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1. Introduction

Sulphurio acid is & very importa.t intermediate for manufacturing a series of
chemical products, its total country production being oonstantly the measure of
national economy and industrial development. Sulphuric acid is used mainly for

production of fertilizers, dyes, inorganic compounds, synthetio fibres md' many others.
There is practioally no ohemioal product made without sulphuric acid being involved.

As formerly stated, sulphuric acid is used mainly in fertiliser produotion. The
world development trends show that the most justified way in phouphvéo production is
its produotion on phosphoric aoid base, this being produced bty the wet method YWy
treatment of phosphate rock with sulphuric acid.

Considering today's low sulphur prices and further inoreases in mining or extracting,
the method of phosphate produotion on a phosphoric acid base seems to have good ressons
for further development, as by this way, the high analysis fertilisers NP-18-46 and
even higher, on superphosphoric acid base, oan be obtained. Independently of this,
the NP-granulated phosphates can be mechanically mixed with other monocomponent granules,
or macro grain phosphates, leading th\uv to the produotion of a series of sriocomponent
fertilizers, with mioroelements inoluded, according to the agricultural demands. This
is also the direction in which the Polish phosphate produotion is developing; thus
sulphuric acid production gains in importance and the proper technology and the kind of
raw material become very significant. |

2, _Raw-materigls for sulphuric acid produotion A

Poland is in a luoky position to have at its disposal a number of sulphur oounintu
raw materials, and first of all - sulphur of a very high purity. looidu sulphur iteelf,
the following raw-materials are used in sulphurio acid production in Polands

- anhydrite and gypsum

~ sulphur refining wastes / cake / |

- sulphurdioxide / 0, / containing geses, being the wastes of non-ferrous ores
oaloination / sino, lead, ocopper /

- hydrogen sulphide and off-gases




The installations working on pyrites up to 1970, have been renewed and reinstalled B
on sulphur base. The unprofitableness and relatively high pyrites mining oosts taken
into account, resulted in the close down of the pyrites mines.

Polish sulphur, supplied mostly in a liquid state, is oharacterized by a high
purity, containing 99,9 % of pure elemental sulphur. Thus, no additional preparation
before use in production is needed. The installation itself is relatively simple and

investment oosts are the lowest ones.

Anhydrite and natural gypsum, being still used in one of our plants is tc be
replaced hy phospho-gypsum being the waste in phosphoric acid production. Semi-technical
pilot-plant tests followed hy tests on industrial scale revealed the possibility of
sulpburic acid produotion on this base according to the standards for this product.

Sulphur refining wastes rioh in elementary sulphur composed of't

sulphur / 8 / - 35-40 %
&ypsum /61804/ - 1,2-1,8%
calcium carbonate /c.ooa/ - 52-58 ¢
water /H,0/ - 464

are very suitable for sulphuric acid production, giving weste-oalcines used as caloium
fertilisers.

Waate—-oaloines oonsist ofs

caloium oarbonate /c.cos/ - 84-90 %
gypsum /05804/ - 916 4%
calcium sulphide /Ca8/ - 0,1-0,5¢
elementary sulphur /8/ - 0,1-0,5 %

Gases oontaining 802 - being the wastes of non-ferrous metallurgy, ocontain 4-12 4
of /soe/ sulphurdioxide, and because of pollution standards bsing steadily sharpened,
must be utilised or used in sulphuric acid production.

Hydrogen asulphide /st/ extracted from postgaseous masses finds its small applioaties
in some plants working in Poland, and sulphurio acid produced from it is used in ‘anmond wl
sulphate production, thus making the whole unit economio.




3. Sulphurioc acid technology

3.1. Metho ed in Poland

- Over 90 per cent of the sulphuric acid plants in Poland operate on the oconsact
prinoiple. The remaining 10 4 of sulphuria acid plants work on the chamber methods aad
are destined to be oclosed dow, as the need arises, up to complete liquidation in 1980-85.

The sulphuric aoid production in Polamd increases relstively quiokly. After the
World War II in 1946 it was as low as 190 thousands t/y, in 1965 it stepped over 1 million
t/y, and in 1970 it reached 2 millions t/y or monchydrate. In the same time the
¥ national rav saterial base has bemn changed. The table below shows thie distimetly.

= galphar . . ‘ 40 R |
.- . pyrites . . o 18 R
. metallurgy waste gases | 7 ‘0
sulphur refinery wastes ] 15
snhydrite -gypsum 9 ¢
others | 2 !
R ———
B .. W W

Shortly after the World War II the plamnts of comparatively low ospacities of
30-50 thousands t/y were mostly huilt. Nowedays much larger units are erected, the
capacity of %0 th. t/y being the lowest. The largest units now in operation in
Poland reach the capacity of 2% th. t/y. On designers desks there are waits of
500 th. t/y, to be built in the coming years either in the cowmniry or for empers and
the present largest umit ever tuilt Wy Polish designers aad oontractors in the
300 th. t/y wit in Pederal Republic of Germeny. |

The majority of plante are based on single oconversion and abserption prineiple.
8ince 1968 there are sulphuric soid umite produsing on double oonversion and abserytien
principle - the double oontact has beem im our cowntry the iaitistion of Poligh
designers. It is expeoted that eerly Built waite wrking on siagle principle end &
base of sulpur refining wastes or natwral sulpiur - will be constantly redesiguel and
reconstructed on double ocontaot grimciple. " | |
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Rew material world % Europe/Hest/% usA $
1952 1969 1952 1969 1946 1970
sulphur 43,8 58,2 18,0 35,7 19,1 ) 179
metallio sulphates 51,4 26,6 78,8 41,0 13,3 8,4
others 4,8 15,2 32. 1M3 T 13,7
3.2. §ulphurio acid produotion on gulphur base
/The suitable flow-sheet is anncxed to this paper/

3.2.1. Raw material /eulphur/

Poland is one of the few ocountries
so the sulphuric acid produotion on this base

sulphur in sulphuric acid production inoreased 80 much that the produotion ©

acid in Poland on this base amountod tos

in 1965 - 40%
in 1970 64 % and nowadays

in overcomes

Polish sulphur is of high purity.

in the world d,i

70 & of the total oountry oapacity.

sposing of rich sulphur mdt.,
The share of
£ sulpburio

devalops in this direction.



Polish Standard states the following composition of sulphur:

liguid s.

elomentary sulphur, over . 99,95

impurities /total/, below 0,05

arsenium 0'.006 0,0000
selenium 0,000 0,000
acids /reduced to s. a.monohydrate/ below 0,007

organio compounds below | 0,015

sshes "f" 0,04 0,1

3.2.2. Sulphur transport and storage.

Sulphur is transported in solid or liquid state, while the partioipation of the
latter incroases up to 90 £. As trauporta.tidn means for solid sulphur mostly open
railway freight cars are used. To protect them against atmospherio influence and
spilling thay are ocovered uith canvas. Unloading of the cars is simplified by means
of holder gentry or self-propelled shovel. Storage takes place in covered warehouses
with 3 m high retaining walls around. | |

Sise of granules range betwoen 0 and 50 mm. The solid sulphur sy aleo de stored
on open stacking yards. The liquid sulphur is transported in special %0 t rellwey
tanks, equipped with hoating stoam coils for melting of loliditicd nlphur The
heating during the time of trmaportstion remaing inaotive.

On plant teritory, tanks before clearing are hested ty mesns of 5-6 sta satarated
steam coils. Nelting period varies from 5 to 10 hours, acoording to weather oonditions,
distance and period of transportation. Clearing of tanks is carried out through.
bottom tank pipe connections, hy means of piping, heated Yy 5-6 ata saturated steam.

In another way- the olearing of tanks is carried out ly pumping out through uppes.
hatch, by means of special movablo pipe-arm with slastio joint, direct into main
storage tank or into an intermediate tank, where from, it is pumped out, ty mesns of
submerged pumps into the main storage tank. Clearing period lasts 0,5 = 2,0 hours, ia
accordance to unloading method.




Liquid sulphur is stored in steel containers, equipped with steam heating coils,
thus the liquid statec of sulphur is secured. In order to diminish the heating stomm
consumption, all tanks and pipinge for liquid sulphur arc insulated and covered with

aluminium sheet, which provides protoction against damage or weather influence.

The capacity of industrial sulphur storage tanks in use varies in accordance to
dunand and delivery conditions. In most cascs the capacity ranges from 500 to 3000 n3.
The design of tho main storage tanks enables the periodic clearing of residues oconsisting
mostly of impurities. Subsequent filtoration prevents thesclidification of the dirty
sulphur in the tank bottom, and pormits the eliminating of the bottom steam ocoils.

The total heating steam congumption including railway tanks, stoiage tanks, filtering
equipment, pumps and piping, up to sulphur furnace - amounts to 80 - 100 kg/t of
produced sulphuric acid, depending on distance and period of transportation. Ry use

of solid sulphur, the total consumption numbor recaches 100-120 kg/t of sulphuric acid.
3.2.3. Sulphur preparation

In case of molid sulphur, bcing in usc in some older plants only, it is taken
from storago into the melting tanks direcotly by means of grab, or indirectly by delt
convayor and bolt scales rogistoring the quantitios of sulphur being transported to
tho intensive melting tenk, to be molted.

The melting tank is equipped with steel pipe roast, sorving as molting elements;
the tank itself equippedwith heating coils to keep sulphur in liquid state. The
molted liquid sulphur reaches tho primary network filter before being fed into 4dirty
sulphur undérground storage tank. Tho inteasive melting tank, besides steam coils, is
oequipped with a special mixer tc spced up the melting process. The uoltod sulphur feeds
the dirty sulphur storage tank, aftor being filtered in primary network filter.

The underground storoge tank for dirty sulphur is made of conorete, lined with
acid-proof bricks, equipped with hcating steam coil and compartments for diatomaceous
earth precoat feeding of candle filters. One or more pumps are installed in this
tank. The first operates the filtration process. the others serve the unloading of
railway-tenks, eventually pumping into the atorage tanks.




Filtration of sulphur, being the pumping Process through the filtes oake, follows
the formation of a diatomaceous earth precoat.

In case of liquid sulphur, the undergr-und storage tank FErVes a8 railwey-cars

cloaring tank; to speed up the clearing activities additonal pumps of greater capacity
must be inetalled.

The capacity and pressure of unloading and filtration pumpe depend on solid
sulphur sise, distance to storage tanks and of the kind of the filter. Normally grephite

candle-filters are used, whereas for 100 thousands t/y of sulpburic acid uni¢ oaly two
of them are needed, each of oa 2,6 n? filtering surface.

For larger units, larger ocandle filters or pressure filters with special stainless
stool network are used. In normal filtrationm oonditions, pure sulphur contaiaing
99,999 % of elementary sulphur is Possible to be obtained. The filtratiom prooess is
controlled by the sulphur pressure indiocations on the mmmometer. In case of graphite
candles, the pressure reaching 3,5 ata, the pumps are stopped and filtration process
finished. Ry introducing a reverse flow of steam, the filtor cake with all ispurities
is stripped off, being immediately solidified in oold water. T™he cake received \y
this manner containing ca 50 % clemontary sulphur, serves in another plant ae rew
material. The similar material obtained ty sulphur refining process is aleo ia wee.
The quantity of these impurities dopends on raw sulphur purity.

Acoording o our experience, 0,16 kg or & special kind of diatomacecus earth is
usod per 1 t. of e.a. monchydrate.

Filtered sulphur is fed into the pure sulphur tenk, wvherefrom it 19 punped out
by means of gear pusps, through the flow-meter into the Wurner ia the furnase.

The pure sulphur tunk is designed either as the underground taak, its conetruetiea
boing similar to the dirty sulphur tank, or in form of the stesl ground tamk. The
sulphur furnace feed pumpe have different capacities acoording to the productivity of
the unit, the pressure ranges betweon 12-16 ata to pernit fine sulphur atomising in the
furnace. Output regulation of the pumpe ccours by mesns either of speed of rotetien, e
needle valve oontrol. Im all cases the sulpbur pumps output comtrol is eutenaticaly
guidod by sulphurdioxide /mz/ concentration in boiler glue gases.




'3.2.4. Sulphur combustion and heat utilization.

The sulphur combustion process releases a largo amount of heat. The combustion
roaction to 50, ig a hirhly exothormic procss, one kg of burred sulphur emits 2211 koal.
'I‘hoorotically, the sulphur combustion in air enables the concentration of 802 in gases
up to 21 %, in the same time the concentration of sulphur vapour is considcrable.
Practically hy sulphur conluati-: sulphur vapour free gases are to be obtained up to
the 80, concentration of 18 %. This requircs a largc extended combusticn surface, by

 means of ndditional ceramic grotc aftcr-burner. Spocific heat loading of this assembly
~ is obviously lower. This kind of sombustion is used in case of hy=-produotion of

liquefiod S0, by partial 802 condonsation out of cooled gases, whore the remaining

302 containing gases are processed into sulphuric acid.

In conventional s.a. plants, sulphur combusti.nprocess is operated so as to get
the 8-14 % 80, concentration.

There are in Poland two kinds of sulphur burning installations. In lower capacity
units, oa 150 thousand t/y of sulphuric acid, the sulphur combustion up to 12-13 <
902 oontont ie preferable.

Gasos of such concentration arc further processod by cooling down, beginning from

tho second convorter sholf, bty direot air blending, and in this way the proper

oonvergion of so into 803'10 obtained.

In large capacity units of 200-500 th. t/y tho sulphur turning proocess up to
9-10 % 80, content is preforable. Tha 50, concentration of 10 % is mostly in use.

Filtored sulphur is burned with diy air boing warmed up to 250-260°C Yy post contact

gases in oontact department. The temperaturc of 1140°C in furnace exhaust side i»
then reached.

The gascs passing through the boiler arse cooled down to 430-44000 and then may bo
fed over tho first contact shelf.

In smaller units, tho horizontal furnace working at thc same time as the boiler is
used, its construction being of such a kind, that in tho axial part of it the combustion
takes place, and the omitted hoat is radially given to the boiler eclements forming the

external walls as well. Ia large units the furnace and boiler are separated, the latter
following the former one.
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In sulphur oomdustion furnacos the specific heat load of 180

y000 - 200,000 ma/-3.h -
is obtained.

In newer onu, of specially designed combustion chambers, the specifioc heat load of
600,000 koal/- h -~ is reached. Tho combustion process and its intcnnivity depend on
tho sulphur' atomising degree and air feeding; the main furnace elements are the burner
and the air inlet nossle arrangemont. Burning is started by means of fuel ges or oil.

There aro in Poland horisontal and vertical sulphur fumaou,
proferablec because of oonstruction rcasons.

the former ones are

Boilers, ut:lliutors of hest of sulphurio cuu are of both deliuu, vith uatnrpl
and forced oiroulation.' Working oonditions of the boiler are:

stoam pressure - 20-40 ata, stoam tomperature - 350-450 C, according to stem utiliution
conditionl. Btoan goneration output varies botwun 1,1-1,0 t of steam p.tom of
monohydrate dopmding on whether it is a single or double contact unit. Dotlm are

fod vith warn water, this passing first through the economiser in which it i degassed

hy warming up to 250 C, Wy moans of hot oontaot exhaust and tower incoming goses.
Ciroulating and water foed pumps are driven either bty elootrioa.l motors, fed ty tvp
independent sources, or ty both, clectrioal and stesm drivu. Boiler flue gases Mn‘
the temperature of 430-440°C, in new installations arc not filtered, as the sulphur
filtration is suffioient to keep the gases olean.

302.5- cont“t ' o ' . o . e

In lulplm':l.o soid single oontact unit with onp‘o:l.ty of 150 th t/y, the ﬁvo-dulf |
contact apparatus is uscd, reaction heat of the gases after the first shelf being tlhu
away in an exchanger bty the combustion air,while the geses after h.viuc puud tll'u |
shelves are oooled hy ocold air intake.

In this caso the intake gases on the first lh.lf have tho ao.‘, oconcentration of -
12 4, whereas in the exhaust the 50, - ocnoentration of - 8 +5 % is kept. Comversion

ratio amounts in this oase to 96-98,5 £. cctdnt requirement amounts 200-220 1/t.
of monchydrate.




In sulphuric acid single oontact units of larger capacities, roaction gases after
vach shelf are oooled with sulphur combustion air in heat exchangers. In this case the
four shelf contact apparatus is usod together with throe pipe exchangers. Conversion
ratio and catalyst roquirement romain on tho previously cited levels. After the firet
shelf tho conversion ratic reachos 60-70 4, whoroas aftor the scoond one - 30-32 %.

In sulphuric acid doublo contect units, onc four-ghelf contact and a number of
hoat oxchangors arc used. Tho first conversion stago consists of three oontact shelves,
the fourth onc forming the socond conversion stage. The gascs leaving the first shelf
attain a oonversion of 60 %, thon thoy pass through tho first exchanger warming up the
gasos destinod for tho scoond stage. Gasses after tho seoond shelf reach a total
oonversion ratio of 85 %, and aftor the third shelf, 92-92,5 %. Gasas leaving each shelf
are cooled with frosh gases passing to the second stage, thoso loaving the third shelf
being additionally cooled with air for sulphur burning, in order to keep the t.pdraturc
of gases beoing guided to the first absorption tower at the 200 OC 1evel. Gasos leaving
the first absorption tower pass through heat exchangers, being therc warmed up to the
tomperature of 430°C and guided into the second conversion stage. After this stage

the total conversion ratio amounts 99,8 %.
In our now dosigns the total conversion ratio of 99,9 % is expected.

Gasos leaving the second stage pass through the economizer there thay are ooolod
down to tho temperature of 220° C, wheras the boiler water is being warmed up to 260 C.
Gasos leaving the second stage enter the scoond absorption tower. In aocordance with
the kind of catalyst, thc intako gages over the respoctive shulves have the foilou:ln‘
tomperaturess

number of the shelf tamporature °C oonversion ratio

I 430-440 60-70 %

11 440-450 85-88 %
430-440 92-94 %

v 430-440 99,8-99,9 %
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Catalyst requirament by double contact unit amounts to 180-200 1/t.day - acoording
to the kind of oatalyst. The satisfactory working period lasts over 10 years, under
condition that the layer on the first sholf is sorcaned op ovontually reactivated every
2-5 years, acoording to the sulphur filtration asgembly oondition.

In our designs, the insulating briok lined oontaot apparatus is used. The
elements in oontact with 80, or 80, geses are made or oovered with aluminium. Shelf
supports and plates are made of heat resistant cast iron and soreens are made of heat
resistant steel being 802 and so3 proof. 8pecial designs of gas distribution over the
shelves enable uniform flow through the total contact mass surface, thus the high
conversion ratios are reached. So now the most prinoipal problem is to keep the
50, concentration of effluent gasos as low as 0,8 g m2/h3 of gas at the highest
possible oonversion ratios. Heat exchangers are aluminium sprayed and the working
period of the unit lasts as long as 350 days in a year. The economiser of a single
conversion unit is steel and briok lined, and the pipes are ripped and cast iroa coated.

In double oonversion units tho economiser may be stoel as well, the ”3 oonoentre~
tion in second oonversion stage boing very small, the ripped pipes must be used to
keop its dimonsions in proper limits.

All the equipment, duots and pipings in ocontact units are externally insulated.

The start up of the unit / warming up / is dono with the help of furmace heat
whereby the air warming the oatalyst and exchangers is heated up. The forming of
the catalyst may be seoured, eithor by burning of small quantities of sulphur in the
furnace, or by feeding 100 % 80, to the hot air pumped into tho oontact apparatus.

3.2.6. Drying and absorption

In sulphurio acid units on sulphur base the drying tower serves for drying, the
air being pumpod by the blower through the tower and the heat exchanger into the
sulphur furnace.

In our designs, blowers arc installed before the drying tower. Ny this means
stesl blowers oan be usod, this being not without importence. The apecial oil filter
for air filtering and damper for noise silenoing below 85 4B, are installed om the
blower. The air from the tower exhaust contains less tham 0,1 ¢/-3 of moistwre. Jor

it T T T Ly R P e heaiaa N i s - e ke v e .
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air drying 94-96 9. sulphuric acid is used. The towcrs arc packed with ceramic rings
diam. 50 x 50 or diam. 80 x 80. On the top of them demistors arc used to catch mist
or droplets and carried away; thus thc lifo-period of the exchanger is lengthoned.
Special designs assure thc proper distribution of the spraycd acid. The bottom part
serves as a pump sump, while the submorged pumps are used for ciroulating acid,
spraying and cdoling. Acid is pumped through the exchangers and the cast-iron drip
coolers, which have been reccntly replaced by acid proof stccl spiral coolers. We

also use air coolers for regions whorc water supply is low.

The tower oycle is fully autometed enabling the production of a given aoclid
oconcentration.

The temperature o>n the tower inlot is kopt at the 40-4500 level. The absopption

assambly of single ocontact units consists, either of one absorption tower or one
oleuwm~tower and one nbsorption towor. For double contact the said assambly is enlarged
a second tower with its circulatiim cquipment. The circulntisn cycle of the absorption
towers is similar to tho drying tower with the exception that the former ones bhave a more
intensive spray system, thc acid concentration being 98,5-99,0 4 and the tenporaturo
60-70 C. The absorption tower inlct gas tumperature is kept at the 200-220°C level

and the quenching intensity of 20~36 m3/m2Jh is kopt, according to the tower type.

In oase of oloum production, the capacity ogqual to the total is possible, provided
that the low air humidity and concontration below 25 ¢ of free SO3 is maintained.
In our designe the production of 37 4 free 303 5loum is possible. The oleum tower
cyclo is identical with the absorption and drying towers, the first tower being made
of steel. To keop the proper working conditions of thc oleum tower, on the gas side
it is hy-passed togother with tho first absorpti’n towor, thus tho absurption inlet
gasos temperature is high and tho absorption itself is very complete, and the 99,98 ’
ratio is by this way guarantoed.

The installod domisters diminish thc dust content in the fluv gases. The 303

ooncentration in the tower exhausting gasos is as low as 0,1 g/NIn}. The acid and olews |
being produced are directed into the storago tanks, and according to the given oonoente
ration thay are drained out, vithor from thc drying or the socond absorption tower -
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in the double contact case. The absorption and drying tower cycles /wmt\ully oleum

tower/ are sutomatioally coupled together, thus giving the roquired conoentrations
of the product.

3.2.7. Aoid and oleum storage

Products are stored in stecl tanks, the oleum tank is additionally heated Y
means of water ocoils installed on the outside wall, the whole being insulated. The
acid and oleum storage tanks draining operation is done from the bottom, by the help
of small sulmerged pumpe close by. There are double valves on the draining flanges
installed. The total acid and oloum production is cooled down to the temperature
of 40°C and is metered with the holp of the flow-meters.

3.2.8. ™e sulphuric acid double oontact wnit - represemtative datas

Sulphur oonsusption /recals. on 1t of M / - 332 &/t |
electrical energy -e -~ 40 /¢ m
cooling water - 30-40 -3/t
conversion ratio - 99,8-99,9 %
absorption - 99,98 <

stesm gemeration - 1,0 /¢t K
steam consumption - 80-120 kg/¢t W
orew . = )ehift

The sulphurio acid units on sulphur base are built in the open air without housing
or roofing.

The blowers and ocontrol desk only are situated inside of the housing. The whole
unit is automated to a large degree which secures automatically the main working
parameters. -

4.

Existing in Polend are sulphuric acid plants working on snhydrite base with
the oapaoity of 70 thousands t/y in one unit. The ereotion of new plamte based en
this raw material in future is not taken into consideration because of high ocspital
coste. The reinstalling on phosphogypsum base say be the only considered reasonshle
solution instead. The industrial tests in Polamd revealed that oement of "350" quality
and sulphuric acid may be produced. The production process consists of four phasess




raw matorial preparation

caloinating of process mixturc

sulphuric acid production / of 0, - oontaining gascs/

oclinker fabrication for cemant

"ho raw materials are dried, ground and finally made into a mixture of
phosphogypsum, coke, lime, sand and caicines. The most difficult problem in this
procoss is drying with simultancous degasification and removal of considerable
cuantities of fluorine in a spooial absorber. The calcination is carried on in
rotary kilns 70-100 m long, being the standard in cement industry. (as, oil or coal-
dust are the source of heat to produce an insidc tomperature of 125000. The exhaust
SO2 containing gases after having boon dedusted in dry electroprecipitators, cooled
and washed in quench towers and wet procipitators, dried in drying tower - constitute
together with air, 30, concentration of 5,5-6,0 %, the basa of sulphuric acid production.
The specific problem of the gas working aystem is tho strict washing discipline to
remove fluorine, the last being, besides 302, tho main component of phosphogypsum and

the contact mass poison. The clinkor is fobricated in the normal way for cament .
The raw matorials consumption datas

phosphogypsum /reoa.lculatod on 100 ¢ caloium .ulphate/ Ca80 4 1700 kg
coke /80 % of element. carbon/ 110 kg
lime, sand, pyrite calcines /recalc. on dry mass/ 250-300 kg
glecr. energy 240 kWh
cooling water J20°c/ 50 n

fuel 0il /hosting volume 9000 l‘-;—gl- - 360 kg

The installation is able to produce, besides sulphuric acid, also small quantities
o 25 4 oleum.

The describod process, in times of low sulphur prices, is unprofitable, but the
nocossity of utilisation of wastos from the futurc phosphoric acid production makes
4he process interosting in that rcespoct.




The cement of "350" quality is characterised ty;

Mter Jduys after 7 dsys efter 20 dayy

Bending strength 25 40 ]
Compressive strength 130 225 3%

5. d on ¢

Poland, having large quantities of sulphur refining wastes /oako/ v Uses them as
rav material for sulphuric acid production. The caloinating process is carried out in
fluidised bed oaloiner with & bed surface loading of 10 t/a’ day. The fluidised bed
is artificial, made of 2-4 mm grain sand. Inside the bed, boiler pipe clements
protocted against abrasion are installed. Tho ocalciner exhaust gases of ma -
concentration of 13 £ and of temperatures of 550°C pass through the boiler, there
thay are cooled dowm to the temperature of &0—45000 and further processed in norwmal
sulphuric acid units, whioh are additionally furnished with cooling amd washing systems,
wet electrostatio precipitators, drying tower, blowers, contact and absorption sseemblies.
By single oontaot the conversion ratio of 98 €, and by doudble conversion the 99,5 £
ratio is achieved. The wash watars of tho scrubbing system, after ‘)2 is desorbed amd
neutralised, are fed into the sownge system.

The caloines, being the westos of the method, are used in agrioculture as lime
fortilisers.

The very important elememt of this method is the proper dust ocollection, thus
special large dry precipitators arc installed to clean the gases bdefore they are
vashed to the maximum possible dogres.

Dry electrostatic precipitators, working on high 60 kV voltage must have the
officiency of 99 %, if not, large 30, losses coour and the caloines represented in
large amount by the caloium carbonates are contaminated with nz ad ﬂs gases.

6. Sulphuric acid production %2 - oonta'ig goees base

In non-ferrous metallurgy, particularly in oopper gescs containing 4-12 § 0, are
roceived. The composition of tho gases changes im the course of the time depending on
copper converter operation. In Poland there are two large copper netallurgy plante;
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each of thom has installed scveral converters working discontinuously . There working
timo must be scttlod in a manner scouring tho most uniform gas concontration.
Practically it is difficult to echiove, thorefore, in order to provent the contact
cooling or low conversion ratio, addition~l sulphur burning furnacocse have been built,

the role of which is to stabilizoe 802 contont nnd keep high 802 conversion ratios.

The gas temporaturo during converter working pericd swings betweeon 1200-35000,
which is thc cause of sulphuric ncid condensation in coolers and in the eloctrostatio
precipitator. By means of sulphur afterburning the gns tomperaturc is elovatod, the
corrosion possibility is diminishod, the conversion ratio reaches 96 % which is
satisfaotory in that sort of installations. The rosulting 802 gas is capturod by

ammonia absorption, S0, conversion ratio of 80-90 % ~nd SO3 ratio of 50 € are

2
obtained. The cooling and washing system waters contzin large amounts of dissolved
!)2 and theroforc, boforc sewago discharging, must be desorbed in a tower by an air
stroam and noutraliged. The further oquipment, from washing tower assembly to the

storage, is similar to the cako basc unit.

1. Sulphuric acid production ou pyritc base

Poland, having nowadsys no s. acid pyrite base working unit, supplied and
supplies abroad now complete plants of that typo. The heso of a 360 th. t/y of

monohydrate unit is the Dorr Oliver licensc.

Independontly, the Polish oxporience on similar working units on ginc blende
and cakc base made possible the further improving and moderniging of the licensed
unite. At prosont, to the primory licensed unit working on single contact prinmciple,
the double contact principle is boing introduced in consoquance of whioch a considerable
mz oontont drop in flue gases is Dossible. The considerable number of changes and
improvements on scveral oquipment assomblios, thus diminishing the investment costs,

arc to bo done.

8. Bxport of sulphuric acid and its transportation meong

In summor time in Poland sulphuric acid concentrated up to 98 4, and in winter
wp to 93-95 4, because of low temperaturos and froozing possibilities - is produced.
At the same time oloum 25=39 4 or 65 ¢ of frec SO3 is produced. Bosides the technical
acid and oloum of groat purity, alsc roagent of special purity for analysis - is

stoadily produced.
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In Poland deliveries are mado by producers, as sulphuric acid plants own all
kinds of railwsy transportation equipmont and oars, which is also the oase in axport

aotivitios. In case of larger quantities, the receivars may get the product in trains,
or much more frequently now, by moans of seatankars.

Poland has a large surplus of sulphuric acid, and in case of urgency, 250-300
thousands of tons per year may be exported. In our sea~harbours tho bases for loading
of tankers up to 10 000 DW? have boen extanded, the storage parks and neoessary
equipment enable the short period of loading or discharging functions.

Sulphur acid transportation is diffiocult because of its corrosive character.

Much more oconomical and reasonsblo is the transportation of raw material
i.e. sulphur, the sulphuric acid boing produced by the receiver, because only 1 ton
of sulphur is sufficient to produce 3 tons of the acid. Aoid transportation is
reascnable only in case the receiver wants to avoid troubles connected with the flue
gases, although the ao2 quantitios in these cases aro vary small, or in want of
avoiding sewagse poisoning by acids, possible only in the case of breakdowns.

Oleum export significance is nogligible because of small demand for oleum,
nevertheless the necessary quantitios may be delivered in railway oars or steel
oontainers. During the year 1971 only, Poland exported abroad over 150 th. tons of

sulphuric acid, by railway or by see in tankers. At present Poland is already in
possession of tho first special sea tanker.

9. MRbuFLo 80id produotion goonomios

The erection of a sulphuric acid plaat requiros considerablo oapital. Oapital
absorptiveness of the installation is very differentiated and depends mainly on the
kind of the raw material.

Erection ocosts of the sulphuric acid unit, comprised within "battery limite"
on base of sulphur, caloinated pyrite or caloium sulphates /anhydrite, gypsum/ being
the wrld main rew materials - are in approximate proportion ofs 1 31 9. It must
be pointed out that with anhydrite or gypsum, besides sulphuric acid, olinker /ocement/
is produoed, the compounded production exerting its influence on capital and operating
oost.
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Erection costs of sulphuric acid unit on S0,~ containing gas base, are not
taken into account, as the enterprisc of that typo is goenerally nocessitated only
by air pollution countoraction, and their cost is highor than that on pyrito daso.

The most economic thereforc is the sulphur basc unit. The actual cost of the
unit of thet kind, of capacity about 300 th.t/y, double conversicn and absorption
prinoiple, within 'battery limits" - amounts $4,0 mln. wherscas the proporticnal
oapacity unit on pyrite base and adoquato "battery limits" - amounts to $12-13 mln.
Te total cost of the plant is, as o matter of fact, much groater, the sdditional
and conneotod cost of energy, transportation, administration and others, being taken
into account. Capital and scope dopend in any case on local needs, the more that
the sulphuric acid units are as a rule comprised in larger plants or integrated
factories, where the acid serves as & semiproduct to final product fabrioation.

Operating costs are very diffcrentiated, thosc of sulphur baso unit are the
lowest. In large units it is tho rule that direct .perating costs are ocovered
epproximatively by steam generation income, as the sulphur combustion heat is
utilised. In consequence in theso units the operating costs are defined by sulphur
preparation and indirect costs as amortisation, capital lock up, and overall umit,
plant or factory costs. The fabrication costs on all bosis exoopt sulphur base being
such highor, with comparison to tho said raw materials prices, recalculated on
sulphur, must be much lower than tho price of clomentary sulphur onvs, hence the
tendency of pyrito sulphuric acid producers to reduce pyrite prioces. For cxample,
in 1971 the prices of pyrites /f.o.b. expo~t harbours/, composod of 48 £ of elementary
sulphur - amounted 9-10 $/t, recaloulatod o purc elamentary .ulphur-reached 19-21 $/%,
whereas the imported sulphur prices in Europo ranged botwoen 23-26 $/t depending om
location. In this respoct the pyrito competitive prices should be as low as 7-8 O/t,‘
which is rather impossible to bo obtained in view of mining and separation ocosts that
are much higher, with the sulphur prices falling steadily at tho same time.

It is tharefore obvious that several pyrite sulphuric acid plants are destined
40 be reinstalled on sulphur base, which is already the fact in many cases.
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Newly duilt qxlplm’ﬁo 8oid plants shall be therefore based on sulphur, aad
only the countries dinpodng of vary chesp pyrite By be interested in pyrite pl-ﬁ
development. Sulphuric acid pricos, hy train deliverics, ronge 2030 $/t with
tendency to drop, because of low and steady dropping of eulpbur prices and utilisation
of larger transport means like tankors, the ultimato Prices boing as low as 18-25 §/t.
".aw material transportation oosts Play its oconsideradble rolo in sulphuri; acid
eoonomios, depending mainly on specific quantity of the raw ufmu used to produoce
!t of aoid. By sulphur base production only 332-30 kg of this meterial is sufficieat
to produce 1t of acid. In omsequence the location of sulphur bdese plants is
unrestriotod, and is not dound with sulphur S0uUrces, as the weight of the transported
raw uteﬂal is t'hroo times lower than that of the produot itself. 1In pyrite case,
the total weight of raw material inorceses wp to 75-80 % of weight of the produced
acid, remaining, however still lower. In casoc of smaller sulphur oontent pyrites,
the total weight of raw material may equalise the product. It is reasonable that
plants of both sulphur or pyrito basc are generally locatod near the consumption
oenters, mainly being the components of large phosphates pPlants. Another situation
exists in anhydrite or opee fa.hrioauqn__, in this osse its oonsumption amountg to
1,8 = 2,0 ¢ per ton of produced acid and additional large quantities of such materials
liko sand, lime, pyrite caloines and othaers amounting 0,25 t/t, and together with
fuel 0,4 t/t make the total materials weight 2,5 - 2,6 times greater than tho weight
of the produced acid.

Although oomparatively greht masses of cement are obtained the 1coation of these
plants does not depend on the demcnd of ocment but on the nearness of sources of
anhydrite or phosphogypsum. B

Mnother factor in 8. acid economios is tho capacity of the unity thomlarnr
the producing unit the lower are oponﬂn";qqqt'o, oconsequently the lower are the
prime ocosts. The optimal unit oapacity i- expected to be among higher capacities.

It is obvious that the largest units may be erected only on sulphur base, where the
highest l)z ooncentrations are available in mionprooou, and the neceseary
oxygen oonoentration of such degreo that the oonversion ratio reaches the height of
99,9 #. There are nowadays acid plants of capacity as high as 600-700 thousands %/y,




thus tho prime cost falls below 10 $/t. Poreign trade, being the importamt factor
in sulphuric acid production development, shows the increasing tendencies and its
role in total world consumption data is represented by 1,2 - 1,6 § only. In the
ocoming years the foreign trade increase is to be foreseen, the main reasons of it
are the following:

- &/ the fadricating costs aro largely differentiated;
in oases of non-ferrous motallurgy tho acid is the bty-product only
and its price can be fixed very low indeed; other producers may de
compotitive in case of disposing very cheap rew materials or large
production units

- B the transportation costs are inversely proportional to the trade increass,
the long distance supplies being profitable and the receivers being thus
not necessitated to start their owm production at low cost.

Under specific oonditions, all this may induce the trads increase,
instead of production development.

Poland is among the oountries of Council for Nutual Economic Aid the leader in
sulpburio acid technology progress, and her export of this kind of industry to
several ocountries is oonsideradlc. Over X0 sulphuric asid completo plants or
installstions both on sulphur and pyrite baso, single or doudble contact principle
were axported. The capacities of the majority of the units exported to COMRA
countries, varied from 100 thousands to 360 th. t/y of MH. Independently, in the
oountry itself over X0 plants waro built, on different raw material bases, all the
unusual equipment and the majority of machines and typical equipment having bdeen
produced in the ocountry by specialisod industrial firms.

At the moment, the import of tho equipment from Western Countries is oonfined
to several types of oontrol instruments and fittings. Of course, in case of Cliemt's

wish and linited delivery periods, spocial equipment may de imported. Polish catalyss
production being insufficient in the face of newly erected units, in many cases is
isported from German Democratic Republic or Western Countries.
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In order to kocp the leadarship in sulphuric acid technology the research
institute, design office, experimontal basc and executing forces have been developed,
and licences for special equipment production were bought. Under the leadership of
Study, Design and Executing Officc '"Biprokwas" - in Glivice with newly submitted
Experimental Works, bty the aid of Inorganic Chemistry Institute and on tho base of

experience of about 30 industrial works - overall progross of the said technology has
boon secured to develop.

By the aid of our owm industrial potential and eventual ocooperation with
specialised firms from abroad, Polish commercial institutions are able to export
sulphuric acid ordered in "battery limits" or under "turnkey" - conditions, up %o
500 thousands t/y of monohydrato on sulphur base or 360 th. t/y on pyrite base, in
short delivery periods, in whatover direction, aoccording to specifio Cliemt's wishes,
and by the help of our owm or Cliont's executing forces. The first step in Western |
direction has been made alrcady -~ in Duisburg - Poderal Repubdblic of Germany.
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