessive test., Ia the lact analysis tuils is nizaly
decirable frem the standnoint of engincerii. rsosuarch. ilot
only did tne efficiency prove better thun the tile touger, but
alsc of the ;lass tower in laboratory study. It anrecrs that &

i,

ier one can yet be procured in industrial conditions, of
course using a metel touwer of suitable acid rscistance.
l'ore couparisons with other factors influencinz efficisercy
vpeared merc promisingz upon the use of a metal unit. Notably,

the teiperatures which can be controlled more easily bty proper



159,

=

reat removal of clienicul
be also produced. Tuis chase as scen froa the heat Lalance shoas
that much heat 13 ftaliza ur urpon cencountrution, just as sk so s
evaporeting to concentrabe wealer zsoluticnu, TO protuce a ul _usr

concentretion means pastua e of lar_ zr colanes of 5C, and «lir, con-

sequently, immediute heat of formwiion 1s sivea of 0 wd & tilse touer
falls in this resgpect. Prassure wifzets efficicacy inscfar as it
affects the chaenlcal reactionz., At various prossure differsnt
intermedicte reactions take pluce of wiich soiic are berelicial

while o%liers arc nob. rescures in turn were influszced by beupcratur

-

conditicns which cun c¢rly te ceutrolled norc rewcily ia a uctal toncr

)

by cooling and flow of iaput uszc =nd oir.
The trpe of sucxing used was (e caie 1n all cases, both luborater
study and prilot 2lant, It »roduced anple surfuce for the sus=liguid

phase to work rItmrkably, only a sreat dzal of resizstanco waus offsrad
vy it towiurd tliie counterflow of ese. It secuezd ot tinm thot too

zuch pressure was exzrted wsalnst thie counter flog of acids too, thus
relieving unifom wettins throushout the entire towers This coald bte
cince in observin: the results on™souce us

renediced by looser paclkin

S
ner pound of sulphur converted to sulphuric acid per t.ueanty-=four hours

could be increuczd sliziitly and yeh have a lower volume in compariseon

Jorld. CQutside of this

ct
v
s
%

with actuul plants in opceration &all over

”

there is a good pecsibility of nputtin< such a process to corziercial use,

And even more-so to nake it a continuous nrezess which wus not possible

L

under the conditions in pilot plant egquipment.



PART FIVE

LESIGT OF COMMIT-CTAL PLATT CAPACITY
50 TONS OF 53° Be' H,804 PER DAY
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1c1

Its nzitins noint is 23060 de tress Fahrenheit.

tic offers cocurcr e Couinet towsr beut,  Sooecilic heud conductiviye is
C.1ll viich iz z 1itsl= 7 thun nichirons rice
with others, Its »ricz wus ligsied ot €7 iyt
lots weizhins 157 revnds, vet if zuazh rotarial were roon-tt in ton wiounts,
the price weuld be mmuch lower Donsity of duriron is 440 ponnds »er cubie

- +
LCCV e

B

a1l

.

very
cocts ahcut 34,10 ner

ose therLll coefficd

this fuetor cun rezdily matzch

T < d :
T

[N

el

e

e  lescd

is

-]

me2ltins noint o

1

sidercbly lower thun dur

«t
[
ct
[

ouric wed

R

:lznce is

ar duriron,

In comopurine ite

=n%t of exn

e

ner dej'ree G,

thoze of the tuo Jlevs mantioned Lhove.

ctuesn 225 wund 227 derress con=-

~

wna

oneedt HOANT]

Ci

o
=

L€l

]

tly less wdvantuic

g

to tower hect., Its specific hsut of condnetivity is only C.0Zi3(0-17007)
which is o vital peint to consider ¢ inee haut must be &
commercial tower is to funeticn prorerly. 4s to wzid cerresion, lewd would

or

must bts exercized wherezs 1ot
this unszcinsgcs lecs risc wonrl

aurirocn

It cculd b=z used, but nrecise cure

ws vueh with the other two, Dy reducing
4 te invelved in running a comiercial plant

o
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a coninercizl nlort will be desicned sccording to relaiive conacity of

predauacing 5C tons of 53 acid per &4 nourc,
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1.

Size cf sSulzhur Fuirmer.

-

o

Refer to bliic nrint No. 4 for e=uch unly dac

salzhwur, ot cuite 11 tons of s:lshur ure necesa

Q

50 torc of HZT uweid. Since Ste afficiencr is

Q
W
3
-
r—J
I
ct

oms of sylohur w1l fuet oboot velis

Inltizline:

24 X 11l = 254 cu.ft. «re necessur

psl

i

=]

~a
204 + 20 = 1Z.2 3g. T't., croseg sactionl

of

out €5 ner

=20

J

wIrea of

the cvlinder.e 13 # Z.1410 = 4.2 T, the rudius sguurcd.

e sorwre root of 4,2 = 2% fest, ridius

Tre dimensions of the (A) will be 4 fasb

be. Combuction Chambor (L),

Thirty cuhic ot of el rber volurne wre neces

D

ton of sublired suiztur from (A) pver tuenty f

2hur from (4) .

The lan~th of the contuzticn ¢t ver wil

cLry o to

[

he

birn

one



Lite

corbustion ehLrbor.

Tind dime-zicrs will be

o
(@]
)
[

"y
ot
b
fo )
(0]

-
[op}
.
(&)
lap
o
T
o
—
v
A
I

N
+ . - ~ . - 1 s v - i e 3 =
ctrcturs., The co o tusticn ot urhar will hove to he rade ent of
D1, vl At et e P - S T TR — . N v+ e
Tire brice whovs radiction fuster is gr2il Lo rrovent loos of

hewt,  I5 s dzsireus to use wll trhe hent Lviilible for units

Design of T™mit (C) %o Rerovs 0o frony CO7

S

from (D) into (C). ZIleven Tons of 3ulplur 2urncd witl Produce os

54 1.0 - L0 =~

DI | I oy
Pe Ve UL 0,

z - e
24 C“

ol ut.e of Le3C., €T frais.
2

Ml oo

PRESNSIC U
08 = %2 N 11l = 33.55 Tons of 10C per oont 132;304,

o0

22 per caent wuter,

1.8 X 200C # 100 = 24 cu, [t., or volume to 0ld l.8 tons of
. . . . . . P«
acid per hour. allowinz for ermunsion of €07 ceid froa 2

clso for souce rovs Lo 1invid curfuce of 50 weild in (2) becouse
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27200 2 1,45 & 17000 o, o F Leid.

700 # 0 = 27200 22, f

OIS Tl

gt 2 270 - TSN o o Leid o arn owuter.

ol = 1TO0L 2o, o Ll o ilther.
Dividi g

PAATD 2 1000 = 1.8 e are O Pt Lol ond outee,

hl o N - a5 4 PR -
le% 2. TTe, Ivitiilo2em L
hl (o) - . FLE b

leZ Coe Te, firul " .
T ~

~ . ~,- -

et .~ se  Ley (] ‘.*rok"i - ;»:/0 I.( (JO
e - c (2l . .. N

102 C e ».I .y 28 '7 A‘.\Q(J - /2,0 AL:)(Jo
~

o o) cen oY . o
~2 + lv == ]..A,'J\/ C Ll \\f A.(’_(JO
[

C 2 07 =0,7C5 nelse oF 1106,
<z
72 & 17 = £,CC2 olue Of 1.0

11.45 mols of itsr por el of 1Ie3C,, 15,500 cul. [z

cile
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(4)

oot drve to diluticon Torrwiion, 6,3C0 Z.T.U. per —in,
Totel reozitive hest formoation, rer min,
Selt e oun by ogoncortrotion,

of 1.2 su.or. ©he 7. = 12,C0C0 3.7.U. per ni
BB A P A 104,555 TeT.U. Dur 1

Sturf.rz Tor Jornduction of IIzut From the

-

ing woter will renove it from there. Zlevern towesrs with
S foot dicmeters nd 40 feet nish eorroce the totuel cen-
ducticn urewu.

3.1415 dhatre surfice area of cuch touer (W),

2.,1415 X 2 X 40 250 =g. ft.

250 X 11 = 2730 8q. {t., cr totcl conduztion ar. .

3 ~ T . Dan A
will e holf =i inche

—
[op)

-
N
e
o
[¢
IS4

Trancler of Tovers (¥).

A Sl . I - FalPN
Conauctiorn eurfucc, £5C 34. ft. for euzh

4




O S S . a0~ o
Iazide tennzreture, 12274

%, ZeT.Te

¥, Ca1ll for Duriron, or cseeific condvetivity Poctor,

to 1acice teminzroture, 1322°F.
At A - e c~Qn
tl, cnutside terreretire SOTF,

a, arcu, 250 sy.ft.

(@)

T, tine in seconds,

4, thieknuss, 0.C4 [t,.
Z=0.11 (122 - BC)25C X 60 % .04

i

7=0C.11 (42) 250 X £0 = .C4

5,B70 Z4T.Le per :1in. inut trancfer of ewch towszsr (F).

O

11 X 6,873 = 75,57C Z.0.0. per nirute or totel heut truans

o . ~ o e
Per csnt elfficicney of heat traucler,

3
(@3]
-
3
[
(&)
o

134,550 X 1CO0=72.5
Gullors of ,uter ileczssury 0 Raiove the [leat Truncfsrrod

»er miinute.

in (8) 1
T + oo n a4 o ~ S mrn qere o
Inlet teinerature of coolings wuter 707F.

Cutlet termeraiure of coolins wuter 2. F.
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170,

h

~1
3

-

w
~3
o
b

o]
O

= 4,740 1bs. of witer zor cdimite.

‘
b
®]
)
b
¥
o
8y
1
-
C
¥

vers (F) of vnit (&),

>, ~ ¥~ hl - > Ty - N [T oL d
The inter cpuce will te on tie volune that 4,740
Ths, 0 wchter will ceeoupny wb the averc st ocnperaturs

wter ub 77°F veils &2.2 1bs.
Dividinr-e

4,740 = 2,2 = 73F cu, f4.

~2
3
+

5% 211 =7 ca. Tt. of cooline vols gor tower (F) per

Cutcide wol. of tower (§), 1306 cu. £, irculdinz wall

thickness.

X
—
['aN
[«
1o
[¢N
.
]
N
(o]
[ep)
oy

o
(&)
P
w
.

=]
[N
]
(o}

RY = 14Z
K= l.14 feet

Stuarz rouvt of 1,14 =1.07 fect or rudius.
1.¢7 ~1.04 = C,C3 fect

0,03 3 12= (0,38 inches or Sthiclness of water cirelubi;
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lines of eunh touner (Uje S22tion (L) will Te the roservoir wiich

There are 11 zoel) tovers () to be egzlly sozezd 4 inches
apurt, Ly staorting with three in tle conter Lnd the reruinirs
€ teo murround thece wbeout o oclirenwferencs is about tie best
selection that cun be maucde. in eguiluteral triuancle whose zides
zre 2.5 Lozt lone with the apercs ws cznters of threz cireles
will »lzce thc first thrze tovers., fuceh tower is Lo be two feet

on the inside diczter wnd allovins Talf ineh thiciinecs for tic

]

oor Vviaw

vills.  (Refer to bluz nrint No, 4, e sround

inz the conter of the egnileterd Lricncle ce the conter of © cir-

cle whoce radius iz 4 foot cnd drowine this cirele will bz the

t

cireular line vhere the conters of ¥he rewcining & towers () will
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+lve

-~ nm - AT N
1770 X (50 2 €7 = 1272 1 . of Oln.
<
45 ¢ X=Z0 2 1270
- - .
V=l X 40 + 20

-+ ou, = LILC + 7w S0
- G o M ‘.
O, + Lut =IZIC. + 1.0 + _ C.

a a5 ~z ~r
&5 0 720 Lo A
.. - e s . - o P
(=720 U ¢ - + 40 = ST0 1hs. U T G
s

T1r5 g et T Toan - 4 .t
Wzisht of .Azgcll us=2d .ith ,u.OS.

Lolewieisnt of ID 39 63 crars.

Al P M Q2 cevre, e

WO Lle W ,lv..t of ~3_)(a4:, P brr.\.‘w.

iol. weisit of Ilall0_, CO sruvs.
(%)

;.‘-03-

Lab]

X = €0 X382 + &5 = €0 lbhg. o

€8 ¢+ X' =2(22) ¢+ 50

X =98 X 60 + 125 =47 103, of 550,.

47 X 1.8 = 85 1lbs. of H2$O4= / hour or amount
required each hour into (0).

Density of H,50,, 1.€3.

Density of NaNQzs 200



Aeizght of xanos, 144 lbs,

2.% 4 078 = 1,75 cu., I't. or volure tiLat both a0, and
. (V]

vl L kg
[P 12 vea Li LIS Upo
~

A ran imbedded in (2) about sizx inchoz will nare up the bestion

of (C).

"J""‘u“""“ GO BN bad -
RO T = Je 4+‘xil r

e o= 1,11

T = 1.03 feet, or radius of (0).

N

Allciing for air wid evclved 0., the de=.insicms of (C) will
te one foot Liish aid 2,D fect in dlamsver.
ion of tenlk (&).

Tach minute tanl (G) will receive 124 pounds of 60 acid

from (C)e 124 = {325 X loC) = 1,34 cu. Ih or thzcretical volule

one foot wide, onz foot ni-h and two fzet long will discharge 124

2

pounds per ~inute, Half of tle acld will be puwaped bwe’s into (L)
on tco of towsr (E). The rerainin: helf iz to be reroved for
dilution fram ¢0° %o ZZ0 &acid.
8e Unit (1)
&2 tons of QCB will be nwmde in 24 Lours.

22 x 2000 =+ (24 x GC) = 3C 1bs. cf 5C. / minute.
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AL 70° F, 20 1lbs. of gcz 4re sclurle in 200 1hs. of watar
CO=+ 20 =230 lbs. of I S0, and water will Ytz discharced into ()
every inute froo tower (i),

r; 173

S0 + £3.2 = 0.2 cu. fr. volw:e diszlarce Trom (L)

ount dissher every nianute irnto 1t would guiclily lose 1ts 304
b~

aue to comin: in corntazt with lurse awniount of hedt maintained in a

lar:e cody of lizuid in (i)
o Y

Ten fezt £ill bz thz lengtk of ().

212 = 10 =Cl.2 sy. ft. or cross sectional area.
Final deminsion of (i) will be four feet high, eicht feet wide
end ten feet lonz.

Deoi-n of Qroorobion tover for 56

every miavte,

Thus therz are Joo 1bs. of counter flov of ligeid to €0 lbs. cf
fales pooxing wrrierdly.
It iz c-sunzid thet wn whecrntion toaer of 100 cutic fzat of

volutie iiLn relf-inck poccings will nendle 2C lbs.of cases und
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Finul incide dcronciorns of (7)), 2.0

1

Shur burnor B otlhe convayer

(R} whick £i7ls thez bonver((b)e A wori-foed msehorisii Toeds the
sulzhur into the rotztine evlinder (A)e ot the cwme end thint sul-
»ar is fed, pritcry 2ir is dlso £:2d. The weot of cormhuciion melts
1r-hur within the crlinder (A). T0c rotution of the cylinder
dizbtributses this suloshur in u thin filr on $he inside of the woper-
abvg, wnd Qdeo czusss it to shower in drops throarh the

diceterste end o tie cerlinder (&) fits into & cobusticn cawsber (3),

linwee culohur, The follow-
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as the Lot suszes zucs thronsh coil,

rorticn of their heut is lost by translerence into thre 60
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dicsolved G v ich curro tie coil., The Lo of the hot
[
3 -8 - - ~ Y R N T P e
Zeses lg abtaont Q0T i coye [0y, the terreraitare is re
d:c=2d % hen s zonn N hot ~.oes lecve (C) with o lenroras
“ cO Wy <owow e vy [ R R LAV T v . . i L I

{ o 3 s 3 S 3 e dy - o - N AN
ture of ZO0°F Lnd arnter uncthzr coil in (H) whors cone more o thewR

hent iz tronsferred inte the 1iguid containing dissclved 36, from

the absorntion tower (). In (i) the helt of tle hot stz is re=

d A 00 LA Paar Ao B oo cs thren o Ste ecclasrs (T) and
uezd to 270 wnd fr trlore Blhor nacs TN sISTel! I} &

They pess unsoardly throush
et Ty e e b L] At -
oueilns veeriai.  The con-

oA . cars N - o v TNt ye e B
current flow of wiler nocsoes dourvard wnd absorbs ths 30, thas

s - s ~ - [ TN T PR P T N AN - - PR - PP N s
tin~ 1% Prow 2. whieh noczez oub btlurou-n tre toy unuhacrbtod. s
3 [ : : 2
.- = N +1 [ TT o ar Logyaen R
inter uhsorbs tte O0,, Ix53C, acid is formed wita it.
~ (93
o " ”~ T3 o
Z2e  i,00 - SC, ooov
< = o9
T B + bR s - - o . .- . . S e e a) .
730~ and wuber collect at the batbom 2 (07) wad s 2s such over a

liguid Trom (N). .o %92 hot zcuses Crosm (8) pase throu b the coil in

ERA

(), the 3C, is driven out of sclubticn wnd curricd cut by tha zir

7

v

tribtlinz thrcush the liguid surronnding the coil in {{i). The witer

lecving (li) ig denrived of its 3G, wnd anters tie coolers (U) wherse -
~

. . 1 a AT ~0 ) ; )

its tenpersture is reduced from Z0C°F to 7C°F belfors boeins punaed buack

into (&) by the cerntrifurudl

e wuter pump2d in (W) »re-

forms its job over Liwin in absorhin: more SCE‘

goinz bee' to (1) vherc the S0. wis relounced by hest wnd gir bub-

tling thromi~h the liquid, &, is carriced over a flue line into the

-~

)

tower (8) at the bottown (il). Just hefore the 30

3%
f
73
joN)
f
r
o]
v
P
=
ct

bl
(&)



tower (B) they racs through a nerforat:d nipe systom (in K) whiceh

distributes an egual amount of 302 and oir into each resgsctive
snaall towers (F) which are enclosed in (3).

ITCZ iz generuted in (Q) fronm IZ'.L.’03 and ,-2.304. A sultable pan
containing enocugh ITQI.'O3 and 112504 is heuted by beiny imbzdded in
the top of the cortusticn charbter (5). The hzcat of combugicn be-
tween sulphur and alr hecats the »an (0) and the fellowing reactions
talse place in (C) --

2. E-?alioz—i- I 304 —-ife&’::'04+ EL.’O:5

4. I‘a:‘C .+ Ta5C, — I,WO + I

4 3

D :’fn‘03+ heat — ‘.’.I'C2 + “ﬁO + . O.,
The 1 0o water vapor, and ouywen ar:s carried into (E) by awir. Illow
as the 2Cp pacszs into each suall towsr (F) with the 5C, coning over
the pire line from (i), both enter the oxidation zone (aa) of tle
Glover touer of (F), the followin: take place betieen 5C

6. 3C, + ’JCD—’SOS-G- LC +heat.

2

The 0 iz carried up ty the alr through the packing of (F) leaving

the 303 which is absorbeds As tre N0 passes upwardly, it is oxidized

in H9304 to 2702 in the presence of air. After the IIC, lcavss the
< ~

Glover tower (44}, it keeps passing up into the Gay-Lusswc tower (3B3)

where it is showered with 50° acid. The ite way in
from (L) which fceds zome sort of & sprayer mechanism in each tower (F
o
and in this fushion the 6C® acid shovers over the nacizing of th
GCay~Lussac towcr (32) in (F), and the followin; reaction rocults ==
Ve C10s + Hed0p —= 30501 4+ 110G
~ -~ (™)

The spent air which contains practically I eScapes at the tep of

2) as sloan by the arrod pointins to Iioe

()



e 80513, EIOz and H2304 trickle throush the Gay-Lussac tower
372) &nd puss into the Gleover tower (4a). In the oxidation zone of the

flover touer the oxides are reluazed and thie Z.5C

@]
-

of (E) freri uzere it drains over the suituble line inte (C).

Going buclk to reuction &, the 3C, 1s absorled b the waber which
comzs down the water line (Z). e water 1s fod in eac’. water live
(2) froum (J). Tois reaction results when wuter and 307 rouct —-

€. 3Cq + I —= 33304 + heuat.
3 :
Waile reacticn @ is tuking pluce 5CsILI is also diluteld by the water

to rel=suse tus 110,. The de .ﬂgoﬂ accordinz to reacticn € triciles
~

to uke GCO

o

down intc D of touwer (Z). 3incc the touer wus designes
-+

acid, oxidws of nitrr-en will te whoorbed by it and carry then into

~

D. 3Such cerncentration of wcld is desirous for the Guy=Lusswac tcJer
since halfl of the made acid has to he pumped tack into the Cuy=-
Lussac tower (Li)e If 52° weid were maie, tiet hulf of it would
have to e concentrabtod to 6C° strensth. In the end it iz cheaper
to dilutle acids than to concentrate then.

To reucve the oxides of nitrojen which
in the €0° azid collected in (D) of tower (E), tle unit () was

desicned.  60° acid from (D) feeds (C) and the heat of the gases

roi: (2) tirouzh (C) érive off the owider of nitro-en because

s

o]
A\
(]
(=0
3
o]

they can be liberated by heat. Since the temperuturs of the hot gases
from (B) is 900° F, all tue ocxides of nitro_en will be relezsed ~ith-

atroduccd to Luible throu ' the 50° acid

in (C) so thut firnal assurance can be dsjended uron the lubbling of
air throuzh the acld tc re.ovs iz W0,e Alr also conveys the [iC,
—~
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WATLERIAL ZALACE

Sulpiur.

TIUT

Z0 tons of 520 Be' awcid will ve rwie / duy.

Lol.

De

Ce

= - NN 7 - P
L.ol, welziit of 5, 25 pras.

L0le welsnt of 50,, 04 Tawice
£

7o ~
[V *1 - 34 H

»i

X=064%x 11 ~32 =228 tons of 5C,.,
“~

/

Air conbains 21% of 05 by velume and 79% of REP
11 tons of 0o wers consuiied by the sulphur.

I1 .21 oZ tors cf air.

Input in touer (Z) for converting 302 to 303.
This would te =alf as rmuch as in a., or 5.5 tens,
Tetal,

21 4+ 2 =72 tons or theoretical amount.
Theoretical ratio is Z.52 of air to sulrhur,.
actizal ratio of 4 to 1 is sufficient.

72 x 4 = 3.2 = 81 tous of air.



(&M
.

4.

oY acid from 11 tons

22 tons of 50~ maiz in sulphur buracsTe
llcle welzht of SC., C0 rrams.

)
l0l. weisht of 50,, 04 crus,.

22 % 80 264 = 27,0
J

50 tcus of E° et

SO0 = Z745 = £2.0 tons of watar,
1&iiCn, basin:g crly the €5 loss / ton

con®ins

liole weizht of 1C_, 45 sruns.
~

R

©l. wreiht of 50.-,
o

weisht of T 30
«

x 80 = 98 == 1272 1Lz, of SCqe

X = g0 : 1273

X = 1273 x 46 4+ €O

X =725 1lvs, of ITCZ.

e WT,

2105 4+ heat —e 2105 + 1,0 + 205

'8
(3]
.o

~3
DN

S=6863 : X

£ =725 x 63 =40 =997 lbs,

1220 1lhs. of

of Li.C

cf SC, made in touzr (=).

a2id will e uroduced / £4 hours.

of 8GO et acid.

Eo30,.



Se

2 ¢+ 23 =85 : X
X = 693 x €5 + 33 = 1340 lbts, of TG,

240 x 408 = 80 1t3. of Tull, / tor of 50° acid.
43 tons of 60° acid will be wmede.

43 x E0 = 3440 lhs, of IC'iI'CZ.

£0 tons of 589 acid.
Alr minus C2 contant,

a. 8l tons of air weres nurscd.

te 28,5 tons of 0y were consuned ty sulphur.
= €440 teus of spent &ir.
Loss of IC, as liallC,, l.7 tonse.

Swzrmary L.-terizl Zalance
T

SULDHUT eeeessssseecccssosssccsssncssase LLeO t0On3,
AIT sesevecccsecoscnscscscacsncnsescense S1le0 tons
.2 tons

c{&ter © 0 00 0000000000000 0000000 OIOSEOIPBRLROIOGIOIS

IvTaII03 ....‘.......0.‘0..1..'..........'. 107 tons

TCEAl seeecsccccecosnsscssssenescssssee 115.2 tons
CCTITT

520 8C5Q sesesssesesscsscssscsascscscses 00.0 tons

3nent 8IT sesecececesssescsscscsssseneee 04eD tons

Loss of EaKOS cesvesessesseesscsssesascse lo7 tons

Tot&ll ® 000 00 0000000000000 0000000000000 116.2 tLXS

160,005

43,00}

56495,

108,003
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B. TREICISTROCTICH CCST ASCOGUITTILG CF TCoor FLANT.
1. ’Cb:t of rau twtzrials / accounting year.

~ &, 3ulzhur.
11 tcons of zulriur are reguired.
The price of sulphur is 18,00 per loni ton.
11 x 18 x 20C0 + 24C0 = 4165.00 cost of culphur /it

—~t. A7o0uat of TGz
Frcm the muterial tulsnce 2440 lhs. of 1al0g were exnleyed

to nake up the locs of ZCge

Frice of NulCs , ¢oZs20 / ton.
23.50 x 23440 + 2000 == §40.42 cost of J&TCS./Vy

~Ce Tot.l cost for a yecar'c supply of raw materials,
165, =+ 40442 = 305,42 / day.

05,4 x C00 = $C1,626,00 per year.

;é: S%ructure tuildinz costs,
a. Foundation and excavatior for a builcding 40 fect wide and

170 feet long.

170 + 170 + 40 4+ 40 = 420 fest,

The fou:maation will be 2 feet wide and 6 fect deevw.

420 x 2 x 6 = D040 cu. ft. of excavated dirt,

oC40 + 27 = 187 cu. yds. of cxcavated dirt,

(1) Cost of excuvating is $2.00 / cu. yd.
187 x 2 = $U74.00

(2) wocden forms for the founcdation.



Ce

20¢ / s3. f%. or coct of cuttin: forma,
420 z 6 = 2520 sg. Ft.
2520 x Cu3 = 3755.00

(Z) concrete pourinzas.

$10.,00 / cu. yd.

Ol

187 x §l0,00 = 41,E70,0C or cozt of conerete feundutiorn,

Floorinz.
4cid-preoof tile on concrete buse at 70¢ / s3. ft.
170 x 4C = 6800 sge. ft. of flooring.

B88CO x .70 = L47350.00

wulls and roof,

Cimensions of tuilding are 40 fecet wide, 170 fcet long

and 25 feet hizh except where tower (E) pesses throush

the roof and extends 25 feet above the roof of the building,

The walls will te one fcot widz,.
(1} 5a. ft. of wull surface,
170 x 25 x 2 = 6800 sq. fte. arca of side wills

40 x 20 z 2 = 2000 Sg. fte wroa of end wazlls

6800 + Z00C = £ECO sg. ft.

30lid cormon drick wall costs 4C.75 / sg. ft. and

foot thick (this includes the wirdows).

one

€200 x C,75 = $3,700,C0 (for wulls wnd the windows.)



(2) Roof.

7800 s83. ft. of rocf surfuce.

o]
ot

Tile roof cocts 40 ceants / sc.
75CO x 440 = E000.C0
de Co03% of lihtin: eguipnment.
Cne 200 watt laap will lizht up 100 sqg. 4.
Ticre are £,200 sy, ft. of ground flocr the

li~hting equipnent,

6,800 = 100 = 28 lumns.

183,

of floor space.

d

Cecst of fittin-s, conduit, wire, punel boards, miscesllaneous

sunplies, fixtures und switches, not includins the

lamp, 13 §l2.,70 / 1i-ht,
2,70 x 68 = 055,00
6o 1I3CCLLIANEZ0ME seuveeeecnneoonsent,B875,00,
Z. Eguiprent cost.

@. Delt ccnveyor for sulpahur,

4idth of belt will be 1€ inches.

ANTTORINate CO5t ceesseveacsscsns po70.0C
be. Clen Falls sulphur LUTHCE eesese. 5,000,00
ce 3 centrifucal pumps.

$2004C0, cost of each punmp.

" X 3= ;30C,.00
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]

of towzr (Z).

O
{0

11 torers, £ feet in dilrcter anc 40 fset lonz. TR
wall of euch toder 1s one-half an inch thick,

11 x 40 x 2,146 x 2 x 0,04 =11C cu. ft.

Ci. ft. of Duriron weizshs 440 1lucs,

110 x 440 == 48,400 lus,

Scet of Duriron, 40¢ / 1b,

42,400 x ,40 = 18,53C,.C0

Casinz for tower (&) wiich is wmeds of i inch stecl
plate. It is 1C¢5 in dicueter and 43 fset higk,

105 x 2.1416 x 0,02 x 42 = 28,56 cu. ft.

Cne cu. ft of stecl weihs 4Z0 lbus,

2046 x 430 = 12,75C lbs. «t 3¢ / 1b.
2,750 x ,03 = 33IEC.00

Packing material costs sbout $lZCC,.00

Insiée pining of towers.

~

Calculeated weicht, 1475 lbhz. of nichroue pipe at o0

1475 x .50 = 727,00

Absorption towsr (W).

(1)

Acic proof brick will be used for its construction.
Its dimensions are 2.5 in diameter and 20 feet hizh
20 x 2,5 x C.1413 = 157.0 5y. fte. of wall surfuce.
Cost of acid-proof brick is $1.50 / sg. Tt.

167 x 1,50 = 235,00

=]

¢



(2

)

Fackin~ material,

2240,00 is the estinated price for packing this size
touer.

gorncrate tause,

The dimensions qf the tusc are 3 feeb in

S feet hizh.

0 ~ -
. “ 3.1%10 5 +27= 103 Clie ydﬁ.

—

10.0C / cu. yc.

Q2
(@]
(&}
ot
(o]
L
Q
[
=
o]
(@]
—
(o}
«t
W
[
0\
(r

lJ ;:,;40 COQ

£e Fiping, valves, fittirzs, etc., cost $ZC0.0C.

Inztallation cost of egunipment,

tused on 10 = 205 of invoize cost of equipment,

Total equipment cost,.

d.

Se

f.

Bclt CCHV%YCP olooooooooooaonoo '0.0;370000

Slen Tulls culphur DUTNET eeseess. 8,0C0400

Sentrifuzal PUWIDS eeeecscocccccscss 6C04,00
ncid tc'\l:er ® 00 0 0 00060 000 0600000000900 219.3
Absorption tCﬁer @eceov 0000000000000 689.00

KiSCEIl ANCOUS eeseceeccccocccccosne 8,411.00
StCPdge tdnks e 0 ceecev0c0 000000 l0,000.CO

TOt&l 000000000 00s0s 00000000000 360'000.00

250,0C0.C0 z C,15 == 3750C.






S. Total cost H2504 plarit.
Qo Lind eeecececscecscasossscascses (LCy0C0,00
be TUILAINT eeesceeocscocoscasaass £0,C0C,00
Coe BRUIPEnt cesececsscscsscssess 00,020,00
de  Instlllition co8t ceeeeccceces 7,200,020
Totul fiied COSt eeeessseenceee $2,500,C0

Eald

F. Distritution of Plunt costs 5 of czellin; nrice*,

Tased on one year's operation.

1. Yeurly production of 23 Ie' acid is 15,000 tons at [12.0C

per ton, wnd thz rouss sales arcunt to +180,000.00.

Rad 1aterials seveseoeeessases w31,626,C0 J4.20%
Direct LabOT seeeececeesseeees  8,050,00 4.2
Fucl, Pciicr, & JaleT ceesevees 3,50C.00 260/
Repairs and laintenance seceee 1,8C0.00 1.05
Derreciation eeesesscesecssesas  7,200,00 44075

Fuctory adicinistration &

Fi%ed CRUTIE5 eesvesssseness  18,000.00 10,05
Taxes and INSUTENCE seseesesss  0,400,00 3.0%

Distrivution and Irofits .e.... 73,724.C0 12,05

Tot&l @0 evcsvscccccscrscssse ;‘,}.GC,OO0.00 10000,3

v

*zased on Cher. liet. Taz., $9, 2-2 (19Z2).
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TICIT CCUOT ASCSLUUTING COF TIE Clud.lilk IT.T.

erials ccsts / accounting yeur.

ous of chanlir nlunt buildin: are CC foet wide,
fzot lou:, aa OO feet Lii‘h.
Jation wid cavutic.

v = - - 3 e 2 - Y P A b
orns for rouring the councrocte foundut

- . L]
3 A
Pe s ®

200 x @ 2 2 = 1C,8C00 sy. Tt. or the arew of tle sides

160 x 2 x @ =. 1,200 sy. ft. or the wrea of

of the tuildinz,

10,800 + 1800 = 12,600 sy, ft. or ti:

Coct of Ll founduticon.
¢l0 zu, yds. of congcrehs are royuired.
Coot of concrete ror ou. yd is 51000

0C0 x 210, = 4©,000,00

surfacece.
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100 x £00 = 60,000 54. ft. of

50,000 x 70¢ = ;.2,0C0.00

1) Tre avera-s price 7Cr oa oolld Jull oace foo
of conien btricly, .l windows. ilacluded is
1400 = SC = 7C,C0C 54, f'te cor wull surfu:
TO,000 x J70 = 0 2,3CC

2} Rocf.

100 = 380 = 20,000 sy, The ab 407 / oy, ¢
0,000 x 40¢ = ;o4 ,00040

Sount el lihiins eguipiin

Cre 200 wabtt lann ilY 1i.nt up 10C o, . 4. Ut

cout of fittinss, sordult, wires, ranel Losrds

curplizs, fiztires wad switents, oot incl dir:
CC,CC0 sy, fte. ¢f lilivinz srace.
&C,0C00 = 200 = 00 lichtc.
ZCC x 12480 =. L1,3EC0.C0

ziscelldnaxus @ ® 0 0 000 00 0 00000 000000 o0 ‘.)lc\’\’-\c:'

naent cout.

EJlt ‘:C"\,Q.":}L'C‘I‘ ® 006 0000000000000 000e s 000 vu’?O-OO

fﬂe". FQ1.1£J 1. I''CL eesevecvocosscccoccsce E),CO0.00

Zocentrifudl secsensescccccsan 400,00

~ 4

a0

g}

Wl e v

0

ot

rer
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(1) Lzod for tuz chader wall linin-.

5 B AR “ - +
(L) sheel CoafiMlin: to cuiooiry tls ohildsre.
- ~N~A 3 e /
1 C, D10 1Tro. wt ’,’ ¥ 1.,
AN AR o e ~N AN
1C0 .00 0D = -3 20,20

T

~ . IEEET T LI o oo
T\ FREES Q) .Ll.&ubfﬁ, el O ye 1l

acid nreefl trick ot JTC.00 /1.

10C8C vricizs wWwill cover up 41 s3. ft.

27.5 x 70 = gl,c:0.CC

-]

(2) 3ay = Lucsuc tower.
Tc.ur surface, 1206 zg. ft.
Lzid-proof brick wt $70,00 / L.
1C00 %triciis «ill ccver upn 41 sy. ft.
1256 <+ 41 = 30.8 1.
0.8 M x 70 = $2,156,00
Scufloldins, packing, 6t ., ee-vivsoncase §3,000,00
Piping, valves, fitting, etc., $3,500.,00
lilscellaneous, Z,000.00

Storace tanks, $10,000,00

Duekinz wnd miner attuchiientSeeess 3,0C06C0
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