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ABSTRACT
Tiikez Yildiz Gliven

Middle East Technical University, 1974

In this thesis, the production, consumption, demand,
raw materials, prices, plant costs, production methods
of sulfuric acid are investigated on a nation-wide scale

and also abroad.

As the trade of sulfuric acid inland and abroad is
investigated, the related prices are noted in order to

enlighten +the views of production possibilities.

For full understanding of the situation, the past
production, consumption and tendency to consume in the
near future are studied comparing with the other nations.
At this point, since the share of fertilizer sector on
sulfurid acid consumption is the greatest, more attention

is paid to this sector.

For the forecast of sulfuric acid requirement in
the next ten years, three approaches are done including

an econometric ‘trend analysis.

Due to its costly and difficult transportation,
sulfuric acid plants are built near the cons umption
centers, The raw material availabilty is an important
factor in deciding on an investment of sulfuric acid

plant.
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Therefore, raw material situation_in Turkéy and in
the world is included with the supply forecast for ten

years.,

In the thesis, the historical evolution of production
mefhods and regcent modifications to plant design form one
chapter. Sulfuric acid plants may create troublesome
air pollution, in this respect environment control and

cost of control in sulfuric acid plants are ihvestigated.

The prices of sulfuric acid andits raw materials in

Turkey and abroad are included in this thesis.

As an indication or guideline for investment in
sulfuric acid production, the plant costs for various
raw material based plants are comparatively investigated

as they are adopted to Turkey's market conditions..

The thesis concludes with the proposals related to
production methods, raw materials, cost of plant, regional
location of the plant and the Governmental promotive
measures to be taken for the effective and economic

utilization of existing national sources.

In the appendices, information related to the
strength of sulfuric acid, Turkish Standards, materials
of construction, storing, loading and unloading of
sulfuric acid, unit consumption data in various industries

and international patents are included.
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SULFURIX ASIT URETIMININ YURT CAPINDA DEGERLENDIRITMEST
ARASTIRMAST

Bu tezde, sllflirik asitin yurt ig¢inde ve diginda
Uretim, tiketim, talep durumu ile hammaddeleri, fiyat-
lari, yatirim tutarlari ve liretim metotlari aragtiril-

migtir.

Silfirik asitin yurt ig¢i ve yurt digir ticareti ince-
lenirken, liretim imk&nlarina i1gik tutmasi amaciyla fiyat-

lari da verilmigtir.

Durumun Dblitiinliyle anlagilabilmesini teminen, geg-
mig liretim ve tiliketim yaninda, yakin gelecekte tilikketim
temayiilinin ne olacagi diger ililkelerle klyaslanarak
aragtirilmigtir, Bu arada, sllflirik asit tiketiminde
isgal ettigi bliylik hisse ag¢isindan glbre sanayiine Onem

verilmigtir,

Onilimiizdeki on yil ihtiyacinin tesbitine bir ekono-
metrik analiz de dahil olmak ilizere ig¢ yaklagimla bakil-

migtir.

Masrafli ve gor taginmasindan dolayi siilflirik asit
tesisleri, tiiketim merkezlerine yakin kurulmaktadir.
Yatirim kararinin alinmasinda hammadde varligi Onemli

bir etken olmaktadir. Bu nedenlerle buglinkii Tirkiye ve
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Dinya hammadde - durumu ile trend tahwinlerine yer
verilmigtir,

~

Tezde, iiretim metotlarinin tarihi geligimi ve son

modifikasyonlarl bir bahis tegkil etmektedir. Stlfiirik
asit tesisleri ciddf hava kirliligi problemleri yara-
tabilmektedir. Bu a¢idan, slilflrik asit tesislexinde

gevre kontroll ve maliyeti incelenmigtir.

Silfiirik asit Uretiminde yapilacak yatirimlar ig¢in
bir gtsterge nitelifinde olmak lizere, ¢egitli hammadde-
lere dayali tesislere ait yatirim tutarlari Tirkiye
pazar durumuna gore revize edilerek muhayasell incelen-
migtir.

Sonugta, lretim metoduna, hammaddelere, yatirimin
maliyetine, tesis kurulug bdlgesine ve icra organlarinca
alinmasi gerekli tegvik tedbirlerine iligkin mevecut milli
kaynaklérln ekonomik ve verimli olarak kullanilmasina

yonelik Oneriler yer almaktadir.

Tezin ekinde, silflirik asitin konsantrasyonuna, Tlrk
Standardlarina, slilfiirik asit tesislerinde kullanilan mal-
zemeye, sllflirik asitin depolanmasi,yliklenmesi ve bogal-
%1lmasina, c¢egitli sanayilerde birim kullanim miktar-
larina ve uluslararasi patentlerine iliskin bilgiye yer

verilmigtir.
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INTRODUCTION

Sulfuric acid is the number one chemical inh terms
of both production value and tonnage of production,
Anong inorganic chemicals it ranks well ahead of
ammonia, caustic and chlorine, It also ranks well

ahead of number one organic chemical, ethylene,

Many authors sagree that sulfuric acid is of cuch
a paramount significance that the.pér capita use of
sulfuric acid is an index of the technical development
of a nation, in other words the amount consumed ref-

lects +the industrial activity of a nation,

Sulfuric acid is not a one-function or one-
purpose products It is used as a drying agent,
acidifying agent (pH control), hydrolyzing agent,
neutralizing agent, concentrating agent, dehydrating
agent, oxidizing azgent, polymeriging agent, purifying
agent, absorbing agent, leaching agent, catalyst and
active reagent in netrochemical and inorganic chemical

process,

Sulfuric acid is not a one-strength product, It
is used in a wide range of strengths from very dilute
concentrations for pH control to the strong funing
aclds used in the dye, explosives, detergent, pharma-

ceutical and petrochemical industries.

Sulfuric acid is not a one-guality product,

-l fony



It is produced and supplied in exact purities
for storage batteries, ravon, textile, dye, food
end pharmaceutical industries, in less pure jrades
for steel, heavy chaemical, petrochemical, fertilizer,

superphosphate and =zmmonium sulfate industries.

Sulfuric acid n2e¢d not be a one-time~use producte.
It can be recovered easily from some phases in the
refining of netroleum and in the manufacture of
explosives, petrochemicals, detergents and dyes. It
is often recovered in a fomm unsuitable for re-use ih
the same process but of a strength and quality suitable
for use in another process, Sulfuric acid can also be
returned to the producer for fortification with

sulfur trioxide or for regeneration to strong acid.

Industries which are the principal users of
sulfuric acid includes: +the wet process phosphoric
acid industry which is on the route to produce many
phosphate fertilizers, in pefroleum refining, the
production of alcohols, the production of ammonium
sulfate, and in tie production of normal superphosphate
(the usual use of chamber acid which is more dilute
than the acid normally produoed'by contact plants),
also, iron and steel pickling caprolactam, productioh
of surface active agents, production of methylmethacry-
late, production of hydrofluoric acid and the prodiuc—
tion of alunium culfate, Industries which do not use
up the sulfur valucs is anproximately 10 % of the total
auantity of acid used, the remainder being supplied
from regenerated or reconstituted acid produced from

dilute acid from the plant operation. Large amounts of

— -



dilute sulfuric acid recovered from smelter operae-
tions are also used in leaching operations to produce

ore concentrates used in thé smelters,

The aim of this thesgis is o investigate the
production, consumption and demand for this multi-
nurpose chemical, sulfuric acid in Turkey. This
requires the investigations of its raw materials and
the situation in the World larket as well. It is
expected from the thesis to come to a conclusion on
the type of plant to be established to meet the deficit
according to the demand projections, on the technology
applied there, the raw material used, cost of the plant,

capacity of the plant and the starteup date,

It is hoped that the thesis is the beginner of
such investigaticns of chemicals separately. During
he preparation of the thesis all the related Turkish
Authorities  are contacted and all possible information
taken, Here it is seen that independent surveys of
chemicals are lackinzg which is considered as a gap.

during the stages of economic development in Turkey.



CHAPTER 1

WORLD PROD JUTION AND TRADE IN SULFURIC
ACID

In 1971 world prcoduction of sulfuric acid
reached an estimated level of 86 million tons of which
Europe accounted for about 47 % and the United States
for about 30 ¢ (59, 120, 136). As can be seen from
Taple 1, The most rapid expansion of sulfuric aecid
produetion continued to take place in the socialist
cmmtries of eastern Surope, even thoughin these
countries the pace of annual growth sliwed down in
the second half of the 1960's,

Taking into account the industrial countries
'the highegt annual rates of growth during the deéade
were reginteréd in Bulgaria (16.8 %), Finland (15 %),
Greece (19 %), Norway (13 %), Romania (15.5 %) and
Hunzary and Poland (more than 12 %) (153,154).

frade in suliuric acid coatinued to be relatively
smiall on account of the high cost of transportation
(Tabvle 2),Durin; the decade imports and exports were
rother irregular due to the faet that on the one Land,
consumers were ready to bear the high cost of transe
port only in the case of wm acuvte saortage of the
product and, on the other hand, to the fact that the
demand'is 8111l larsely depondent on the fertilizer

secvor, which is 2 rather unstable sector, (115)

-



With rarard to the geozravhical pattern of
trade, owing to the higzh cost and to the danger
arising froa its transisort, trade in sulifuric acid

'ig generally limited to movewments across borders.

The most important outlet for sulfuric acid
continued to be the Tertilizer sector, nauely
paosphatic fertilizers and ammonium sulfate. However,
in the more industrizlized comatries +this relation-
ship is becoming less close since applications of
gulfuric acid have hecome more diversified and
therefore its wutilization by other economic sectors.

has grown (Table 5),

In the Huropean ccuntries still in the process of
industrialization, between 70 and 90 % of sulfuric
acid is consumed for tie production of fertilizers
(Table 6), while in the industrialized countries
ohly betweeh 25 and 50 % is used for this purposc.

The importance of other conswaing sectors such as
paint and pigments, debtergents and soaps, dvestuffs
and intermediates, naturzl and man-made fibres has

been in fact growing steadily during the decade.

" The coanstruction of large sizec plants will become
a more widespread feature of the sulfuric acid industry.
Countries such as Hungary, Poland, and Spain are
planning to“have plants of 200,000-300,000 tons
capacity in the near future. In the United States and
in a number of European countries, sinall plants Lhat
are still in existence will be .replaced by large plants

for economic reaschg |,



Supplikes of raw maﬁ‘erials are at presen‘c ple.nti;
ful, and prices are coupetitive, These factors should
,‘assg:u.i‘"‘-é a highlavel of actlv:x.t}f of all;.ogérating |
raiig , / e



TABLE 1 : WORLD PRODUCTION OF SULFURLC ACID (100 %)
(1000 metric tons) (9,10,15,40,45,60,

61,65,66,97,98,

120,134,135,137,

138,150)
Qountries 1954 1965 1966 1967 1968 1669 1970 1C71
Argentina 151 162 149 154 162 184 185 162
Austria - 311
Australia 1476 1656 1800 2028 1920 1884 1704 1524
Belgium 1344 1488 1368 1483 1740 1836 1812 1824
Brazil 300 298 300 365 367 420
Bulgaria 200 318 353 360 472 438 516 500
Carada 1764 1397 2268 2496 2592 2172 3348 2580
Caina 126 187 180 193 216 251 280 247
Cuba 193 202 230 270 313 ‘
Czechoslavakia 893 934 983 1012 977 1033 1140 1151
Denmarlk 22 22 17
Egypt 170 194 212 226 260 290 298 ;
Finland 355 383 480 550 595 673 © 842 779
France 2700 2916 3072 3228 3348 3528 3720 3815'

Germany (East) 937 985 973 988 1078 1104 1135 1092
Germany (West) 3600 3760 3840 3780 4210 4480 4392 4344

Greece 120 138 236 379 504 551 665 ;
Hungary 339 394 418 451 469 479 490 454
India 679 685 690 804 984 1121 1043 1075
Tsrael 159 156 158 166 187 185 206 185,
Italy 2892 2976 3372 3528 3312 3350 3288 3108
Japan 5376 5652 6036 2348 6588 6756 6888 6732
Mexico 433 508 580 640 731 1067 1304 1420
Netherlands 972 1092 1056 1164 1380 1512 1524 1476



TABLE 1. C

ontvd,

Countries _ 19064
Noth.Antilles
Norway 109
Polristan 22
Phillippines 38
Poland 996
Portugal 408
Romania 416
Spain 1524
Sweden 524
Switzerland
Tunisia

Turkey 3.
USSR 7644
United Arap Repe.
United King. 3180

United States 20796

Ygzoslavia

TOTAL

473

1.965 1966 1967 1968 1969 1970 1971
149 141 132 |
175 139 214 262 311 233 259
23 24 24 33 34 41 40
41 37 166 205 174 199 244
1068 1140 1212 1320 1512 1932 2184
413 412 403 431 464 210 310
541 619 579 773 838 990 1031
1620 1776 1800 2064 2148 2040 1860
560 602 604 632 703
138 141 143
393 372 413 380 426 434
20 25 28 28 55 56 64
8520 9372 9732, 10164 10668 12252 12348
213 229 260
3360 3168 3228 3336 3288 3384 3432
22548 25752 26136 25896 26797 26676 25400
436 542 462 460 544 667 769
62600 67740 T3777 76960 79850 82880 85980 86671



TABLE 2 : IHPORTSAND EXPORTS OF SULFURIC ACID INCLUDING
OLEUM IN 7UROPE, THE UNITHED STATHS 0@ AMARIC

AND JAPAN IN 1969, 1970 and 1871 (metric tons)

(154)
COUNTRIES  IMPORTS ____ EXPORTS
1969 1970 1971. 1969 1970 _ 197L

Austria S124074 11294 31346 158 501 254
Belgium-Tuxemburg 156762 218544 285732 O 805 156587 142843
Bulgaria 195 - - 64442 10340 21203
Dennark 3629 3745 3802 7621 7540 28
Fod.Rep.of Germany 109590 164998 110363 157806 100711 279937
Finland 30 33 16584 4211 74309 36559
Tungary 61623 73136 53637 109 337 4511
Ttaly 14532 26822 42694 114229 83762 10352
N.therlands 25000 43000 55000 109000 145000 116000
Norway 08L 1062 41284 ‘
Poland 4768 14986 126123 157373
Portugal 46 47 54 28385 31351 18389
Spain 22034 18053 21475 10152 5 6582
Switzerland 860 1051 1555 12748 13645 15035
Turkey 12362 51618 108439 f
United Kingdom 312658 300215 196135 2821 1779 10288
Yugoslavia 140 356 1014 41429 41084 27316
United States 89534 134001 123458 44874 36928 22905
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TABLE 5

Fortilizer
~-superphosphate
~anoniunsulfate

Tertilizer total

Inorzanic pigments

Metallurgy

Pivres,rayon and

film

Others

Grand Total

1957

1000 tons

PP

4550
15600
6150
1380
1260

780
5520

15120

iy

PO

USA SUL¥ULLC ASID CONSULNPTION (%)
(47, 166)

1960

v %
2646 30,6
9.3 5.1
359 30.7
8.1 a7
Ted 9.9
4‘06 2|l
3243 43.6
10,0 100,0
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TABLE 7 .+ SULFURIC ACID CONSUMPTION BY END USES IN
VARIOUS COUNTRIES (%) (120)

FINLAND 1968 1969
Fertilizers 47 Al
Titaniun dioxide 25 28
Paper and Celluloso 6 5
Rayon | 5
Mining 5
Others 14 12
© 100 100
SPAIN 1969
Fortilizers 67
Inorganic nroducts 1L
Pisonts 4
Explosives
Chewical Fibres
Others | 13
100
POTAND 1960 1970 Piture
Pertilizers 45 50 69
Synthetic fibres 9 5 5
Steel pickling 23 10
Others / 23 35 18
100 100 100

In Sweden and in Yugoslavia the consumption of
sulfuric acid for maldig fertilizers amounted to 40 and

72 per cent respoectively of the total.
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TABLE 12 : UNITYD SUATES  Sulfuric Acid, Pyrites and
Sulfur Prices (US $) (121, 128)

Jan,1974 July/73-Jand74  Jan/73-July/73

SULFURIC ACID,100 Ztanks

Rast Coast per ton 35.75 35.75 33.75

Gulf Coast per ton 32.75 32.75 30.75

West Coast poer ton 37.80 37.80 35,80

Other Area mper ton 35490 35.90 33,90
SULFUR
Rcfd. ;99.8%pure ,mines basis,

500 1b |

AMS seans 106 1lus 6460 6.60 500
Tunp ,2001b=bgs,mines brsis

essoe 10C 1os 535 6.35 5435

Rolls ;150 lb-bgs,nines basis

secee 100 1bs 6,10 6.10 6,10
Flovr,lizght 50 lb-us,sane basis |
ceres 100 1bs  6465-8.85 6.65-8.85 6.55-8,85
Refd,Sublimed,99.85% pure,
50 1b-bgs,mines bacis
cecss 100 1bs 7.05 7 .05 7.05
Crude,99.5 % pure,flour,50 lb-bgs
mines basis .. 100 1lbs 2,50-2.60 2,50-2.6) 2450~2.60
Crude,bright,molben, om,
ex—~terninal Rotierdan
cevsen long tons 20.00-36.00 23,50-26,00 23,50-256,00

PYRITES
Canadian,48~50% S mihes

cee longs ton 4,50~5,00 4,50~5,00 4 450-5,00
Notess

aes 1 ton=2000 lbs, 1 long ton , 2200 lbs.
e For prices of 600 and 66° Be,multiply by 0,7767 and
0.9319 respectively,.For price of 20 % oleum mulbtiply
above prices by 1l.045.Round to necarest 5 ccnte
=19~



CHAPTER 2
PRODIJCTION ~ND TRADE OF SULFURIC ACID
' IN TURIEY

The production orf sulfuric acid in Turkey has
followad a parallel pattern to the production of
phosphate fertilizers. Many of the acid plants are
necr fertilizer plents and sell the aecid to chewlcals
industries only when +the fertilizer plants are idle
due to lack of plosphute rock or others, or they

decrease the production as well.

Few of the plants are associated with copper
smelters  and the rest are independent establisihments

and supply the acid to chemicals industries,

Imports of sulfuric acid are continuing, for
the fertilizer scctor sulfuric acid is exempt of
custow duty.

Gibre Pabriizalari A.§. has imported pl.osphiorice
acid for triple superplosphate production substituting
phosphoric acid in place of sulfuric acid, thereiore

its imrorts are included into the chapter,

—20m



CONSULDTTON BY “ND_USES_IN TURKE

In 1970 the total production of muliuric acid was
106,854 tons (Table 19); of which 65,028 tons in

fertilizers £61.7 %), 41,826 tons outside fertildzers

(39.2 %),

Table 13 showiiy the conswantion of sulfuric acid

in Tgtanbul Reglors is a typical zuilde for distribution

Wy end uses.

UABLE 13 ¢ Comzumption of Sulfuric Acid in Trrkey by
Tnd Uses, 1870. (1,3,3,4%,50,57,58,90,
113,116,130,147,151,152)

Sub=Sector Sulfuric acid % of (totale % of
consuned Tertilizzr ind,) Total
— .. Sonfyr. . | . .
Food 420 1.01 0,40
Toxtile 730 1.75 0.70
Iron and Steel 2,010 4,80 1.88
Metal workinz 420 1.00 0.04
Electrical appliancesT40 1.77 0.70
Nonferrcus metals 400 0.95 0.37
Chemicals(dctirients
and dyes included)34,350 82,00 32,20
Sirin and hides 24370 5.67 2422
Ore extraction - .390 0.94 0e37
Total 41,8526 120,00
Pertilizers 65,028 51,70
Total 106,854 100,00
21~ {!L!M ;’Ellt. Eet gzgxmx

ARASTIRMA RURUMY
RUTUPHANESE -



TABLE 14 ¢ SJULLURIY ACID DILIAND IN 1974 By USERS IN

TURSEY {(based on . peuihal capacities of

such injustries) (53,89,111,140,146,148)

User Capacity in 1874 1974 requircment of
tons/yr sulfuric acid (100%
et e . e tong -
1. Ammonium sulfate

~Karablik plant 8,000x0.742 5,940
~Kitahya nlant 80, 000x0 .03 2,400

Normal supecrphosphate

~Karablik »nlant 5,000

~Blazig plant 220,000

-Yarrimea plant 120,000
5430000 367 1254740
Triplesuperphosphate
~Iskenderun plant200,000
~Samsun plant 220,000

420,000x1.045 438,900

Diammoiiuwmphosphate

~Mersin plant 148,500x1.465 2174550

Total in fertilizer production 790,530 88.26%

Aluminum sulfate 12,500x0.90 11,250
(paper industry)

BDoric acid from
colemanite 25,000x0.88 22,100

Rayon 650x1., 30 845



8. Viscose (12,00029,050)%0.05
9. Cellophane (500+260)x1.750
10.DDT 5,000x1.6
11.Ccpper suliate 2,200x1.6
12.%xplosgives
13.Txan and steel pickling

~Fregli planv

-M{E plant

--Farabik plant
14 .Dodecylbenzene

sulfonate 10,000x0.4

15.0ther uses not specified

(refineries,codium dichromate,

lead storage batteries,etc.)

Total (oubtside fertilizer

1,050
1,490
4,800
5,520

10,000

11,500
600
9,000

4,000

25,000

Bt e we

105,345 11.74%u

industry)

Grand total

895,675 100 %

-3
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~

TARLY 18+ SULFURIC ACID IMPORT PRICES RuALIZID (49)
(cIp, US &)

4 )ton
1967 26
1968 25
1969 24
1970 28
1971 £9,
1972 23
1973 : 54

-2



-

TABLE 19 : CONSUMPTION OF SULFURIC ACID FERTILIZER INDUSTRY DURLNG 1945-1973 -{ 91,111,141)

' (tons)
. Yizar | - T : 2t
PLANTS | Stast-upko H2®U 1945 1962 | 1963 | 1964 1965 | 1966 1967 1968 1969 | |1970 1971 1972 1973
,vyearr fagtor . N . ‘ 2 -
AXDEN1Z GUBRE saraAYii . i
’ pzp' 1972 1,465 - - - - - - - - - - - 39750 | 64,290~
7, DEMIR ~ GELIK I%L. r ' , ,
4.8 (21 4 ¥) 1945- | 0.742 2,968 | 3,430 | 3,710 | 5,154 5,194 1 4,766 3,636 2,895 5,21 5,072| 5,343 44766 | 2,659
o BSP 1945 0,440 1,320 14320 1,320 1,760 2,640 2,146 3,168 1,511 572 711 1,353 1,251 §53
GUBRE FABRIKALARL A.&.
. Yaramea HSP 1963 0,370 - - 65,490 | 56,240 | 80,636 | 80,503 | 39,000 | 48,847 34,860, 44,217 44,508 60,063 | 48,100
Iskenderun TSP 1963 1,045 - - - - - - 93,800 (a) - - - | = -
(rsp)
AZOT SANAYII T.A.s. 4 ,
Elitahya A.S (21 € 1) 1963 0.003 - - 240 | 255 258 258 259 235 252 | 241 228 232 184
Samgun TSP 1971 1.045 - = - - - - - - - 14,787 82,764|114,342 | 73,500
EBlazif VSP 1971 0,367 - - - - - - - - - - 2,165| 5,290 55740
BLGFAS
(usP) 1973 0,370 - - - - - - - - - - - | - 14,055
Total Suliuric Acid ’
Consumed In Fertilizer | ‘
Industry , 4,288 4,750 70,760 | 63,449 | 88,728 | 87,673 80,769 53,588 | 40,900| 65,028 136,361|189,694 151,481
Total Sulfuric Acid !
Consumptiox; }
(Production+inport) 11,319 | 37,591 | 86,051 | 66,693 | 107,013 | 114,773 | 110,008 | 102,531 | 81,332 106,854 | 173,322|272,716 {251,096
Gonsumption 0. Salfuric |
Acid Outside Wne ;
Fertilizerlndustry 7,031 | 32,841 | 15,291 3,244 | 18,285 27,100 29,239| 46,943 40,432 41,826 36,961| 93,022 | 99,615
(a) ¢ For T8} production the Firm bas.|imported| phosphorfic acid ihstead of 'Sulfuz:io acid. f ’
] ’
jv
'<
1 ?
|
;:‘
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CHAPTER 3
CONSTMPTIOK TRENDS

The purpose of this study is to Ifind ot the
sulfuric acid demand of Turkeyv which has ain ever-

changing economic and agricultural character.

The greatest demand for sulfuric acid is in
fertiliser industry, aluost 85-90 %, as it is the
cacse in most of the developing -countbetes (Tables, 6,
7, 9, 10, 13) The selling prices of fertilizers are
determined by the Govermwent and wost of the acid
factorieg are built in parallel to the fervilizer
plants in a nearby location. The transportation of
sulfuric acid is difficult so the demand is not

very elastic,

According to the Third Five Year Development
Plan targets, fertilizer demand will be met by the
indigenous production wainly, 2% % of the demand
for nitrogenous fertilizers and 24 % of phosphate

fertilizers are supplied by native fertilizer plants.

Obviously, it is impractical to profuce all
the fertilizers within the country, so the imports
will continue during the Third Plan period. It is
also the aim of Third Five Year Developument Plan

to increase the production of the nitrogenous

3]



fertilizers by 32 % per yvear, and the phosphate

fertilizers by 24 % per vear.

The actual fertiliser production figures are

shown in Table 15 and Tigure 2.

The remaining par-t of sulfuric acid produced
is used in varionsg chemicals ixdustries, this part

congtitutes almost 10-15 % of total demand.

At the beginning of planned periods the chemicals
indusvries production was limited to few consumption
goods, whereas the intermediateg production started

I}

to replace them. During the first and second plan
neriods the increase in annual nroduction was 16.6 %
on the average. In this sector the Third Five Year

Development Plan forecasts:

a. 13.4 % annual increase in production
b. establishment of competitive pnlants with
optimun capacity in order uvn decrease

o

imports to minimum.
¢c. providing export facilities
d. increasing the production of export-oriented

nroducts.

To approximate the consumption of sulfuric acid
in Turkey with the above information,three approaches

have Deen considered.
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3.1, Approach I :

In the first anproach, the total demand Ifor
4
gsulfuric acid is congidered to be composed of

fertilizer and chemicals industries reguiremocnts.

The demand for sulfuric acid in Fertiliger
industries is taken from Table 20, as the require-
ment oi existing and ‘projected phosphatic fertilizer
piants.

The sulfuric acid reguirement in chemicals
indugtries is evalunated increasing the 1974 demand
from Table 14 by 13.4 % aunual rate of increase
suggested by the Third Five Year Developuens Plan,

for chemicals production.

TABLE 22 : Demand for Sulfuric acid-approach 1 (1000 tons)

Year Demand in . Demand in T otal
chemicals industries fertilizer
. industries
1975 91 626 717
1974 105 145 850
1975 141 1,267 1,408
1974 189 1,608 1,797
1977 255 1,879 2,132
1978 339 1,978 2,317
1979 454 2,002 2,457
1980 609 ' 2,012 2,621
1981 316 2,123 2,944
1982 1,093 2,154 3,247

Byl



3.2, Approach 2:

In the second approach, the congumption is
evaluated by an econometric analysis, where the
sele¢tion of variables affecting the consumpiion is

important.

In this analysis,it is estimated tha’t the predo-
minating variable on sulfuric acid demand is the pro-
duction of Tertilizers using sulfuric acid, therefore
the consumption of sulfuric acid in fertilizer manu-~
facture (Table 19) is the number 1 indepcndent

variable (Xl).

The second indenendent variable (XZ) affecting
the sulfuric acid consumption is chesen as the
chemicals industries production, which consumes the

remaiader’ of sulfuric acid outside the fertilizer

industry. (Table 23) . )
In this anaivsls, the trend equation for sulfuric

acid consumption (dependent variable Y) is calculated

by the computer regression analyses in two models:

a. for linear relation : Y = ao+a1Xl+a2A2

h. for expomential relation: Yzebxglx202 or
In Y = b+olln xl+021n~x2

The constants are calculated as:

a. Y =27.95600+0.03978%;+0.03632%,

b, ¥ =e0-95797 x0.77863 y0.21576

These are the equations based on the past data of’

—%5n



Xy,

ion figures, the orojections of indevendent variables
d

X, and Y. In order to project sulfuric acid consump-

no

Il

<

are done by finding their respective hest fitlting curve

>

equations through method of least squares. (Fig.24,23)

The eqguations so found for X1 and Xz are:

2

X,=2821.07~524.46 ¥ — 43.249 x° + 15.862 x’

X,= 195.3622:158.5695x + 33.7771 2

where x refers to vears starting from 1267.
These equations are nrojected by increasing the x values
for future; <Then the projected Xl and X2 values are

subgstituted in Y equation for the same year, and sul-

furic acid consumption estimates are so calculated.

The comparison of the two nodels in Table 25
show that the single anrd multiple correlation

coefficients between dependent and independent

variables are nigher iu linear model, sum of squares

~

of resi

b}

I

uals  1s almost half that of exponential
model; stancard error of estimate is a bit greater

in linear model (Table 25). The sulfuric acid require-
ment of present, on—- ersction nnd projected ferti--
lizer plants (‘fable 20) is much ahove exponential
model results, but close to linear one. Therefore,
linear wmodel is chosen as the best fitting equation
and projection figures for sulfuric acid consumption

are mcre real.
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TABLE 25 ¢ TOTAL CHEMICAL INDUSTRIES PRODUCTION

(Input Data for Variable X?)(85,86,122)

roduction Index

Production - -Wholesale .prices Pr
ne value

Years Value for chemicals  wval
(million TL.and: pharwacen- (deflated)

based on ticals

current

prices) .. S .

1963=100 1962=100 1962-100__ 1962=100

1962 1268 97.2 100.0 1268 100.00
1963 1330 100.0 102.8 1367 107.80
1964 1415 102.0 104.9 1484 117.03
1965 1470 111.0 114.1 1677 132.25
1.966 1840 (x) 129.8 133.5 2456 19%.69
1967 2366 1.40.0 144.0 3407 268,69
1968 2779 140.8 144..8 4024 317 .35
1969 3675 143.1 147.2 5410 426,65
1970 4594 202.4 208.2 95G5 754,33
1971 5580 397.8 337.2 18816 1485.91
1972 699% 346.0 355.9 24888 1962.77

(x) : interpolated

-
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SULFURIC ACID CONSUMPTION IN FERTILIZER INDUSTRIES (INDEX)

Bost ﬁttmg amttﬁ

x,z awﬁxﬂ:x *dx

3000f—

2000

1000

1962 3 4 5 6 7 8 9 1970 1 2 1973
YEARS

FIGURE 2A: Phosphatic Fertilizer Plants
Sutfuric Acid Consumgion.
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CHEMICAL INDUSTRIES PRODUCTION (INDEXY |

3000 —

Best fitting equation

X2= o+bx+.cx2 '

1873

FIGURE 2B: Total Value of Chemical

Industides Production.



TABLE- 26 : SULMURIC ACID DEMAND ESTIMATION BY
APFROACH 2 (1000 tona)

Years Linear model Fxponential model
1973 356 259
1974 452 305
1975 602 364
1976 788 414
1977 1,015 473
1978 1,287 537
LY 1,607 597
1980 1,578 661
1981 2,406 155
1982 2,393 859

' .



Tris is the usually applied method in setiing up

vlants and projects of sulfuric acid in Turkey.

The transpovtation of sulfuric acid is a rcal
problen, esnccially in Turkey's corditions; because
it reqguires special wagons, it is ver: difficult both
in terms of carriage and traffic load in railwavs,
and this type of supply is not continuous but in

parties.

Due to transportation difficulties, sulfuric
acid plants are built nearby the major consuuption

centres, as a tendency all over the world; in Turkey

12 °

mostly near the fertilizer plants. Consideriag the
view as guch, the existing sulfuric acid piants and

theiy end uses are noted in Table 27, winich indicates
that there remains only Yarimeca YNSP and TS5P plants
of Glibre Fabrilalari A.5.. of which sulfuric acid

requirenents wers imported by now.

4D



TABLE 27
APPROACH

Svlfuric Acid Plants

B . e o

SULFURIC ACTD DEMAKD ESTIMATE BY
3

Consumption ¥Ylaces

Murgul
Trgani
Rarabik
Randirme

Samsun (Azoth)

Samsun (XBT)
Mersin
Tskenderun
Elmadag
Derince
Hasanozlan

Arilar

non~-fertilizer industry
Flazig WSP ITactory

.. - . e
in-plant,Larabliis NGP Pactorv

BAGFAS HSP Pactory

Samsun DAP expansion Faciory
in~plant (Akdeniz DAY Factory)
in-plant
explosives,accunulator and
non-fertilizer industry
non-ifertilizer industry
non--fertilizer indusitoy

non-~fertilizer industry
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%.4., Comparison of the three approaches (Table 28):

a. The first anproach gives a rough indication of
deficit. In evaluating these figures, the basic
assunptionS made aro:

- wvhe phosphatic fertilizer plants operate at
full ecapacitv,

~ +the chemical industries need sulfuric acid at
an increasing annual rate of 13.4 % as denoted by

the Third Five Year Development Plan.

First assumption is very rough, because all
phosphatic fertilizer plants are deenly in need of
phosphate rock, sowne ol them ammonias which create

important bottle-necks being import-oriented.

Whereas the goal of 13.4 % annual increase in
production in chemicals industries is realized in 1973
program as 14.1 %. However, fertilizer sector dominateb
in consunption of sulfuric acid.

-

v. The second approach is an econometric analysis
taking into accouat all major cfrfects related to
sulfaric acld conswaption. Whe actnal consumption and
production figures are talken as the bases and expected
values are calculated following the same pattern.

The sulfvric acid production for 1973 was expected
to be 597,000 tons, but it is realized as 237,000 tons
with only 6,200 tons of import. Whereas, approach 1

indicated a deficit of 480,000 tons, approach 2

—h 5



98,000 tons. This means that the second approach is

more reliable.

c. In the uwsual way of establishing sulirric
acid plants, almost all sulfuric acid ylants
correspont to gome fertilizer plants; in this respect

there remalns only Yarimca Pertilizer Plant without

a gulfuric acid units.

As a conclusion, it can be stated that
approach 1 shows the npper limit, approach 3 the
lower 1imit of deficit in production; and approach 2
is Ffound more weliable, therefore it is accepted as
the basis for canacitv gelection suggestions in

couclugion.

el G



CHAPTER 4
RAW MATERIALS

4.1, Raw Material Situation in the World:

The sulfuric acid indvstry, although one of the
oldest branches of the chemical industry, continued
to expand at a rapid rate during the sixties and
new plants were put ou stream every year in the
various regions of the world. Indeed sulfuric acid
continued to be the most comwon and most used of
the main industiial acids despite the periodic
fluctuations which occurred in the supply of its raw

materials (82+35,114).

With regard to raw materials, two pericds could
be noted during the last ten years. At the beginning
of the 1960's all EBuropean producers suffered from
a serious shortage of —aw materials which resulted in
a considerable increase in prices and in a c¢inseqguent
decline in the activity of a number of producers.
This situnation changed from 1965 onwards bpecause of
the increase in deliveries of recovered sulfur from
France and of massive exposte of brimstone from
Poland.

However, sulphurous products are very comple-
mentary and in the case of shortage or over-supply of
one product, the production of znother can be increased
or diminished to maintain the balance of supply and

demand.

Among the sulphurous materials brimstone and

L .



pyrites accounted for the largest pro?crtion, although
the mroduction of sulfur in forms such as other sulfi-
des, gypsuwa and anhydrite, is fast increasing and
the annual rate of expansion is higher than that

of pycites.
4.1.2., DProduction :

The world »roduction of sulfur in all forms
amounted in 1969 to about 39 million tons, including
23 million: tong of brimstone, 11 millior fons cf
sulfur in pyrites and about 7 miliion tons of sulfur
in other formsg. The larges: producers of brimstone
were the United States (about 9 million tons), Canada
(about 4 million tons) and Poland (about 2 million
tong) and of pyrites the USSR (about 3 million tong),

Japan (1.4 million tons) and Spain (1.3 million tons).

Amons the largest producers (Table 30), USA, USSR,
Poland, IFrance and Finland export a large part of their
production. The other countries including Italy, the
UK and the Pederal Republic of Germany, which produce
significant quantities of sulfurous waterial depended
lergely on imports for their production of sulfuric

acid. (49)

The kind of raw material used for the manufacture
of sulfuric acid varies from country to country,

depending for producing countries on Ve material

48



available and for the non-producing couutries, on the

conditions of supply on the intermational market.

In the United States the raw material structure of
the sulfuric acid industry differs from that of
Zuropean acid production. Hore than 80 % of sulfuric
acid in the United States was derived from brimstone

2

~9

whereas in Durope the proportion was around 50
(Table 29). Tndced, in Europe the role of pyrites
continued <+“o be important, notably for the pyrites-
producing countries such as Sweden, Poritugal, Spain,
the USSR, Italy and Western Germany, IFor these
countries pyrites remained attractive, on the one

hand because of their relatively low and stable cost
and on thewother because of the ferrowms and non-
ferrowms components of the residues which can bé other—

wise usilized.

However, since 1965 recovered sulfur andé brimstone
have gained in importance in the Furopean sulfur market,
due to the considerable increases of production of
recovered sulfur in France and of brimstone has become
very large and has been in exccss of demand siuce 1968,
Consequently the price was significantly reduced
maikxing brimstone very competitive with the other
sulfurous materials including pyrites. And, although
pyrites still hold a prominent position in Europe,

this situation has already caused the replacement of

40—



several nyrites--based plants nearing obsolescence by

newer brimstone-based installations.

The world export of brimstone reached in 1970
the figure of 8 miliion tons. Canada, Foland, USA,
france and lMexicc belong to the group of chief
brimstone exporters in the world and their total export

accounts for 91 % of the present overall export.

(Table 30)

50
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4.1.2. Consumption :

In forecasting the developuent of sulifur demand,
it will be possible o rely mainly on the predictable
development of requirements and on the. production

development of sulfuric acid and phosphatic fertilizers.

Over a long period of time, however, the average
index of production of phosphatic fertilizers was

about 8 % per annum.

Similar was the case of suifuric acid whose pro-
duction was at the average index growth per annum of
about 7.5 %, with the very low growth index of about
4 % in 1967.

Taking into account the fact that the industries
of fertilizers and sulfuric acid are the biggest con--
sumers and knowing the average rate of growth, volume
of expected sulfur consumption in 1975 and 1980 was

deducted.

It is a well-known fact that the growth of annual
rate of sulfur consumption in other industries apart
from the fertilizer sector, ics somewhat lower, within

approximately 5 %.

On the whole, it seems that it would be unrealistic
.50 adopt the future consumption growth index for sulfuir
in all forms at the rate of 7-8 % and therefore an
annual average index of about 6 % should rather be

adonted,



The growth of consumption of brimstone is
estimated at about 7 % in the warleb--economy
countries and at about 10 % in the centrally
planned--economy countries in connection with a
more intensive development of fertilizer production
there while the growth of pyrites wiil be about 1 %

or la2ss each vear (Table 30).

In 1980 the world production of phosphate ferti-
lizers will reach +the maximum of 35 million tons
of P205. If the production of sulfuric acid increases
bw the same percentage it will account for approxi-
mately 160 million tons by 1980. To secure that

-

production level, it will be nec:issary to have about
5%.5 million tons of sulfur. Assuming that the amount
of sulfur required for the production of sulfuric
acid accounts for about 80 % of the total use of
sulfur, the estimate of sulfur needs in all forms
and in tecms of all directions in 1980 will close

~

with the figure of about 67 rillion tons, thus alumost

identical with that calculated on the basis of the

growth index of cousumption.
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4.1.3.

Supply Forecast

In smmmary, production in million ‘tons: would be as:
e ROT5 . 1980
Briumstone 5L.T about 45.1
Pyrites about 12.0 avout 12.0
Other sovreces about 8.0 abous 11.0
51'7 68.1
liere, the bhasic assumptions wade are as follows:

Tt zeems that in connection with the

gituation, conditioned by big

supplies of

prosent

brimstone

and its low prices, it may Dbe assumed that in the

couming years the production of pyrites will show an

insignificant

gwowth to meet

[t

hut the own increase in

demand in the countries which produce that raw material

or that +the production of pyrites may show a stagnant

tendency in view of lower needs in iuwporting countries.

As
sources,

growth.,

regarés the sulfur obtained
it is extremely difficuls

It seems that the growth of

from the other
to evaluate its

sulfur from the

worlid metallurgical operations may be estimated at

2-2,5 million tons, on an average, between 1970 and

1975 up vo about 8 million btons and by some 2.5-% million

Tons upto

about I¥ million tons in the next years.

In connection with the big desand for gas as a

gource

ol power, its production and the growth of

556



4

sulfur thus recovered as a by-product will dbe on
increase.,

1

4.1.4., Pirice TForecast :

It isg a fact that demand for brinsitone will be
increasing ag a result of the development in fertilizers
and other industries that need this raw material. A%
the current supply figures well exceeding demand and
low prioes, the growth of mew productive capacities

will be based mainly on brimstone.

It is ailco obvious that the fatal sulfur is
mable to meet full demand for sulfur and that the
producers of mined suliur or that obtained by an
underground nelting process bears its full production
cosfg. Thus, a further drov in prices which are on
the borlerline of production costs would in conse-
quence force those producers to limit or stop their
production, which action would involve a shortage of
sulfur and increased »nrices. Dearing these aspects in
mind, it seems that further decline in prices which.
have already reached their lowest level would be
impossible., Neither should one expect too high prices
and high cyclic fluctuvations similar to those in the
rast, for new factors such as the air pollution legisla-
tion, the existence of fatal sulfur etc., which werc

of no bearing in the oast, will be influential,

w57



On account of the production costs of sulfur, it
shovld rather bhe expected that over the coming decade
- only a moderate increase in sulfur prices could take
place, depending on the qué.n‘titz'“ of the respective

lot, kind of sulfur and export designation.

TABLY 32 : World Prices mer ¢ .n of Brimstone (FOR-US &)

(111,1.21-128, 166)

Years _B/ton
1954 . 30
1955 | 30
1956 28
1957 | 27
1958 | 25
1959 24
1960 23
1961 22
1962 22
19675 20
1564 20
1965 24
1966 30
1957 39
1968 41
1969 ' 37
1970 18
1973 23.5

~58..



&

§ BY THR CHENICAL INDUSTRY OF SULFUR AS SUCH IN EUROEE, THE UNITED STATHS OF ANERICA AND JAPAN IN

i ~i (toms of §)
S e S EHUN : . Consumption by the.
COUNTRLES A_Pnonuc'rvrtom _\;;szpon'rs B r,gxpoms __ Chemibalyi adustry
1 1969 1970 1971 1969 - | 1970 1971 1969 1970 1971 1969 {1970 1971
Austria - - 3,000 2,481 | 2,187 5,745 - - - 39,571 |1 60,478 | -
- Belgium 10,000 14,000 23,000 | 303,200 | 331,300 | 425,600 500 300 500 | 292,266 | 297,000 | 436,000
Bulgaria S 390 5,463 5,773 - . - ] - 16,321 11,098 14,639 - v - -
Czechoslavakia 7,000 T,000 5,000 267,000 | 303,000 - 279,000 - - - - - -
Chil 99,000 | 109,000 - [ - - . - - - L - -
Denmark . 7,128 8,240 5,185 211,632 | 11,142 15,308 144 | 44 T 18,616 | 19,338 20,486
 Fed. Rep. of Germany 129,000 | © 176,000 | 184,000 | 321,000 { 292,000 332,000 | . 36,000 34,000 44,000 | 445,000 | = -
Finland 112,000 115,000 | 101,000 35,000 - 53,000 - 12,000 - 147,000 103,000 | 154,000
France 1,697,000 | 1,733,000 | 1,812,000 - - 428,000 - - 948,000 - | ~. -
German Dem. Rep. 109,554 . 109,022 99,915 - - - - - - - - -
Greeca - = - - - - - - - - ‘ - -
Hungary 2,526 | 3,223 3,290 95,094 118,021 110,327 - - ~ | 106,340 | 110,972 | 115,121
Italy - 151,000 | 134,000 - 301,000 284,000 - 6,000 4,000 - 446,000 | 414,000
Mexico 1,716,000 | 1,381,000 | 1,178,000 - - . - - - - - ; -
Ketherlans 31,000 33,200 33,500 389,400 | 416,200 441,500 1,400 900 200 - - -
horway - - - 33,931 33,586 21,146 18 5 - S - i -
Poland 1,942,000 | 2,683,000 | 2,711,200 ~ ' = - 1,449,612 | 1,773,000 | 2,064,000 347,800 | 468,600 5974598
Portugal 3,815 3,148 2,384 - = - - - - - i - -
‘Spain 34,049 35,980 42,4334 75,682 68,245 81,946 358 530 175 26,500 33,000 35,000
Switzerland - - - 55,000 65,000 51,000 - - - 54,000 35,000 51,000
Turkey 25,700 26,760 23,650 - - - o - - - - -
USSR - | 1,120,000 - - - - - - - - S -
United Kingdom 43,200 36,700 25,800 I~ 739,800 814,600 961,500 2,100 2,200 2,200 662,900 | ' 714,700 805,000
Tugoslavia - - - 21,205 | 20,590 20,377 - . - 2,265 9,128 | 7,041 1,779
‘United States 8,697,0001 8,667,000 8,749,000 | 1,703,000 |1,562,000 | 1,318,000 1,575,000 | 1,456,000 | 1,557,000 8,203,000 (8,114,000 18,229,000
Japan 299,000| 146,000 96,000 - | - - - - - - . - -
a
! ]
b t
N ;
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_TABLE 34+

B0 TAPAY. IR*19§9,f

TRADE ALD. coxsnmrwxoh BY THE, CHEHICAL :hnusmnr,fﬂ‘\
‘ | »1(135) |

V'Aust41a
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~ Bulearia

ﬁ[baecnoslavak1a

TH'Deumark R _
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. Ficland

- Franoe
Ge o :?..T.'.‘
;Gree )
. Bus Ayirf
;:elznﬂ
Eti?y
Tatiarls
4 IPWAY
rolend o

" Fortugal
Ronris

‘Demo RVSE'O
ndsg

A

Bwéder
f~watzer;and
g~§urqu
L - UDSK.
fdelted Kingdom
7Yuaoslav1a>
Lrited States
Japan

[" 386,000

-~ -

. 68,000

1455000

372,200
32,000
58,300

114,200

649,20

2,300

152,200

96,417

235,288
287,000 °
1,251,095
250,200

129,844

11,850,000 |

163,471
136C,000

11,886,000

213,900

o | 707,200

1,200
339,650
3e ) 3815

—

b

-
-’

195,195

‘l~169g3

323,000

!
}

1,394,621 1

91,108 |

|
1
|

l
1
l
i
]
|

706,000

anl

160,697 |

*29é;093{' &

704300

417,000

v élieDOO .

- 49,025

- 283,000
64,000
2,107
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”fiéé.AOQ,
{71€957“f
100,000 ,
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2,288
17,600

| 146,113

62,80C |

133,110

13,5000

415,973

23,150

15300

112 953
14,000

| 440,273

364,200

| 28;069

1,291,200 |1,

e

52-257 i

69,700 |

364,300

960,000 |
14,000

133,306
1,097,000

Sl

210,500 |

zi‘ﬁ‘* 593

1 11a 000
e@,loo

‘-:' .
354,120
&, 600
b
;8;0@0

=

9

\_;r "

fzdéisoo
2,900
000

et e e e e

46,397

860,000
63,800

10,636

-

996, 900
11,000

162,90
196, 350

11,090,000




4.2, Raw ¥aterial Situation in Turkey (55,111,148)

PTurkey disposes of a great variety of possible
gsources of sulfur. Main forms in which sulfur is

available in Turkev are as follows:

1. brimstone (elemental sulfur)

2. ovvites (oves and concentrates), pyritic
copper ores and concentratés, sulfidic zinc
and lead ores ana concentrates.

3. gypsu

4., petroleum and natural gas

4,2.1, HNative Sulfur : Kegiborlu sulfur ores in
Isparta:
The owner of the mines is btibsonk, For the date

1..1.1974, the occurences are (58)

visible reserves 1,300;492 tons
- weady to mine (43.3 % ©) 30%,548 tons
—~ not ready to mine (39.5 % 8) 996,944 tons
probable reserves (60.0 % 3) 122,940 tons
rossible reserves (32.6 % S) 230,000 tons

TOTAL 1,653%,432 tons

Orcs of tenor less +than 41 % S are concentrated
by floatation. The present sulfur-production capacity

at Keg¢iborlu Mines is as {follows :

floatation plant 20,000 tons/year
direct smelting 15,000 tons/year
Total 35,000 tons/year

50



4.2.2. Pyrites (pyritic copper ores and concenirates,

sulfidic =zin~ and lead ores and concentrates)

Althongh Turkey has many rich pyriten deposits;
due to the insu¥ficient investigations these deposits
are not used up efficientlv. Dy now thesc ores are

used domesvicaliy and alro exported for thelr copper

content,
4.2.2.1., dtibank Xire pvrites exploration :

This plant hag been set up for the exportation
of copper ores in 1955. The present capacity is 125,000

ons per year and production is mainly limited by the

<

exvorts, Table %6)

The total reserves with respect to the beminning
of 1974 for 2.03 % Cu and 45.43 % S consaining ores on
the average iz 1,309,930 tons. Ixisting ores caun last
unvill 1984.
4.2.2.2. Dtibank Kegiborlu Mince :

In this plant pyrites is obtained as a by--product:

a. Refinery slag (cake) : This cake is a 60 % £
containing pyrites, anuual produccion capacity is
20,000 tons.

b. Floatation regidues : Residues containing
20 % S are produced 30,000 tons per vear.

These two sources of sulfur will be diminished

by 19823 MTA continues cearching rew deposits in this area.

w5} -



TABLS 35 ¢ SALES PRICES OF 3TLFUR IN TURK:Y (50,111)

(T1/%ton)

Zegiborlu Tmport
prices prices

1963 497

1944 499

1965 plelY;

1966 488

1967 368

1963 505

1969 680

1970 661

1971 680

1972 712

1973 1200 ~ 1850

1974 1850 1850



4.,2.2.3, Utibank Brgani Floatation Pyrites Plant :

Ergeni Copper Smelting Plant has the production
capacity of 225,000 tons per year of floatation prrites
as a by-product. Butbt, the sulfur content of this pyrites

is rather low (42 %).

1,

This can he used by mixigg with high sulfus- cortent
ores, obviously the usage of this product is dependent on
the presence and productions of the ore. If the result of
new investigations is not positive, present ores will

endure by 1984,

4.2.2.4, Btibank Turgul Copper Smelting Plank, Floatation
PpeE & ’

Pyriteg :

Tloatvation plant in Murgul has the capacity of produc-—
ing 35,000 tons of 40 % S pyrites per year. Considering
the visgible reserves, it is estimated that production

will continue until 1983,

The investigations by MTA are continuing along the
Black Sea Coast at various locations, mainly at Cakmakkaya,
Merzifon, Pulancak and Kizilkaya.
4.2.2.5. X.D.,I. Murgul Tloatation Pyrites :

This plant started operation in 1973 and is supposed
to produce 220,000 tons of 46 % £ mner vear. Considering
the visible reserves, production is cstimated to continue
till 1986, but production will drop to 180,000 tons per

year in 1980,

B



4,2.2,6. X,B.I. Kire Mines

This plant conbains 1.8 million tons wvisible and
2.5 million toung probable reserves of pyritic copper.
It is planned to produce 180,000 ton cupric pyrites

(4%.5 %~ 8) vper vear.
4.2.2.7. X.B.I. Espiye--Lahanos DPyrites :

Main deposits of sulfidic Pb-7n ores are located
along the Black 3Jea Coast. Total reserves of thése ores
have been estimated at about 2.3 million tons with

39.5 % S.
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4,2.3.1., Gypsum Deposits

Turkey has aboundant amount of gypswa deposits of
which impo-tant ones are given in Table 38. Table "37
shows the production and demand for Zypsum.

4,2.3.2. Dy-Product Gypsum (3)

The annual gypsvm mud (gipsschlamm ) out of Samsun

I and IT plants are

Samgsun I (TSP) 1,075,000 m?/year
Samsun TT (DAP) 1,690,000  m’/year

3 g
containing 322,500 mB/year and 507,000 m”/year of solid
material respectively. The solid phase analysis is ay

follows

Moisture ‘ 1%.000 %
Water-Soluble P,0g 0.027 %
Water-insoluble P 0 0.065 %
Ca0 33%.600 %
80, 47.330 %
F6203 0.120 %
SiO2 1.240 %
Algoj 0.33%30 %

others %3.703 %
(F is not analyzed.)

with average density : 1.47 gr/cmj.

03304 output of each plant is calculated and found to be

6



322,500 x 1.47 » 138 x 0,336 = 387,000 ton/yr.
56
4

507,000 x 1.47 % 222 x 0.336 = 608,000 tons/vear.
56 |

The other TSP and DAP plants are calculated similarly:

Noninal Cawvacity Bv--Product calciur
[», o

sulfate
Samsun I (TSP) 220,000 tong/yr. 387,000 +tons/yr
Samsua IT (DAP) 139,500 Hons/yr 608,000 tons/vr
Yarimea (TSP) 200,000 tons/yr 352,000 tons/yr
Tekenderun (1SP) 200,000 toas/yr 352,000 tons/yr
Mersin (TSP) 148,500 tons/yr 646,000 tons/yr
Total 2,345,000 tony/yr

4.,2.4.7., Petroleum :

Among the existing refineries only Ipras and Izmir
(AliaZa) have small desulfurization units. Proéuction of

sulfur in 1973 is

Torag 6,129 tons
Tzmir 567 tons

These two vefineries sulfur production is estimated
to reach the level of 9,000 tons each in 1977 and 12,000
tons in 1980 in parallel <o the completion of craciking

wnit. (151)
4,2,.4.2, Matural Gas

Turkey has actualy no considerable natural gas

BT



production. There is a project of bringing natural gas
from Iraq, in which case 80,000 tons per year sulfur
production during 1976-1980, and 100,000 tons per year

during 1981-19%95 is considered.

The production cost of sulfur, if the project is

realized, is shown in Table 40. (150)

TABLE 37 : PRODUCTION AND DEMAND POR GYPSUM IN TURKEY
(111) (Production = Demand)

Years . 1000 toms
1960 80
1961 100
1962 140
1963 | 180
1964 200
1965 220
1966 250
1967 . 275
1968 . 380
1969 417
1970 550
1971 605
1972 650
1975 720
1977 - 1,000
1982 : 1,400

68
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4,2.5. CONCLUSION

a. Domestic resources of elemental sulfur (brimstone)
conatitutes 8.1 % of total sulfur supply nowadays; 1t i1s
not a reliable source for the new projects mmless some-

other new occurences are certified.

b. The major sulfur supplier is the vyrites at present;
considering the preseat level of consumpiion at the
existing plants, these deposits can stand until 1986,

The mining research activities on pyvrites has To be

mobilized for further needs.

c. Copper smeller gases as a source for sulfur, are
beund to metallurgically aimed plants.

g

d. Known gypsum reserves (natural gypsum and
anhvdrite ) offer the possibility of using them as

a raw material for sulfuric acid industry.

e, Sulfur from petroleum provides a very small

potential.
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CHAPTER 5
PRODUCTLION METHODS

Before 1900 all the swlfuric acid plants were
opera%ing with the chamber process. The contact
process had hecome very important in Xurope because
of the need for oleuns and high strength acid for
sulfonation, particularly in the dye indusiry. A
substantisl number of contact nlants were built in
the period 1900-~-1925, using platinwa catalyst. The
wet contact process was introduced which exploits
the fact that the vanadium pentoxide catalyst is not
contaminated by sulfurdioxide gases containing water
vapor. The wet contact process offers the‘possibility
of producing sulfuric acid directly‘~from.the.hydro~
gen sulfide obtained in coke-oven plants and refi.-
neries or contained in natural gas, unless nreference

‘is given to the production of elementary sulfur.

In the middle 1920 =, vanadiw: catalyst came
into use and has gradually completely replaced
platinum. About 1930, American nractice demonstrated
thét the contact process éoul& compete with tvhe

chamber proceps regardless of strength of acid

degired.

There are three main reasons for the counsiderable
growth of the contact sulfuric acid process and the
corresnonding decline of the former lead chamber and

o



tower process :

—~ the increasing demand for concentrated sulfuric
acid, the principal consumer being the orsanic
chemical industry,

-~ the increasing demand for high-purity acid;

-- the reduction in contact acid wproduction costs as

‘a result of desigg improvements.

The rcogt modern conbribution to the contact techni-
gue 1is the double catalysis process; developed by
Farben-Fabriken Bayer AG in 1960. By this process the
equilibrium of the reaction is shifted o the sulfur
trioxide side through intermediate absorption of the
gulfur trioxide. The higher conversion, upto 99.5 % and
more, permits an increase of the sulfuric acid yield
and decrease of air pollution to an appreciable extend.
Some of the existing ‘plants are modified to adopt them

1

to the application of this processn.

Table 47 lists the sulfuric acid plants recently
built or on~erection in the World, totally 61 projects
which have the following distribution of production
methods: 1 Polish process (unspecified), 5 replacement
and expansions projects, 1 Wellman-Lord process, 1
regeneration unit, 1 Nisson Chemical Industries Technology,
1 Raska--Petersen process, 1 Kowa Selko's procesg, 47
double catalysis prooéss of which 7 Ugine Xuhlman's, 20
Bayer's, 2 Imrgi's, 17 Monsanto/Sim-Chem's, 1 Chemico's

and 2 Chemibau'ls.
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The sulfur dioxide reguired for the sulfuric acid
‘is produéed‘by roasting Dpyrites and other suifidio
ores in turbulent layer furnaces, multiple hearth
furnaces and rotary kilns, or by combustion of

sulfur and hydrogen sulfide.

Other raw naterials arc sulfates such as gypsum or
anhvdrite, the products in that case being sulfuric

acid and cenment.

When large amounts of less concentrated sulfuric
acid are required, e.g. in the fertilizer industry where
78 % sulfuric acid is used for the production of normal
superphophate, it is often more economical to dilute
the highl s concentrated contact acid at the place

vhere it is needed, thus saving transpor:i costs.
5.1. Chamber Process
5.1.1. Production Method

A typical flowchart for the chamber process is
presented in Fig. 3. The process starts when either the
sulfur or pfrite is burned and the hot gases are
conducted through a combustion chamber, which also may
collected some dust. The hot gaseous mixture passes up
through the Glover tower, where it is met by the down-
ward flow of the nitrous vitriol produced in the Gay-
Lussaz tower and of the dilufe acid from the chambers.
Witrous vitriol is =2 solution of nitrosylsulfuric acid

(ONOSOZOH) in sulfuric acid, and is also called nitrose.
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Frow the Glover tower the entire output of the plant
may be obtained as 60°Bé (77.67 %) sulfuric acid. The
aitrogen oxides from an ammonia oxidation unit are

also introduced into the gas stream, after the gas

has been cooled by its passage up the Glover tower.

The cooled gases flow to the chambers, where water 1s
gprayed into them and 50 to 55°Bé'acid condenses,
This acid is pumped to the Glover tower for concentration
€x>6OQBéFinally, un:reacted gases‘pass to the Gay-Iussac
tower for the absorption of the nitrogen/gﬁiggge of
the 60°Bé Glover acid, thus producing the Gay-Lussac,

or the nitrous vitriol, acid.

The conversion of the sulfur dioxide to sulfuric
acid involves many fairly complex chemical changes.

The overall reaction is =

50, (&) % 0,(e) + Hy0(1) —> M,80, (1)

Reaction steps are :
2NO + 0,—> 2NO,, at all parts of the system
S0, + HZO---.,..WH2SO3 in Glover tower, chambers

RO + N02 + 2H2804ﬂ~e>Gay~Lussac tower, chambers

20N0S0,0H + H,0 (partly)
H?803 4 2HN02-—>Glover tower, chambers
HZSO4 + 2NO - HZO



pe——"

Ve

— R %
a T GNSETTTEIES [ m _
SNt L wstEwp T

e ‘__, ©30VdS

Janon
24

—7°[ [ . 1oPoE 3Ll

—\
N




The important characteristics of the chamber

process are the circulation of the catalytic oxides

of nitrogen and thelr recovery ot the end of the

process.

The heat of recaction must be dissipated

through the chanber walls to secure the desired

favorable equilibiiums.

5.1.2. BEffiuent Control in Chamber Plants :

Imissions from chamber nlants are quite different

from the contact process plants. Host chamber wnlants

arc of esmall capacity, ranging from 40 to a little

over 100 shoxrt tons ver day of 100 % sulfuric acid

equivalent. The chamber process produces acid of

about 78 % which finds 1ittle use outside the

acidulation of phosphate roci to produce singple

superphosphate fertilizers..Tail gas emissions from

chamber plapts are approximately as follows :

Tlowrate 100 to 160 scf/ton of acid (100% acid)
802 centent 1500 to 4000 ppm

Acid wmist control 5 to 50 mg/scs

NOZ content 1000 ppa

NO content 500 pom

Emissions from chamber plants can be as much of

a problem ag those froa contact plants. Because the

chamber process is graduallv disappearing, little

effort has been expended on control of this dual

enission

problen of sulfurdioxide and nitrogen oxides.
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Processes applicable to contact plants are not
éuitable for removal of nitroren oxides and lilewise,
procegses applicable to nitric acid plants for

NOX control are not best for sulfurdioxide control.
Mist loa&ings are similar to those for monoleum
contact plants, and the same types of mist control

devices are applitable..

Various processes have been reviewed for conitrol
of.this duzl problem, none of which may be considered
feasible. A cursory review of the control cost for
the godium hydroxide absorption process when applied
to a rather large capacify chamber plant gave a
control cost of over 8 & per short ton, far in
excess of the cost for contact plant control processes.
Pased upon this finding, it is counsidered very doubtful
that a chamber acid plant, if faeed with a choice of
installing a control system or shutting down, could
justify economically the installation of a control

systen.
5.2.1., Classical Contact Process

The contact and the chamber processes use the same
raw materials,i.e.,, sulfur principally and some sulfide
ores. Generally, about 9 % sulfurdioxide is furnished
to the plant when sulfur iq burned, though this nercent--
age can be increased. If tﬁe raw material is dust
convaining gases such as roaster gases, metallurgical

plant exit gases and the like, the gases are cleaned
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ia crelones and/or Lot electro-precipitators,
then in scrubbers and wet electro-precipitatorss
moreover, the gases are cooled and subsequently

dried by means of concentrated sulfuric acid.

The sulfurdioxide burner gas for the contact
process may contain, in addition to dust, carbon
dioxide, nitrogen, and oxygern, such impurities as
chlorine, arsenic and fluorine. The last two impurities
are precent only when materials other than elemental
sulfur are burned. To prevent corrosion from the burner
gases, it is customary to {ry the air for burning the
sulfur and oxidizing the sulfur dioxide in the con-
verter and to dry the roaster gases before oxidizing
the sulfur dioxide. Such drying is done in towers,
usually with 93 to 98 % sulfuric acid. The sulfur
burner gas has much of its heat removed in waste-
heat boilers for the generation of steam. If a sulfide
ore is roasted, efficient dust collectors, cooling
and scrubbing towers and electrical acid mist precipi-

tators may be added.

Before the gases can be taken to the first svage
of the oohverter, they are adjusted to the minimum
temperature at which the catalyst will rapidly increasc
the speed of the reaction, usually 410 to 440 °¢. The
gases must be cooled between catalyst stages to

achieve high conversion. For this purpose, cold alr
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may be introducel or boilers, steam efficliency super-
heaters, or tubular heat exchanger way be employed.
Heat exchangers usually congist of large vertical
cylinders containing many small tubes. The sulfur
trioxide gas usually passes through the tubes, and

the sulfur dioxide gas surrounds the tubes.

The chemical conversion of sulfur dioxide to sul-
fur trioxide is designed to maximize this conversion

by taking into consideration that :

1. Bquilibrium is an inverse function of tempera-
ture and a direct function of oxygen ratio to sulfur-

dioxide.,

2. Rate of reaction is a direct function of

temperature.

3. Composition and ratio of amount of catalyst
to amount of sulfurtrioxide formed affect fthe rate

of conversion or the kinetics of the rweaction.

The commercialization of these basic conditions
makes possible high overall conversion up to 98 % or
more by using a multipe ss converter wherein, at an
entering temperature of 410 to 430 OC, the major part
of the conversion (about 75 %) is obtained, with an
exit temperature from the first catalyst bed of upto
600 °C or more, the latter temperature depending largely

on conCentration of sulfurdioxide 1% the gas. The

83



successive lowering of the temperature between stages

ensures an overall higher conversion.

Although the converter is the heart of a contact
sulfuric acid plant, there are many variables. All
these should be optimized to secure maximum industrial

results,

A concentration of acid between 98.5 and 99 %
sulfuric acid is the most efficient agent for absorp-
tiorn. Hence acid of this strength is used for the
final @bsorber before the waste gas is vented to the
atmosphere. Since the absorbing acid is coptinuously
becoming more concentrated, it is necessary to provide
some means for diluting that part of the acid dis-
charged from the final absorber which is to be re-
circulated. Also, the absorbing acid must be cooled.
Diluting the recirculating acid is done by adding
spent or dilute sulfuric acid or water in the amount
required, withdrawing from the system any excess

acid for sale.

The 20 % oleum is made in the oleum absorber by
pasg&ing cooled 98.3 to 98.5 % acid over this tower.
If an oleum of 60 to 65 % is wanted, it may be pre-
pared by distilling the 30 or 35 % oleum in steel boilers.
The trioxide driven off is usually condensed and then
added to 20 % or stronger oleum to get the desired 60

to 65 % concentration.

~-88~



Information related to the simulation program
for the design to reflect shifting uncontrollable
variables is deeply illustrated by A.C. Homme and
D.F, Othmer in Industrial and fngineering Chemistry,

vol. 53, ¥o.l2, Dec. 1961.
5.2.2. Wet Contact Process (Figuve 4)

Gases containing at least 10 % hydrogen sulfide
from coking plants and mineral oil refineries from
solid fuel gasification or low-temperature carbonization
processes, from the purification of natural gas from
the production of carbon éisulfide and from the textile
fibre industry are the main raw materials. Gases
containing less than 10 % hydrogen sulfide must be
burned with additional fuel (e.g. fuel gas, fuel oil
or sulfur). Sulfuric acid having a concentration of

60°B& (78 % acid) is produced.

The wet contact process is distinguished from the
natural contact process by the fact that the latter
treats dry sulfurdioxide--air mixtures while the former
uses moist gas. The hydrogen sulfide in the initial gas
is first burned vo sulfurdioxide and water. The sulfur-
dioxide is converted to sulfur trioxide which forms

sulfuric acid with the water vapor from the reaction.

The gases containing sulfurdioxide and water vapor
enter the converbter at approximately 440°C. As in the

classical process, the sulfurdioxide is catalytically
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oxidized to sulfur trioxide. In order to ensure optimum
conversion, the reaction temperavure ahead of each’:
tray is maintained at a predetermined degree by addi-
tion of cold air. The gas containing water vapoi and
sulfur trioxide, which leaves the converter, is
irrigated with circulating sulfuric acid in a conden~
sation tower. The condensation heat and the sensible
heat are removed from the circulating acid by irriga-
tion coolers. Part of the circulating acid is con-
tinuously removed from the process as product. The
sulfuric acid mist not removed during the acid

washing is precipitated in ceramic nressure filters.
5.2.%. Double Catalysis Process (Figure 5)

The double catalysis process was developed from
the classical contact process to attain two 0P jectives:
an increase of plant production and a reduction of the
sulfurdioxide content of the exit gas to meet the
increasing demands regarding vhe prevention of air
pollubtion. At the same time, this process offers the
possibility of treating gases containing 9-10 % sulfur-
dioxide by volume without air polliution. On the whole
the double catalysis ensures higher sulfur trioxide
yvields without increasing the production costs.Gases
with sulfurdioxide contents down to 6 % can be converted
awtothermally, i.e. without extraneous fuel. Therefore,

the double catalysis permits to treat also effluent

Q]
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gases of metallurgical plants, e.g. from combined

roasting and sintering nrocesses.
A

The reaction equilibrium of the contact processes

2802 - 02 —> 250

3

is shifted, in the case of the double cataiysis, to the
sulfurtrioxide by removing froam the reaction mixture,
through intermediate absorption, the sulfur trioxide

already formed.

The sulfurdioxide/sulfur trioxide gas, preconverted
in the first trays of a multi-stage converter, passes
into a heat exchanger where it is cooled, and then
into an intermediate absorber where it is irrigated
with concentrated sulfuric acid which absorbs the
culfur trioxide. The sulfur trioxide -~free reaction
gas is reheated to approximately 400 o by heat exchange
with the hot contact gases and then conveyed to the
last stage of the converter where the remaining sulfur-

dioxide is converted to sulfur trioxide.
5.2.4 Double Contact/Double Absorption Process

Tigure 6 shows the new patented DC/DA process,
this process achieves a double contact reection ahd
absorption somewhat similar to the older process
except that higher conversion efficiencies can be
initially and finally obtained at a greatly reduced

investment cost, because of substantial reduction in
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heat exchanger surface, while operating under approxi-
mately the same conditions. The new process also permitcs
more flexible operation, more stable catalyst hed
temperatures and great savings in start-up time. When
the inlet and exit temperatures were the same in the
older process, heat exchange surface was infinite,

which is not the case with the DC/DA process. Since

gas entering the final catalyst bed is not entirely
dependent upon the exit gas temperature leaving

chamber 4, there is very little chance of upset

operating conditions in the final catalyst bed.

In the DC/DA process conversion efficiencies in
‘excess of 99.9 % may be achieved. Gas effluents lower
than 100 ppm sulfurdioxide can also be achieved with

modifications of some eguipment shown in Tig.6.

One of the main advantages of the new process 1is
that existing plants can easily be modified by
addition of heat exchangers, an absorption tower,
pump ,tank, coolers, etc. Addition of new equipment in
many cases will increase plant production capacities

by approximately 25 to 30 %.

The DC/DA plant has another advantage over other
processges in that gas returned to the converter after
initial absorption is preheated in heat exchangers at
exsremely high temperature levels, thereby reducing

heat exchanger size and cost.
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Existing plants operating on sulfurdioxide gas
strengths of 8 to 8.5 % can be easily converted to the
new DC/DA process with a small capital investment, and

then operated on 10.5 to 11 % sulfurdioxide.

Besides the economic ineentive of sulfur cost
savings, there are other reasors for acid producers

to seck higher conversion efficiency :

1, Attainment of more conversion efficiency for
existing'plants usually requires the installation of
additional catalyst and ome or more reactor (converter)
stages. The additionai earnings from the sale or use
of the extra acid can permit high returns on the |
extra investment. Payouts range from 3 to 10 months in

gome cases. (Fig. 7.)

2, More efficient use of the available sulfur raw
‘material %o produce the maximum amount of acid from

a limited supply.

3. Reduction of the amount and concentration of
sulfurdioxide emitted to atmosphere from the plant

exit stack.

4, Potential reduction in the investment cost foi-
new plants by the trial of new technology in existing

plants.
5.2.5. Chamber Process vs. Contact Process

A M. Tairlie's generalizations :
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1. If 98 % acid or ocleum is required, a contact

plant must be used.

2, 0il of vitriol (66°B&, 93.2 %) can almost always
be made more cheaply by diluting contact acid than

by concentrating chamber acid.

3., The air-cooled lead chamber is obsolescent, as
are the Mannheim and the Tentelew platinum contact

process.

4. For 60°B& (77.67 %) and weaker acids, the
choice between liquid cooled ¢hambers, a vanadium
contact plant, and a platinum contact plant is open,
local conditions will decide each proposed installations.
¥Much of the published data, of course, is written by
persons financially interested in one certain angle of

the matter.

5. The cost of catalyst, and hence the interest
charges, varies greatly from time to time,

6. The chamber plant has greater flexibility in
production rate than the contact plants.

7. The contact plant has greater flexibility in
the strength of acid produced.

8. High-pressure chamber planig e.g. 30 to 50 atmosx

pheres, as suggested by E. Berl, are a future possibility,

through offering great difficulties of design.
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5.2.6. Effiluent Control in Integrated Contact
Process Plants (129)

Four basic types of integrated contact process
plants have been dcsignated for existing plants:
1.1. for sulfur burning contact plants with
3 conversion stages
l.2. for sulfur burning contact plants with
4 conversion stages
1.3. for wet gas contact plants with 3
conversion stages

l.4. for wet gas contact plants with 4

conversion stages.
Plant Classification 1.1 :

These plants, for the most part built pPior to
1960 in the Tnited States, may produce various
grades of acid rrom 93 % sulfuric acid to oleum, or

combination thereof.

Typical operating characteristics of These
plants are as follows where operating at design

conditions:

SO, in converter feed 7.5 to 8.5 mol %

Conversion of 80, to S0 95 to 96 %

Characteristics of the tail gas emissions from

these plants at design conditions are as follows:
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Waximum flow 91,800 SCF/ton acid (as 100% acid)

S0, content 3,000 to 5,000 ppm
Agid mis<T 2 to 20 mg/SCT

S0, content 0.3 to 1.3 ppm
Oxygen 9 to 11 % by volunme
Water nil

Inert gas

(W,A,C0,,ete) remainder
2 2
Temperature 150° to 180°F

3

Sulfur losses per ton of acid produced (as 100 % acid)

areé as follows at design conditions :

tons of sulfur

As 802 0.014 to 0.017
As mist when produecing 99%acid 0.002 maximum

As mist when producing oleums 0.005 maximum

These plants were in many cases capable of pro-
ducing acid at rates significantly higher than design
but at a lower efficiency and with consequently by
- greater sulfur losses. This is due to design factors
included in the plant designs which would permit
operation at higher capacities. Often plants were
designed to produce as much as 50 % excess caphcity
at a lower conversion efficiency, and with exééss
pressure caéability in the blower and additional

catalyst space in the converter to permit reaching
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either design capacity with dirty catalyst or higher

capacity by addition of catalyst.

This type of plant can take maximum advantage
of either a tail gas recovely process, which return
recovered sulfurdioxide %o the plant, or an add-on
dual absorption process, by operating at maximun
production rate and still keeping emissions within
reasonable limitations after inclusion of a control
system. Many older plants in U.S.A. are congested and
surrounded by other facilities which may make addi-
tion of a new equipment for emission control very

difficult.

Sulfur burning plants always have sufficient
heat to produce steam in excess of plant requirements
for heating and mechanical drives. The use of steam
generated is usually dictated by adjacent facilities.
If the acid plant is associated with a wet proceés
phosphoric acid plant, much of the steam can be
utilized on the concentration of phosphoric acid.
If the acid plant 1is associated with a refinery or
other process plant, excess steam can usually be used
in the appropriate steam header. In the case where excess
steaﬁ has no user available, driving a turbo generator

can reduce plant power requirements.

The production of oleum effects only the acid

nist emission from the plant, mist from oleum plants
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being more finely divided than that from plants pro-
ducing acid grades at less than 99 %, aﬁd requiring

a different type of mist control device for such a plany
for effective cdntrol.“Tail gas treatment systems
which control both mist and sulfurdioxide would be

less affected by the grades of products produced.

Operating plants falling within this classifica-
tion vary in capacity from 50 ltons per day to
4,000 tons per day; however no single unit in these

plants exceeds about 750 tons per day.
Plant Classification 1.2

This type plant is a typical modern 4-stage
conversPon sulfur burning acid plant. These plants
may produce a variety of acid grades ranging from
93 % sulfuric acid <to various &leum grades, or

combingtion thereof,

Typical operating characteristics of these plants
are as follows when operating at design conditions:
S0, in -converter feed, 7.5 to 8.5 mol %; conversion

of SO, to SO

5 59 96 to0 .98 %,

Characteristics of the tail gas emisgion from

these plants at design conditions are as follows:
o
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Maximum rate 90,800 SCT/ton acid (as 100%acid)

50, content 1,500 to 4,000 ppm
Acid mist ’ 2 to 20 mg/SCF
SO3 content 0.3 to 1.3 ppm
Oxygen 9 %o 11 % by volume
Water nil
Inert gas

(NzyA,COZ,eto) Remainder
Temperature 150° +to 180°F

Sulfur losses per ton of acid produced (as 100 %

acid) are as follows at design conditions :

tons of sulfur

As S0, 0.007 to 0.014
As mist when producing 99% acid 0.002 maximum

As mist when producing oleum 0.005 maximum

The majority of these plants are probably being
operated at or near their design capacities today, and
the newest and largest at 98 % conversion. Comments
with respect to :gteam production and optional oleum
producing facilities included with the description of

class 1.1 apply equally to class 1.2.
Operating plants in g¢lassification 1.2 generally
nave a capacity of 250 tons per day or more. The

largest plants do not exceed 2,000 tons per day in a

single train, though some plants have multiple units.

~10%--



It is beyond this point where structural problems
apparently outweigh ‘the cost advantage of a single

train plant, using the conventional acid,

A number of plants are designed for additional
capacity at reducedAefficienéy with provisions for
additional catalyst. These plants could improve conver-
sion rate and reduce sulfur emission by addition of
catalyst while continﬁing to operate at the basic
design ra%e, élthough the conversion improvement
is limited. These plants are technically suited to
add-on dual absorption or tail gas recovery systems
of most types. Most were originally built with some
form of nmist control device to reduce the acid mist in
the +tail gas, and the 2 mg/SCF mist level in the tail

gas reflects plants so equipped.

The class 1.2 plants are not likely to be as
cramped for space required for an emission control
system as other class 1.1 plants, although this
remains a distinet problem. Finding space for an
additional 28' diameter absorber and 35! diameter
converter with attendant duck work and heat exchangers,
such as would be required for a large plant, will not be
simple.Tall gas recovery processes are more attractive

for larger plants such as are encounyeredin class 1.2,
Plant Classification 1.3
These plants may produce various grades of acid
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from 93 % Hy80, to olewm wusing a variety of sulfur
sources, singularly or in combination.Sulfur sources
include sulfurdioxide resulting from roasting of
various copper, zinc and other ore concentrates,
burning of spent alkylation acid or hydrogen sulfide
from refinery operations, roasting of iron pyrites,

recovery of sulfurdioxide from copper converter and

reverberatory furnace flues, and a few others.

While these plants differ widely from each other
in detail, they all lend themselves to similar methods
of emission control, All generally require similar types
of in-plant control systems, but different from these
suitable for sulfur burning plants, as well as generally
larger add-on systems for a given plant capacity because
of the normally.larger quantities of gas to be handled
and sulfur values to be recovered. Typical operating
characteristics of these plants when operating at design

conditions are given below for various feedstock:

Feedstock 802 in converter Conversion
feed, mol % S0, to,SOB,%
HZS o 7 94 to 96
Pyrites 6.5 to 7.5 94 to 96
Acid sludge 6 to 8 94 to 96
- Copper converter gas 3 to 7 90 to 95
Roaster gas 5 to 7 94 to 96
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Characteristics of the tail gas emissions from these

plants may be expected to fall in the following ranges:

Peedstock

[T RN IR S PR A}

HZS
Pyrites
Acidsludge

Copper converter
gas

Roaster gas

 With this type of plant the variation in

Maximum rate SO,content Acid mist,mg/3CT
SCF/ton of ppm Producing Producing
acid (as 100% 99%. acid oleum
acid)

100,000 3,000 to 5,000 2 to 20 5 to 50
109,000 2,500 to 5,000 2 to 20 5.to 50
119,000 2,500 to 4,000 2.to 20 5.to 50
192,000 2,000 to 1Q000 2 to 20 5 to 50
145,000 2,000 to 5,000 2 to 20 5 %o 50

the other

components in the tail gas varies so widely that any

compositions given would be meaningless. Sulfur losses

per ton of acid produced (as 100 % acid) are as follows

at design conditions:

- Sulfur Loss, tons

As 802 As acid mist .

Teedstock - - Producing Producing
T 99  acid olewn
H,S 0.014 to 0.021 0.002 max 0,006 max
Pyritess 0.014 to 0.021 0.002 max 0.006 max
Acid sludge 0.014 +to 0.021 0.003 max 0.007 max
Copper converter

gas 0.017 to 0.036.. 0.004 max 0.Cll max
Roaster gas 0.014 to 0.021 0.003 max 0.008 max
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Plants based on pyrites, hydrogensulfide or acid
gsludge (spent™ acid) will have excess heat available
for steam production and in most cases will,in fact,
include waste heat boilers. Plants based on roaster

T smelter gaseslfroﬁ metallurgical processes are

not normally steam producers.

Many plants of this type operate on combinations
of feedstocks and include sulfur as well as one or more
of the feedstocks mentioned before. These plants
requirén that the gas be cooled and cleaned before
introduction into the converter system. Except in
the case of plants based on copper converter gas,
most methods of emission control can be applied. The
cyclical mnature of copper converter operation makes
the application of the dual absorption process, or

even careful converter control much more difficult.

Many plants of this type are located in congested
metallurgical complexes and systems with minimum space
requirements may be referred. Those locations with
several units close together recovering acid from
smelters may favorably utilize several tail gas

scrubbing unit feeding to a single recovery system,

A

Operating Plants of this type range in size from

about 100 to 1.000 short tons per day capacity.
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Plant Classiflcatlon 1 4

uOurce and the products are almost the same as

itype I 3.

Typical operatlng characterlstlcs of these plants
when opermtlng at d981gn condltlons are glven below for
varlous feedstockss. | N

'FeédStock?}”'“ R  80 1n oonverter Conversion

p—

. H2S ?fﬁ;~;'¥;;fjj*f"5 V6 5 %o 7., © . 95 t0 98
‘.Pyrlfes ”"”,fj%f 65T 95 %0 %8
‘ Ac1d sludge  7':; B o B H]: 95 to 98
»'Copper converter gas ?QB to 71 3A y :,94 to 98

‘Roastem‘gas > 5 %o 7 . <95 to 98

Characterlstlos ef the taxi gas em1851on5from -
these plants ma" be expected to fall 1n the follow1ng

rangesz;'

‘Feedsﬁopk o :Max1mum rate Sozcontent A01d nist mg[SOE

SCP/ton of fj . ppm produ01ng produ01ng
: ac1d(as lOO % ,99 %acld oleum

‘901@1 B L

HS 99.000 1500 o 4000 2 to 20° sftélSO

2

‘pyrites . 108,000 1500 to 4000 2 to 20 5 to 50
Acid sludge 117,500 1500 o 5000 2 t6 20 5 to 50
Gopper: conver- 184 000  © 2000 to 7000 2 to 20 5 to 50

ter gas

saoaster,gas;?fﬁi43,QQQ;"“ﬂf?ldOQnto 40002 t0 20 5 £6 50
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Sulfur losses per ton of a01d produced (as 100 %

~a01d) are as follows at design condlﬁlons :

3

tons

A8 SO

S i 2
HZS : 0.007 to
pyr%§g§ 0.007 to
acid sludge 0.007 to
copper conver—

ter gas 0.014 %o
roaster gas 0,007 to

0017
0.0L17
0.017

0.021

0.017

sulfur loss,

‘As acid mist

Produ01ng
99 220 8c1a acid

0‘002 max
Q.OO2 max

0.00% max

0.004 max

6.003 max

Producing .
oleum

O:OOS max

'0.006 max

0.006 max

LO.OlO max

0.008 max

The comments regarding steam, oleum produttion, :

emission control methods and economic calculations

for classifioation 1‘3 apply equally to class 1.4.

Plants in thls classlflcatlon range 1n capa01tj

from about 150 to 1, 600 tons per day.

5 3. Sulfurlc Acid from Gypsum (natural gypsum,

anhydrite and residual calc;um sulfate) (Fig.8)

5.5.1. Sulfuric Acid from NeturaliGypsum:

Rising sulfur prices in recent years have led to

a search for alternative raw materials for making

sulfuric acid. The latter is produced by catalytically

oxidizirgsulfur dioxide traditionally obtained by

burning elemental sulfur or by roasting iron. pyrites

(impure Fe ).

;’ ;*109~



A solution to the shortage of elemental sulfur is
available to companies having ready access to calcium
sulfate either as deposits of anhydrite rock, or as
by‘product gypsum fromAmaking wet phosphoric acid.

It liés in the cement/sulfuric acid process.

In this process calcium sulfate is used in
place of carbonate as & gource of the calcium oxide
component in cement. The sulfurdioxide required for
sulfuric acid manufacture is produced when the

calcium sulfate is processed in the cement kiln.

The products from the prOCeés are Portland cement
and sulfuric acid in any of its normal commercial forms
such as 98 %, 94 %, oleum or liquid sulfur #rioxide.
The acid is equivalent to the normal commercial grades
and can be used for most purposes except possibly when
specifications on nitrogen . content are particularly
severe. The cement clinker meets all the normal

specifications of Portlant cement.

There are such nlants ét seven different works
in Austria, East Germany, Poland, and the United
Kingdom., All the operators of these plants are
primarily chemical manufacturers who presumably regard
fhe sulfuric acid as the main product and the cement

as the by-product.

The origin of the process can be traced to Germany

where plants were built during World War I to combat
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the shortage of sulfur. Manufacture of sulfuric acid
from natural. gypsum or anhvdrite together with
cement clinker began in 1916 in Leverkusen. Nowa-
days, it bears great importahce as regards to the
benefit of residual calcium sulfafe from the wef

process of raw phosphate.

It was not until the early 1920's that the
operators overcame the major difficulties and the
process was at all satisfactory. In 1929 one of the
founder members of ICI commenced work on a single
‘kiln plant at Billingham. After an extended com—
migssioning period during which the company solved
the operational difficulties with some co-operation

from IG-Fa¥pgn it installed a second kiln in 1932,

Although nost of the operational difficulties
as regards keeping the plant on line and ensuring
a steady supply of sulfur dioxide gas to the acid
plant had been solved, the quality of clinkef was
not aé high or as consistent as possible. A further
extensive development program in the early 1940 s
eventually resulted in the production of unsatis-

factory clinker dropping beiow 1 percent.

The application of gypsum-sulfuric acid process
in fertilizer plants makes 90 % recovery of sulfuric

acid opossible. The effect of gqualities of by-product
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gypsun and the other components on the cement guality
is under investigation. The continuous utilizatibnv
of residual gypsum makes the sulfuric acid--cement
method more attractive. This method provides the
arrangement of fertiligzer composition by the proper
ratio of gypsum and sulfuric acid. The removal of

residual gypsum results ia decreasing the environ-

-mental pollution.

Although all the processes in use are basi-
cally similar, differences occur in such features as
the methods of preparing and blending the feed, the
¥iln debign, the cooling of the cinder, and the de-

dusting and cooling of the kiln gases.

Ring formation can be a serious problem as in
conventional cement kilns although there are probably
more causes of ring formation in the cement-sulfuric

acid process,

One of the principal items which licensors of
the process sell is operator training and assistance:
even the most experienced burner on normal cement kilns
would find much of his accumulated know--how and
. experience of little value in the operation oi a

cement-sulfuric acid planw,

The raw materials for the process comprise

calcium, sulfate, preferably in the form of anhydrite,
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and a source or sources of silica, alumina, and iron.
The choice of these autiliary raw materials depends

on the local circumstances. Their cost is usually

low 2and the primary requisites are adequate supplies

of material of as constant a composition as ppossible.
The objectionable purities are similar to those in
normal cement manufacture and one of the most important
is magnesia sgihce in excess it leads vo cement which

is unsound.
The overali reaction in gypsum—-sulfuric acid process:
ZOaSO4 + C(coke) ——s 2Ca0 -+ ZSO2+~002 (1)

whereas in the conventional cement process calcination
takes place as :

900°¢
o 4

CaCO3 Cal + CO

2
760 mmHg
But, the dissociation of calcium sulfate takes

places as 2

SO3 — MSOZ %,%ﬁ? 02

1.960°C
200 b,

Caso, Ca0 + S0, + 1/2 0,

2
GO wmllg

with a great dissociation enthalpy.

Raw meal is fed into the kiln where the products
of combustionaf the fuél heat countercurrently. The

function 0f the first and usually the longest section
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of the kiln is to remove the last trace of water and
to pre-heat the raw meal before it enters the reduc-

tion zone.

In this zone, which extents from a temperatiure
of about 700° to 1000°C, the carbon reduces part of
the calcium sulfate to calcimm sulfide, being itself

oxidized to carbon dioxide:

CaSO4 + 400 —~— CasS - 4002

2002 + 20 ~— 4C0

P

OaSO4 + 4C —» CaS + 400, (2)

TFor the reduction to begin coke is added; 20 % in
excess, carbon monoxide forms as an intermediate.
Separately pre-heated coal and calcuim sulfate in

an oxvgenless mediwn cause another reduction reaction.

In the next section of the kiln, the temperature
range of which extents from 1000°C to 1200°C, the
calcium sulfide formed reacts with the west of the
calcium sulfate to give sulfurdioxide and calciun

oxide:

3Ca80, + Ca§ —> 4020 + 450, (3)

This reaction starts at 90000 and 802 is

evolved at 1156°C and 760 zm Hg.
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The latter immediately starts to combine with the
acidic oxides present. By the addition of Si0,, Al,0
and Fezo3 the reaction temperature is decreased. The

side reactions are:

CaS + 280, —=CaS0, + S, (4)
4Ca0 + 6302__.,40aso4 + 5, (5)
4CaS + 250, —s4Ca0 + 38, (6)

If the kiln atmosphere is strongly reducing, the
reactions 4,5,6 occur giving the undesired elemental
sulfur. The product calcium oxide from reaction 3, with
the kiln-dust containing Sioz, A1203, Fe2 O3 gives the

clinker minerals in the sinterzone.

In the final section of the kiln, the temperature
‘range of which extends from about 1200° +to 140000,
clinkering occurs ; part of the mixture melts and the
liquid phase present greatly assists the final forma-
tion of the cement compounds, The c¢linker is then
cooled by direct contact with the secondary air to the

kiln which is at the same time pre~heated.

Pulverized coal or oil is normally employed as
fuel for the kiln, although gas may be used. Here one
would normally make the choice on economic grounds,

although oil or gas have the advantages that they
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introduce very little in the way of other components
into the kiln, In contrast, the ash from pulverized coal
goes into the clinker so fhat account has to taken of

this in blending the raw meal.

The gases from the kiln usuallyAcontain 9 010 %
of sulfurdioxide and 20 % carbondioxide by volume with
only traces of oxygen. A small quantity of carbonmonoxide
and free sulfur vapor is a}so present and this has to be
oxidized by adding some excess air, This may be added
either part way along the kiln or in the smoke box at

the end,

The gases from the kiln thénbpass through a hot gas
dedusting system comprising cyclones or electrostatic
precipitators or both to the washing system for cooling

and purification before entering the sulfuric acid plant.

This section of the plant follows normal sulfuric
‘acid techniques and no special comment is called for.
However, there are certain differences from say a

'pyrites burning installation.

The gas from the kiln is appreciably'weaker in
sulfurdioxidefgﬁg% obtained from burning iron pyrites
and by the time suficient excess air has been added to
allow for efficient oxidation to sulfurtrioxide in the
sulfuric apid plant the gas concentration is between

5 and 65 % S0,, as opposed to the 7 % which would be
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expected on a pyrites burning plant. This means that
the acid plant has to be larger and consequently more

expensive.

A certain amount of atmospheric nitrogen is
fixed in the kiln and thié gives use %o a very
migty efflucnt gas from the acid plant. This gas
usually has to be treated in electrostatic precipita-

tors to minimize otmospheric pollution.

Sulfurdioxide from reaction (3) is sent 4o the
sulfuric acid unit with the other gases. This gas
contains some fluoride compounds coming from residual
gypsum (SiF4,HF). In the cement kiln these compounds

in gaseous form react as such

Cal, + H,0 ~-= Ca0 + 2HF
4HF * 510, ——-—%8il¥, + 2H,0

Ea231F6 vt DGR o SiF4

These: gaseous I-compounds damage the vanadium
catalyst mnecessary for the sulfurdioxide oxidation
and.the kieselgubhr carrier forming vanadium
fluoride, Therefore these gases should be removed

before entering the catalyst chamber.

The product clinker corresponds to normal
portland cement of standard DIN 1164, and can be
easily converted to O-Norm B 33%10. Sulfuric acid

composition results as :



sto4 98.%
'S0, 0.01 %
Te 0.0035 %

Tigure 9 shows the dependence of sulfuric acid
produotion cost on capacity and cement credit. In
calculating the product costs the 1972 prices in

Western Germany are used.

Two plants are operating with this method in
Western Germany of capacities 80,000-105,000 tons
per yeaf monohydrate now; In such a plant, in addi-
tion to sulfuric acid, cement clinker is produced.in

equal amounts .

The largest plants in current operation produces
80,000 to 100,000 tons per year from a single kiln.
There would certainly be no difficulty in designing
-a single kiln to operate at 160,000 tons per year
and current technology indicates that a single-~
stream plant of about 500,000 tons per year would

be feasible,

Considerably larger .capacities than this already
exists in conventional kilns. However the output of
cement from the cement-sulfuric acid kiln is‘consider;
ably lower than for a conventional cgment kiln of
the same dimensions. This is partly due to the greater

heat requirements for the process. (88, 118)
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5.%.2. Sulfuric Acid From By-Product Gypsum :

The anhydrite kiln process has been adapted for
the production of SOzmcontaining gas and Portlant
cement clinker from gypsum mnade as a by-product
of phosphoric acid manufacture. Some of the fluorine
present in the by-product gypsum enters the SOZ~
containing gas, but this fluourine which would poison
the vanadium oxidation catalyst, can be removed during
the gas cleéning operations and there are therefore
no problems in the use of this gas for sulfuric‘acid
manufacture. The limits of impyrities, especially

on and T in by-product gypsum, for the production of

)
high-quality ceument are not given in the literature,
but published information suggests that cement can be
made which meéts BS 12:1958, buf leaves it uncertain/
whether this cement would satisfy those users for
whom high~early strength is needed. A potential
user of by-product gypsum in a kiln-acid plant

should ascertain the uses to which the. cement would

be put and obtain explicit guéranties that the cement

made from by-~product gypsum would meet wrequirecuments.

Gypsum produced as a byQProduct of phosphoric
acid manufacture is usually dumped. The composition
of the gypsum is therefore of little importance to
the operator of a phosphoric acid plant, although he

" will usually wish to minimize the_P205 lost in 1it.
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There may, however, be occasions when he is prepared
to accept a higher P,0; loss in the gypsum, for
example, to increase phosphatic¢c acid outpuf. If the
by-product gypsum is to be fed to a kiln-acid plant,
the phosphoric acid plant opegétor will have to
produce his by-~product gypsum to a specification”

and this may interfere with the way in which he

would otherwise wish to run the phosphoric acid

plant.

If gypsum is to be produced to a specification
in a new phosphoric acid plant, the plant should be
carefully designed <+to convert as much as possible of
the P205 in the phosphate rock into water-soluble
PZOS’ thus minimizing the water-insoluble P2 05 in
the gypsum. The amount of water-soluble P205 in
the gypsum will depend on the washing efficiency of
the gypsum filters. These also determine the free
moisture content of the gypsum., The filters should
therefore be chosen to produce a gypsum filter cake
with the minimum practicable amount of water-soluble

P205 and the lowest possible free water content.

The gypsum specification may also limit the T
content. This will vary with the type of phosphate
rock used. For example, a rock high in 8102 and F will
produce fluosilicic acid the sodium fluosilicate up

to the limit of its solubility will go out in the
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phosphoric .atid, giving gypsum which is relatively low
in ¥, On the other hand, phosphate rock high in ¥, but
low in 8102 will produce gypsum with a relatively high
¥ content. The purchaser of a phosphorio acid plant
should ascertain if his choice of phosphate rocks is
likely to be restricted by the specified F content of
the by-product gypsum because he might find such &

restriction +to be commercially undesirable..

It is possible to obtainhPortlant cement of
standard quality frqm clinker containing 3 to 5 per—
cent of P205 which has been made from raw meal with
a limited 1im= content. The ratio of 038/023 in such
clinker is 1.2-1.4 : 1. As the PZOB content of clinker
increases from O to 15 per cent of P205 5 OBS progressi-
vely disappears to give free CalO and CZS which form
golid soluvions with GBP' These changes are already
apparent to é .considerable degree at 3 per cent of
P205 in clinker and clinker containing 15 per cent
of P205 contains scarcely any of the usual minerals

of Portlant cement clinker.

The addition of small amounts of fluorine as
CaF, in the presence of P,0g (3-5 percent of P,y0g
in the clinker) stabilizes 038 and enables cement
to be produced which contains 50-60 per cent of C3S

with no free lilte,

The conpresgive strengths of cement made from
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clinker containing 3 per cent of P?05 are similar to

those of plant»proauoed cements.

2
meal made from by-product gypsum is limited. The

The amount of P 05 that can be tolerated in raw

stabilizing action of CaF2 on the CBS in ?205
containing clinker regquires the incorporation of
small amounts only of CaF2 in raw meal, It would seen
to follow from this that the absolute amount of OaF2
in raw meal, and/or the PZOS/CaF2 ratio in i%, must

be caréfully controlled.

The results of full-scale trials have not been
published in detail because the information obtained
from there 1is largely regarded as the confidential

know-how of the companies coneerned.

The main difference when the process is operated
on by-product gypsum instead of anhydrite lies in the
treatment of the by~-product gypsum before it is in-
corporated into the raw meal. By-product gypsum is
usually finely divided and therefore doeg not
normally need grinding. It is partially or completely
dehydrated, as with mineral gypsum, and taken to
storage bunkers. By-product gypsum losses some
fluorine during dehydration and wash towers are
ingtalled after the dust cyclones to prevent the

discharge of fluorine to atmosphere. The other
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" constituents of raw meal are dried, ground separately

and taken to separs

of raw meal are withdrawn from these storage bunkers
in fhe,correct proportions, mixed and fed to the
kiln through raw meal storage bunkers. Alternatively,
the ingredients of raw meal other than by-product
gypsum are mixed and subsequently blended with the
dehydrated gypsum. The kiln firing “temperature is
slightly lower than with anhydrite, presumaﬁiy due

to the fluxing action of CaF, in the raw meal.

As a result of the tests they made, Polimex:
is in a position to supply know--how for a plant to make
sulfuric acid and clinker from by-product gypsum,
alone or mixed with anhydrite, Polimex in its
"Preliminary Offer for the Production of Sulfuric
Acid and Cement Utilizing Phospho~Cypsum ac the Raw
Material®™ regards plant to produce 100,000 tons
of sulfuric acid per year as the minimum economic

size.

V.E.B. Chemiewerk, Cosyig, German Democratic
Republic, have also done full--scale tests on the use
of by-product gypsum in a kiln-acid plant and developed
a process +that is said to enable sulfuric acid and
high—-quality cement to be made from by-product
gypsum., The efficiency of conversion of calecium

sulfate in the by-product gypsum to shifuric acid
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is 80 percent and the ratio clinker to HZSO4 about

0.93. The effect of P205 or CaF, on clinker quality is

2
obviously part of the know-how which operators are

unwilling to disclose.

The key to the successful operation oif the
process 1s said to be in the control of the kiln
operating conditions because by-product gypsum is
fiore reactive than mineral calcium sulfates. Control
of raw meal composition and kiln operating conditions
are thus even more Iimportant when using by-product
gypsum than when working with mineral calcium sul-

fate. (117)
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CHAPTER 6

ENVIRONMENTAL CONTROL

6.1. Fnvironmental Control in Sulfuric Acid

Manufacture

Atmospheric emissions from sulfuric acid plants
.vary, both in gquantity and composition, depending
upon the process, the mode of operation of the
plant and the condition of the plant. All emissions
" which aré of any concern, however, emanate from
one source-tail gas stack of the plant, regardless
of size, type, or acid grade produced. Emissions of
objectional sulfur compounds from sulfuric acid plants
result from either incomplete conversioh of the sulfur
source to sulfuric acid, or from carry over of acid
mist and droplets formed or entralned in the tail
gas. The quantity of sulfurdioxide present in the
tail gas is a very small fraction of the total flow,

usually less than 1 4%.

Environmental problems arising from sulfuric
acid plants are not due to the total quantlty/sulfur—
dioxide and acid mist which they discharge to the

atmdsPhere because these are relatively small.
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Problems are generally localized and caused by
relgtivély high percentages of sulfurdioxide and/or
acid mist (up to 1/2 %) combined with relatively lbw
.tailegés temperatures and other short stacks which re-
sult in poor dispersion. The result is grouud level
concentrations of sulfurdioxide and mist which may
exceed desirable iimits in the immediate wicinity
of a plant, especially during adverse atmospheric con-
ditions. |

The typical design conversion efficiency of
recently built sulfuric acid plants is 98 %. If this
design efficiency weére maintained the exit gas con-
centrations of sulfurdioxide would be 2000 ppm or less.
Erequenﬁly emissions of 3000 to 4000 ppm and more are
encountered in actual practice. Control regulations
of 500 ppm sulfurdioxide being discusseé‘in some
areas of the United States, which indicates a consi-
derable gap‘ between this practice and proposed control

levels.

Existing sulfuric acid plants can reduce their
emissions somewhat by modifying their operating con-
ditions with 1ittle capital expenditures, but this
control is limited to about 2000 ppm of sulfurdioxide.
Present technology can achieve a control effectiveness
of 500 ppm of sulfurdioxide via the dual absorption

route, and excellent acid mist control in the order
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of 0.1 mg/scf.

Cost of emisgion control varies widely with
plant capacity type of control system and other
factors. Cost of less than 500 ppm sulfurdioxide
control for a 250 tpd contact plant varies from
about § 0.75 to over ¥ 3 per ton of acid. Mist
control costs vary from § 0.02 to § 0.35 per ton

of acid. Control cost is lower for large plants.

Many systems for emission control for sulfuric
acid plants and other stationary sources have
appeared in the literature, a few of which are in
commercial operation. Some have been extensively tested
in the laboratory, and in a pilot scale unit, but the
majority, tested only in part, are patents untested
on a continuous.. basgis or actual conditions, or
represent undeveloped ideas. Since sulfurdioxide and
mist control in all cases represents an addition to
the cost of producing acid, there has been no commer-
cial incentive to develop control processes or
devices beyond the cconomic use of raw materials and
the requirements of ~social nature imposed by local
government authorities. The majority of commercially
operating control systems have been in the area of
mechanical devices for acid mist control, since the
presence of acid mist is Tthe easiest to detect and
produces direct effects which tend to evoke imme--
diate complaints from owners of adjacent properties.
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Mist control is also relatively inexpensive.

In order to measure the capabilities of
various systems it is first necessary to establish
criteria by which the various systems will be com-
pared. For measurement of overall capability of a
system or process,the term "control effectiveness™
has been used, which may be defined as the total
outlet concentration of sulfur expressed as ppm of
sulfurdioxide, regardless of the inlet concentration
to the control system. For mist control only the

measurement is normally given as mg/scf.

Emission control systems were Jjudged for
feasibility by conéidering a number of factors includ-
ing stage of process development, applicability to a
significant number of existing acid plants, poten-
tigl for good control effectiveness for sulfur-
dioxide, acid mist or both, estimated on steam
reliability, marketability of by-product (if any),
and overall estimated value compared - to other
systems, with similar chemistry or processing features.
Those systems Selected for further analysis were
evaluvated at sulfurdioxide or overall control effec-
tiveness levels of 2000 ppm, 500 ppm and 100 ppm or
less. 2000 is chosen since it represents the approxi-

mate levels which can be achieved by most modern
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modern plants with careful operation and minimum
expenditure. The 500 ppm level represents the aim
of many of the pallution control regulations which
are under consideration in the United States. The
100 ppm level was chosen since it represents a
desirable level below which 802 ceases to be much
of a problem, or which may be .the léng range

requirement in the future.

The concentration of sulfurdioxide in cleaned
gas brings about concentrations of sulfurdioxide
in the ambient air at ground level in proportion
to the weight per unit of time being emitted from
the stack. The contaminant concentration at ground
level is also governed by distance from source to point
of measurement, effective stack height, plus geograp-
hic and meteorological factors. The effective stack
height and distance from source. should be such that
under the more unfavorable meteorologiecal conditions
the short durationed peak sulfurdioxide concentra-
tions should nodét exceed 1 ppm as noted by Drs.Y.l.
Whittenberger and R.N. Frank,” Human Exposures to
Sulfur Dioxide", Archives of Environmental Health,
Vol, 7, No.2, August 1963, A stack emission of 100
ppm from most acid plants will generally result in
an ambient air quality at ground level to satisfy

this condition. For a specific plant the emission would
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have to be calculated using stack height and other
local factors. A study of the effects of all the
variables involved in the relationship Dbetween
ground level concentration and stack emission level

may be desirable.

Processes which control sulfurdioxide emission
may or may not provide a measure of control for acid
mist as well, It is desirable to reduce acid mist
emission to remove the visible plume from an acid
plant stack. All such plants will dischargt some acid
mist to the atmosphere, and sulfurtrioxide will combine
with the moisture in the air to form additional acid
mist. Most devices used and which are incorporated on
the stacks of many existing plants will remove nearly
100 % of all mist particles of 3 microms or larger.
The problem lies with that portion of the mist which
is droplets of less than % microns. By removing all
particles less then 3 microns the mist emission can
generally be reduced to 2 to 3 mg/scf for plants
producing upto 99 % sulfuric acid. For oleum plants,
however, removal of particles less then 3 microns
reduces mist emission, but not nearly as effectively
because the mist discharged from an oleum plant stack

contains a much greater percentage of finer droplets.

The relationship between the acid mist and sulfur

dioxide concentration in the cleaned gas will be the
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same after dilution as at the stack, since mist par-
ticles are small enough to behave as a gas, espe~
cially in the smaller sizes. With the toxicity of
acld mist at least 4 times as great as sulfurdioxide
enission of acid mist should be in the order of

3.0 mg/scf (max) (25 ppm) to avoid a contamination

problem. (8)

Three general methods of 'mibigating the dis-

charge of sulfuric acid plants have beamadopted:
6.1.1 Increased Stack Height:

Ihcreasing the stack height does not reduce the
total pollution but only spreads it over greater
area wheré it may be less obagxious and harmful.
The proper approach, and that now being adopted in
megy places, is to determine the stack height required
for reasonable ground level concentration of the sul-
furdioxide after other methods of reducing the total

emission have been applied.

6.1.2 Modification to the Design of the Acid Plant:

Unquestionably the proper way to reduce pollu-
tion is to convert more of the sulfurdioxide to acid.
There are three ways that this can be done which have
been or are being investigated currentlyas described

below:
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6.1.2.1 A Tow Temperature Catalysts

Most catalysts available to the industry are
active at about 440°C. With an 8 % sulfurdioxide
feed gas, consideration of thermodynamic equilibrium
1imit +the conversion obtainable at this temperature
to 98.5 %. If a catalyst would be developed which
would be active at‘SOOO, the conversion might be

increased to 99.97 %.
6.1.2.2 The Double Absorption Process :

If after some of the sulfurdioxide present is
cbnverted to sulfur trioxide, this sulfur trioxide
is removed (by absorption) and the gas returned to
the converter, the equilibrium conditions are changed
and a greater proportion of the sulfurdioxide can be
converted. This process was first wused in Germany in
1964 and although it initially spread rather slowly,
it is now being widely adopted. Most plants now being
designed or built in industrial countries are adopting

this method which is described in chapter 5.2.4.
6.1.2.3 The Pressure Process:

Traditionallys; sulfuric acid plants operate at
close to atmospheric pressure and, although the trend
is towards higher pressure drop through the plant which
raises the pressure at the converter slightly, this is

not enough to affect equilibrium considerations.
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However, a substantial increase in opérating
pressure would not only increase the equilibrium
convertion of sulfurdioxide to sulfurtrioxide but
would assist with the absorption of sulfurtdoxide.
Some patents have been recently published and & plant
using this principle is now under counstruction in

France.

After drying, air is coupressed to 60-100 psig
and sulfur is burned in this air under pressure., The
hot gas is cooled in a boiler to converter temperatures
and passes through a multistage converter with inter-
stage coolers before.final cooling and absorption of
sulfurtrioxide under pressure. Present indications
are that in plants of the capacities now being built,

a pressure plant would be more expensive than a dual
absorption . plant but at very large capacities, the
reduction in size of equipment possible with a pressure

plant would make it economically attractive.
6.1.3 Tail Gas Treatment :

Instead of attempting to improve the dispersion
of the sulfurdioxide vented, or to improve the conver-
sion, it is also possible to remove the sulfurdioxide
from the stack gas by after—treatment. A very large
number of processes have been proposed over the last

half century and interest has been considerably
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stimulated by studies of methods for removing sulfur-
dioxide from power plant stack gas. Broadly these
processes may be divided into three catagories as

described below:
Gel:3 LAbsorption with By-Product

The usefulness of such a process depends on the
value of the by-product or the difficulty of disposing -
of it. Unfortunately, most by-products are of no
comnercial value and may themselves result in a
pollution problem (e.g. lime scrubbing to produce
calcium sulfite; soda ash scrubbing to produce

sodium sulfate).

Most of the earlier plants used single stage
scrubbing to reduce the sulfurdioxide concentration
to about 500-800 vppm. The current generation of plants
uses two stages of scrubbing and sometimes a third
washing stage to recover ammonia. In any case, the
scrubbing solution is a mixture of armonium sulfide
and bisulfite with a weaker, more alkaline solution
in the second stage than in the first. This weaker
solution is used as make up to the first stage and a
bleed  of product solution is taken from this stage
for recovery of sulfurdioxide. DProvicions is made
to -add ammonia to both stages so that the pH in each

stage may be independently controlled.
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60.J3.72- Absorption with Regeneration :

These processes (many of which have been developed)
always require heav for regeneration of the solution..
Many of the processes developed for power plant stack
treatment are in this category and two such processes
have received considerable publicity and are in advan-
ced stage of development. A sodium sulfide-bisulfite
process 1s in operation on a sulfuric acid plant in
the United States. A magnesium oxide scrubbing process
with regenaration of sulfurdioxide, developed by
Chemical Construction Corporation, is being erected

in Kew BEngland for a power plant.
6.1.35.3 Adsorption on Solid Adsorbent :

Al though no process using solid adsorbent has
yet been installed, several manufacturers of resin
and molecular sieveés are known to be investigating
the problem. In many cases, adsorbents of this>type'
will remove not only sulfurdioxide bulb any remaining
sulfurtrioxide, acid vapor and acid mist. It may be
more difficult to regenerate these sulfate forming
compounds than the sulfurdioxide. Solid adsorbents
have the capability of reaching very low sulfur

- dioxide concentrations (10~50 ppm have been mentiondd)
but there appears +to be a considerable amount of

development work involved. (47).
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6.2. Economics of Control Systems :

As for any other process or device, technical
considerations for selection of an acid plant emission
system will ineclude: technical capability to adhieve
the required control effectiveness, by actual demontra-
tion preferably, on-stream reliability, simplicity,
flexibility to handle varying concentrations, also
to be modified if necessary to comply with more
stringent regulation in the future. Of lesser
importance are the following. Installation will not
interfere with acid plant operation., No unfamiliar
operations are required. No new disposal problems are
introduced, either of waste material or salable by-

products. Small space requirements are considered.

An ideal system, in addition to all of the above
would require minimum operating cost and be applicable
to all types of acid plants. At presént; no such
system has been developed. It should be emphasized
that the criteria forhsélection of a control system
for application to a sulfuric acid plant are not
necessarily the same as for other applications where
gas flows, compositions and temperatures are different
and whose general operation are of a different nature,

éuoh as power plants and the like.

Control cost is determined by calculating the cost
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of producing one ton of acid in a plant with a given
control system, and subtracting the cost of producing
one ton of acid in the same plant without the control
system, all on an annual basis, and taking into
account the increased prodﬁction of the more effi-

cient plant with the control system.

Cost for several systems on Tables 48, 49,50,51,
52 were estimated for the same set of conditions so
that results would be comparable., As the basic reference
point, a nominal plant capacity (which here means
plant capacity at normal operating conditions before
inclusion of a control system) was selected at 250

ST/D.

Most processes fit +three different classes of
acid plantg 1.1, 1.2 and 1.4 as applicable, under the

following flow rates and emission levels.

Class Emission Level Tail Gas Flowrate
(ppm) (CF)
1.1 5,000 18,700
1.2 2,500 18,700
132 4,000, 18,700
1.4 3,200 29,200

For the design of the recovery process the tail

gas was assumed to be discharged at 154°F in all cases.

In comparing the control sYstems; of the add-on
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dual absorption systems 1.2.2 (using furnace heat- |
see Appendix G) seems to offer sulfurdioxide control
at minimum cost, especially if the base plant is
capable of additional acid capacity as a result of
inclusion of l.2.2, This is true over the entire
existing capacity range for single units, For tail
gas recovery processes, however, the selection is not
as clear cut. Generally, for small plants the simplest
system, 2.3.3 (Lim> absgorption of sulfur dioxide)
and 2.2.29 (resin absorption of sulfur dioxide) pro-
duce minimum control cost. For larger plants, 2.2.6
(magnesium oxide absorption) and 2.2.14'(methy1—
amine sulfite-bisulfite absorption) appear most
attraotive,  There is an intermediate .area .whepeithe
control cost for these four above mentioned systems

are approximately equal.

Mist control systems, like duél absorption process,
control only a part of the total emission problem of
contact‘acid plants. They can be applied to any type
of acid plant, and a majofity of operating plants
today include some type of mist control device. Regu-
lations governing mist concentrations at ground level
vary w1dely, and sultablllty of systemsshould be

determined on an individual basis.

The prinéipal cause for variation in control cost
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in using these devices is not control effectiveness,
inlet concentration or type of plant, but whether the
plant is new oI exiéting. For most systems there is
a market saving when the system is provided initial
over the cost of”édding one later. The exceptions

are 3.2.1 (electrostatic precipitation) and 3.3.1
(mist removal with venturi scrubber} which are nor-—
:mally external wnits not incorporated with the absorp-

tion tower in any case.

More detailed information on effluent control
in sulfuric acid plants, about processes and costs

can be found in (133).

Since sulfuric acid manufacture is an old art,
the major developments of current concern are pollu-
tion control and pollution control economics. It is
not likely that there is any contact acid plant in
the United States to which a satisfactory emission
control symbtem could not be appliéd..It is~ doubtful,
however, that all plants could be operated economically
with control systems, and such decision would necessarily
have to be made on an individual basis. If some plants
are forced to close because the cost of control was
too high, older, smaller plants with restricted
choice as to possible cantrol methods would probably .

be most affected.
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TABLE 49 : Control Costs For Various Tail
Gas Recovery Processes Applied to
Various Types, Capacities and
Efficiencies of Acid Plants for
Sulfur Dioxide, Sulfur Trioxide
and Mist Comtrol (133)

Emission Level

Process. In (ppm) Out 50tpd 250%tpd 750tpd 1,500tpd
Sodium Carbo= 5,000 250 @ £ 3.13 ¢ ]
nate Absorption
" 4,000 200 3.05
Sodium Carbonate
Absoyption
Magnesium Oxide
Absorption (x) 5,000 250 2.57
i 4,000 200 8,61 2.37 1,05 0.68
T 2,500 125 2.36
W 2,000 100 2.35
i 3,200 160 2,70
MgO Absorptaon 5,000 250 2,71
L 4,000 200 8.82 2.51 1.18 0.80
f 2,500 125 8,70 2,51 1.15 0.78
i ' 3,200 160 2.92
Potassium Sulflte
Bisulfite
Absorption 5 000 250 2.84
m 4,000 200 2.73
o 3,200 160 2,35
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Table 49: Cont'd
Pmission lLevel

Process In (ppm) Out 50tpd 250 tpd 750tpd 1,500tpd
Methylammonium
Sulfite-Bisulfite _
Absorption 5,000 250 1.98
i 4,000 200 8,10 1.88 1.03 ©.78
o 3,200 160 2.53
Aluminium
Sulfate
Absorption 5,000 500 2.87
o 5,000 250 2.87
U 4,000 200 2.96
Resdn
Kbsorption 5,000 ~0O- 1.50
" 4,000 -0~ 4,15 1.63 1,08 0.86
n(;i,; eic
Absorption 5,000 250 2.33
" 4,000 200 8,00 2.14 1.33 0.9
i 3,200 160 2,48
Ammonium Sulfite-
Bisulfite
Absorption 5,000 250 2.63
" 4,000 200 2.52
b 3,200 160 3.05
Sulfuric Acid
Lime 2 Stage
Absorption 5,000 250 3.50
" 4,000 200 3.33
o 3,200 160 3.76

(x) 80, emission contr91*only;
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© _TABLE 51 ¢ CONTROL COST FOR VAHIOUS MIST CONTROL SYSTEMS APPLIED TO VARIOUS TYFES OF AciD PLANTS (¢) (133) ;
- Enn-oleum Plants Cleum. ‘Piantg . l;
Process Existing Plants " New Plants Existing Plants : New Plants |
50 %/ 250 /D | 750 T/B |50 T/D 250 ®/D [750 7/D 50 T/D 250 /B | 750 T/B |50 B/D  |250 /D [750 T/D
Dual Pad Mist Separators | -
| 5,000 ppm 0,10 0.08 N . 0,06
4,000 ppm 0.10 0.07 0,02 0.04 |
3,200 ppm 0.11 o 0,05 .
‘ 0,10 . 0,06 0,02 Ho.A.
Tubular Type Hist Separators '
5,000 ppm 0.33
4,000 ppn 1.25 0.33 0.17 0.28
, 3,200 . ppm . 0.45
Pansl Typa Hist Separators
‘_i,OOO ppm 0.15
4,000 ppm 0.45 0.13 0.10
3,200 ppm 0.23
Electrostatic Precipitation b
57000 ppm 0,26 , | Y | - |
4,000 ppm 1.05 0.25 0.22 - 1,05 | 0.25 0,22 0,90 0.22 0,19 0,90 | | o0.22 0,19
| 3,200 ppm 0.33 ’ » j ‘
Hist Hemoval With Venturi S by .
4,000 ppm 0.36 |
1
al i




TABLE 52 : COMPARISON OF ACID PRODUCTION COSTS FOR
MULTI-UNIT PLANT WITH CONTROL SYSTEMS DUAL
ABSORPTION .'AND MgO ABSORPTION (with 1970
prices) (133)

NOTE: DPlant consists of 4 units; 2 class 1.1,
150 T/D each, 1 class 1.2, 300 T/D and
1 class 1.2, 600 T/D for a total daily
production of 1,200 T/D.

MgO Abs/Emission Dual Abs/Emission

levels of levels of
Process 5000,2500 ypm 5000,2500 ppm
Nominal Capacity 1,200 7/D 1,200 T/D
Production Rate 1,254 ©/D 1,250 T/D
(Gnversion Rate 99,775 % 99.5 %

2,6,215,000
3, 295,000

¢ 6,825,000
3,905,000

Initial Investmeﬁt

Book Value

Raw Material and Utilities

Sulfur £ 3,390,000 # 3,390,000
Elec,Power 211,000 277,000
Cooling Water 124,200 144,000
Process Water 1,650 1,650
B.F.Water 28,900 23,700
Steam -322,500 ~260, 000
Fuel 0il 150,300

MgO 53,800
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TABLE 52 cont'd

Operating Expenses

Labor 237,500 190,000

Supervision 63,300 63,300
Maintenance(4 %) 247,500 273,000
Overhead 70% of above 384,000 368,500

Indirect Costs
Depreciation 10 % 576,500 683,000
Interest 7-1/2 %

Taxes and Insurance 93,200 102,300
(1-1/2 %) .
Annual Operating Cost % 5,239,350 g 5,256,450
T/Y Acid Production 413,300 412,000
Production Cost/T & 12,68 g 12.76
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CHAPTER 7

PLANT COSTS FOR SULFURIC ACID

7.1. Total Fixed Capital Investment and Production

Costs for Different Sulfuric Acid Plants (153):

The production of sulfuric acid from brimstone
or pyrites by fluidized bed processes seems to be
more economical than fromigypsum which is produced in
congiderable quantities as a by-product in the produc-
tion of phosphoric acid by the mineral acidulation

of phosphate rock.

TABLE 53%: SULFURIC ACID PRODUCTION COSTS FOR
VARIOUS RAW MATERIALS (US $ per ton)
(1971) (153)

Brimstone Pyrites Gypsum

Net Conwversion cost 1.63 7.57 16.68
Raw Material cost 10,50 4,12 0.00
Total cost 12.13 11.69 16.68

These calculations have been based on an acid
plant with a capacity of 400,000 tons per amnum. In
that case, it was estimated that (153) investments

amount Lo :
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for a brimstone-based plant g 4.0 million
for a pyrites-based plant $ 11.% million
for a gypsum~-based plant g 16.8 million

The production cost for by—product gypsum -basged

plant for 1972 is plotted in Figure 9.

In the Table 54 for the Kent-ISU, Cement/Sulfuric

Acid and Sulfur burning process, the costs are compared.

Lime-sulfuric acid (Kent-ISU)process’', although
not commercialized, can compete with the cément-
sulfuric acid process, since the former's capital
requirements are much lower than those of the latter.
Moreover, this process could be of interest to sulfu-
ric acid producers in countries which have plenty of
anhydrite or gypsum feedstocks and no elemental
sulfur. A great advantage of the process is that the
by-product amount to omly 0.6 ton of lime per ton
of acid, while in the cement process the relation is
1 to 1. Furthermore, thé lime produnced is reactive,
and therefore suitable for water and sewage treatment,
for chemical neutralization and for soil stabilization

and road building.

However, although certainly the lime as well as
the cement processes avoid dependence on elemental
sulfur, it must be pointed out/that the sulfur-
burning process is more advantageous as regards to

capital costs and utility charges, which largely
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counterbalance the fact that sulfur costs twice as

much as«the anhydrite.

Tabl& 55 ahnws the capital investment per ton

ok af produet for various sulfuric acid plants.
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7.2. Cost Approximations for Different Plans in Turkey:

In order to come to a conclusion as how much it
will cost to construct a factory for factories)
to meet the deficit in production of sulfuric acid,
it is supposed to be helpfull to give some examples

on the costs of various raw material based plants.

While comparing two cost figures, corrections

for time and capacity are required.

It is a reasonable assumption that in chemicals
investments 30 % of the project cost belong to const-

ruction works and 70 % to the equipment.

a) Without changing the capacity, the invest-
ment cost (fixed capital investment) at a different
year can be calculated as follows:

b ¢ y
My = M| —2 (0.30)+ 2 (0.70)
%1 I1

where;
M2 = investment cost at year 2

My = investment cost at year 1
X, = the construction cost index for year 2
the machinery and equipment cost index

L~
no
i

for year 2.

b) For the same year, the investment cost for a

different capacity can be calculated as follows:
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Here, the capaci%ies need to be at the optimum

range.

For cost approximation purposes three ex&ﬁples
are selected as a guide for raw materials appeafing

important in Turkey's conditions.

a. Sulfur-~based plants
b. By-product gypsum-based plants

¢. Pyrites based plants.

a. Sulfur-based plants : Table 56 contains the
cost details for such a plant for the year 1970.
This enables one to evaluate the cost for different
raw material and utility prices and also for different
interest rate, labor and supervision conditions,
Table 57 is designed first by converting the 1970
investment value of Table 56 by uéing the Plant
Cost Indices from Table 59 to 1973 value; second,
substituting raw material, utility, labor and super-
vision priceé prevailing in Turkey for 1973. The
results indicate that a sulfur-burning plant of
capacity 1000 tpd costs 56 million TL, and produces
acid at the cost of 502 T per ton.

b. By-product gypsum-based plants: Table 58

shows the cost details for gypsum based plants, here
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the investment value is ‘converted to.1973 value by
means of indices from Table 59 and the current prices
for raw ﬁaterial,and utilities of Turkey are substi-
tuted. The results»give 587 T. per ton of acid if the
plant pays for ‘the raw material as anhydrite or
natural gypsum; 418 T per ton of acid if the fertili-

zer plant uses its own by-product calcium sulfate.

c. For a pyrites-based plant, Samsun (Azot)
Plant is taken as an example and investment figure
converted to 1973 value by means of Turkish conjunc-
ture from Table 61, gives 220 million T approximately
(Table 60).

In addition, Table 62 gives some information

about the production costs for various processes,
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TABLE 56 : BREAKDOWN OF PRODUCT COST FOR 350,000 tons
per year (1000 STPD) Sulfur-Pased
Plant (47)°

Investment cost for battery limits

plant g 2,300,000
Investment cost for offsites: 300,000
Total investment (1970): ¢ 2,600,000

Raw Material Quantity - Unit cost Annual cost Product unit

cost $/ST
100 % HZSO4

Sulfur 116,700 t. 36 $/ton 4,200,000 12.0
Utilities 0.58

Power(battery
limits) 14,000 MWH 1 ¢/KWH 140,000

‘ : \f‘i@&
Power(offsites) 3,000 MWH 30,000 S 2% Jacs
| T Vet %
' Boiler feed 500,000 t. 5 $/fon 25,000 ‘§ﬁ€§%€§g3g§a
. ‘ ‘ Yo
Process water 70,000 t. 2 ¢/ton 1,400 e gﬂﬁ
Cooling water 700,000 t. 1 ¢/ton 7,000
Steam(credit) 450,000 1 ¢/ton 450,000 (1.3)
Operating expenses 0.42
Labor 1 man/shift 32,000
Supervision  parttime . 10,000
Maintenance 4 % investment 104,000
Overheads w 1.34

Payroll overhead 15% of
‘ (labor+super- \
vision) 6,300 :
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TABLE 56: Cont'd

Raw Material Quantity Unit.Cost Annual cost Product unit
cost /ST
100 %H2504

General .
overhead 50%operating
exp. 73,000
Capital .
charges 15% investment 390, 000
Total manufacturing cost ' 13.04

The data herein permits an operator +to evaluate
the relative cost of acid produced from different
sources available by using his own figures for raw
material and utility costs and his own method of
handling capital costs and returns. The result will
not be an accurate estimate for cost of building a
plant, but if it does not point to an overall advan-
tage of one process or the other, it will be doubt-

full if such advantage exists.
Table 56 indicates two points:

1. Except for very small plants which are no
lemger of interest in industrialized countries, the
cost of the raw material.is an overhelming proportion

of the total production cosf.

2. Economics obtainable from larger plants,
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above about 1000 T/D are very small. Because, as
the capacities of the plants are increased, the
designers increased the flowyareas and 1arge
vessels and towers have been used which reduced the

cost advantages normally associated with the size.

In calculating the costs it is assumed that,
essentially all steam is exported and all drives

are electrical.
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TABLE 57 : BREAKDOWN OF PRODUCT COST FOR 350,000 TPY
SULTUR-BASED PLANT UNDER TURKEY'S
CONDITIONS (3,50,55)

Investment cost for battery limits plant:

148.6
$ 2,300,000 X mmwmew X 14= 38,100,000 T

125.7

Investment cost for offsites :

& 300,000 x 248:8 ; 14 = 4,970,000 T
125.7
Total investment : 43,070,000 T

It is denoted in UNIDO DPublications that the same
’type of investments cost 30 % more in developing

countries than the industrialized ones; then:

Total investment : 56,000,000 T,

Quantity Unit cost Annual cost Product

(1) unit
cost per
100%H,80,

(Ti/ton)

Raw Material
Sulfur(import) 116,700 tons 1850%/ton 215,800,000 617

Utilities ‘ 6,375,000 18.20
Power(battery " ..ili
limits) 14,000 mwh 0u35T/kwh 4,900,000
Power{offsites) 3,000 mwh O.35L/kwh 1,050,000
Boiler feed w. 500,000 tons0.50%/ton 250, 000
Process w. 70,000 tons0.507/%on 35,000
Cooliung W#. 700,000 tons0.20%/ton 140,000
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TABLE 57: Cont'd

Quantity Unit cost Annual cost Product

(1) unit cost
per 100%
| (Ji/ton)
Steam (credit)  450,000tons 130TL/ton 58,500,000 (167)
Operating expenses 2,387;600 6.82
Labor 1 man/shif% 80L/man/ 87,600
A AN RN e et . shiifh
Supervision part time 5000T/month 60,000
Maintenance 4 % of inv. 2,240,000
Overheads 9,465,950 27- 05
Payroll over— 15% of(labor+
head  .gupervision) 22,150
General 50% of operating 1,193,800
overhead expenses
Capital charges 15% of investment 8,250,000
Total Manufacturing Cost 502. 07
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TABLE 58 : PRODUCTION COST FOR 1000 TPD CEMENTY
: SULFURIC ACID PLANT IN TURKEY (3,50,117,139)

Tnvestment (1968 prices) : ¢ 13,800,000
for Turkey, 1973 prices : 13,800, 0005548851 4x1.30=
| 113.7

328,000,000 T

Quantity Unit Cost Anuual cost, DProduct

uni’t T TR
T cost
per 100%
H2804
T/ ton
Raw Material 116,600,000 353.3
by-product CaS0, 694,000 - - (522.0)
(or)natural CaSO4 694,000 80 55,520,000
coke €220, 33,000 700 T/ton 23,100,000
sand 550,000 70 Ti/ton 38,500,000
ash 550,000 100 T/ton 55,000,000
Utilities » 86,168,500 261.0
electricity 4,950,000 kwh 0.35T/kwh 1,732,000
process w 33,000 ton 0.50T/ton 16,500 -
cooling w .. 23,100,000 ton 0.20%/ton 4,620,000
fuel(fuel oil) 57,000 tdn 14001/ton79,800,000
‘Operating expenses .14,395,200 43,7
labor 2 men/shift 80T/man/shift 175,200
Supervision 1 man 750 T/month 90, 000
Maintenance 4%of investment 14,130,000
Overheads 21,395,200 64,8
Depreciation , ,
and interest 20%of investment 7,000,000
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TABLE 58: Cont'd

Quantity Unit cost Annual cost, Product

T unit
cost per
100 %
H2804
1/ton
General and
payroll over-(%oo%, opera~ 14,395, 200
heads ting ex)
subtotal - 238,558,900

Less credit

for clinker 330,000 ton 305 T/ton 100,700,000 (305)

Total manufacturing cost 417 .8{
(586.5)
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Plant for the dehydration of by-product gypsum
may be 8-~10 % more expensive than plant for the
dehydration of natural gypsum which requires

grinding before dehydration.

Therefore, the only significant addition to
the operating cost of a kiln-acid plant when anhydrite
is replaced with by-product gypsum, apart from those
costs expressed as a percentage of the total fixed
capital, is the cost of dehydrating the gypsum, The
fuel requirement will depend on the free water
content of the by-product gypsum and the thermal
efficiency of the dehydrating equipment. This
additional heat requirement is around 1500 tcal

per ton of sulfuric acid.

As a firstapproximation, the plant cost of
dehydrated gypsum less maintenance, is unlikely
to differ appreciably from the cost of anhydrite

if this is won where the acid is made.
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TABLE 59: COST INDICES FOR USA (19,56)

Years Marshall-Stevens Engineering-News Plant Cost
indices for erected Record,comnstruc~ indices in
machinery and equip-tion indices; ghemicad
ment Process 1913=100 Industries
industries; 1957-1959=100
1926w100 -

1950 167 510 73.9

51 178 . 543 80.4
52 179 569 81.3
53 181 600 84.7
54 184 628 86,1
55 189 660 88.3
56 206 690 93.9
57 224 724 98.5
58 228 759 99.7
59 252 797 101.8
1960 237 824 102.0
61 2%6 847 101.5
62 237 872 102.0
63 238 901 102.3
64 241 936 103.2
65 244 971 104.0
66 252 1021 107.2
67 263 1070 109.7
68 273 1154 113.7
69 285 1271 119.0
1970 303 1380 125.7
71 321 1571 132.3
7 332 1752 137.2
13 1897 148.6
T4
75
76
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TABLE 60:

1.
2.
3,
4.
5.
6.
7.

10.
11.
12.
13.
14.
15.
16.

Fixed investment with 1973 prices:

- 99,000,000 | 262:0 (0,30)+ fli;i (0.70)

I

I

PRICES (4)

Capacity : 215,000 tpy

Project preparation

Patent,know-how, etc.

Tand

Site preparation

Construction works

Transportation investments

Mainfactory machinery and

equipment

Auxiliary units machinery
and equipment

Transportation of machiunery
and equipment

Imports expenses

Montage expenses

General expenses

Vehicles

Commissioning

Contingencies

Interests (8 %)

Fixed Investment Costs
Working Capital
Total Project Cost

1 i 122.53

= 220,000,000 T..
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1000

SAMSUN~AZOT SULFURIC ACID PLANT, INVESTMENT
COST DETAILS OF THE PROJECT WITH 1967

%of total
fixed. investment

200
3,200
100
200
8,300
100

45,100
9,000

2,400
13,000
3,600
600
700
6,500
6,100

10,000
109,000

.

tan e T

SN

8.7

70,2

21.1



TABLE 61 : INDUSTRIAL RAW MATERIALS AND AUXILIARY
MATERIALS COST INDICES IN TURKEY (119)

(1963=100) General Index
1963 100.0 100.0
1964 102.7 101.2
11965 107.8 109.4
1966 112.2 114.7
1967 122.3 123.4
1968 | 128.8 127.3
1969 1%6.5 136.5
1970 153.6 145.7
1971 182.1 168.9
1972 222.4 199.3%

1973 269.0 274.4

~169~



- - 9 L - - 2°86 PTO® 94 66> gef JoqTows ‘10B1U00 oFelg—

- - - 2T%6 - 8°96 WNOTO+PTOR ged JorTsows ‘qoequoo efeig-y

yLo¢ TO*S - 08°g - 8°96 PIo® % 66 > ge8 xofrows‘jorluco ofesrg-y

- G6°72 - 02*G 6L°9T 8° a6 PIOR % 66> ge8 IofTeus®qoequoo afelg-¢

¢2*0T  €0°TT -  82°¢I 8T®2z  &°l6 PTO® % 66> Jurnang angrus‘jorguco oFeig—y

- - - YLY¢T - 96 WMATO +pToe Jurtuang JInyInséqoeiucd oevig-y

8¢*0T  G2°TT - ¢h¢T 0¢*eR 96 PIO® % 667 JFuTuIng JInyTns ‘qovsuco ofe3g-

- - - 9g*1IT - 66 mnaTodpIor gutuang anytas ‘3089100 83e18—¢

- ¥8°6 - LT*TT 68°LT 66 PIO® ¢ 66> Suruing InITns ‘3owiuco sFegs-¢

Qmmwooﬁﬁ 3d306L pdaove pdiogz Pda0g RLLLY: 5800021

: A&oo.mmmw DTO® O U0 3I0US ,.Hmm mﬂmﬁog UOTSISATOY gqonpoad L
(€)3480D UOTIONDOI POYBWTLISH ol

(¢€T) (0L61) SESSENOUL A9 SISOD NOIIONMOMd CIDV HINATIAS ¢

<9 FIGVL

=170~



A)

7.%. Some Important PFactors Bélated to Cost and-
Nature of Production Methods (47) :

7.3.1. Cdntact Plants in General :

All contact plants can be conveniently divided

into three sections:

a., Acid making-conversion and absorption
b. Gas purification

c. Gas production

'S

a. Acid making :

Section 1 is essentially common to all plants. It
includes the main hlower, converter, drying and absorp-.
tion towers and their associated heat exchange and
heat removal egquipment, Although there will be some
differences in the latter depending on the gas source,
these changes have little effect on the overall cost
of the sectlion. Overall cost of the section may be
regarded, with sufficient accuracy, as a function of
plant capacity and the available concentration of
sulfurdioxide only., (Figure 11). For plants using
x % sulfurdioxide, the cost used should be that of

a plant of capacity 8/x times the actual plant capacity.
b. Gas purification:
This section is completely absent from normal

sulfur burning plants where the gas produced is clean.

171~



It includes equipment for removal of dust and sulfur-
trioxide mist and in most cases includes only a wet
scrubber and mist precipitator and associated
equipment. The cost of the section depends mainly

on the gas volume being treated. (Figure 12).

Another factox bearing on the cost of this section
is the forﬁation and disposal of weak acid. In almost
all cases, the sulfurdioxide bearing gas will contain
some sulfur trioxide which will form acid on cooling
or cantact with water. If this acid can be disposed
of to a sewer, the cost of the plant will be a
minimum. But, as this reguires the use of large
quantities of once through water as well as the
disposal of weak acid amounting to perhaps 3 % of
the product, the number of sites where this is accep-
table for plants of substantial capacity is reducing.
Another reason for increasging the cost of this section
may be the necessity of recovering dust from the

incoming gas.

Figure 13 plots the temperature'to which the gas
must be cooled for the production of 98 and 93 % acid
at varying gas concentrations on the assumption that

only dry air is added later.
c. Gas Production :
Real differences between acid plants occur in
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this section and themse are then reflected to the other
sections(Figure 14). It is convenient +to consider two

broad classifications:
c.l Gas Production primarily for acid making:

This includes gas production from sulfur, hydro-
gen sulfide, pyrites and similar sulfur bearing ores

and from acid sludge.
c.1l.,1 Sulfur and hydrogen sulfide burning :

Although in the former case gas produced goes
directly to the acid making plant and to a purifica-
tion plant in the latter, the equipment for the two
plants are similar but differ only in size because
of the higher heating value of hydrogen sulfide, and
the section includes only the furnace, waste heat

boiler and necessary auxiliaries.
c.l.2 Recoveredacid plants:

Although a variety of processes have bemn used
in the past to recover acid from refinery sludges
and other waste acid, the trend for sometime has
been to blend sludges so they can be burned in a
furnace to produce a mixture of sulfurdioxide and
carbondioxide with a minimum of excess air. This
-gas is treated in a normal purification and acid

making plant. The equipment used is much the
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same for sulfur and hydrogen sulfide but because of
the problems of burning these sludges, the furnace

is usually larger and the burners more complex. The
cést ig, therefore, greater. These waste acid sludges
vary so much in composition and properties that any

cost information must be treated with reserve.
c.l,3 DPyrites :

Traditionally, equipment commonly used in the
metallurgical industries has been adopted for the
roasting of pyrites, but most recent plants have
used fluid bed roasters., The size of the roaster will
depend considerably on the size of the raw material
and may be very large when the pyrites is a by-product
from the floatation units and is therefore, finely

ground.

c.2 Sulfur dioxide as a by-product of another

operation

This includes lead and copper smelter gases and
similar operations where the gas production plant is
not part of the acid plant. In this case, only capital
charges which may be properly debited to the acid

plant are the cost of connection.

c.2.1 Partial conversion to acid : here cyclic
smelter operations are the sources of the gas, a

facility for venting gas allows the selection of a
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plant capacity to meet average rather than peak gas
production even where the demand for acid is high

ernd thisd ean result in considerable capital savings.
c.2.2 Substantially complete conversion to acid:

In cases where either because of acid demands or
local conditions all the sulfurdioxide normally pro-
duced must be converted to acid but where it is
possible in emergencies, to venit the smelter gas to
the atmosphere, acid plant will be chosen to meet
the peak gas production conditions and this can lead

tq a very expensive plant,
c.2.3 Complete Conversion to acid :

Where the plant is located in a populous dis-
trict, it may be essential to accept into the acid
plant all the sulfurdioxide the smelter produces. The
smelter operator usually takes the position that his
operation must not be inhibited by anything that
happens on the acid plant and this may require the
installation of more spare equipment than would

otherwise be used.

In Table 63 operating utility requirements are
listed which are based on the use of electric power

for the main blower drive.
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TABLE 6% : OPERATING REQUIREMENTS OF CONTACT PLANTS

(47)

1. Acid Making per ton 100 % acid
Power kwh 40-~50
Cooling water 85°F tons 30
Process water tons 0.2

2. Purification

Power kwh 7-10
Cooling water (once thru)tons 10-25
or recirculated tons 15-40

3. Gas Production Sulfur H,S Sludge ZPyrites
Power kath 0.5 0 3 40-50
Cooling water tons O 0 0 0

Boiler feed water tons 1.4 1.9 0-20 0.7-1.5
Process water tons 0 0 0 0.7
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7.3.2 Power Systems :

About 60 % of thée total reaction heat of a
sulfur using contact plant is recovered in steam

in a modern unit.

Although it is not possible to lay down any
firm criteria for deciding the best recovery systemn,

the following guidelines may be useful:

a. Where energy recovered is valued only for the
heat content, the steam should be generated at the
lowest possible pressure consgistent with using it all
iu a back pressure turbine to drive the blower. This
will lead to the lowest cost heat recovery equipment;
the heating value of the low préssure steam produced
will be as high as in any.other system. This condi-
tion will generally apply where phosphoric acid is
the only product, but may also apply in titanium

dioxide production and in the general chemical field.

b. Where high pressure superheated steam is
required, steam production should be at matching
conditions and the blower driven by a condensing,
back pressure or extraction turbine depending on the
magnitude of the low pressure steam demand, if any.
This will generally be the condition in large ferti-

lizer complexes.



¢c. Where there is no steam requirement but a use
or market for power exists, then the most profitable
plant wiil include a turbo-generator using all the
available steém at the highest practicable pressure
and temperature for power productionAin condensing
turbines. This is combined with an electically
driven main blower. In very large plants where the
blower drive is of sufficient power to permit the
use of a high efficiency turbine, this may be pre-
ferred to an electric drive. On plants up to about
1000 T/D, the lower cost of the motor driven blower
combined with the improved efficiency of the larger

power generation unit will be the best solution.



DISCUSSION AND CONCLUSION

In conclusion, it is expected to find suggestions
for the capacity, location, production method, raw

materials and cost of the plant to meet the deficift.
a, Capacity Selection:

For the determination of capacities, the export
conditions and the internal demand deficit are both

congidered.
a.l Export availability:

This requires the comparison of import prices
{POB) with the production costs of domestically

produced sulfuric acids.

The proposed plants will most probably use sulfur
as the raw material; in that case the production cost
will be ~around 502 T/ton (Table 61) based on the
sulfur price of 1850 T/ton. Whereas the average
selling price of technical grade sulfuric acid from

existing plants in Turkey is around 900 T/ton.

The import prices for the technical sulfuric
acid is around 38 @/ton (CIF) (532 T/ton),(Table 17)
for 1973. The total cost of the import acid to the

buyer after the customs and duties becomes 780 T/ton.
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Under these conditions domestic production appear
to be more economical and advantageous, but the
difference is small and can be overcome if the

sulfur price is increased to 1940 ﬁ/ton.

Against~the rapid increases in raw material
costs, this small difference seems rather risky
for decidiné on the establistment of export-oriented
plants which would require some additional invest-

ment related to transportation facilities,
a.2 Internal d»mand deficit:

In the evaluation of sulfuric acid deficit in
'Turkey (Chapter 3), various approaches have been
studiedy and approach 2 is found to be more reliable.
This approach (Table 28) gives a deficit from 1981’on.

In the determination of capacity, the selection Z
has to be done in the optimum range. As it is noted
in Chapters 6 and 7 the most recently built{ and
projected.plants are not less than 750 tpd capacity.
If the plant assumes to use first-hand raw material
(sulfur, pyrites, natural gypsum and/or anhydrite)
the plant capacity can be selected as 1000 tpd. If
it is planned to consume second-hand raw material
(such as smelter gases, by~product gypsum) the
capacity of the sulfuric acid plant is largely
dependent on the operation of the ‘copper smelter

and the fertilizer plant.
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To meet the deficit, it is seen that 3x330,000 tpg
plants could be erected by 1982, two of them ooﬁing,on’
stream in 1981,.one‘in 1982. Assuming the project
preparation ~erection~commissioning period takes
three years, the project preparation should start

in 1977.

b) Raw Material Selection :

The cost of sulfuric acid plants (Chapter 7)
indicate that the sulfur~based contact plants are
more economical than pyrites or sulfidic ore-based

and gypsum-based plants.

In Turkey's case, two possibilities arise in

the selection of raw materials

1. to get maximum benefit out of domestic
sources namely,
- nafural gypsum, anhydrite or by-product gypsum
- smelter gases

2. to import sulfur.

These possible sources can be given priority as

such with the following measures:

1. expansion of sulfuric acid-ex smelter gases
plants,
2. addition of sulfuric acid units to smelters,

if not existing,
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3. using the residual gypsum feedstocks which
create a waste problem in fertilizer plants,

4. building up gypsum-based sulfﬁric acid plants,

5. if the above proposals are unrealistic %o
operate economically and do not meet the deficit,

then building plants basing on import sulfur.

1. The first measure has already been considered;
Murgul's sulfuric acid capacity is plamned to expand
to 100,000 tpy, it is included into the 1974-invest-

ment program for the preparation of the project.

Ergani and Samsun smelters have sulfuric acid

wnits at the economic scale.

2. To achieve the second measure, government
may put some obligatory and promotive conditions
for metallurgical units to comvert their effluent
sulfur dioxide to sulfuric acid, decreasing the

pollution as well,

3~4. The production of sulfuric acid from
gypsum (natural or by-product) and anhydrite
proposal need to be studied in detail, As seen from
the raw material chapter, estimated reservesS of
gypsum amount to 1,360,000,000%0ns with known S—
content of 230,000,000 tons (55,111,148). The
annual amount of waste gypsum from phosphatic

fertilizer plants,at nominal capacity, can be
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approximated as follows (3) :

Plants Nominal Capacity By—Prodﬁct Calcium
tpy Sulfate toy
Semsun I (TSP) 220,000 387,000
Samsun II (DAP) 139,500 608, 000
Yarimea (TSP) 200,000 352,000
Iskenderun (TSP) 200,000 352,000
‘Mersin (DAP) 148,500 646,000
Total 2,345,000

A 330,000 fpy capacity, gypsum-based sulfuric acid
plant consumes 694,000 tons of gypsum (88,117) or
anhydrite (Table 60). Both natural gypsum reserves
and by-product gypsum sources area able to supply

raw material to three such plants.

5. Comparison of Table 59 with Table 60 indi-
cates that with 1973 prices a gypsum—~based plant
requires 328,000,060 T of investment whereas a
sulfur-based plant of the same capacity requires
56,000,000 Ti. Simply for comparison purposes, a
sulfuric acid plant similar to Azoit-Samsun Plant

(215,000 tpy) costs 220,000,000 T. in 1973.

The production costs for gypsum-based plant
vary between 418<587 T/ton depending on the variety
of raw material as gypsum, anhydrife, by-product

gypsum or mixes; whereas the productibn cost of
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sulfuric acid in a sulfur-based plant is around

502 T/ton.

Under the prevailing conditions in Turkey, it
can be concluded that after careful investigations
and design of gypsum based plants, importation of
sulfur takes the second place in the choice of raw

materials.
¢) Production Method SelsclLion :

As described in detail in Chapter 5, the DC/DA
~ process is the most advanced modification of the
contact process with increased efficiency of convery.

sion, thereby decreasing the pollutian.
d) Site Selection :

As generalized by many authors, availability
of raw material, price of raw material and the end
use of sulfuric acid, more than any other factor

determines the location of the sulfuric acid plants.

In this analysis, the selection of raw material
results for sulfur, which will be imported. There-
fore, the unigue factor determining the location of
~the plant is its end use. This means that the sul-
furic acid plants will continue to be erected nearby
phosphatic fertilizer plants sometime, wuntil chemicals
industries grow up to need a sulfuric acid plant at

the optimum capacity.
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The master plan of fertilizer sector (82)
indicates the deficit in phosphatic fertilizers

by regions as follows, for 1980 :

deficit (tons of 9205)

Aegean region 71,685
Meditérrenean region 43,510
Western Black Sea Region 15,295

Here, the most recent four new fertilizer pro-

jects(119) are not included ¢

Ege Giibre Sanayii (1977-8Q)}: 240,000 tpy (20-20~0)

| ' 26,500 tpy (18-23-0)
4Q,000 tpy (15-15-15)
Total P205 : 60,000 tons

Cukurova (TEKFEN)(1981-84)  330,00Q tpy (20-20-0)
Total P205 ¢ 66,000 tons

Marmara-Thrace (TEGESAN){
(1975-78) : 150,000 tpy (20-~20-0)

120,000 tpy (15-15-0)
Total P205 : 48,000 tons
Marmara (ISKUR)(1976~79) 200,000 tpy TSP(0-48-0)
100,000 tpy DAP(14-46-0)
100,000 tpy (20-20-0)
Total P205 : 1%2,000 tons
Total P205 in Marmara Region : " ', 7. 196,000 tons
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This shows that in 1980, total demand for phos -
phatic fer%ilizers will be supplied, almost together

with their sulfuric acid requirements.

On the other hand, from approach 2 and 3
combined in Chapter 3, it can be concluded that
the prohibition to the imparta%ion of sulfuric acid
is essential in order to make full use of existing

plants.

The most reliable approach to deficit in pro-
duction of sulfuric acid appears as the second
approach which concludes with the establishment of

three sulfuric acid plants successively by 1982.

Although the initial investment for a gypsum-
based plant is high, the production cost is competi-
tive with the other methods. It is a fact that
phosphatic Ffertilizer plants are in itrouble with
the removal or piling up of this by-product in
Turkey. Even some of them are investing further
for this purpose. The utilization of this by-product
in acid factories as the raw material will not only
avoid removal problems, but also will make the
availability of the raw material safe against the
import-based sulfur alternative. Therefore, more

attention might be paid on this suggestion.

The presence of by-product calcium sulfate
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indicates that one plant near Samsun and a second

one near Mersin..iskeﬁderun Regions can be supplied
With the raw material in excess; it could be thought
that such a plant will be dependent on the fertilizer
plantss productions but since a 1000 tpd capacity
acid plant requires 694,000 tpy by-, product gypsum
as raw material, Samsun region will supply 995,000
tpy and Mersin-Iskenderun regions will supply
998,000 tpy and Yarimca Plant will produce 352,000

tpy in excess.

It is seen that, takinginto account the approach
3 of Chapter 3, the proposal of establishing an acid
plant near Yarimca Fertilizer Plant is in good

aggrement with this suggestion too.

EX
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APPENDIX A

STRENGTHS OF SULFURIC ACID AND
ITS DETERMINATION

The strength of the acid is determined by a
hydrometer test for strengths up to 66°Be (93.19%)

and the strengths of acid weaker than 93.19 % is
always expressed in degreesBaumé. Between 93.19 and
100 % sulfuric acid, the strength is spoken of as
percent sulfuric acid and the electrical conductivity
is a reliable and convenient method. Between 8 and

56 % free sulfurtrioxide, the oleums may be tested
with a hydrometer; below and above these figures by

titration with a standard caustic solution.

Commercial strerghs of sulfuric acid are:
Chamber acid 50°B¢ 62.18 % acid
Chamber acid . 55°B¢ 69.65 % acid

Glover acld or tower
acid 60°Bé  77.67 % acid

0il of vitriol("0,V") 66.8& 93.19 % acid

Monohydrate 100.00 % acid
Fuming acid,or 20%oleum 104.49 % acid
40 % oleum 109.00 % acid

The Baumé scale for liguids heavier than water

is based on the following relation to specific gravity:
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0
i sSp.gravity 393 B 1

60

The figure 145 is known as the modules of the

hydrometer.

Effect of temperature : Because acid contracts

as it cools and expands as if warms, it can be seen
that the specific gravity will change with the tempe-
rature. A reference temperature of 60°F is used.
Since it is impractical always to take a hydrometer
reading at 60°F, correction factor must be applied
to convert the reading to the base temperature. ITf
the acid is warmer than 60°F, the correction is

added to the observer reading, it is subtracted

if the acid temperature is below 60°F,

Allowance for temperature:

Strength per °F
10°86 0.029 °Bé
20°B¢ 0.036 °Bé
30°B4 0.035 °B8
40°Bé 0.031 °B&
50°B4 0.028 °Bé
60°Bé 0.026 °Bé¢
63°B¢é 0.026 “Bé
66°B6 0.0235°B4
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APPENDIX B

TURKISH  STANDARDS

There are 4 standards prepared by Turkish

Standards Institutes all of them being optional:

- oleum (.fuming sulfuric acid)
- pure sulfuric acid

technical grade

N NI SR
!

- battery grade
1. OLEUM : TS 695 - prepared in January 1969.

Definition: Oleun is a light, colorless, non-

transparent, rather viscous, very hydroscopic, very
corrosive, strong and dangerous inorganic acid.

It gives heat when mixed with water.

This standard covers only the oleum which is
used in organic technology, especially in explosives
manufacture, The pure and technical acids used in
food and pharmaceuticals industries and accumulator

production are not included in this standard.

Clagsification:

The oleum which is shipped to the market is
classified into two groups according to the sulfur
trioxide percentage:
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Type 1 - Oleum 20
Type 2 - Oleum 45

Properties (Physical and Chemicall :

Properties Type 1 Type 2

Oleum 20 Oleun 45
Appearance a8 little opague a little opaque
Color colorless colorless
Free SO, min. 21 * 1.0 45 = 1.5
Residue of calcination
| max.% 0.02 0.02
FPe max % 0.004 0.004
¢l max % 0.02 0.02
As max % 0.01 0.01

Note: Percentages are on weight basis,

In transportation and continuous storage of
type 1 and type 2 only glass and iron material must

be used.

2. SULFURIC ACID PURE AND AWNALYTICALLY PURE :
TS 69% -~ January 1969,

Definition : Pure sulfuric acid is a clear, colorless,

rather viscous, hydroscopic, very corrosive and dangerous
inorganic acid. It evolves heat when mixed with water.

It kills the organic tissue. This standard does not
include accumulator acid, technical grade acid and

oleum., It only covers +the acid used in chemical
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analyses and industrial branches which require con-

centrated acid.

Clasgification : The acid shipped to the market

is classified 1into two groups according to the

ingredients present:

Type 1 - Pure Sulfuric Acid

Type 2 - Analytically Pure Sulfuric Acid.

Physical and Chemical Properties:

Properties Type 1 Type 2
Pure decid. Analytically
Pure &Qiﬁ
Appearance ' clear clear
Color ¢colorless colorless
Specific gravity min. 1.84 1.84
(15°/4°0)

% HZSO4 min, 96.0 86.0
Regidue of calcination

% max 0.003 0.001
Fe max % 0.002 0.0001
As max % 0.0002 0.000005
Cu max % 0.005 0.0001
a1 max % 0.001 0.0001
Pb max % 0.001 0.0003%
Se max % 0.001 0.0002
802 max % 0.003 0.0005
NH; max % 0.001 0.0003
No3 max % 0.00L 0.0002
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Reduced material total

(max. usage of 0.01L N KMnO4

for 100 ml. sample) ml 5 2.5
Note: DPercentages are on weight basis.

3, SULFURIC ACID (TECHNICAL GRADE) : TS 692-
January 1969.

Definition ¢ Technical Sulfuric Acid is a reddish-

brown (according +to the iron and manganese content),
a little opaque, rather viscous, hydroscopic, very
corrosive and dangerous inorganic acid. It evolves
heat when mixed with water, and kills the organic

tisaue.

This standard includes sulfuric acid used in
superphosphate, amonium sulfate, other fertilizers,
boric acid, copper sulfate, chromium salts productioms,
it is also used in other inorganic technologies, in
metal .pickling, and in technologies where SO3 content
is not limited. Accumulator acid, pure sulfuric acid

and oleum are not included.

Classification : The acid shipped to the market

divided into two groups according to the water and

ingredients content :

Type 1 =~ 60 B¢ Sulfuric Acid
Type 2 - 66 °B& Sulfuric Acid.
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Physical and Chemical Properties:

Properties Type 1 Type 2

' ' 60°BS scid 66°Bé @cid

Appearance a little opagque a little opaque

Color colorless-red- colorless~gray
brown

(15°/4%)  min. 1:700(59.5°B¢)  1.800(65.0°Bé)

Hy80, min % 77.17 90.05

Regidue of calcination

max %‘ : 0.15 0.20

Fe max % 0.035 0.04

Az max % 0.04 0.04

Pb max % 0.05 0.06

l\TO3 max % 0.01 0,01

‘Note : Percentages are on weight basis.

In transportation and continuous storage of
typezl.(60°Bé) acid only lead or lead coated material;

and for type 2 (66°Bé)acid iron material is used.
4, SULFURIC ACID BATERY GRADE : TS 694-January 1969.

Definition ¢ Accumulator acid is a clear,

colorless acid, rather viscous, hydroscopic, very
corrosive (when concentrated) inorganic acid. It kills

the organic tissue. when it is concentrated.

This standard covers the acild which is directly
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or in water solution used in accumulators.

It does not

include the technical sulfuric acid or pure sulfuric

acid or oleum.,

Classification :

to the acid contents.

- Type 1 - dilute accumulator acid

-~ Type 2 - concentrated accumulator acid.

Physical and Chemical Properties :

Properties

Appearance

Color

Specific gravity(15°/4°c) 1.23%0%0.010

(27.0%1.0Bé)
H,80,  min % 31.10%1.,20
Calcination Residue

max % 0.01

Fe max % 0.0015
As max % 0.0002
Cu max % 0.0015
c1 max % 0.0007
Mn max % 0.00003
Sb max % 0.0003
Se max % 0.0006
50, max % 0.001
NH3 max % 0.005%
NO3 max % 0. 0005
Reducing material
(max usage of 0.01 N KM@O4
for 100 ml sample) ml 6.5

Note: Percentages are on weight basis.
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Type 1

clear

colorless

It is clasgified ac@ording

Type 2

clear
colorless

1.8%0%0, 005

92.0

O¢03

0.005
0.0006
0.005
0.002
0.0001
0.0001
0.002
0.003
0.015
0.0014
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In these standards, principles related to sampling
from bottles, wagons and stock depots ; analyses,

marketing and packing are stated.

Accumulator acid is shipped to the market
either in small or large glass bottles.



APPENDIX C
MATERTIALS OF CONSTRUCTION FOR
SULFURIC ACID PLANTS: (87)

The metals now customarily wused to handle cold
sulfuric acid are: lead or stainless steel for strengths

up to 95 %, steel or iron for strengths over 75 %.

For hot acid, lead is safe only up to 80''%, and
steel and iron can be used anly above 93 %, and then
only in the absence of agitation which washes off the
protective coating of sulfate. Therefore for hot acid
between 80 % and 93 %, cast irons containing 14 %
gilicon (duriron, corrosiron, tantiron, etc,) are

uged, or, if greater’tensile strength is required,
high-nickel alloy such as "Hastelley D". Ceramics
and acidic brick are used for all strengths and

temperatures.

Tanks: Generally, tanks should be designed to
hold at least 50 percent more sulfuric acid than can

be delievered by the delivery method normally used.

Sulfuric acid less than 54°Bé should be stored
in phenolic-linz2d tanks or chemical lead-lined tanks.
Above 60°Bé, mild steel i1s recommended as long as
temperatures stay below 100°F. Strengths of sulfuric

acid between 61°Bé and 66°B& and between 99 percent
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and 101.5 percent should be stored in steel only
when the temperature is kept below.75°F and moist.

air is excluded from the tank.

Certain grades of sulfuric acid such as electroly-
tic grade acid must be kept free from contamination

with iron.

Welded construetion - is.preferabie:for:all sulfuric
acid tanks. Generally, prefabricated tanks up to

27,500 gallons are available.

Steel sulfuric acid tanks may require washing
every few years to clean the accumulated iron
sulfate from the tank. Immediately after washing
has been completed,the tank should be refilled with

acid to prevent severe corrosion.

Sulfuric acid storage tanks are usually installed
on a concrete pier with steel grillage so that the
entire tank is visible for inspection and leak correc-

tion.

Pumps: Standard horizontal or vertical submerized
centrifugal pumps are suitable for use with sulfuric
acid, Iron pumps give satisfactory service but
20-gseries alloys (such as Worthite and Durimet 20)
give superior service. High silicon cast iron

(such as Duriron and Corrosiron) has excellent
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corrosion resistance and is frequently used where
corrosion rates of many other materials are
extremely high. However, this material is available
only in castings and is‘machnhiééiiy and thermally
brittle,

Gaskets: Ring gaskets for use with sulfuric
acid are generally made from either 1/16-inch
sheets of tetrafluoroethylene, chlorotrifluoro-
ethylene, or compressed asbestog. The synthetic
materials are particuwlarly recommended for service
with hot acid. Envelopes of synthetic materials

are also fregquently used.

Valves: Iron and steel valves can be used with
sulfuric aéid. However, iron sulfate forms radiply
on these materias. This tends to interfere with
performance, Therefore, valves made from alloys
most resistant to corrosion are best suited for use

with sulfuric acid.

Piping: All-welded schedule 80 black steel pipe
with forged welding fittings and series 15 welding-
neck or slip on weld flanges are generally used in
sulfuric acid service. Cast iron or malleable iron

cannot be used with oleum.

-Acid lines should be kept full to minimize
corrosion and excessive sulfonation. However, since
it is occasionally necessary to empty acid lines for

maintenance purposes, they should have sufficient
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pitch to permit complete draining. Sulfuric acid
pipes should not be blown with air unless absolutely
necessary, If air blowing is necessary, dry air

must be used to minimize corrosion.

Castiiron pipe is generally preferred to steel
for use with hot acid to the temperature limit for
such materials. Since cast iron pipe is fragile,
it must be handled with.cafe and well supported

when installed,

Since iron sulfate forms during sulfuric

acid storage, care must be taken to aveid clogging
pipe lines. Generally, pipe larger than one inch
in diameter is necessary. Also, as the pipe dia-
meter is enlarged, acid velocity is reduced and
corrosion rates are substantially lower. For this
reason, larger diameter pipe is recommended. In
any case, acid velocity should never one foot per
second in steel pipe two inches in diameter or less
nor should it exceed +two and one half feet per

second in larger pipe.

Highly flammable hydrogen gas may be generated
by the action of sulfuric acid on metal pipes. TFor
this reason, .the valve at each end of a line should

be vented, preferably back ‘o the storage tank, so
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that the hydrogen gas does not accumulate.

Rubber hose 1is attached by solutions of sulfuric
acid more concentrated than 50°B4. Tetrafluoroethylene
and chlorotrifluoro-ethylene hose give satisfactory
performance with all concentrations of sulfuric acid

at temperatures upto 375°F.

Oleum: Oleum is handled like strong sulfuric
acid. Recommendations for materials of comstruction
for tanks and equipment given above can be applied to
oleum with one exception. Cast iron, stainless steel
type 316 and higﬁ silicon cast iron have very high

corrosion rates with oleum and must not be used.
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CORROSION OF MATERIALS BY SULFURIC ACID

(81)

dilute acid

strong acid

basicicanstituénts -

Paints,varnishes,

enamels, and lacquers some with

stand

Metals cold. hot cold hot
Platinum nil nil nil very slight
High~silicon cast
iron with(13-15%
silicon) nil nil - nil very slight
T.ead very slight slight slow<95% slow< 80%
Monel metal very slight slowly very attacked
* att. slight=
IR <85%
Stainless steel resistant = resis-
18% Cr,8% Ni tant =
attacked + attack- attack- attacked
ed = ed =
Stainless steel high resistant fairly resis- fairly
N content resis~ °tant resis—~
tant tant
Iron or steel attachked attacked
Z 65 % {93 % ‘
. or »509C safe)75% slow >93%
Non metals
Silica nil nil nil nil
Sulfur nil nil nil slowly attac-
' ked
Rubber resist {50% resist{50%
if <85°C attac- attacked>50%
ked»50% or »85°C
Concrete, brick,
masonry containing _bad bad

bad bad

practically all attacked

Note: The designation "nil" indicates absence of noticeably

attacks,or a loss of weight of less than 1 mg per sq dm.

% If the acid contains dissolved air.
+ Alr -~ free acid.
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APPENDIX D

STORING, WASHING, SHIPPING, UNLOADING AND
SAFETY PROBLEMS IN SULFURIC ACID MANUFACTURE(142)

STORING SULFURIC ACID: Vertical or horizontal

tanks‘are suitable for storing sulfuric acid. For

all grades of acid furnished by the Tennessee
Corporation, for instance, mild steel is the cheapest
and best material of construction., If iron pickup must
be avoided, the tank should be lined with a baked-on

phenolic resin.

WASHING STORAGE TANKS: Storage tanks in sulfuric

acid source will accumulate iron sulfate sludge.
This sludge nust be removed periodically to main-
tain the purity of the acid. The intervals between
cleanings depend on such factors as the amount of

acid handled, grade of acid, and humidity.

The reaction between weak acid and steel or cast
iron forms hydrogen. Therefore, keep open flame or
a welding arc away from the tank until it is tharoughly
aired out, either by natural draft or forced ventila-

tion.

SAFETY IN HANDLING: Sulfuric acid is the most

widely used of all heavy chemicals. The huge btonnage
consumed each year in varied industries proves that

it can be handled safely if adequate precautions are
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observed. It is important fto remember that sulfuric
acid is a corrosive liquid., Even the weakest solu-
tions are injurious to the skin and eyes, and higher
strengths can cause severe Dburuns., Protective
clothing is essential in most operations. This
includes rubber gloves, goggles or face shields,

and in some cases rubber sulits and boots.

Since hydrogen is generated by the reaction of
weak sulfuric acid on steel, it is recommended that
smoking and open light be prohibited in storage tank
areas, and that copper-beryllium (non-sparking) tools

be used.

DILUTION OF SULFURIC ACID: Many times sulfuric

acid is not used at the standard commercial concentra-
tion as delivered to the consumers. Two acids of
different strengths may be mixed to form an acid

of intermediate strength, or it may be desired to

cut a strong acid with water to form a weaker one.

The rectangle method, wused for many years, is

the simplest means to solve the problem.

Using the rectangle method, the strengths of
the two acids to be mixed are written on a horizontal
line. The strength desired is placed below and bet-

ween the two +to be mixed. Now subtract the figures
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on the diagonals, the smaller from the larger, and
place the result at the other end of the respective
diagonal. The figures at the ends of the diagonals
then indicate the parts by weight of the strength
acid at the top ends of the vertical lines that

must be mixed to get the desired strength.

Examplei 77 % acid must be made by mixing

98 % acid 70 % acid.

98\\\k ’;/70
'771\
7 o
7'.:/ 21 = 28 parts totally,
parts parts
by by
weight weight

When acid is diluted with water, one of the
figures on the top horizontal line will be O, as

water has no acidity.

SHIPPING SULFURIC ACID: All tank cars used for

shipping sulfuric acid in the Tennessee Corporation,

have a nominal capacity of either 7,000 or 7,700 gallons. The
Yret weight varies fom 49-60 tons,’depending on the

strength of acid contained. Many are lined with a

phenolic resin which presents iron pickup from corro-

sion during transit.
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UNLOADING SULFURIC ACID: Sulfuric acid is

always unloaded through a well pipe extenting to
the bottom of the car or trucki A well or shallow
depression in the bottom of the tank, permits the
pipe to extend below the lowest part of the shell,
thus allowing complete unloading of the acid. Both
rail cars and trucks have bottom outlets for clean-
ing purposes, but their use for unloading is pro-
hibited. Trucks or cars can be unloaded by air
pressure or by a pump. Air pressure should not ex-
ceed 30 psi., and the pump should be made of a

suitable material.
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Products

APPENDIX E

UNIT CONSUMPTION DATA FOR SULFURIC ACID USE

IN DIFFERENT CHEMICAL AND PROCESSING

INDUSTRIES {20,166)

Units of acid(100%)

per mist of product

Ethylalcohol via ethylsulfate
from ethylene

Isopropyl alcohol
Sec.butylalcohol

Aluminium sulfate, for paper and
pulp industry

Ammonium sulfate

Lead storage batteries,USA average

Boric acid, ex sodium borates
Boric acid, ex cholemanite

Catalysts for cat-cracking in .
refineries

Rayon, oven dry net

Cellophane

- Cellulose acetate

Sodium dichromate ZHZO
Chromic acid

Chloral + DDT (integrated plant)

~£20-

1.2 kg/1t
1.0
0.85

0.90
0.76
1.95 kg/battery
0.44
0.75

0.40-0.50

1.25-1.30
1.00

0.05

0.352

1.044
1.60/% DDT



-~ chloral (only) 0.49

~ DDT ex purchased chloral 1.23
- Nitratidn products+explosives vary
~ Normal superphosphate 1.786/ton P,0s
~ Wet-pracess phosphoric acid 2.681/ton P,05
- Hydrochlaric acid,from salt 1.4
~ Hydrofluoric acid ex fluorit
(fluorspar) 1.33
-~ Iron and steel pickling,overall
' average 0.19 kg/ton steel
~ bars : 6.80 kg/ton bars
~ wire ' 30.40 kg/ton wire
— Petroleum refining (alkylation) 14.5-16.3% kg/bbl

or
0.1 kg/lt alkylate

~ Phenol, via sulfonation of benzene 1.65
— Copper sulfate 1,60
- Nickel sulfate . 0.39
- Zinc sulfate | 0.36

- Dodecylbgnzene sulfonate, sodium salt
- acid input (as 20 % oleum) 0.8

- acid out,: in sodium salt
in sod.sulfate and
sulfuric acid 0.1

as spend acid(72-78%) 0.4

- net acid consumed 0.4
- Titanium dioxide,ex.Ilmenite,gross 1.50
net 1.35

- Uranium processing,average 20-25 t acid/ton UBOB

or 18-13%6 kg acid/ton ore.
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APPENDIX F
INTERNATIONAL PATENTS RELATED TO SULFURIC ACID
MANUFACTURE : (183%)

The information taken from "Sulfuric Acid
Manufacture and Effluent Control" serves a dbuble
purpose in that it supplies detailed technical informa-
tion and can be used as a guide to the U.S. patent
literature in this field. As the author says, the
U.S. patent literature is the largest and most
comprehensive collection of technical information
in the world, the technical information obtained
from a patent is extremely reliable and comprehen-
sive. Many of these patents are being utilized

commercially.

SULFUR DIOXIDE FROM SULFUR

Elemental sulfur is the most important raw
material for sulfur dioxide. The mining of sulfur
by IFrasch process involves pumping hot water under
pressure into subterranean sulfur-bearing deposits
where upon the sulfur melts and is brought to the

surface by an air 1lift.

MELTING SULFUR

If sulfur is solidified after Frasch mnmining

and received in solid form at the sulfuric acid
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plant, the first step must be melting to get the
sulfur in a form which can be atomized easily and

burned to give sulfurdioxide.

Freeport Sulfur

A process developed by D.A. Lipps, J.D. Best,and
P.A. Rubero; US. patent 3,355,259; November 28,1967,

assigned to Freeport Sulfur Company relates +to an

improved method and apparatus for the melting of solid
sulfur and the heating of the resulting liquid to
temperatures above the melting point. The objects

of the process are to provide a method far melting
moist, solid sulfur and heating the liquid so pro-
duced without mechanical agitation, foaming, or

scaling and corrosion.

ATOMIZING AND BURNING SULFUR

Allied Chemical and Dye

A process developed by H.F, Merriam and H.H.

Hum ence; U.S. Patent 2,726,93%3%; December 13,1955

assigned to Allied Chemical and Dye Corporation

involves combugstion of elemental sulfur to produce
high quality sulfur dioxide free or reasonably so

of sulfur and oxygen. According to certain aspects
of the process, sulfur dioxide produced is used under.
controlled conditions to oxidize gaseous sulfides

to form recoverable elemental sulfur and the elemental



sulfur employed in the main process..

A process developed by J.G. Melendy; U.S. Patent

2,5%9,519;: Januvary 30, 1951; assigned to Allied

Chemical and Dye Corporation relates to the treatment

of burner gases, such as produced from sulfur or
sulfide ores amnd other materials used in the manu-
facture of sulfuric acid by the Qontact process, to
reduce corrosion of the blowers and steel piping

emploved in contact sulfuric acid plants.

Badische Anilin- and Soda -~ Fabrik AG

A process developed by G. Schachenmeier and X.

Starke; U.S. Patent 3, 149,916; September 22, 1964;

assigned to Badische Anilin —~ and Soda Fabrik AG,

Germany is a method for the combustion of sulfur
with oxygen-containing gases. More especially, it
relates to an improved process of burning sulfur in
sulfur burners of unique design which produces 802
as a result of contimuing explosionms of sulfur-

air mixture.

Chemical Construction

A process developed by L.N. Allen, Jr., U.S.

Patent 2,622,007; December 16, 1952: assignéd to

Chemical Congtruction Corporation involves the

manufacture of sulfur dioxide and is particularly
directed to sulfur dioxide adapted for commercial

uwtilizgation.
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A device developed by K.M. Barclay and H.G.

Bocckinos U.S. Patent 3,172,7353; March 9, 1965;

assigned to Chemical Construction Corporation is

an improved apparatus for the spray burning of

sulfur. An apparatus combination has been developed,
which accomplishes a fine dispersion of sulfur
droplets in air or other dispersion gas prior to
complete combustion. As a result, complete and uni-
form sulfur combustion is attained wusing much smaller

furnace volume.

Freeport Sulfur

A process developed by R.C, Hills; U.S. Patent

2,809,095; October 8, 1957; assigned to Freersrt

Sulfur Company relates to the production of sulfuric

acid by the catalytic or contact method from so-

called dark sulfur containing hydrogen.

Kimberly-Clark

A process developed by J.J., Shipman and J.W.

de Vos; U.S. Patent 2,822,245; February 4, 1958;

assigned to Kimberly-Clark Corporation relates to

the manufacture of sulfurdioxide gas and more parti-
cularly to methods and apparatus for burning sulfur

in relatively small, compact units.

Mathieson Chemical

A process developed by R.T. Braun; U.S.Patent
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2,595,447; May 6, 1952; assigned to Matlieson Chemical

Corporation relates to sulfur burners and more parti-

cularly to continuous sulfur vaporizer and burner
systems. Among the several object of this process
are the provision of sulfur vaporizer and burner
systems for producing gas containing sulfurdioxide
and vapor phase sulfur relatively free from impu-
rities; the provision of sulfur vaporizer and
burner systems which render possible closer control
of effluent gas concentrations; and the provision of
sulfur vaporizer and burner systems of the class
described which effect a substantial increase in

operating efficiency and unit production.

Standard 0il Development

A process developed by W.K. Lewiss; U.S. Patent

2,608,467; August 26, 1952: assigned to Standard 0il

Development Company is concerned with the production

of sulfurdioxide and particularly the production of
sulfur dioxide substantially free of sulfur btrioxide,

oxygen and sulfur.

Texas Gulf Sulfur

A device developed by I. Bencowitz; U.S.Patent

2,705,671; April 5, 1955: assigned to Texas Gulf

Sulfur Company comprises cerftain structural

arrangements for apparatus for burning sulfur, as
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in the manufacture of sulfuric acid, by first atomizing
sulfur derived from a molten sulfur bath and then
causing combustion to occur. It comtemplates par-
ticularly features which give rise to highly effi-
cient combustion and‘whioh give to the apparatus a
structural and operational simplicity making unnece-
ssary any need for elaborate and costly equipment

or delicate controls.
U.S.S.R.

A . device developed by L.A. Bogdgaov, Eag;

Dorman, B.D. Katsnelson, M.P. Kavokin, J.V.Lastochkin,

P.K, Mikhailov, L.,M. Person, G.M., Saksanov, V.A.

Slepnev, B.R. Bogdanov, and V.N. Khvastunov; U,S.

Patent %,519,3%97:; July 7, 1970 is a cyclone type sulfur

furnace employed in the production of sulfuric acid,
comprising a cylindrical combustion chamber with
nozzles for feeding primary air installed tangen-—
tially to the combustion chamber, the nozzles being
partitioned lengthwise, +thus allowing partial regula-
tion of air supply to the chamber. The chamber also
has tangential sprayers for sulfur-containing mate-
rial and a diaphragm provided with radial channels

through which secondary air is fed.

Walchandnagar Industries

A process developed by J.P. Mukherji; U,S. Patent
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3,314,766; April 18, 1967; assigned to Walchandnagar

Industries Limited, India relates to sulfur burners

of the type in which the sulfur is vaporized from a
pool of molten sulfur in the combustion chamber and

the combustion of sulfur vapor takes place over the
pool of molten sulfur, and in which a means is provided
for varying the vaporization area of the molten sulfur,
thereby controlling the rate of combustion of the
sulfur without interfering with the air supply for

that purpose.

SULFUR DIOXIDE FROM WASTE GASES

Although Frasch sulfur has long dominated the
sulfur supply picture, production from various types
of waste gases are growing and will ultimately outpace
Frasch mining as a world source of sulfur. The figures
for 1970 are foughly as follows:

millions of long tons

Frasch sulfur 13
Sour gas recovery 9
Smelter recovery 12

34

FLUE GASES

Air Preheater

A process developed by P.H.Karlsson; U.S.Patent

3,4%6,192; April 1, 1969; assigned to the Air Preheater
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Company involves the continuous removal of sulfur
dioxide from thé exhaust gases generated by the
combustion of fossil fuels in a boiler furnace.
The system includes a sectionalized catalytic
reactor to convert sulfurdioxide to sulfur trioxide,
the reactor having flue gases paséing through one
section there of , the sections being independent

of one another,

Chemical Construction

A process developed by E.Z. Finfer and H.P.
Willetts U.S.Patent 3,533,748 ; October 13, 19703

assigned to Chemical Construction Corporation is one

in which sulfur oxides are removed and recovered as
elemental sulfur, from waste gas streams such as flue
gas, by scrubbing the gas stream with an agueous
alkali solution. The solution absorbs the sulfur
oxides, which react with alkali to form sulfite and
sulfate in solution. The resulting solution is cooled
to precipitate solid alkali metal sulfite and sulfate
salts, which are separated from the solution and may
be mixed with carbon. The salts or mixture is contacted
at an elevated temperature with hot gases such as car-
bondioxide or a reducing gas such as a cracked hydro-
carbon or natﬁral gas, to liberate elemental sulfur
vapor in a gas stream and convert the sulfite and sul-

fate to alkali, thereby regenerating the alkali which
ig recycled to the absorbing solution. The reducing
gas stream is cooled to selegtively condense the

elemental sulfur product.
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Hitachi

A process developed by Z. Tamura and Y.Hiskinuma:

U.S. Patent 3,3%98,509:; August 27, 1968, assigned to

Hitachi , Ltd. Japan involves desulfurizing industrial
waste gases by means of moving bed system using ac-
tive carbon and having a low ‘temperature adsorption
zone, a high temperature adsorption zone, a desorp-
tion zone and a cooling zone arranged from the top

to the bottom thereof, characterized in that a
suitable amount of cooling water is injected directly
into the cooling zone to directly cool the active

carbon.

A process developed by Z.Tamma and Y.Hishinuma;

U.S. Patent 3,486,852; December 30, 1969; assigned

to Hitachi, Ltd., Japan involves the desulfurizi-

tion of industrial waste gases by the use of active
carbon which is regenerated repeatedly by rinsing it
with water upon contamination and more specifically
to improvements in the disposition of the water

having been used in the rinsing and desorbing- step

in the process,
Ionigs

A process developed by W.A, McRae, D.L.Brown

and S.G. McGriff; U.S. Patent 3,475,122: October

28, 1969; assigned to Ionicg, Incorporated is a
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cyclic process for the removal and recovery of sulfur
dioxide from;wasﬁe stack gases to lessen atmospheric

pollution.

A,procéSS.developed by E.J. Parsi; U.S. Patent

3,524,301 August'18, 19703 assigned to Ionics, In-~

corporated is aqcyolic process for the removal of 802
from an Soznconﬁaining waste gas with subsequent
recovery of at least some of the 802 in the form of

sulfuric acid.
Tummus

A process developed by J.T. Thornton; U.S.Patent

3,475,121 October 28, 19693 assignéd,to the Lummus

Company 18 & process for absorbing'sulfurdioxide from
a gas by introducing a finely divided alkaline earth
méfal oxide into the gas whereby the sul furdioxide
reacts therewith to produce the correSpdnding sulfite,
The sulfite is éeparated fréﬁ“the gas, decomposed in

a fluidized state to recover sulfurdioxide and the
metal oxide and cooled for recycling to the absorp-

tion step.

Metallge.sellschaft AG

A procesgs developed by B, Paulings; U.S. Patent

3,318,662; May 9, 1967; assignéd“to'Metallg@selléchaft

AG!>Germ§gX is a low temperature catalytic process
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for treating sulfur dioxide-containing gases in the
presence of oxygen, water and a carbonaceous adsor-
bent or absorbent containing an effective catalytic
amount of what was formerly thought +to be a poiséning

impurity.

A process developed by E.F. M. Paulings; U.S,

Patent 3,294,487: December 27, 19663 assigned to

Metallgesellsghaft AG, Germany 1is a process for

producing sulfuric acid where gaseous sulfurdioxide

is catalytically reacted with oxygen in the presence

of water at a temperature Dbelow about 120°c and where
the gas is brought into contact with an adsorbent which is

impregnated with a catalyst.

A process described by H.Muller-Wartenbergs U.S.

Patent 3,475,133; October 28, 1969; assigned to

Metallgesellschaft AG, Germany proposes an apparatus

for the carrying out of a multistage method of purify-
ing flue gases which contain sulfur compounds, and
particularly the flue gases of oil or coal-fired
boilers, the gases being subjected to a wet catalysis
with preferred use of coal or carbon as catalyst in
order to remove the sulfur-containing components and
particularly sulfurdioxide, after the gases have been
previously treated in coolers and scrubbers and had

the dust removed from them possibly din mechanical or
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electrical dust precipitators, the cooler and/or
scrubber, and if employed, the dust precipitator
being arranged vertically one above the other with
catalyst reaction beds in a tower-like common housing
of preferably prefabricated plates forming a closed

structural part which is developed as a gas shaft.

Mitsubishi Shipbuilding and Engineering

A process developed by M. Atsukawa, K.Matsumoto

and H. Murokawa:; U,S. Patent 3,226,192:; December 28,1964;

assigned to Mitsubishi Shipbuilding and Engineering

Company, Limited, Japan is a process of treating a

waste gas containing sulfuroxide with an absorbent,
mapganese oxide to render the waste gas harmless and
more particularly a process of producing commercially
valuable sulfuric acid and chlorine from such a waste

gas with manganese oxide regenerated.

U.S. Secretary of the Interior

A process developed by D.Bienstock and J.H.Field;

U.S. Patent 3,150,923; September 29, 1964; assigned

to the U.S. Secretary of the Interior is an improved

process for the removal of oxides of sulfur form waste

gases.

PHOSPHATE PROCESS WASTE GASES

Hooker Chemical

A process developed by J.H.Hinkle,Jr.,E.Jd.Weaver
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and L,M, Smith; U.3. Patent 3,058,803, October 16,1962%

assigned to Hooker Chemical Corporation pertains to

the recovery of sulfur trioxide, and fluorine from
waste gases effluent from chemical plants such as
those, for acidulation and/or calcination of phosphate

minerals, e.g., phosphate rock.

VISCOSE RAYON PLANT WASTE GASES

Chemiebau Dr, A. Zieren

A process developed by H. Purkert; U.S. Patent

3,119,663%; January 28, 1964: assigned to Fa. Chemiebau

Dr, A, Zieren GmbH, Germany Relates to the recovery

of hydrogen sulfide, carbondisulfide, carbonoxy--
sulfide and sinilar sulfur compounds from moist waste
gas, which sulfur compounds lend <themselves to
oxidation to SOgﬂﬁlh.some instances also evolve HZO
and COZ‘

Reinluft GmbH

A process developed by F.Johnswich, U.S.Patent

3,284,158 November 8, 1966; assigned to Reinluft

GmbH, Germany relates +to the removal of compounds

containing sulfur from industrial gases, especially
the exhaust and waste gases of industrial processes,
and more particularly, to the removal of reducing-
sulfur compounds alone or concurrently with the remo-

val of oxidizing--sulfur compounds from gas streams.

~2 54 —



SULFUR DIOXIDE FROM HYDROGEN SULFIDE

ATLIED CHEMICAL

A process developed by H.F., Merriam and U,S.

Lauber ; U.S, Patent 2, 629,651, February 24, 1953;

assigned to Allied Chemical and  Dye Cogporatibn

relates to the manufacture of sulfuric acid from

st-contaning gases.

METALLGESELLSCHAFT AG

A process developed by G. Rowedder; U.S.Patent

3,008,804; November 14, 1961, assigned to Metallgesell-~

shaft AG, Germany involves the production of concent-

rated sulfuric acid and/or oleum from HZS containing

gases by the wet catalysis process.

SULFUR DIOXIDE FROM SULFIDE ORES

Sulfurdioxide is available as a by~product of
the smelting of various sulfide ores. It mnot only
offers an attractive economic incentive in the way
of by-product recovery but may offer a means of elimi-

nating atmospheric pollution as well,

COPPER ORES

Copper Range

A process developed by R.T, McKie; U,S. Patent

3,514,281; May 26, 1970; assigned to Copper Range

Compan; is one whereby during extraction of copper
Lompany
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from sulfide ore, smelter reverboratvory smoke, which
ordinarily is discarded as waste,.is treated by a high
efficiency multi-stage wet dust scrubber operating
with an alkaline solution of lime, in order to pro-
duce, as a useful by-product, a sulfide matting

agent and sulfuric acid or sulfuric acid only.

IRON SULFIDE ORES

Allied Chemical

A process developed by J.W. Swaine and J.C. Sloan,

Jr.;U.S.Patent 2,785,050; March 12, 1957; assigned to

Allied Chemical and Dye Corporation relates to the

treatment of sulfide ore and more particularly, refers
to a process for converting metal sulfides into sulfur

dioxide gas and metal oxides,

A process developed by, !M.J. Brooks and J.W.

Swaineg U.S. Patent 2,850,371; September 2, 1958;

agsigned to Allied Chemical Corporation involves an

improved method for converting finely divided sulfide
ore into sulfur dioxide and concomitantly effect the
agglomeration of the finely divided particles in a

single zone fluid burner.

Badische Anilin-— and Soda -~ Fabrik AG

A process developed by A. Johannsen, W, Danz,

W. Pfannmueller and H., Wolf; U,S, Patent 2,858,191;
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October 28, 1958: assigned to Badische Anilin -~ and

Soda- Fabrik AG, Germany relates to the production

of gases rich in sulfur dioxide suitable for working

up into sulfuric acid,

A process developed by A, Johannsen, W. Danz,

W, Pflannmueller and H, Wolf; U.S. Patent 2,889,202;

June 2, 1959, assigned to Badische Anilin- and Soda-

Fabrik AG, Germany relates to improvements in the

production of gases containing sulfur dioxide by

roasting sulfur—-containing ores,

A process developed by W. Pfannmueller, (.Wittman

and H. Wolf; U.S. Patent 2,889,203; June 2, 1959;

agssigned to Badische Anilin- and Soda Fabrik AG,

Germany relates to a process for the production of
gases containing sulfur dioxide from materials con-
taining roastable sulfur in addifion to at least one
of the elements arsenic and antimoyy with the
recovery of roasted residues practically free from
arsenic and antimepy by step wise roasting said

materials in fluidized layers.

A process developed by A. Johaansen, W. Danz,

W. Pfannmueller and H, Wolf; U.S. Patent 2,993,778;

July 25, 1961: assigned to Badische Anilin-and Soda~-

Fabrik AG, Germany provides a unique improvement in

the roasting of a sulfur mineral such as comminuted
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pyrites with the production of sulfur dioxide in a
fluidized bed,thich involves introducing oxygen-
containing gas above the bed to roast incompletely
roasted mineral fines or dust entrained in the

roaster gas leaving the bed.

A process developed by G.Wittman, U.S. Patent

5,198,602; August 3, 19653 assigned +to Badische

Anilin~ and Soda - Fabrik AG, Germany involves

roasting sulfidiec diron ore containing roastable
sulfur besides lead and at least one of the elements
arsenic and antimony, by which process there are

~ obtained roasted residues which are practically

free from lead, arsenic and antimcny.

Chemical Construction

A process developed by B,G. Mandelik ; U.S.Patent

3,059,995: October 23, 1962; assigned to Chemical

Congtruction Corporation relates to sulfide ore

roasting in which a dust-laden off-gas is produced
which contains, in addition to sulfur dioxide, signi-

ficant quantities of sulfur trioxide.

Dorr Oliver

A process developed by E.J. RobertsJ R.M.Foley

and D.P, Wells; U.S, Patent 2,625,464; January 13,1953%;

assigned to the Dorr Company relates to the roasting

of ores or concentrates which contain metal sulfides,
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in order to yieid thereby gaseous sulfur dioxide free
from objectionable sulfur trioxide and suitable for
the manufacture of sulfuric acid. It is particularly
adopted for the roasting of sulfidic metgllurgical

golids which also contain iron sulfides.

A process developed by E.J. Roberts; U.S.Patent

2,867,506; Janvary 6, 1959; assigned to Dorr-Oliver

Incorporated relates generally to the production of

sulfurdioxide gas from sulfur bearing ores.

A process developed by W.W. Jukkola; U.S.Patent

3,047,365: July 31, 1962; assigned to Dorr-Oliver

Incorporated relates to means for‘temperature cont-

rol in the fluidized bed roasting of sulfide ores.

)
Institut de Recherches de la Siderurgie Francaise

A process developed by M. Boucraut; U.S.Patent

3,189,437; June 15, 1965; assigned to Institut de

Recherches de La Siderurgie Francaise, France relates

to improvements in roasting by fluidization, more par-

ticularly to magnetizing roasting.

International Hickel

A process developed by G.H.C., Norman; U.S.Patent

3,042,498 July 3, 1962; assigned to the International

Nickel Company, Inc. provides an improved apparatus

comprising a furnace for suspension roasting finely
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divided sulfide materials to obtain calcine of eXcept-
tionally low sulfide-sulfur content while maintaining

high treatment rates per unit of hearth area.

Metallgesellschaft AG

A process developed by I. Schytil and H.Ley; U.S.

patent 2,756,986; July 31, 1956; assigned to Metall-

gegelschaft AG, Germany relates to the roasting of

sulfide ores while suspended in a fluidized bed or

a gas stream.

Montecatini

A process developed by I. Vaccari, P.Salle, A,

Morra and U. Colombo; U.S. Patent 3,160,496; December

8, 1964; assigned to Montecatini Societd Generale per

I'Industria Mineraria e Chimica, Italy relates to the

treatment of iron pyrites.

SULFUR OXIDES AND SULFURIC ACID FROM SULFATES

ALUMINUM SULFATE

North American Coal

A process developed by J.C., Udd, U.S. Patent

3,265,464 August 9, 1966; assigned to the North

Coal Corp. finds particular application in the pro-
cessing of hydrated aluminum sulfate for the produc-
tion of cell-grade alumina which is amenable in all

respects for use in the conventional Hall nrocess
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reduction to metallic aluminum, or in other processes

where such material is reguried.

AMMONIUM SULFATE

Chemiebau Dr. A. Zieren

A process developed by H. Furkert and R.Schértz;

U,S. Patent 3, 275,407; September 27, 1966; assigned

to Chemiebau Dr. A, Zieren GmbH, Germany relates to

2 method of recovery of ammonia and sulfur dioxide
from ammoniun sulfate, ammonium hydrogen sulfate and
from agueous acidic solutions contaning  and ammonium
hydrogen sulfate, sulfuric acid and optionally orga—

nic compounds.

A process developed by H. Furkert and H. Mihlenbeins

U.3. Patent 3,292,996; December 20, 1966: assigned to

Chemiebau _Dr. A. Zieren GmbH, Germany relates to a

method of recovery of sulfur oxides and ammonia, in
general, and in particular to such method for sepa--
rate recovery of sulfur oxides and ammonia from

ammonium hydrogen sulfate or sulfuric acid solution
of ammonium sulfete, such as these often obtained in

large quantities in the chemical industry.

A process developed by H,Furkert and H.RChl,

U.S. Patent 3,359,069; December 19, 1967: assigned to

Chemische Werke Huls AG and to Chemiebau Dr.A Zieren

GmbH, Germany rclates to the production of sulfur
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dioxide~containing gases from waste products contain-

ing ammonium salts of sulfur acids.

Houdry DProcess

A process developed by T.H,Milliken, Jr.; U.S.

Patent 2,926,070, February 23, 1960; assigned to

Houdry Process Corp. relates to the treatment of

ammonium sulfate and ammonium hydrogen sulfate to

recover therefrom ammonia and the oxides of sulfur.

Inventa AG

A process developed by W. Deiters, U,S.Patent

3,243,261; March 29, 1966; assigned to Inventa AG

flir Forschung und Patentverwertung, Switzerland

relates to the recovery of ammonia and sulfur oxides

from ammonium sulfate liquors.

Stamicarbon NV

A process developed by A.H. de Rooij and J.

Elmendorp : U.S. Patent 3,364,202; Januvary 16,1968;

assigned to Stamicarbon NV, Netherlands relates to

the recovery of free sulfuric acid, starting from
ammonium  bisulfate or a concentrated solution of

this salt,

CALCIUM SULFATE (GYPSUM)

Farbenfabriken Bayer

A process developed by H., Zirngibl, U.S.Patent
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3,129,063; April 14, 1964; assigned to Farbenfabriken

Bryer AG, Germany relates %o the.productian of sulfur

dioxide from one of several inorganic sulfates.

TRON SULFATE

British Titan Products

A process developed by X.R.Hansford, A.L. Roberts,

A.W. Evans and W. Hughes; U.S. Patent 3,195,981; July

20, 1965; assigned %o British Titan Products Company

Limited, England is concerned with the production of

sulfuric acid from hydrated iron sulfate.

Chemgro

A process developed by J.A. Patterson, U,S.Patent

3,053,626; September 11, 1962: assigned to Chempro,

Incorporatéd relates to the treatment of sclutions

of heavy metal sulfates for the production of sulfur
dioxide in a useful councantration and an end product
in the form of oxide of the heavy metal or a nixture

of said oxide with reduced particles of the heavy metal.

R.M. Lewis

A process developed by R.M. Lewis; U.S. Patent

3,153,575 October 20, 1964 relates to the treatment
of spent pickle liquor which results from the acid
cleaning of ferrous metal products.

North American Coal

A process developed by E.L. Clark; U.S.Patent
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3,086,8465 April 23, 1963; assigned to the North

American Coal Corp. is a -~ metallurgical process in

which there is a separation of ferrous sulfate and/or
other sulfates, as well as the decomposition of the

sulfates to produce 802 and sulfuric acid.

Puriron and Chemicals

A process developed by C.B. Francis; U.S.Patent

2,946,659; July 26, 1960; assigned to Puriron and

Chemicals, Inc. relates to the production of sulfuric

acid from ferrous sulfate, and consists in certain new
and useful improvements in pre~existing methods for

the purpose,

SODIUM SULFATE

Reynolds Metals

A process developed by M.L. Garing, F.E. Adkins,

Jr. and G.E. Branigan; U,S. Patent 3,207,575:; September

21, 1965: assigned to Reynolds Metals Company relates

to a method for +the concurrent production of sodium
aluminum fluoride and sulfuric acid from a waste by-
product of the processing of bauxite .or other aluminous
ores in the preparation of alumina by the Bayér or

Bayer-sinter process.

SULFURIC ACID FROM SULFUR DIOXIDE AND HYDROGEN

CHLORIDE
DU PONT

A process developed by J. Kamlet; U,S. Patent
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3,152,866; October 13, 1964; agsigned to E.I, du Pont

de Nemours and Company is a cyelic process for the

conversion of hydrogen chloride and sulfur dioxide

to chlorine énd sulfuric acid.

UGINE KUHLMANN

A process developed by R. Banwens and J. Molliere;

U.S. Patent 3,414,377:; December 3, 1968; assigned to

Ugine Kuhlmann, SA, France involves producing chlorine

from hydrogen chloride, where in mixtures of hydrogen
chloride, sulfur dioxide, and possibly sulfur trioxide
and other oxygen-containing gases are treated in the
presence of a catalyst, thus making it possible to
prcduce chlorine and sulfurio acid in one and the

same operation.

SULFURIC ACID BY THE CHAMBER PROCESS
DU PONT

A process developed by J.A. Jenemann and E.B.

Hollis; U.S. Patent 2,344,616; March 21, 1944; assigned

to BE.I. du Pont de Nemours and Company relates to the

manufacture of sulfuric acid in lead chamber systems
and provides simple and efficient methods for increasing
production in such systems without requiring material

alteration in equipment.

P.KACHKAROFF AND P. GUARESCHI

A process developed by P.EKachkaroff and P.
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Guareschi, U.S. Patent.24678,872; May 18, 1954 relates

to method for the production of sulfuric acid from
sulfur dioxide, oxygen and water by means of highly
concentrated sulfuric acid which contains nitrogen
oxides, free or caombined, so called nitrous sulfuric

acid,

J. MORITZ

A process developed by J., Moritz; U,S, Patent

2,791,49,; May 7, 1957, provides a succession of

utilization of phases of reaction in liquid medium,
followed immediately aftérwards by phases of rsac-
tion in gaseous medium, owing to the combination of
lead chambers and more particularly chambers with low

communicating passages with internal reaction towers.

H. PETERSEN

A process developed by H. Petersen; U,S.Patent

2,258,938; October 14, 1941; relates to improvements

in the chamber process for sulfuric acid manufacture,.

CONVERSION OF SULFURDIOXIDE TO SULFUR TRIOXIDE

SPECIFIC PROCESSES

D.B. Burkhardt

A process developed by D.B.Burkhardt; U.S.Patent

3,362,786; January 9, 1968 relates to a multistage

catalysis in the oxidation of sulfur dioxide to sulfur
trioxide and to trioxide concentration in such a

process.
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Chemical Construction

A process developed by M,H., Maurer; U.S.Patent

3,147,074; September 1, 1964; assigned to Chemical

Construction Corporation relates to the production of
sulfuric acid. An improved process sequence involving
preheating of process air has been deviged, which

permits the improved recovery of process heat and also

reduces equipment size and cost.

Farbenfabriken Bayer

A process developed by W.M6ller; U.S,Patent

3,259,459 July 5, 1966: assigned to Farbenfabriken

Bayer AG Germany involves the production of SO3 by

catalyst method in several stages, with interposition
of an intermediate absorption, the method comprising
reacting the gas residue, which remains after the
removal of the SO3 generated in the forward part of
the system, in another catalyst furnace part at tempera-
tures which are considerably lower., for example 20°

to 60°C or 40° to 60°C lower, than the initiation
temperature resulting prior to the dissolving out of

the 803.

A process developed by H. Guth, A, Heitman, W.

Moller and H. Werth; U.S. Patent 3,142,536; July 28,1964;

assigned to FParbenfabriken Bayer AG, Germany involves

the production of sulfur itrioxide from S0, obtained

from pyrites.
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Imperial Chemical Industries

A process developed by D. Davies; U.S. Patent

2,799,560; July 16, 1957; assigned to Imperial Chemical

Industries Limited relates to the production of

catalysts for the oxidation of sulfur dioxide to

sulfur trioxide.

Another process developed by P. Davies; U.S.Patent

3,186,794: June 1, 1965: assigned to Imperial Chemical

Indistries Limited, England melates to the oxidation

of sulfur dioxide to sulfur trioxide, and particularly
ta the production of catalysts suitable for use in

this reaqgtion.

Montecatini Edition

A process developed by A. Junginger; U.S. Patent

3,307,921, March 7, 1967: assigned to Montecatini

Edison. SpA, Italy relates to apparatus for controlling

chemical reactor temperatures by means of superheated
steam, and more particularly for the control of
exothermic reactions carried out in catalytic multi-~
layer systems or multistage exothermic reactions
producing hot streams of fluids at or intermediate a

plurality of stages.

R.H¥. Parsons

A process developed by T.J. Browder, Jr.,; U.S.

Patent 3,525,587; August 25, 1970; assigned to the

Ralph M. Parsbns Compaﬁy is a multiple stage process
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for the production of sulfuric acid by the catalytic
oxidation of sulfur dioxide-containing gas and the
multiple stage absorption of sulfur trioxide produced

by such catalytic oxidation.
Pullman

A process developed by B.G. Mandelik; U.S.Patent

3,282,645; November 1, 1966; assigned to Pullman

Incorporated relates to the conversion of sulfur

trioxide and, more particularly, to a method for the
catalytic oxidation of sulfur dioxide to sulfur
trioxide. Still more particularly, it relates to a
method for improving the conversion efficiency and
heat econamy in the conversion of sulfur dioxide to

sulfur trioxide.

Saint-Gobain

A process developed by R. Krempff, U.S. Patent

3,275,406: September 27, 1966; assigned to Compagnie

de Saint-~Gobain, Prance relates to the manufacture

of SO3 by the catalytic oxidation of SO2 on vanadium-
potassium~silica catalysts using catalytic granules

of varying rorosity.

Strategic Materials

A process developed by M.J., Udy: U.S.Patent

3,005,687: October 24, 1961: assigned to Strategic

Materials Corporation relates to an improved process
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for the production of sulfuric acdid.

CONVERSION OF SULFUR TRIOXIDE TO SULFURIC ACID

AND OLEUM

ATLLIED CHEMICAL

A process developed by H,F. Merriam and T,

Cummings; U.S.Patent 2,562,240: July 31, 1951; assigned

to Allied Chemicals and Dye Corporation relates to .

improvements in processes for manufacture of oleum.

BADISCHE~ANILIN~ AND SODA-~-FABRIK

A process developed by W. Klinger _and H.Wolf;
U.S.Patent 3,2%2,705; February 1, 1966: assigned to

Badische Anilin- and Soda-Tabrik AG, Germany relates

to a process for the production of sulfuric acid,
egpecially to a process for the production of pure
concentratéd sulfuric acid which is free from sulfur

dioxide.

CHEMICAL CONSTRUGTION

A process developed by L.N. Allen, Jr and T.P,

Forbath; U.S.Patent 2,655,431: October 13, 1953%:

asgsigned Chemical Construction Corporation relates to

a method and apparatus for the production of sulfuric acid
and more particularly to a method of absorbing sulfur
trioxide from gases containing this material by con-

tact with sulfuric acid.
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FARBENFABRIKEN BAYER

A process developed by A. Haltmeier; U.S.Patent

2,730,431; January 10, -1956: assigned to Farbenfabriken

Bayer AG, Germany relates to a process for the manu-

facture of sulfuric acid, and more particularly to a
process for the manufacture of sulfuric acid by react-
ing by sulfur trioxide with sulfuric acid at tempera-
ures of at least 150°C and of at most of boiling

point of the sulfuric acid.

SONNEBORN CHEMICAL AND REFINING

A process developed by'A.J. Bevevino and H,

Sonneborn 111; U.S.Patent 3,116,972; January 7,1964;

assigned to Sonneborn Chemical and Refining Corporation

relates to an improved method for intimately contacting
a compound in liquid phase, such as water, with a gas,
such as SOB’ making possible the absorption by the
liquid of the gas.

INTEGRATED CONTACT PROCESS PLANTS

SPECIFIC INDUSTRTIAL PROCESSES
Allied Chemical and Dye

A process developed by H.F. Merriam; U.S.Patent

2,471,072 May 24, 1949; asgsigned to Allied Chemical

and Dye Corporation relates to the manufacture of

sulfuric acid by the contact process.
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A process developed by B.M. Carter; U.S.Patent

2,520,454; August 29, 1950; assigned to Allied

Chemical and Dye Corporation relates to improvements

in the manufacture of oleum and sulfuric acid.

Boliden AB

A process developed by J.E. Wiklund; U,S.Patent

3,5%2,471: October 6,1970; assigned +to Boliden AB

relates to production of sulfuric acid and particularly
to a device fof controlling the concentration of
sulfuric acid in a sulfuric acid plant's drying

circuit for drying the sulfur dioxide to be oxidized
to sulfur trioxide in an oxidation apparatus for this
purpose, usually operating according to the contact

procass,

Chemical Construction

A process developed by A.L. Rugh: U.S.Patent

3,172,725s March 9, 1965; assigned to Chemical Const-

ruction Corp. is a method whereby concentrated sul-

furic acid may be economically produced from the sul-
fur dioxide contained in dilute gas streams, such as
smelter stack gases containing from 1 to 7 % sulfur-

dioxide.

A process developed by J.B. Rihckhoff s U.S.

Patent 3,350,169: October 31, 1967:; assigned to

Chemical Construction Corporation is one in which
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sulfuric acid is produced by dividingasulfur dioxide-

containing process gas stream into two porsions.

A process described by M.H.Maurer:;U.S. Patent

3,53%6,4463 October 27, 1970i assigned to Chemical

Construction Corp. is another process variation in

which the initial hot process gas stream produced

by sulfur combustion is divided into two portiouns.

A process developed by E.O, Ohsol; U,S. Patent

3,432,26%; March 11, 1969: assigned to Chemical Construc-

tion Corp. is a high pressure sulfuric acid process
in which process air for sulfur combustion to sulfur
dioxide is initially cdmpressed to provide a high
pressure process gas which flows through the cataly-
tic gystem énd sulfur trioxide absorption at ﬁigh
pressure, with subsequent expansion of the residuel

gas through a power recovery turbine.

Another high pressure sulfuric acid contact

process variation is described by G R. James; U.S.

Patent 3,455,652; July 15, 1969; assigned to Chemical

Construction Corporation.

A process developed by M.H. Maurer and C.S.

Benefield; U.S, Patent 3,475,120; October 28, 1969;

assigned to Chemical Construction Corp. is one in

which concentrated sulfuric acid is employed to scrub

a gaseous sulfur dioxide-containing feed stream prior
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to catalytic sulfur trioxide formation in a sulfuric
acid process, in order to remove water vapor from the

feed stream.

A process developed by J.B. iRinckhoff; U,S.

Patent 3,519,388; July 7, 1970; assigned to Chemical

Construction Corp. is one in which a hot sulfur dioxide-

containing gas stream, typically derived from a pyrites
sre smelter or copper converter at a temperature above
100°C and containing less than about 8 % by volume of
sulfur dioxide together with excess free oxygen and
water vapor in an amount not more than that required
for product acid, is employed as a sulfur source for

the production of concentrated sulfuric acid.

Chemiebau Dr. A. Zieren

A process developed by H. Furkert, ¥, Mahler,H,.

Peters, and A, Stauffer, U.S.Patent 3,443,896: May

13, 1969; assigned to Firma Cheibau Dr. A. Zieren GmbH,
Germany is one in which sulfuric acid is produced |
from sulfur dioﬁide containing gases utilizing a
multistage catalytic sulfur dioxide oxidation and

two stage sulfur trioxide absorption.
Du Pont

A process developed by I.R., McHaffie and H.,R.L,

Streight; U.S. Patent 2,415,142; February 4; 1947;

assigned to E.I. du Pont de Nemours and Company
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relates to the manufacture of oleum and high strength
sulfuric acid by the contact process and is particu~
larly directed to the utilization of dry waste gases
issuing from the system in reducing +the moisture

content of wet gases entering the system.

A process developed by R.R. Detweiler; U.S,

Patent 3,454,360; July 8, 1969;: assigned to E,I,

du Pont de Nemours and Company is a method for mak-

ing ‘sulfurit acid. comprising converting sulfur
dioxide to sulfur trioxide, adiabatically trans-
ferring the sulfur trioxide to an absorber where it
is contacted with water to make sulfuric acid and

recovering the sulfuric acid.

Farbenfabriken Bayer AG

A process developed by A. Haltmeier ; U.S.Patent

2,879,135: March 24, 1959; assigned to Farbenfabriken

Bayer AG, Germany is an improved process of manufac-

turing sulfuric acid.

Metallgesellschaft AG

A process developed by E. Stahl, U.S,Patent

2,819,947; Januvary 14, 1958; asgssigned to Metallgesell-

gsechaft AG, Germany relates to an improved method of

supplying the water necessary to bind the sulfur

trioxide to form sulfuric acid.
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A process developed by H. Drechsel, K.~H,Dorr,

and H. Grimm ; U.S. Patent 3,404,955; October 8,1968;

assigned to Metallgesellschaft AG, Germany is one

in which gases having a sulfur dioxide content of less
than 9 % are catalytically oxidized to SO3 and HZSO4
in a method in which no external source of heat is

employed.

Another process developed by H. Drechsel, K.-H.

Dorr, and H., Grimm ; U,S. Patent 3,525,5863; August

25, 1970; assigned to Metallgesellschaft AG, Germany

is one in which gases having an S0, content of at less
9 % are catalytically oxidized to SOz and HyS0, by
using a plurality of heat exchange and oxidation

gsteps and a hot single stage intermediate SO3 absorp-

tion step.
Pullman

A process developed by L.E. Bostwick and B.G.

Mandelik; U.S. Patent 3,43%2,264; March 11, 1969;

assigned to Pullman Incorporated is a process for

the manafacture of sulfuric acid wheré¢ dynamic gas-
liquid contacting means are used in place of conven-
tional sulfuric acid to dry the air and are preferably
also used in place of conventional packed towers to
contact sulfur trioxide with sulfuric acid to form

additional sulfuric acid.
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Societe Nationale des Petroles d'Aguitaine

A process developed by H. Topsoe and G.Thareau;

U.S. Patent 3,374,061: March 19, 1968; assigned to

Societe Nationale des Petroles d!'Aguitaine, France

involves the manufacture of suifuric acid by absorbing
a hot humid gaseous stream containing sulfuric oxide

in an aqueous sulfuric acid solution, the volume and
concentration of which are maintained constant through-

out the process.

Stauffer Chemical

A process developed by A, Belchetz s U,3. Patent

2,449,190; September 14, 1948; assigned to Stauffer

Chemical Company is unique 1in that it proposes the

uge of a fluidized bed catalyst.

UNCONVENTIONAT, SULFURIC ACID PROCESSES

USING LIQUID PHASE OXIDATION OF SULFUR DIOXIDE

Tennessee Valley Authority

A process developed by M.M. Striplin, Jr., U.S.

Patent 2,342,704; February 29, 1944: agsigned %o

Tennessee Valley‘Authority involves making an

aqueous solution of sulfuric acid from sulfur dioxide
by passing through a gas absorbing zone a stream of
an aqueous absorbent solution containing mangenese
sulfate and material selected from the group con-

sisting of alkyl naphtalene sulfonic acids and the
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alkali metal salts, both in relatively small amounts
and in the concentration required for the maximum
rate of conversion for the concentration of the aqueous

solution of sulfuric acid B:ing produced.

USING LIQUID PHASE OXIDATION OF SULFUR

Sterling Drug

A process developed by E.W. Schgeffel:; U.S.

Patent 3,042,489; July 3, 1962; assigned to Sterling

Drug Inc. is a non catalytic process for the produc-
tion of sulfuric acid in high yield by oxidizing sul-
fur in an aqueous dispersion to sulfur trioxide at a
temperature between amout 275° and 360%C and under

a pressure sufficient Yo maintain some of the water
in liquid phase and recovering sulfuric acid from

the oxidized product.
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APPENDIX G

INTERNATIONAL PATENTS RELATED TO REMOVAL

AND RECOVERY OF SULFUR OXIDES FROM TAIT

GASES (13%3)

Types of systems available :

1.1.1
1.2.1
1.2.2
1.2.3

1 3.4
2.1.1
2.2.6
2.2.8
2.2.14

2.2.22

2.2.28

2.2.29
2.3.3

Dual Absorption

Add-on Dual absorption using converter heat
Add-—-on Dual absorption using furnace heat
Add-~on Dual absorption using outside heat
source

802—803 conversion improvement

NaZCO3 absorption of 802 to Produce Na?_SO3
MgO absorption of 802 with SO2 recovery
Potassium sulfite~Bisulfite

S0, absorption in and recovery from methyl-
amine sulfite-bisulfite solution
Absorption and oxidation of 802 in charcoal
beds (sulfacid proqess)

Absorption with basic aluminum sulfate
golution, regeneration with heat to release
S0, (Hardman-Holden)

Resin adsorption of 802

Lime absorption of 802
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2.4.5 Ammonium sulfite-bisulfite absorption with
SO§ recovery and NH4NO3 production
2.4.6 Sulfuric acid-lime 2-stage absorption to

recover 802 and produce plaster of Paris.

Process 1l.1. —~ Dual Absorption (New Plant)

Description : Similar to conventional contact plant
up ‘to conversion step. Absorption
of 802 takes place after 2 or 3
conversion stages; 802 gas is
reheated and returned to the con-

tverter for additional conversion

and acid recovery in a second ab-
sorber. There are several variations
depending upon conversion requirew

ments and plant steam system.

Recovers : 80, in the form of product H,80,
for sale.

Status : In commercial operation

Licensor ¢ Bayer

Applications ¢ Reduced 802 emission from new sulfur
burning contact plants
Control level Obtainable: To 500 ppm for SOZ; no mist
| control
Expected relative cost : Capital cost--average to high;
operating cost-low.
Reliability : Same as modern contact plant

-260~



Estimated Overall Worth: Good, Feasible-shows enough
potential to warrant further evalua-

tion.

Process l.2.l Add-on Dual Absorption Using Converter Heat

Description : Stack gas is heated utilizing a part
of the heat of reaction from the
converter. This gas is blown through
a new secondary converter and ab-

sorber to produce additional acid

product.

Recovers 3 SO2 in the form of product H2804
for sale.

Status : Current technology, beeing offered
commercially.

Licensor ¢ Chemico.,

Applications + Reduce 802 emission from sulfur

burning contact plants.

Control level obtainable: 500 ppm for SOZ: no mist control.

Expected Relative Cost : Capital cost-average, operating
cost-low.

Reliability Good.Equal to existing plant.

Estimated Overall Woxrth: Good. Feasible where space is
available. Shows enough potential

to warrant further evaluation.
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Process 1.2.2 ~Add-on Dual Absorption Using Furnace Heat.

Description

Recovers

Status

Patents
Lilcensor

Applications

*
e

°
‘e

Stack gas is heated with hot furnace
gas obtained by burning additional
sulfur in the sulfur furnace, which
by passes the boiler system and first
converter. The additional SOZ+Stack
gas 1s converted to SO3 in a new
two-stage secondary converter, and
passes through a secondary absorber
to provide additional acid product.
802 in the form of product HZSO4
for sale.

Current technology being offered
commercially.

Applied for.

Chemico,

Reduce S0, emission from most sulfur

burning contact plants to 500 ppm.

Expected relative cost : Capital cost-average; operating

Relability

*
°

cost--low.

Goodwequal to existing plant.

Egtimated overall Worth: Good. Feasible where space is

available, Additional production
limited by furnace and blower
capacity of existing plant. Shows
enough po%ential to warrant further

evaluation,
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Process 1.2.3 ~Add-on Dual Absorption Using Outside

Heat Source

Description : Stack gas is heated in a fired
heater and blown through a new
secondary converter and absorber

to produce additional product acid.

Recovers : 50, in the form of product HZSO4
for sale.

Status : Current technology.

Applications : Reduce 802 emission from wet gas

contact plants,

Control level Obtainable : 500 ppm for SO,; no mist

2
control,

Expected Relative Cost : Capital cost-average;
operating cost-average.

Reliability : Good-equal to existing plant.

Estimated Overall Worth: Tair. May be féasible for

some wet gas plant. Shovs enough

potential to warrant further

evaluation.
Process 1.3.4 - S0,-S0, Conversion Improvement
Degcription ¢ Recently constructed contact HZSO4

plants can attain higher conversions
either by restricting production

rate or by additional catalyst.
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Recovers : 50, in the form of sto4 for sale.

Status : Standard practice wherever appli-
cable.

Applications ¢ Por contact plants that already

achieve over 96 % conversion, to
achieve 2,000 ppm, improvemént for
any contact plant.

Control level obtainable : Will have to be detgrmined
individually. Improvement to
2,000 ppm can be expected.

Expected Relative Cos% : Capital Cost~variable (should
be on low side); operating cost-
very low.

Reliability : No change in reliablity of existing
plant.

Estimated Overall Worth : Very good. Feasible for minor
emigssion adjustments to most plants.

Warrants further discussion.

Process 2.1.1 —NaéCOBAbsorption of 302 to Produce Na2803

. Description : 802 is absorbed in a concentrated
sodium sulfite solution made alkaline
with sodium carbonate. A bleed
stream is indirectly heated with

by-product steam from the acid plant
in a scraped surface crystallizer.

The crystal slurry is centifugal
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and the crystals dried through

indirect heat.

Recovers : 50, in the form of NaZSO3 crystals
for sale.

Status ¢ Pilot stage for 502 absorption;
theoretical for crystallization.

Patents ¢ Chemico application for 802 absorp-
tion and crystallization’'nventuri.

Apnlication : SOZ; 6r 802, SO5 and acid mist

removal for most contact plants.

Control level obtainable : < 100 ppm overallQ»

Txpected Relative Cost : Capital cost-average;
operatving cost-high~if sodium
sulfite value is significantly
less than soda ash.

Rediability : Does not affect reliability of
acid plant.

Estimated Overall Worth s Good, if sodium sulfide value
ié significantly greater than soda
agh., Sulfate formation can be
controlled and by-~product steam

from acid can be utilized.
Feasible., Shows enough potential

to warrant further evaluation.

Process 2.2.6-Magnesium Oxide Absorption of 302

. -

with 502 Recovery
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Description

Recovers

Status

Patents

Applications

.
©

802 is absorbed in a magnesium
sulfite~oxide slurry. The bleed
stream is centrifuged. The'hydrated
salt is dried and the anhydrous
sulfite calcined to magnesium

oxide and 802' Thefso2 gas 1is

-..serubbéd and the gas tooled.and

. most of the water ocondensed before

*e

e

o»

recycle to the 93 % tower.

802 in the form of concentrated
gas for recycle to acid plant
Diloted, and full-sized systems
proposed, A vaxriation in commer-
cial use in pulp industry.
Several.

SOZ; or 802 and acid nist recovery

from most contact.plants.

Contrql level obtainable : About 100 ppm.

Expected Relative Cost : Capital cost-average;

Reliability

(3
.

operating cost- avepage,
Operates independently. Does not

affect reliability of acid plant.

Estimated Overall Worth: Good. "easible--shows enough

potential to warrant further

evaluation.

Process 2.2.8~Potassium Sulfite-Bisulfite

Description

30, 1is absorbed in a KHSO.-K,S0.,
2 372773
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solution, The bleed stream is
cooled precipitating potassium
pyrosulfite which is separated,
the redissolved and steam is
stripped to K,50+, releasing SO0,
which is cooled to condense mois-
ture then cycled to the acid plant.
The sulfite formed is recycled to
the scrubbers. Sulfates can be
removed from the system with lime,
or removed prior to absorption,
plus using an oxidation inhibitor

with the sulfite-bisulfite solutian.

Recovers : 50, in the form of concentrated
gas for recycle.

Status : Commercial scale unit under con~
struction.

Patents ¢ Many on this type of process.

Applications : Most sulfur and non sulfur contaet

plants for recovery of S0,.
Control level obtainable : < 100 ppm overall.
Expected relative cost : Capffal cost-high,operating
- cost-average.
Reliability : Operates independently.
Estimated overall worth : Good-Steam consumption 9 1lbs/
lb.802 for vacuum crystallization
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and steam stripping. Feasible.
Showslenough potential to warrant

further evaluation,

Process 2.2.14 -80, Absorption in and Recovery from

Description

Recovers

Status

Methylammonium Sulfite-Bisulfite

Solution

: SO2 is absorbed in methylammonium

°

sulfite~-bisulfite in two stages.
A bleed stream containing the
equivalent methylammonium bisulfite

is steam stripped producing methyl~

- ammonium sulfite and releasing Soz,

8o

The former is returned to the
scrubber and the S0, cooled to
about 100°F to condensé most of
the H,0 before cycling to the acid
plant. An oxidation inhibitor is
added to the absorbing solution
t0 reduce sulfate formation. Acid
mist and SO3 are sorubbed out
prior to absorption.
502 in the form of concentrated
gas for recycle.
Johstone test data. Should be
piloted.
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Patents : Possible Jonhstone Patent about 1940.

o

Applications : SOZ; or S0y, SO3 and acid mist recovery
. from most contact plants.

Control level obtainable: As low as 100 ppm overall.

Expected relative cost: Capital cost-average, operating
cost-average.

Reliability : Does not affect reliability of acid
plant.

Estimated overall worth: Good. Steam requirements for
desorption are a little hi¢h (18 1bs/ld
SOZ)} Methylamine vapor pressure in
methylammonium sulfite-bisulfite is
negligible at absorption temperalures,
Feasible. Shows enough potential to

warrant further evaluation.

Process 2.2.22-Absorption and Oxidation of 802 in

Charcoal Beds

Decsription : 302 removed from various industrial
waste gases., S0, converted to HZSO4
by wet catalysis. Product acid is 10+%
HZSO4.

Reeovers :.302 in the form of HZSO4 for sale,
reuse as scrubbping liquoer concentra=
tion, or possible recycle to acid
plant.

Status

In use.
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Licensor : Lurgi Gesellschaft Fir Chemie und
Hutenwesen GmbH. | B

Applications 802,803 and acid mist recovery from
most contact §1ants; mos% &conomical
when applied to plants with low SO2
emission level. |

Control level obtainable : : 500 ppm,

Expected relative cost : Capital gost-Installed cost
2 225,000 in Europe for 400 STD H2504
Plant, 1800 ppm emission., Operation
cost - lo@»

Reliability : Does not affect reliability of acid

| plant.

Estimated Qverall Worth : Not the most feasible unless
there is a proper water balance since
a 10 % acid is produced, Eoonomical
applications may bé limited in U.S.
Shows enough potential to warrant

further evaluvations.

Process 2.2.28—Absorption with Basic Aluminium

Sulfate'Solution, Regeneratian with

Heat to Release SO, (Hardman Holden)

Description :.Sulfuric acid tail gas 1s scrubbed
with a basic aluminium sulfate

solution. S0, is recovered by steam
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and recycled to the drying tower. 803
and acid miét must be removed before
scrubbing.

Recovers S 802 in the form of concentrated gas

for recycle.

Status ¢ In commercial operation (Europe),
for SOz'production from sulfur.,
Patents : Manys; U.S., British, German, Australian,
Licensor ' : Hardman Holden Ltd.
Applications : SO2 recovery from any contact acid

plant.
Control level obtainable: 500 ppm or lower for SO,
and mist,

Expected Relative Cost : Capital cost-low, operating
cost-average.

Reliability : Does not affect reliability of acid plant,
Estimated - overall worth : Good. Feasible, but SO3
and acid mist must be removeq prior to
scrubbing to minimize sulfate forma-
tion. Shows enough potential to

warrant further evaluation.

Process 2.2.29-Resin Adsorption of 802

Description : 502 is adsorbed by an ion-exchange
resin. The resin is regencrated with
hot air. Acid mist removed just by

decomposition with heat to H20 and
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S0, and S04 is absorbed by separate

adsorbent,

Recovers H SO2 in the form of SO2 for recycle to
the acid plant; removes So3vand acid
mist,

Status : Laboratory developmet.

Patents ¢+ U.S, Patent pending for resin.

Licensor : Rohm and Haas (resin)

Applications : SOzyrecovery and acid mist removal

from any contact acid plant.

Control level obtainable: 200 ppm or lower depending
on regeneration cycle.

Expected relative cost : Capital cost-medium, opserating
cost-low.

Reliakility ¢ High, independent operation does not
affect acid plant reliability.

Estimated overall worth: Good. Further dewelopment
required for SO3 removal step. Shows
enough potential to warrant further

evaluation,

Process 2.3.3-Lime Absorption of 50,

Describfioﬁ 2 50, is absorbed in a slurry containing
hydrated lime. The bleed stream which
contains mainly sulfites and sulfates
is sent to a clasifier, The underflow

is centrifuged and the solids sent to
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waste disposal. The supernatant liquid
is reéycled.
Recovers s Calcium sulfites and sulfates in the

form of solids for disposal,

Status s In use on utility boilers in similar
process.

Patents ¢ Many.

Applications : Most sulfur and non-sulfur contact
plants.

antrol level obtainable: About 100 ppm, possidbly lowel.

Expacted relative cost : Capital cost-lows operating
cost -average to high.

Reliahility . Operates independently.

Estimated overall worth: Good. if SO, emissions are
relatively low and solid waste disposal
facilites are available. Feasgible.

Shows enough potential to warrant
further evaluation.

Process 2.4,5- Ammonium Sulfite-Bisulfite Absorption
with SO? Recovery and NH4NO3 Production

Description : 302 is absorbed in two stages in solu~
tion of ammonium sulfite~bisulfite
solution. Nitric acid is added to
the ammonium sulfite-bisulfite bleed
stream releasing 802 for recycle and
forming ammonium nitrate. The ammonium
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nitrate in solution form is concentrated
for sale., Ammonium sulfate formed is
removed with the nitrate pmoduct.

Recovers ¢ Concentrated SO2 for recycle and
anmonium nitrate for sale.

Status In commercial operation in BEurope,

LY}

Licensor SCHZ (Czechoslovakia)

ae

dpplications : SO, SO3 and acid mist recovery from
most contact plants.

Control level obtainable : About 100 ppm overall.

Expected relative cost: Capital cost-high, operating
cost-high.

Reliability : Operates independently. Doea not affect
reliability of acid plant,

Estimated overall worth: Good in locations where there
is demand for NH,NO, solartlon, Feasible.
Shows enough potential fo warrant
future evaluation. \

Procesg 2.4.6-Sulfuric Acid-Lime 2-Stage Abgorption to

Recover“SOQ and_Prc&uée*PlasterrofnPariSSnﬁ

Dejdription S0, is absorbed in two stages. In the
first, a 10 % H,S80, solution containing
MhSO4 catalyst absorbs and oxidizes
half the sulfur value entering the
system. The remaining sulfur value is

absorbed in the second stage with lime.
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The acid. is then reacted with the CaSO3
product to form SOZ which is recycled,

and CaSO4.2H20 which is calcined to
oaso4.m 3,0,

Recovers : Concentrated SO2 for recycle and plaster
of Paris.

Status : Idea.

Patent : Russian # 50446 (1937).

Applications : S50y, 803 and acid mist recovery for

most contact plants.
Control level obiainable i f_lOO ppm overall.
Expected relative cost : Capital cast-average, operating
cost-average too high.
Reliability ¢ Operates independentiy. Does not
affect reliability of acid plant,
Estimated overall worth: Good. Shows enough potential

to warrant further evaluatione.
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APPENDIX H
INTERNATIONAL PATENTS RELATED TO

RECOVERY OF ACID MIsms(:LBB)

Sulfuric acid mist consists of small @rops of
sulfuric acid, usually over-90 % concentration, formed |
in the vapor phase from water &eapor and 803. Once formed
it is extremely stable and is not readily separated oOr

absorbed.

In spite of the precautions taken, some mist for-
mation does take place in most plants. This may result
from the “dmadequate performance of the drying tower
or moisture in the sulfur, bwt the most common cause
is the presence of hydrocarbons in the sulfur which
burn with it producing water which will combine with
303 as the gas‘cools in the economizer or absorption
tower. This mist formation may be accentuated by sudden
drilling of the gas on cold surfaces, an effect some~
times produced by rain on the gas duct. This type
of mist consists of sulfuric acid drops of between

1l and 5 microns.

A most persistent form of this mist is produced
in most oleum plants. The important fact from a
pollution stand point is that this mist consists of

very much finer (0,2 to 3.0 micron) particles than that
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present in the normal mist produced in plants where

oleum is not a product.

In a discussion of acid mist it is important to
distinguish Dbetween it, gaseous SO3 and sulfuric
acid vapor. At the temperatures in an acid plant SO3
is a colorless gas and, therefore, invisible., If
present in the stack gas of an acid plant, as a rvesult
of poor absorber operation, it will combine with
water vapor in the atmosphere when it leaves the stack
and become a visibles mist. The only way of preventing
this mist formation is to ensure that the 503 content
of the gas leaving the absorber is vey low, by proper
design and operation of the tower. The stack gas
leaving the absorption tower will always contain sul-
furic acid vapor as it will be in substantial equilib-~
rium with the absorber acid, The only way this can be
reduced is by cooling, and it may, in fact, condense
in long ducts to the stack or in the stack itself,
sometimes being carried out of the steck as relati-
vely large droplets which fall in the vicinity of the
plant. As operation of the absorption tower at low
temperatures may make gcod absorption more difficult
to achieve, it is clearly necessary to strike a proper
balance between a high SO3 content on the one hand

and a high acid vapor content on the other,
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Several processes which are féasible for SO2 coptrql
will simultaneously provide control of acid mist and‘
803, either by choicé or because the nature of the
process requires the 503 and acid mist be removed prior

to the removal of SOZ' The various feasible methods are:

3.1.1 Dual Pad Mist Separators
3.1.2 Tubular Type Mist Separators
3.1.3 Panel Type Mist Separators
3.2.1 Electrostatic Precipitation

%.3.1 Mist Removal with Venturi Scrubber.

System 3.,1.1-Dual Pad Mist Separator

Description : Acid mist impinges on filaments of
horizontal mesh pads located in top
of the absorption tower to form large
droplets which are returned to the ~‘
tower by gravity.

Recovers ¢ H‘QSO4 mist in the form of HZSO4 for
sale as product.

Status : Many types in commercial.opgra§i0n.

Patents ¢ Many.

Applications : Recovery of acid mist particles >3

microns from most acid plants not
producing oleum.
Control level obtainable: Reduce acid mist to 2 mg/scf.

Reliability : High~does not affect acid plant reliability.
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Estimated overall worth: Good. Feasidle within its
range of capability. Tlow gas velocities

reguired,

SYStem 3.1.2-Tubular Type Mist Separator

Description ¢ Tail gas from +the absorption tower
passes through glass fiber packed ver-
tical tubular elements. Recovered acid
mist flows down the inside of the
elemgnts and is returned té-the tower
as liquid.~ -

Recovers : HZSO4 mist in the form of H2804'for sale.
Status ¢ In cadmercial operation.

Patents : Several.

Ligensor 3 Monsanto (Brinks High Efficiency)
Applications ¢ Recovery of acid mist for most acid

plants.
Control level obtainable : Reduce acid mist emission
£t0 0,1 mg/scf.
Expected Relative Cost : Capital cost-average, operating
cost-low.
Reliability : High-does not affect plant efficiency.
Estimated overall worth : Good. Feasible-Can be accorfnolated
within the absorber in new plants.

‘Existing plants require separate units,
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System 3.l1.3% -~ Panel Type Mist Separator

Description . : Tail gas from the absorption tower
passes through vertical fiber panels
into a chamber, Tail gas is discharged
upward and collected mist as liquid is
collected in a drain lime and returned

to the absorber.

Recovers : Acid mist in the form of HZSO4 for sale.
Status ¢ In commercial operation.

Patents ¢ Several,

Licensor : Monsanto (Brinks High Velocity)

Applications : Acid mist recovery for most acid plants.

Control level obtainable: Reduce acid mist emission to
(0.5 mg/fsct.

Expected relative cost : Capital cost-low to average;
operating cost-low.

Reliability : High-does not affect acid plant relia~
bility.

Estimated overall worth: Good. Feasible-~Can be accoﬁbo~;
dated within the absorber in new plants;

existing plants require a separate unit.

System 3,2,1-Electrostatic Precipitation

Description s Tail gas is passed thréugh a chamber
with electrostatic element. Mist par-
ticles collect on the elements and fall

as liguid to the bottom of the chamber
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and are returned to the acid plant.

Recovers H H2804 mist in the form of H2804‘for
sale.

Status : In commercial operation.

Patents : Many.

Applications Apid mist recovery for most acid plants,

Control level obtainable : To 99 % mist removal. Near
100 % for <3 micron mist.

Expected relative cost: Capital cost-average to highg
Operating cost-average to high.

Reliability : Good, Does not affect reliability of
acid plant.

Estimated overall worth: Good. Feasible,

System 3.3.,1-Mist Removal with Venturi Scrubber

Description : HZSO4 mist is entrained in a venturi
scrubber operating at high pressure
éroy (30" to 40" HZO)' The secrubbing
liquid may be water or H2804. The
bleed stream can be neutralized with
alkali and the salt disposed of if
applied to a contact plant, This is

not necessary with a concentrator.

Recovers : Acid mist in the form of CaSO4 for
disposal, or weak acid for concentration.

Status : Venturi scrubbers are in commercial
operation on coneentrators.

Patents : Many.

Applications : All acid plants except oleum for acid

mist control.
-281~



