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Preface 

This analysis of world sulphur supply and demand was 
prepared for UNIDO by M. N. J. Horseman of the British Sulphur 
Corporation Ltd., London, serving as consultant to the United 
Nations Industrial Development Organization. The views and 
opinions expressed in this publication are those of the consultant 
and do not necessarily reflect the views of the secretariat of 
UNIDO. 

The data are based on information available in May 1970. 
The author gratefully acknowledges the assistance; received from 
the British Sulphur Corporation Ltd. in the preparation of this 
study. 
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1 EXPLANATORY NOTES 

'& Reference to tons is to mot rie tons unira» otherwise stated. 
Jj Reference   to   dollars   <§)   is   to   United   States   dollars   uniras   otherwise 
-^ indicate«!. 

The shillings (s.)  and  ponce  (d.)  referral to in  this text  aro  the former 
British currency units. 

Dates divided by an obliquo stroke (e.g.  1960/1901) indicato a crop year 
or a  financial year. 

Dates divided by a hyphen (e.g. 1960-1970) indicate the full period involved, 
including the beginning and end years. 

References to "the present deeade" relato to the 1960s. 

The following abbreviations have been used: 
c. and f. =  cost and freight 
f.i.o. =  free in and out 
f.o.b. =  free on board 
f.o.r. =  free on rail 
p.s.i.g. =  pounds per square inch gauge 
S.O.F. —  sulphur-in-other-forms 
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INTRODUCTION 

The sulphur resources of the world are present in the earth's crust in 
numerous forms, but their exploitation does not always lead to the production 
of sulphur ,n ,1s elemental form. The production of sulphur involves « 

entn H! ZT* ^ ,' ^ "" * yMd * Product that «»»tain« 99.5 per 
cent 8 or better; production also involves mining and utilizing the sulphur 
values in sulphule and sulphate minerals, and the recovery of the suiphu 
content of hydrocarbons sueh as oil and natural gas. P 

Elemental sulphur is present in sulphur ores that were created bv volcanic 
action or ores that are associated with ,uch related phenomena as fumarole.« 
and solfatara«; elemental sulphur is present also in deposits associated with 
scdnnentary rocks such as limestone. These occurrences' are generally known 
as native sulphur ore irrespective of the type of host. 

Sulphur resources in the form of sulphide minerals include deposits of 
iron pyrites, cupreous pyrites and pyrrhotites as well as deposits of pyrite 
and pyrrhotite associated with non-ferrous metal sulphide ores. The sulphur 

of sulphur diox.de m smelter gases at plants where ore, or concentrates are 
converted into metal. 

Occurrences of sulphur in the form of sulphate minerals are represented 

incTnL y 7 fEhate (gyPSUm °r «M**», the output of which is 
included in world sulphur production. Calcium sulphate is exploited for its 
sulphur values, for example, as a raw material for the manufacture of sulphuric 

thl °r rr0nn• 8ulPhate- The 8ame exploitation and use also applies to 
he synthetic product phospho-gypsum which is produced during the man- 

ufacture of phosphoric acid by the acidulation of phosphate rock with sul- 
pnuric acid. 

Sulphur is also found in association with liquid and gaseous hydro- 

ÏÏT' ra08VbUI;da,îlyuin COaI' and «* a fe- -table Lceptions the 
petroleum crude oils of the world contain significant amounts. Sulphur is 
present in abundance in world oil reserves represented by oil sands and shales. 
Reserves of sour natural gas have become increasingly important in recent 
years a.s an energy source, and gas sweetening and sulphur recovery operations 
v eld elemental sulphur as a eo-product or by-product of pipeline gas Sulphur 

duZ Tt °? may * 1Ìberated - bj'-Product Pyrite whiehl produced 
ZIM °0a k

be"°fic,at;on' or * •y be recovered from combustion gases 
notably m the form of sulphuric acid produced from hydrogen sulphide 
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To distinguish between tlie various forms in winch world production 
of sulphur is realized, three terms arti commonly used to identify the sources 
and uses of he world's sulphurous raw materials; they are: brininone (bright 
and ditrk sulphur), pyrite, and "suìphur-in-other-form*'. 

BRIMSTONE 

The term brimstone which applies solely to sulphur produced in its 
elemental form, is used to distinguish between elemental sulphur and all 
other types of sulphur, and to avoid the confusion created by using the word 
sulphur to designato aggregate production of sulphur in all of its forms. 
Three methods or types of brimstone production are referred to as : Frasch 
sulphur process, recovered sulphur production, and native refined «wlphur 
production. 

Frasch sulphur and native refined sulphur are produced by exploitation 
of native sulphur ore, the former being brimstone produced by the Frasch 
process of hot water injection and liquid sulphur recovery, and the latter, 
brimstone produced by conventional ore mining techniques followed by 
treatment in a beneficiation/refining plant. Recovered sulphur production 
takes place mainly at oil refineries and natural gas plants where desulphuri- 
zation units provide HjS streams for sulphur recovery plants which extract 
the sulphur content in its elemental form. 

PYRITE 

Included in the pyrite category is the mining of pyritic ores to obtain 
iron pyrites, cupreous pyrites and pyrrhotites as the main products or the 
recovery of by-product pyrite and pyrrhotite at operations producing, for 
example, lead, zinc, or copper concentrates from sulphide ores other than 
iron sulphides. 

SULPHUR-IN-OTHER-FORMS (S.O.F.) 

Sulphur production involving forms other than brimstone or pyrite is 
grouped in this general classification and includes native sulphur ore used 
directly to produce sulphuric acid without prior refining into brimstone. 
Sulphur-in-other-forms is used to produce sulphuric acid, and such forms 
can be produced from a variety of sources, in addition to unboneficiated 
sulphur ore, such as the following sulphur-containing materials: 

(a) SOrcontaining waste gases at zinc, copper, lead or nickel smelters; 
(b) Gypsum or anhydrite; 
(c) HjS content of oil refinery or coke-oven gases; 
(d) Oil refinery acid sludge; 
(e) Spent oxide; 
(f) Ferrous sulphate; 
(g) Filter cake (residues from the filtration of Frasch or native refined 

sulphur) ; 
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or in a form that docs not go through the process of sulphuric acid product 
such as: 

ion 

(a) 
(b) 
(c) 
(à) 

Gypsum or anhydrite used for ammonium sulphate production; 
Smelter gas S02 use<* for liquid sulphur dioxide production; 
Slient oxide used in pulp manufacture; 
Unbeneficiated sulphur ore used in certain agricultural and industrial 
applications. 

To indicate the sum total of sulphur production from these different 
sources, a further delineation is used which is "sulphur-in-all-forms". For 
example, aggregate world output of brimstone, plus the sulphur content of 
pyrite and the sulphur equivalent of sulphur-in-other-forms, is termed the 
world's sulphur-in-all-forms production to distinguish between total production 
of a particular type of sulphur and total production of all types. 

L 
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PART I 

Chapter 1 

WOULD SULPHUR SUPPLY AND DEMAND 1960-1969 

WORLD SULPHUR SUPPLY 

Before 1970 world production of sulphur-in-all-forms was approaching 
40 million tons annually (see figure 1). For 1969 it was estimated that the 
aggregate output would have increased by 5.1 per cent on the 1968 level 
to end the year at 38.9 million tons. Just over half of the world's sulphur 
is produced in its elemental form-as brimstono-from the Fra.-ch process, 
and from recovered and native ore mining/refining operations. 

70 
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ui M 

S 

30 

M 

10 

„-*"' .*"» 

„ CONSUMPTION 
*• nwoucTtON 

IMO        1112        1M4 IMi        1IM        1170 1078 «74 107»        197» IMO 

Figure 1.    World mdphur-in-aU-Jorm» production and consumption 

In 1968 brimstone production accounted for approximately 53 per cent 
of total all-forms production (37.1 million tons) which means that a very 
substantial proportion of world sulphur supply still materializes in non- 
elemental forms such as pyrite and the various types of sulphur-in-other- 
forms. It has been the rapid expansion of brimstone production, however, 
that has seen the most significant development in the pattern of sulphurous 

5 
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raw material supply tini ititr tin« prex-nt dorad.'. Although tin» 1909 output 

of brimstone was not expected to exceed .V» per cent of world sulphur-in- 

all-fonns pr.v|„ctioii, it represented no less tlian two thirds ,,f the not increase 

ot  1(¡.»¡ niilli .iï  tons of in-all-fornis supply  sine.«   I<M>0. 

Ta)»lo 1 sl1(,\VS that world brimstone production during the 1900s was 

expected to mure than double or to increase to over 21 million tons. whereas 

world production of pynte and sulphiir-in-other-fornis was expected to 

increase  by 41   per cent  and  (il   per cent  respectively. 

TABU: 1.     WORLD SCXPIHR-IN-AU,-FORMS ruonrcTiox (1900, 1968, Hi«!)) 

Total prodiietion«  (million tons) 

Brimstone     
Pyrite  

Sulphur-in-other forms     

Total production (per rent)  

Brimstone     
Pyrite  

Nulphur-iii-othcr-forniM  

¡DUO 

22.3 

10.2 
8.1 
4.0 

100.0 

40.7 
30.3 
18.0 

o Totals may n<,t »eld lierai we of rouiidi 

tuns Htm» 

37.1 s*, s» 
19.8 21.0 
11.0 11.4 
0.3 0.4 

100.0 100.0 
r»3.4 54.3 
29.7 29.3 
10.9 16.4 

II«. 

Ramatone 

M tht» present time, the principal sources of world brimstone supply 
are the Frasch sulphur mines in the United States and Mexico, the operations 
m I oland that use a modified version of the Frasch process, and the recover«*! 
sulphur plants associated with natural gas treatment units notably in 
< anada, France and the United States. Although production of native refined 
sulphur was an important factor in the earlier history of the world sulphur 
industry, it now accounts for only a minimal proportion of total production 
and except for the relatively large-scale operations in the USSR Poland 
and Japan, the unfavourable economies of sulphur ore mining and refining 
compared with production of Frasch and recovered sulphur have led to the 
relative dec-lino of this sphere of activity in the sulphur industry. 

Burin« 1909, world brimstone production exceeded 20 million tons for 
the tust time and it was envisaged that the outturn for 1970 would amount 
to some 21 million tons. The major contribution of Frasch sulphur to total 
brimstone supply is evident in table 2 which shows that about half the 
aggregate world output is attributable to mining operations using this method 
oi production. Next, and rapidly increasing in importance, is the production 
oí recovered sulphur, the output of which was nearlv 41 per cent of world 
brimstone production in 1970. Native refined sulphur output is currently 
steady at some 2.4 million tons/year which represents about 11 per cent 
of total production in 1909 compared with 12 per cent in the previous year 
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TABLE 2.    Woiti.n HRIMSTONK I-COIH < TION (lîttis, l!»6î>) 

( Tftousmiil  toi IM   S) 

¡M* fimi 

Total pruduction/typp  1U.H.Ì» 21,04:! 

Fmsch sulphur  ,, ,,7H ,„ 0-0 

Recovered .sulphur     : -,30 H -,M 

Native  refined sulphur  2,IVA •» '{¡»s 

Total production sourer     !«>.'»» SI 04*> 

.Sub total       Mnjor xourreu  Ifi,094 ¡fi U'O 

Frusch           l nited States  7,574 7 •>•>() 
M(,*',°     1,608 l[«i.iO 
Pol»M,d     7!>6 1.1*0 

Recovered    l'uited  States  1,420 1 530 

Western ('»nada«      3t0sH 3,660 
France,  Laeq     j B0S , ,.H() 

Sub-total:      Other source«  .3,7(5.5 4 /•>•> 

Recovered    Western  Europe      397 43s 

Kastern Kuro^6     «35 -|ij 

Others     3H2 571 

Native           Eastern Europe6     1.675 1 700 

Japan  261 260 

°thers     415 438 

a Provinces of Alberta and British Columbia only. 
o Including USSR. 

Fra«rh sulphur 

In the production of sulphur using the method devised by Herman 
Frasch in the latter part of the last century, superheated water, under pressure. 
is injeeted into sulphur-bearing formations with subsequent recovery of 
molten sulphur in liquid form. Until the recently successful application of 
this process to native sulphur deposits in sedimentary rock in Poland and 
then in the United States in the western part of Texas, Frasch sulphur 
production had been confined to the exploitai ion of native sulphur associated 
with salt dome structures beneath the coastal and off-shore areas of Texas 
and Louisiana, and to anticlinal structures in the Isthmus of Tehuantepec 
in Mexico. One of the major hurdles that had to be overcome before the 
Frasch process could be extended to the mining of sulphur deposits in 
sedimentary formations was the difficulty of maintaining a reservoir of 
molten sulphur around the base of the recoveiy pipes—something that is 
more readily accomplished in a deposit of dome sulphur overlain by an 
impermeable cap rock. 

World production of Frasch sulphur originates chiefly in the United 
States where production has been between 7.0 and 7.5 million tons/year 
since 196(i. Two other countries, Mexico and Poland, account for the remaining 
output which amounted to some 2.8 million tons in 190!). Since early 196K, 
Mexican production has been comparatively stable at a rate of 1.00—1.fia 
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million  ton-« \--ar   hut  output   in   Poland   ha-   l>oen   acceleratiti;;  ¿ t T * r |   passed 
the  I li million   t<>!i- \.-ar ma*k  m   l!*»¡!» 

I ix!"l '•'•--, Tin- <-t.iliIi-li««l dome op. ration- in the Fnitcd States 

Fra-rl, Milplmr mdu-tiv a tv U-ated in tin- southeastern part of Teva-, south- 

west of Houston and neu Beaumont: in tIn- Mississippi delta area of Louisiana: 

and oil tl.c .o.t-t of |.,.ii: na. Tuo companies. Frceport Sulphur Company 

and Ti'sas Cult" Snlpliiir • lupanv. account for a major proportion of F-iiteil 

Stat,- Fra-« li -iilphur pm ht.-tion. tin- former operating ttiiiu«, solely in 

Louisiana ami .,unin_f Loth the units sited on platforms in tin- Cnlf of Mexico 

and the lattei ,,- the name impurs. based mainly in Texas hut with one 

of its -j\ mines B„!¡v i'amii in Louisiana. TI»- only other Fraseli sulphur 

producer operatili«.' i.io'v than on.' .lome on the < .'iilf coas« is .Jefferson Like 

Sulphur ( nmpanv : the remaining output comes from five small-scale operations 
ea< h currently  yielding approximately   lOO.fMM» tons/year. 

The inau-nration of production at a large-scale facility in the Rustler 

Spring a-va of <'ulher>oii Canity in September MMÜI by Duval (or|»oration 

has confirmed the emeiveii.e of we,tern Texas as a major sourer of Frasch 

sulphur, the neu mine in the vicinity of Fort Stockton joining the other 

mines which H oro already exploiting native sulphur deposits in limestone 
formati, »ris. 

M<.rio. Frasch sulphur minim.' is conducted at three locations in the 

province of Veraeru'. inland from the port of Coatzacoaleos. While mineral- 

oL'ieally similar t<» the native sulphur occurrences on the Fnitcd States Gulf 

coast the structure of the Mexican deposits is more irregulär geologically 

and the sulphur-bearing structures take the form of anticlines as opposed 

to the salt phiiîs in the Fnitcd States. Formerly run hy majoritv-owned 

subsidiaries „f Fnit.il States companies, the Mexican Frasch sulphur mines 

are now orierat.-.l in two ¡„stances by Mexican eompanies in which a Fnited 

State- interest is held on a minority basis (Azufrera Panamericana SA 

and Fia. Kxplorailora del Istmo S.A. are M per eent owned respectively 

by Pan Ameri, an Sulphur Company and Texas (Juif Sulphur Company), 

and m the third instance the Salinas mine operated bv a UN) per eent Unitoci 

States subsidiary -Fia. de A/ufre Veracruz recently sohl bv the parent 

company. (íulf Resources and Chemical Corporation, together with the 

latters „ther s„lphur interests, to a Mexican eompanv, Inversiones Azii- 
fronts S.A. 

I'nhml. Polish production of Frasch or Fraseh-type underground molten 

sulphur from the sedimentary sulphur deposits in the southern part of Poland 

is earned out by Zjednoc/.cnie Kopalnictvva Surowcow Chemieznyeh the 

( hemual Raw Materials Mini,.- Association, which is also responsible for 

*'»• I'-dudon .,• native rvtmed sulphur. The mines at Jeziorak and (irzvbów 

have be,.,, grvativ expanded in reeent years from the earlv experimental 

facd.t.cs bu.lt to test the feas.h.hty of applying the Frasch process to deposits 

of „at.«- sulphur „re associate with limestone and gvpsum-bcaring limestone 
formations. 
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il>n,ri rxl sulphur 

Nearly !) million tons of brimstone art« produced each year from the 
treat mint of natural gas, oil refinery gases and other industrial crasos; sudi 
recovered sulphur is second only to Fraseh sulphur as the most"important 
siwilr M.iiice „f world sulphur-in-all-fornis supply. The extraction of sulphur 

'" *•'" ""* iiml ,i,l"i,l hydrocarbons is determined by several considerations 
related jwuticularly to shipment requirements, end-product quality require- 
ment, and control-, governing atmospheric pollution by Milphurous gases. 
In the case of natural gas the exploitation of a sour crude necessitated the 
extraction of its H_»S content to comply with product specifications laid 
do« n for piolines and by natural pis consumers. Further gas plant treatment 
of the HJJS downstream from a desulphurization unit results in the ro< overy 
of sulphur in elemental form and this by-product brimstone together with 
extracted liquified jHtroleum gases (LP<Js) contributes to the valorization 
of the crude gas. Except when a sour gas plant is so remotely located that 
it makes marketing ami hence the re.overv of sulphur uneconomic, and 
the flaring of desulphurization gases permissible, there is normally a direct 
correlation l>etwecn production of sour natural gas and recovered sulphur to 
the extent that such brimstone production is often termed involuntary. 

The refining of sour crude oil results in the presence of Hß and organic 
sulphur compounds in the various refined products, but the quality require- 
ments of the lighter fractions, i.v, down to gas oils and diesel oils." normally 
necessitate the extraction of sulphur. Most of the original sulphur content 
of the crude oil, however, remains in the heavier fractions, fuel oils, residual 
oils, coke and bitumen. Part of the sulphur in the lighter fractions is removed 
in unrecoverable form but most is recovered cither as brimstone or directly 
as sulphuric acid (see. below, sulphur-in-other-forms). The recovery of sulphur 
from fuel oils and residual oils is only a recent innovation but in the light 
of public policy in many countries to curb air pollution and specifically SO, 
emissioni» from power stations and other industrial facilities burning fuel oil" 
new restrictions on the sulphur content of such oils will lead i>artly to an 
increase in recovered sulphur production cither in the oil consuming countries 
or at the sources of production. 

In a few instances, recovered sulphur production arises as a result of 
the carbonization of sulphur-containing coals and the subsequent extraction 
and treatment of hydrogen sulphide. More commonly practised during the 
early part of this decade and before, but now restricted to one operation 
in Finland, is the smelting of pyritie ores and the recovery as brimstone of 
the labile 8-atom of pyrite. 

World production of recovered sulphur derives from three principal 
sources of supply-the sour natural gas treatment plants in the Canadian 
provinces of Alberta and British Columbia, in the southwestern part of France 
at Lacq, and tho gas plant and refinery based units in the United States. 
From an anticipated production of recovered sulphur amounting to 8.">i> million 
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t(»ns in  1909. these three sources were expected to account for SO per cent 
of the total. 

Western ( •mada. The development of the sour natural gas reserves in 
western Canada started in the mid-1950s and recovered sulphur production 
began to assume major proportions towards the end of that decade. The 
output comes at present from almost 40 plants, all but two of which are 
located in Alberta, with d;iily brimstone production capacities ranging from 
l'I» :.\0O0 tons. While in many cases the ownership of the natural -xas and 
sulphur recovery plants is shaied by more than one company, with the result 
that the brininone output is distributed among the participants for shipment 
against separate sales programmes, one company is usually designated as 
operator of the facilities in such instances. There are at the moment eight 
major producers with the following total production capacities: 

Operating/producing aonptny 

Hudson Bay Oil and fìas Company Ltd. 
Texas (Juif Sulphur Company 
Petrogas Processing Ltd. 
Shell Canada Ltd. 
Amoco Canada Petroleum Ltd. 
(Juif Oil Canada Ltd. 
Canadian Superior Oil Ltd. 

Jefferson Lake Petrochemicals of Canada Ltd. 

Total production 
capacity 

(thousand tons/year) 

855 
739 
(KJ2 
034 
605 
418 
335 
205 

One of the producers of western Canada, Great Canadian Oil Sands Ltd., 
operates a sulphur recoven- plant at Athabasca which is the first in the world 
to be associated with the exploitation of tar sands. The balance of Canadian 
brimstone production originates at other gas processing plants in Alberta 
and British Columbia, relatively smaller in scale than those above, and at 
oil refineries in eastern Canada. 

France. AH but a fraction of French recovered sulphur output is produced 
by the public sector company, Sté. Nationale des Pétroles d'Aquitaino (SNPA) 
at the world's largest sulphur recovery complex which consists of six individual 
plants at U«q and one unit exploiting gas production from the neighbouring 
St. Faust field. Since the start of production in 1957, SNPA has progressively 
expanded its production capacity and brimstone output is currently running 
at a rate of 1.0-1.7 million tons/year. 

luihd States. Production of recovered sulphur from the world's third 
most important source of supply, the United States, is not connected ex- 
clusively with the processing of sour natural gas as it is in western Canada 
and France, nor is there the same degree of concentration in the recovered 
sulphur industry of the United States in terms of a limited number of major 
producers accounting for a sizable proportion of total output from a select 
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group of large-scale plants. Such conditions exist in western Canada and 
even inoro so in France where SNPA is the sole significant producer. Never- 
theless, for the Unitoti States industry with its wider geographical distrila,!ion 
of recovered sulphur facilities and the smaller scale of operai ions generally 
at individual locations, it is evident that there are certain key areas of pro. 
duction. The first area includes the oil refinery-based operations in California, 
the (Juif coast in Texas, the Atlantic coast (in New Jersey, for example) 
and in the states around the Great Lakes; the second area is the natural 
gas-basod operations in Texas and Wyoming. In all, there are some 
130 sulphur recovery plants in the United States deploying a total pro- 
duction capacity of some 3.2 million tons/year, over half of which is based 
on oil refinery H^S; the annual output of recovered sulphur in the United 
States currently amounts to some 1.5 million t >ns. 

Other recovered. The remaining 20 per cent of world recovered sulphur 
production which  is attributable to operations outside those  in western 
( anada, France and the United States derives in a similar fashion from plants 
attached to oil refineries and sour natural gas treatment facilities, and also 
from units based on the treatment of oil-associated well-head gas, industrial 
gases and S02 gases from pyritic smelting. The noteworthy sources of supply 
in  Europe, apart from the USSR, are Finland, the Federal Republic of 
Germany and the German Democratic Republic, and to a lesser extent, 
the Netherlands and the United Kingdom. Production takes place mainly 
at oil refineries, but Finnish output is from pyritic smelting and a growing 
proportion of USSR production and that of the Fedoral Republic of Germany 
is connected with the exploitation of indigenous sour natural gas resources. 

Large-volume production of recovered sulphur began in the Near East 
during 1909 with the commissioning of oil refinery units in Kuwait and sour 
natural gas plants in Iran. Plant capacities installed or under construction 
indicate that the Near East is scheduled to become a major source of world 
recovered sulphur production in the next few years and together with addi- 
tional projects hi Saudi Arabia, Iraq and Syria, these Kuwaiti and Iranian 
operations will make a considerable impact on the future pattern of sulphur 
supply in the Indian Ocean/South-East Asia area. 

Other important centres of the recovered sulphur industry are Japan, 
where legislation against air pollution and tighter restrictions on the sulphur 
content of imported fuel oils has stimulated plans for an extensive increase 
in sulphur recovery capacity at oil refineries and Central America where 
output in Mexico and the Netherlands Antilles is also mainly associated with 
oil refining. 

Salive refined sulphur 

Deposits of native sulphur ore not amenable to mining by the Fraseh 
process are found throughout the world and contain sulphur in elemental 
form commonly in concentrations up to 35 per cent S, occasionally in grades 
up to 70 per cent S and even as pure sulphur in some volcanic deposit*. 
Native   sulphur   ore   mining  is   conducted   by   conventional   opencast   or 
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underground methods and the mine output is subjected to a refinery 
process to separate the sulphur from the gangue  material. 

With few .At-eptions, sulphur ore deposits are relatively small and are 
often inaccessible. The economics of brimstone production as native refined 
sulphur are influenced principally by ore grades, distances between mines 
and refining plants, the reib ing process employed in terms of its recovery 
ef'H<i;.,cy and utilities m ¡un ed. and the distances from production points 
to market outlet- Because of the comparatively small scale of most native 
refined sulphur ojH-rations, the excessive production costs compared with 
other sources of brimstone and the high transport costs incurred in moving 
output from remotely located production points, the exploitation of native 
sulphur ores, other than by the Frasch process, has not progressed in pro- 
portion to the over-all growth of world brimstone supply. 

However, the merits of large-scale operations, where possible, are such 
that native refined sulphur production can be more than economically viable 
and the size of mining operations in some countries, notably the USSR and 
Poland, attests to this. 

World production of native refined sulphur amounts to some 2.4 million 
tons/year (equivalent to 11 per cent of total brimstone produit ion), the 
output arising on a measurable scale from mining and beneficiai ion plants 
in only fourteen countries. The leading supply sources are the USSli »»id 
Poland where aggregate production was anticipated to be 1.7 million tons 
(70 per cent of the projected world total of 2.4 million tons) for 19ti». In 
Poland and partly in the USSR, native sulphur mining exploits sulphur 
mineralization associated with marine Miocene sediments of the Carpathian 
foredeep which extend from Austria and Czechoslovakia through Poland 
and into the Ukraine, the ore being located in sulphur-bearing limestone 
within beds of sulphate rocks. 

The occurrences of native sulphur in Japan, which is the third largest 
producer of native refined sulphur, are of volcanic origin and found in a 
multiplicity of deposits. The industry's growth has been severely restricted 
in recent years as escalating production costs rendered the output from some 
of the mines uncompetitive. The orations that remain are fami with the 
possibility of competing with a growing volume of recovered sulphur pro- 
duction unless the latter is shipped almost entirely to export markets. 

Appreciable quantities of native refined sulphur are also produced in 
China where ore is mined in Szechwan and adjoining provinces, in Central 
and South America, particularly in Chile, Bolivia, Argentina and Mexico, 
and in Italy where since the mid-1 WW*, production has been centred on 
the Sicilian deposit»—the oldest source of brimstone supply in the world. 

Pyrite 

The pattern of world pyrite production is dominated by the act ¡vit ion 
of producers i„ „este,,, and eastern Kurope. the USSR and Japan which 
between them account  for about NO JHT cent of total output (see table 3). 
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Almost all the remaining production comes from operations in North America 

Morocco. South Africa and four other countries in Asia. In resect  of its 

contribution to sulphur-in-ali-forms supply, pyrite represents less than one 

third of arretrate all-forms production, in  IWiO the output was expected 

to amount to 11.4 million tons S-eontent out of a total of 3S.Í) million tons. 

TABLE 3.    WORLD PYRITE PRODUCTION (196,<, I9«y) 

(Thousand tons S content) 

Total production  

Economic Commission for Europe (ECE) area 
Cyp-us  
Germany, Foderai Republic of     
Italy ' 
Norway     
Portugal     
Spain     
Sweden     
Romania   
USSR  

Economic Commission for Africa (EGA) area 
Morocco  
¡South Africa  

Economic Commission for Asia and the Far East 
(ECAFE) area     
Japan   
China  
Korea, Democratic People's Republic of  

North America    

Canada   
United Htateo  

Economic Commission for Latin America (ECLA) area 

IMS 

io,»;,9 

7,219 

4H2 
254 
590 
310 
270 

1,250 
225 
330 

2,700 

408 

127 
237 

2,470 

1,450 
575 
190 

833 

465 
308 

29 

1969 

11,403 

7J60 

4« 
205 
600 
400 
275 

1,300 
230 
340 

2,S00 

432 

140 
250 

2,.r,4S 

1,475 
590 
200 

830 
470 
360 

31 

World pyrite production originates either as a primary mine product 

(irrespective of its grade in relation to commercial or technical requirements 

concerning quality) or as a concentrate obtained as co-product or by-product 

trom the beneficiaron of other ores-usually non-ferrous metal sulphides. 

Where py„te is mined as a main product, it is either supplied as crude pyrite 

or in the few instances where the crude pyrite fails to conform with'com- 

mercially or technically acceptable standards, as washed pyrite or concen- 
trate. 

The essential difference between the two broad categories of pyrite is 

hat mam product  pyrite is normally priced and used on an "all values" 

basis whereas co-product or by-product pyrite is usually sold and used solely 
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for its sulphur content. With the ¡uni of ensuring adequate return on mining 
and production operations, and reflecting its status as the principal result 
of such opera'ions, main  product  pyrite is valued for its sulphur content, 
as well as that of the iron and non-ferrous metal values that can hv recovered 
from the cinder after the pyrite has been roasted to produce an S()2 pis stream. 
On the other hand, co-pr^bict or by-product  pyrite concentrates represent 
the tailing of non-ferrou.   metal sulphide ore which  has  been l>enefieiated 
for its non-ferrous metal content   Thus most, if not all, mining and treatment 
costs are covered by the main product, e.g. copper, lead, zinc concentrates, 
enabling the producer to cost the co-product or by-product pyrite at its 
marginal value, in most cases however the value of the co-product or by- 
product pyrite is its sulphur content as the tailings residuo has virtually no 
recoverable non-ferrous metal values and the iron content may be rendered 
of limited worth by the presence of impurities in the form of non-recoverable, 
non-ferrous   metals.   In   western   Europe,   for  example,   by-product   pyrite' 
accounts for a significant proportion of pyrite production in countries such 
as Cyprus.  Sweden, and the Fiderai  Republic of Germany in association 
with the production of copper, lead and zinc concentrates ami iron ore whereas 
pyrite output in Italy, Portugal and Spain arises largely, or even wholly, 
in the form of a main product. Other notable instances of bv-product pyrite 
production are provided by the operations in the gold mining industry of 
South Africa and in North America at plants producing copper, lead and 
zinc concentrates. 

EC E area. The pyrite-producing countries in western Europe are so 
located that they may be classified conveniently according to their regional 
group, that is, Scandinavia,  northwestern Europe, the Iberian peninsula 
and around the Mediterranean. There are three producers in the Scandi- 
navian area, namely Norway, Sweden and Finland. Norway, as one of the 
principal  exporters  of pyrite  to  western   European  markets,  sells   about 
70 per cent of its output abroad. The Swedish production derives from the 
mining operations of only two comiwmies, as it does in Finland, whereas 
Norwegian production is in the hands of eight companies. In northwestern 
Europe, pyrite is produced in the Fiderai Republic of Germany and in France, 
though ir the latter case the output represents only a modest proportion 
of domestic all-forms production. The pyrite deposits in the southern part 
of the Iberian peninsula run from the Aljustrel and Louzal areas in Portugal 
through to the famous Spanish operations near Huelva and are exploited 
at a production rate of 1.4 million tons S content annually, the balance of 
the product ion arising from smaller mines in the Spanish provinces of Sevilla 
Murcia and Asturias. Finally, in western Europa there are the producing' 
countries around the- Mediterranean-Italy, Cyprus and Greece. Cyprus is 
d.st„lsiu,shed from the other two in that it relies solely on export business 
lor the disposal of its output whereas Greece uses its output captively and 
Italy imports almost as much pyrite as it produces from indigenous resources. 

The   main   pyrite   producers  in   eastern  Europe   are   Czechoslovakia, 
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Romania and Yugoslavia with a combined output «for, million tonsy.ar 
S content, accounting for about 75 por cent of the total output of eastern 
huroiie. Particularly important supply sources arc the major t'/,»«(, mine 
at Neratoviee, the Muntii Metalici and Moldova Nua deposits in vestern 
and southwestern Romania, and the Yugoslav operations at Trepé.- and 
Bor arid Maidan-Pek in the northeastern part of Serbia which produce pvrite 
in association with the bénéficiât ion of mixed sulphide and copper'ores 
respectively. Pyrite output in the USSR is represented by cupreous pyrite 
iron pyrite and pyrite concentrates yielded by the differential flotation of 
sulphide minerals, notably copper ore and zinc blende. Production which 
has increased rapidly in recent years and is reportedly nearing the 3 0 mil- 
hon tons/year level, is being shipped to domestic consumers and a ranire 
of export markets. 

EC A area. Virtually the entire production of pvrite in Africa comes 
from Morocco and South Africa. In Morocco the product is pyrrhotite eon- 
taming some 33 per cent S, which is mined at Kettara about Vrf) miles'from 
the port of Safi. Iron pyrite occurrences are widespread in South Africa and 
most of the deposits contain other valuable minerals with the result that 
output ,s mainly in by-product form arising from the treatment of tailings 
and residues from gold and uranium production. 

F<rAFE area. Apart from the production of 0.7-0.8 million tons/year 
pyrite in f hina and the Democratic People's Republic of Koea, the pattern 
ol supply in Asia is dominated by the output of Japan. Pyrite deposits are 
worked on all four of the main Japanese islands but the most important 
operation* are those in Shikoku and Honshu. The origin and types of deposit 
vary considerably and include: " 

(a) Deposita consisting mainly of iron pvrite which may be present 
in black ore (Kuroko, also containing galena, zinc blende and 
barytes); m deposits with some pyrrhotite and copper ores; and 
in bedded deposits as cupriferous pvrite; 

(b) Pyrite deposits associated with sulphur ore; 

(c) Deposits consisting mainly of pyrrhotite and other metal sulphides. 

Japanese  production of pyrite and pyrrhotite  currently amoums to 
some 1.5 million tons/year S content which is almost 60 per* cent of total 
output in the ECAFE area and 13 per cent of the world total. The remaining 
production of pyrite in Asia and Oceania derives mainly from the Philippines 
lurkey and Australia, each of which produces less than 100,000 tons/year 
^ content at the present time. 

North America, A substantial annual tonnage of pvrite is produced in 
Canada and the United States but, in view of the large-scale production 
ol brimstone m both countries, pyrite makes only a limited contribution 
to sulphur-m-all-forms supply-about 11 per cent in Canada and 4 per cent 
m the Lmted States. In Canada, the two pyrite producers. Xoranda and 
Anaconda, ship all their output to sulphuric acid manufacturers in the United 
Mate« while the two pyrrhotite producers.  International Nickel Company 
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(INCO) and the Consolidated Mining Company (Comineo) respectively deliver 
and use roaster gas S02 for sulphuric acid production. Only one company 
operates pyrit.- production facilities on a significant scale in the United 
States-Tennessee Copper Corporation, a division of Tennessee Corporation- 
accounting for about 85 per cent of aggregate production against the captive 
requirements 01 its sulphuri • acid plants. 

ECLA area. Only a minimal level of pyrite production is realized in 
Latin America. ojHTations being confined to the working of a cupreous pyrite 
deposit in Cuba and the recovery of pyritic tailings as a 46 per cent S con- 
centrate at a copper refinery in Chile. 

Sulphur-in-other-forms 

Sulphurous materials in forms other than brimstone or pyrite make 
a significant contribution to world sulphur-in-all-forms supply. Almost 
6.Ó million tons/year S equivalent is produced, mainly as sulphuric acid 
and ammonium sulphate; the 1969 out-turn was forecast to represent some 
17 per cent of all-forms production. The exploitation of sulphur-in-other- 
iorms for sulphuric acid manufacture accounts for !K) per cent of world other- 
forms output, tho most intonsively used sourcos being the sulphur dioxide 
content of non-ferrous metal smollar exit gases, oil refinery acid sludge, 
gypsum and anhydrite, sulphur ore and hydrogon sulphide. 

Non-acid uses of sulphur-in-other-forms arc, covered chiefly by ammonium 
sulphate production which is based on the diroct reaction between calcium 
sulphate as gypsum or anhydrite, and ammonia, and carbon dioxide, and 
the use of smelter gas S02 for tho manufacture of liquid sulphur dioxide. 

As far as the offtake of other-forms for sulphuric aeid is concerned  tho 
practice of recovering the S02 content of metal smelter waste gases 'is a 
well-established one and originates partly as a practical step to meet growing 
needs for sulphuric acid and partly as a necessity to avoid atmospheiic 
pollut.on in the vicinity of the smelters. The most abundant source of smelter 
gas S02 is the sulphur content of zinc blende which whon roasted yields a 
gas wtfh a steady S02 content in contrast to the lower and fluctuating SO, 
content in gases obtained from tho smelting of load concentrates. In fact 
SOj-beanng lead smelter gases are infrequently used alone as a sulphuric 
acid plant feed, and a more common approach is to upgrade tho SO, gases 
with a stream from an associated zinc smelter. Loss frequent use is made 
of copper smelter gases even though tho sulphur content of such concentrates 
is readily recoverable, and in some producing countries, Finland, Japan and 
Zambia  for example, it accounts for a major share of the available input 
for smelter gas acid operations. 

Another important source of other-forms for sulphuric acid production 
« oil rehnory acid sludge, which is the dirty residue of sulphuric acid used 
in alkvlation plants. It is decomposed to free S02 which is fed to an acid 
plant for a fresh make and the subsequent production of virgin acid is re- 
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dehverod to the refinery. The H2S content of oil relìnery and coke ovn «as 
streams aro partly utilized for the direct production of sulphuric acid alt h«„,ffh 
m some cases the sulphur content is recovered in elemental form i « as 
brimstone. Calcium sulphate, in the form of anhydrite or gvpsum «lent 
oxide from the dry purification of coal gas, ferrous sulphate, from rtoel pickling 
plants, filter cake from Frasch and native refined sulphur filters and un- 
bonoficiated sulphur ore provide the balance of the sulphur-in-other-forms 
used lor acid manufacture. 

On a regional basis, the world's production of sulphur-in-other-forms 
is concentrated in western Europe and in eastern Europe, the USSR \sia 
and North America; together, these continental groups realized 97 per cent 
of total output during 1968 (see table 4). The degree of concentration is even 
more significant than the percentage figure suggests; from a total of more 
than 40 producing countries some 83 per cent of the other-forms production 
is attributable to the seven major producers in Europe plus the USSR, Japan 
Canada and the United States. ' 

TABLE 4.    WOULD SULPHUB-IN-OTHER-*OIIMS PRODUCTION (1968, 1969) 

(Thousand tons S equivalent) 

T»U1 production     

Economic Commission for Europe (EVE) area 
Belgium  
France   

German Democratic Republic     
Germany, Federal Republic of 
Italy    
Poland  
USSR  
United Kingdom   

Economic Commission for Africa (ECA) area 

United Nations Economic and Social Office in Beirut 
(UNESOB) area    . 

Economic Commission for Asia and the Far East 
(ECAFE) area     
India    
Japan   
Australia   

North America   
Canada   
United States  

Economic Commission for Latin America (ECLA) area 

1968 

116 

1969 

«,888 6,481 

3,455 3,564 
186 185 
150 150 
205 205 
276 285 
274 280 
200 210 

1,130 1,175 
499 515 

120 

1,231 1,243 
108 110 
896 900 
128 130 

1,362 1,400 
241 250 

1,121 1,150 

92 91 
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K(K urxi.   For th<> most  part, the inciden. <• of sulphur-in.other-forms 
output in the principal producing countries relicts the offtake of sulphurous 
values for sulj.'.uric acid lnanufacture. Although  the situation  reversed in 
IMS. only in the case of Italy in recent  years has the production of other- 
forms as non-acid  products  heen  greater  than  that tor  sulphuric acid,  a 
situation which results from the use of a substantial quantity of gypsum/an- 
hydrite in the nianufactui!' of ammonium sulphate, (iypsum and anhydrite 
al>o figure prominently in the pattern of sulphur-in-other-forms supply in 
the United Kingdom, as they are consumed for ammonium sulphate and 
for sulphuric add and account for over 70 per cent of other-forms output. 
Production in Helium is almost entirely in the form of smelter gas sulphuric 
acid and also in Frante and the Federal Republie of (îormany, except that 
the latter two are additionally significant  as producers of H^S-hased acid. 
Operations in eastern Europe and the USSR similarly reflect the extensive 
use of non-ferrous metal smelter gases for sulphuric* acid plant feedstocks 
and in Poland a particular variation on the pattern of other-forms acid feed- 
stock utilization is the employment of filter cake residues from the native 
refined sulphur operations. 

EC AFE area. To date, Japan has been the only .significant source of 
sulphur-in-other-forms supply in Asia although an emergent «notar gas 
acid sector in India is beginning to provide a further boost to Asian and, 
of course, Indian production, the latter being still mainlv derived from 
gypsum-based ammonium sulphate output. Japaner production consists 
largely of smelter gas sulphuric acid, although the country is also noted as 
a leading consumer of unrefined sulphur (»re for sulphuric acid lnanufacture. 

North America. Sulphur-in-other-forms supply in Canada is based wholly 
on smelter gases that are required for liquid HO, as well as sulphuric acid, 
but in the United States appreciable tonnages of sulphuric acid are produced 
from sludge acid and hydrogen sulphide in addition to smelter gas. 

Other producer«. The remaining share of world sulphur-in-other-forms 
production is derived from operations in Australia, Africa and Latin America 
and emerges chiefly from smelter gas acid plants although in the Caribbean 
this is supplemented notably by the petroleum industry's H^-based and 
sludge« acid-based sulphuric acid output. 

WORLD SULPHUR DEMAND 

The incidence of world sulphur-in-all-forms consumption emphasizes the 
degree to which demand emanates from the chemical and fertilizer man- 
ufacturing industries in Europe, the USSR and North America since possibly 
the most prominent feature of the pattern of use is the fact that four out 
ol every five tons of sulphur used throughout the world are consumed in 
hese three areas. From a total of 35.53 million tons S consumed in 1ÍW8 

tne combined consumption of the ECB area countries, the USSR and North 
America amounted to 27.ÎMI million tons and if certain other developed 
<•ountr.es such as those in Oceania and Japan are included in the sub-total 
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it becomes evident that the other countries in Asia, excluding Japan. Africa 
and Latin Amen,a account for only about 10 per cent of world all-forms 
consumption (»• •• table 5). 

Reflect¡nir the pattern of supply noted earlier, over half of the total 
sulphur-in-all-forms consumption involves the use of brimstone while about 
30 ¡KT cent and 20 per .. i.t is used as pyrite and sulphur-in-other-forms 
respectively. World trade m sulphurous raw materials, however, which is 
virtually contili.«! to brimstone and pyrite, effects some notable changes 
in the pattern of sulphur consumption as compared with production in the 
main continental areas. 

ECK mm. Siilphur-in-all-foriiis consumption in Europe and the USSR 
during liMiX totalled some 16.46 million tons; the breakdown between brim- 
stone, pyrite and other-forms being 37 per cent. 42 per cent and 21 per cent 
respectively, whereas in the same year the area's importance as a source 
of pyrite is underlined by the 33 per eent-46 per cent-21 per cent split between 
brimstone pyrite and sulphur-in-other-forms in the total output of 15.86 mil- 
hon tons. The areas status as a net importer of sulphur results from the 
contribution to aggregate supply made by brimstone deliveries to western 
Europe from outside suppliers, notably those in North America and Central 
America. 

Traditionally,   pyrite  has  Wn  singularly the most  important  source 
of sulphur m  western Euro,* but  brimstone supply from indigenous pro- 
duetion is ,,„w doubled by the import  of more than 2 million tons/year 
During 1000 it was exacted that, for the first time, brimstone would account 
for an equitable  proportion of all-forms  consumption  with pyrite   Pyrite 
consumpt.o,, predominates mainly in the pyrite-producing countries such as 
Italy.  Spam.   Portugal,  the   Federal   Republic  of Germany,   Norway  and 
Sweden  where  nunmg operations are frequently integrated with sulphuric 
acid plants; the only non-pyrite producer with a significant annual pyrite 
intake ,s Belgi,,,,,. The principi brimstone-consuming countries, accounting 
or ,4 per cent of aggregate western European use in 1068, are France, the 

Unit«! Kingdom, the Federal Republic of Germany, the Netherlands and 
Belgium, each of which has a major port system and/or inland waterway 
arteries to .„dustrial areas that  have favoured the large volume delivery 
and transportation of brimstone to consuming plants in acid and non-acid 
industries. 

Both in eastern Europe and the USSR the leading contribution to all- 
forms eonsu,„pt,on is made by pyrite, »bout 40 per cent in the former and 
4- per cent ,n the latter. Only in Czechoslovakia, Hungary and Poland doe, 
fornitone account for a sizable share of all-forms use although the level 
of brimstone consumption of the USSR is brought into some prominence 
by virtue of the large pyrite „port programme and the consequent reduction 
of the amount „ domestically produced material available for use in the 
¡soviet In ion itself. 
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¿YV1 aWi. The all-forms sulphur consumption in Africa of %0 (ion , 
.n    »68 c^tuted 2.7 per <„nt of the world total, an,    n 1^,1 
«'«ntinfnt s st»*tus as a producer of nvrit». i#u ««•*     '   e    i   . ,l>l t0 "»' 

»••«  H,o available of ^^ wl^hA^.•TJÌ,H; 
4S per cent of total uso in l!1(is. For ,he „„„, „art    1,¡ • V ' 
i" «yypt. Sou,,, Afri« and Tunisia „,th tj^. Z di   ^¡,       I'f^X ¡T'T' 
notablv  to  AlKeria  and  Moro,.•.   The  two «¡K,,¡fl a, Í    ' •' 
.«un,*. South Africa and »Woe,,, aoeount fTZiZV ^Z 

"ää: ,al —" -- * ~ 

and Sand, Arab». Curro,,,,,, „,„ ,„,.„, „f ,„,,,„,. useî v,,,  ' „  "' 
a major expansion is export«! in the s * , .„„ as dnmmi    , ;*"" '"" 

"""T!t,wi,h ,ho ,!rolv,l, of f"rtiliz-r "roduiti•' •"*< ^ ' 
-pynte, and „,he,f„r„,9  ¡» boosted by tho , ",• .    f     ^ 

'r;;'•;T,,o,ihrso aT,CTa,ed in rMnt ^ « •»* «: ~ 
¡r „r„i ^rai::rr r trrJ-, ¿s r -." 

27/. t r,prrpp,y --';; *ä .7K';:r ;„:n 
ami Ne» Zealand  Pyrite consumption ¡, eonHned ¡o the producing e,• rk" 
su h a, Japan. Astraila and the Philippine, an,, the «»„ fZVZ 
»..hind,» are the pnneipa. produce and consumer, „f sulphuri,^ 

^^y-^j^ jtz^Zîl*•:•:^-msin,y 

Fumi""* *?"**   N0t COnsiderin« th" •lt¡Pl» reponal group, „f „,.„,„„ 

,* zir7:Jï:r,nd th"USSR in ,he ErE «^wC 
^ption „f »ulphur i„.„P,.fornw in the'Ï^,1,;' tlte "    , Ät^ 

ton»   „Ti£ »,r,„1 T P•1'"'1""   At » •">°¡ned 9.3« million 

half the „HdttaÍ. T"•" "T " ""*' l>rÍmS"""' « »"">»"<«1 «• 
sulphur in äl• r"''re"•,", a" b»« '» I»" «-"t of the continent's 
Ä«t^r 7n•7,"'"i

A"""^ »n »PPreeiahle eall is ,„ad,. „ 
'" •OUrCe °f ""'P1""- '" h"*1' <"»"ada and the l'nited States  m„re 
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than 00 per cent of the remaining 2.21 million tons used during 11)08 in forms 
other than brimstone was as sulphur-in-other-forms;  only in Oceania and 
Latin America, where the tonnages involved aro not comparable, does the 
similar situation occur of pyrite use being less th.-m sulphur-in-other-forms. 

EC LA area. Sulphur-in-all-forms consumption in l*itin America presently 
stands at over 1.0 million tons/year a majority of which is used in Central 
America,  particularly in Mexico and Cuba. The pattern of all-forms  use, 
which has been determined largely by the indigenous pioduction of Frasch 
and native refined sulphur and by the availability of Frasch and recovered 
sulphur from other sources in the western hemisphere and elsewhere, shows 
an expectedly strong reliance on brimstone. With only a limited volume of 
sulphur materializing in various other-forms categories and even less from 
pyrite, brimstone meets practically 90 per cent of the sulphur requirements 
of the ECLA area. 

Uses of sulphur 

The applications and uses of sulphur and sulphur derivatives are so 
widespread that it is not an exaggeration to say that they help to produce 
almost everything that is made to eat, to wear or to use. In fact, the amount 
of sulphur consumed per capita is often taken as an index of a country's 
standard of living. Outstanding among the primary uses of sulphur is the 
manufacture of sulphuric acid which accounted in 1968 for over 83 per cent 
of world sulphur-in-all-forms consumption, the balance of world all-forms 
production l)eing consumed directly for various non-acid uses. 

Sulphuric acid, commonly referred to as the "workhorse of chemistry" 
localise more of it is used in chemical processing than any other liquid except 
water, is used either as a source of sulphur values in finished fertilizer or 
chemical products or as a chemical tool at different stages of manufacturing. 
In some applications this twofold distinction is not discernable, the aeid 
used fulfilling both purposes, i.e. producing a sulphur component and pro- 
viding a process ingredient. The fertilizer industry, foi  example, uses sul- 
phuric acid in the production of single superphosphate by the acidulation 
of phosphate rock; the acid acts as a process agent and imparts a substantial 
sulphur content (14 per cent) to the finished product. Triple superphosphate 
manufacture similarly requires the use of sulphuric acid, insofar as the latter 
is needed for the intermediate production of phosphoric acid, but in this 
case the end-product has only a residual sulphur content (1.5 per cent). 

About half the world's output of sulphuric acid is used in the production 
of fertilizers, the principal applications in this sector being in the manufacture 
of nitrogenous and phosphate fertilizers such as ammonium sulphate and 
single superphosphate and also potash fertilizers, such as potassium sulphate, 
where the latter is not manufactured directly from sulphate salts such as 
kainite and langbeinite. Sulphuric acid is also used for the production of 
one of the important fertilizer intermediates, phosphoric acid, which in turn 
is required for the manufacture of high analysis phosphate and compound 
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fertilizers such as triple superphosphate and mono- and diammonium 
phosphate, and for the production of complex NPK fertilizers by mixed acid 
processes. 

Outside the fertilizer industry, sulphuric acid is widely used in such 
chemical sectors as titanium ore processing and pigments production (for 
paints and enamels, paper, printing inks, fabric coatings and the like), in 
rayon and nylon production (for tire cords, viscose and acetate textiles, 
cellophane, photographic film, etc.), in petroleum refining (for alleviation! 
polymerization, cracking, etc.), in metallurgy (steel pickling and ore leaching) 
and for a variety of other products and uses including: synthetic detergents, 
explosives, pharmaceuticals, dyestuffs, insecticides, water treatment, synthetic 
rubber processing, and production of plastics. 

Nor,-acid uses of sulphur, accounting for less than one fifth of world 
all-forms consumption, are also multifold and again arise in both the fertilizer 
and chemical industries. Most of the non-acid offtake uses brimstone but 
a sizable proportion of pyrite and sulphur-in-other-forms consumption occurs 
in this way for pulping and bleaching in the pulp and paper industry (mainly 
in the form of roaster gas S08 and spent oxide) for the production of ammo- 
nium sulphate from gypsum/anhydrite and for liquid or gaseous sulphur 
dioxide from pyrite roaster gases or non-ferrous metal smelter waste gases 
Brimstone is used also in the pulp and paper industry for sulphite pulping 
and for bleaching at both sulphite and sulphate (Kraft) pulp operations. 
In the rayon industry brimstone is used in non-acid form, as well as acid 
mainly for the production of carbon disulphide which goes into viscose! 
Ground and refined brimstone is produced in many grades and has appli- 
cations in rubber vulcanizing, as a direct application fertilizer and in the 
manufacture of insecticides and pesticides. 

EFFECTS OF SULPHUR SUPPLY AND PRICE MOVEMENTS IN DEVELOPING COUNTRIES 

In any examination of the effects of fluctuations in sulphur supply and 
sulphur prices, attention should be centred on trends in brimstone supply 
and demand. There are several reasons for the importance of brimstone in 
the context of the world sulphur situation, not the least of which is the fact 
that it currently accounts for over half of world all-forms consumption Not 
only is it the more generally available sulphurous raw material, it is also the 
form most widely used in international sulphur trade and almost exclusively 
in intercontinental trade. Pyrite on the other hand is used mainly in the 
producing countries and only about one fifth of the world's output is con- 
sumed outside the suppliers' domestic market (trade taking place largely 

?l?tlnental area8' eg-  between WC8tern European countries, from 
the UbbR to western Europe and from Canada to the United States). 

The close connexion between domestic production and consumption is 
also a feature of the supply/demand pattern of sulphur-in-other-forms which 
normally materializes as a by-product of some other operation and onlv 
where there is some immediate use to be made of the sulphur values tlms 
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liberated. World pyrite .wrv« and the availability of sulphur-in-other- 
forms arc such that the incidence of production reflects producer's ability 
to pear exploit.-.on to some specific purpose -output is scarcely inhibited 
by any lack of resources but it may l>e by comparativo costs vis-à-vis brim- 
stone or. m the ease of nthcr-forms, by a disinclination to put available 
sulphur vaino to UM-. 

In short, whereas pyru.   ,„d sulphur-in-other-forms production is usually 
continent on « particular relationship between production and consumption 
brunitone ,s an miernational commodity and as such, its supply and its 
pnce ,s govern«! In the type of factors common to most commodity markets 
munch,  demand  trends  in  consuming industries,  stock  changes  and the 
adjustments made to production programmes by individual suppliers to take 
amount ot the relative impart «fall producen.' shipments and sales in various 
»orlil markets. Concerning short-term to medium-term trends in the world 
sulphur situation, therefore, it is the changes in brimstone supply and demand 
that provide the principal dynamic. 

Brimstone consumers in'the developing countries and their counterpart 
m the more deve oped economic systems can be faced with two basic situations 

asÏJÏ I* U,PíUr'nrket' °ith<r °ne iH Which an «^-supply position 
has developed and which is accompanied by a decline in brimstone prices 
or one m which supply shortages have emerged along with an upward tnnd 

MweeT•    Í TT the effeCtS °f the8C 8Upply and Price variati<• differ betw en  mdrndual  count«* depending on  whether they  are   brimstone 

*Z IT    a     TT"• °r Whethpr they are 8olelv brhnstonc <•«r* 
«bing on „nports to meet consumption requirements. Thus the results of 
hr.r, stone supply and price fluctuations take on different forms depending 
on the nature of the situation: with an over-supply and resulting low• 

ä^ ¡ET 
shortage of 8uppiy ">- ^ -* ^ 

Brimstone over-gupply/low prices 

In brimstone-prcKiueing countries the emergence of a buyers' market 

bv : ;i: f^rr"* **** -<* ¿^w P*. may ¿ m^^ 
mo^t T r T °ne Pr0dUCer8' 8t0ck8 and' where nece^'V, some 
om H t ¡Vf Î %*T"° at hÍgh C08t tamm in °rder t0 •*]«* to more 
Z v I"'I ,OWT PrÍCeS ari8inR from the need to compete more 
nt nsivcly w,th o her suppliers gives a lower unit return on sales and, more 

m tuunes It, Ti"011 reVeimeS are generated * the  8hiP^nt 
r   X  th       ?"        * lnt*rCSted Ín """^ l0n«-tRrm 8ales «¿«ota t      tahihze their sales volume In a situation where consumers'  purchases 

•   .inert""     marglr' fCtUations in P*** «nd in the absence of contract 
o H i a.,- „ TT      tonnago at di8tress 8pot prices •yencour^ «»hual action -by (.overnments or industry authorities-to regulate prices 
on socio-economic grounds and possibly to restructure the ownership of 
produnng companies to reflect national interests. 
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Such considerations apply to developing and developed count lies alike 
but for the former the effects on their economic performance may IK- more 
critical. By the nature of the definition, developing countries are frequently 
producers and exporters of commodities (jute, coffee, tea, sugar etc ) anil 
raw materials (oil, natural gas, iron ore, non-ferrous metals or ores   brim 
stone, phosphate rock etc.) and are therefore dependent on the resultant 
foreign exchange earnings to cover the import of much needed plant and 
machinery, consumer durables and other finished goods. The effect of declining 
world prices for exported commodities and raw materials can thus be ex- 
tremely unfavourable for the pace of economic and industrial expansion in 
developing countries. One method of overcoming the dependence on com- 
mochty/raw material prices that has been adopted by brimstone producers 
such as Mexico, Iran and Kuwait has involved the establishment of high 
analysis fertilizer plants within the domestic chemical industries to process 
locally available raw materials and to export relatively high value finished 
products m addition to the lower value basic commodities such as brimstone 
This has enhanced the potential of the respective countries' export pro- 
grammes, it has begun to break the cycle of commodity exports and finished 
product imports and it has served to expand employment and factor incomes 
m their domestic chemical industries. 

In brimstone-consuming countries, where little, if any, of the require- 
ments are met by domestic production, over-supply in world brimstone 
markets brings an easier availability against import purchasing programmes 
J he rate of growth of all-forms consumption is likely to rise under the stimulus 
oí expanding use of cheaper brimstone and the continuance of the fluid supply 
conditions for any length of time may lead, where feasible, to some transfer 
ot existing pynte- or even sulphur-in-other-forms-based acid industry demand 
to brimstone or to some new expansion of brimstone consumption at the 
expense of use of domestic pyrite resources as has been true (outside the 
developing world) in the United States, Greece and Australia. 

Brimstone shortage/high pi ices 

The opposite situation to the above, caused by the development of 
a sellers  market as brimstone demand outruns world supply, reverses the 
picture facing the producers on the one hand and the consumers on the other 
Hrimstone exporters are able to make substantial increases in sales and if 
production rates cannot be raised in the short term to meet the scale of the 
new deliveries, producer stocks will be depleted accordingly. Higher prices 
and expanded sales will generate improved cash flows, part of which will 
be earmarked  for  exploration  and development work on new prospects 
designed to assure long-term supply and for investment programmes in new 
production facilities that may be warranted by forecasts of near-term sales 
growth m excess of productive capacity. As an alternative to new plant 
construction, sources of comparatively high cost brimstone, old Frasch domes 
lor example, may be re-opened to assist in meeting outstanding demand' 
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A prolongation or augmentation of activity could be expected also at brim- 
stone operations which are normally orientated to meeting domestic demand 
as happened mently in the Bolivian native refined sulphur industry 
Restricted supply ¡s likely to be accompanied by an increase in spot purchase's 
since producers will be concentrating on meeting contract tonnages and 
speculativo offers of brimstone at high prices from other than established 
sources or suppliers. 

The initial effect  in brinntone-consuming countries of a tightening of 
brimstone supply is likely to be an upward trend in delivered prices which 
is followed by some slackening in demand coupled with a progressive depletion 
of consumer stocks.   Where import programmes  ar,  organized  through a 
central agency-the State Trading Corporation in India has been an ex- 
ample-some allocation  of imported supplies  between  consumers may be 
undertaken and  where  more stringent controls  are needed these can be 
provided by limits on government allowances of foreign exchange for import 
purchases.  In  a  severe  and  prolonged  brimstone  shortage two remedial 
courses of action are open; first, the development of alternative sulphurous 
raw materni production in the form of pyrite or sulphur-in-other-forms 
and second  the use of alternative processes to minimize or avoid the con- 
sumption of sulphur in the fertilizer and chemical industries. In many brim- 
s one-consummg countries plans were announced during the period of re- 
stneted brimstone supply in the 1960s, from  1964 to 1968,  for the re- 
evaluatmn or new exploitation of pyrite resources, notably in India, Australia 
Braz.1, Sou h AW   Turkey and the United States, and greater use 2 
made of sulphur-m-other-forms sources for sulphuric acid production. In the 
fi« Id of process technology there was a rash of licence agreements between 
des.gners and plant constructors covering the possible use of anhydrite/gypsum 

he ctnZ    T °f TlfT aCÌd- SCVeral PrOJeCtS •° -noun" h< eventual empbyment of these processes but most of them appear to be 
abeyance at the present time now that the principal stimulus to their 

implementation, bnmstone shortage ftnd h-gh ^  ^ d¡gappeaml 

More direct steps to counter the effects of a brimstone supply shortfall 
n  consummg countries  will  include the examination  of polsibilitie«  fo 

?rr:^Tg the rof su,phur in ch•icai °r «£ p^< or m the manufacturing industry generally. Some of the options presently 
ava.lablc are the use of the chloride instead of the sulphate route in ZZn 

mTeadT   ,Tn' **"?!**»«' °f ^rochlori/acid for stee,     cSg 
instead of sulphuric ac.d, the manufacture of phosphoric acid from elemental 

SÄ wfthhbe TT therm;1 PrOCe88) °r * the -idulatLtfX phate rock with hydrochloric acid, and the production of complex NPK 
iort,hzerS ru the  nitrophosphate route employing nitric acid  a tack   on 
phosphate rock rather than those based on ammonium phlhate«   Th 
most stra.ghtforward option that could be available in a siC.on of brim 
ston, shortage would be to switch from raw material imports Z inteZ* 
d.ate or hn.shed product imports. In the fertilizer industry  foT example" 
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Co IN TRY ( 

The  following   classification   of deve; 
fount rie« in used     .  tables 7 and S. 

Developed ¡ i tuluxtr ini izal count rien 

EC E area 

Austria 
Belgium 
Bulgaria 

Czechoslovakia 
Denmark 
Finland 
France 

German Democratic Republic 
Germany, Federal Republic of 

Hungary 
Ireland 
Italy 

Netherlands 
Norway 
Poland 

Romania 
Sweden 

Switzerland 
USSR 

United Kingdom 

EC A area 

South Africa 

EC AFE arta 

Australia 
China 
Japan 

New Zealand 

Sorih America 

Canada 
United State» 

ECLA area 

Puerto Rico 

LASSIHCATIONS 

oped/industrialized  countries and  developing 

Developing countries 

EC E area 
Albania 
Cyprus 
Greece 

Portugal 
Spain 

Yugoslavia 

EC A area 
Algeria 
Kgypt 

Libyan Arab Republic 
Morocco 

Mozambique 
»Senegal 

Southern Rhodesia 
Tunisia 
Uganda 

Zaire 
Zambia 

VNESOB area 
Iraq 

Jordan 
Kuwait 
Lebanon 

Saudi Arabia 
Syrian Arab Republic 

ECAFE area 
Burma 
India 

Indonesia 
Iran 

Israel 
Korea, Democratic People's Republic of 

Korea, Republic of 
Malaysia 
Pakistan 

Philippines 
Thailand 
Turkey 

ECLA ana 
Argentina 

Bolivia 
Brazil 
Chile 

Colombia 
Cuba 

Ecuador 
Mexico 

Netherlands Antilles 
Peru 

Trinidad and Tobago 
Uruguay 

Venezuela 

À 
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nonavailability of sulphur for high analysis phosphate and compound fertilizer 
manufacture could be dealt with by the import of phosphoric add or ammo- 
mum phosphates. 

It is unlikely that these purchases could be adopted on a spot basis 
however without the importing country suffering grave disadvantages ' to 
its short-term economic position. World prices on fertilizers and fertilizer 
intermediates would be increasing during general raw material shortages so 
that a premium would be attached to the imported commodity which may 
create an even wider margin than normal between brimstone and fertilizer 
product prices. Also, the importing country would have to take account 
of the domestic cost of lower employment of production capacity, unemploy- 
ment trends and a downturn in earnings on capital investments in the home 
chemical industry. 

PATTERN OF SULPHUR CONSUMPTION 

Just how significant a proportion of world sulphur-in-all-forms con- 
sumption is attributable to use in the developed countries as opposed to 
the developing countries is shown in tables 6, 7 and 8. This summary analysis 

TtÍFPF m 196v th: lndustrialized «"»**•. -hich are primarily Ze 

Tain ftn?rîrea' ^V•• and 0ce•ia, together with South Africa, 
Japan and China accounted for some 88 per cent of aggregate consumption' 
of this proportion, about 85 per cent (representing 75 £r cent of the worio,' 
wide total   represented all-forms consumption in the ECE area and North 

offTZw. ,     ftU:e ChangeS ,ittle When "»^ the Proportional 
offtake between developed and developing countries of sulphur in-all-forms 
for sulphuric acid production as apposed to non-acid uses, the developing 
countnes accounting for only about 12.5 per cent of the acid-based con 
sumption of sulphur and 11.5 per cent of the non-acid based demand 



Chapter 2 

WORLD PRODUCERS OF FRASCH SULPHUR, 
RECOVERED SULPHUR AND PYRITE 

A detailed reference to the world's sources of sulphur supply in the form 
of Frasch sulphur, recovered sulphur and pyrite is provided by the throe 
following tables which indicate operating companies, mine and plant locations, 
and rated production capacities the latter being shown in terms of thousands 
of metric tons per year sulphur or sulphur equivalent (see tables ft, 10 and 11). 

Frasch sulphur mine production capacities are bawd on realized pro- 
duction over a certain period in the present decade. Since the rate of pro- 
duct ion at such facilities is governed by the recovery performance in the 
orebody, and as this changes progressively with the depletion of the reserve 
and the occurrence of structural movements arising from its evacuation, 
output capacities are neither pre-determinate nor constant, As an order of 
magnitude the capacity may be suggested by the size of surface facilities, 
e.g. mine water heating plants; however, the mine-water rate (gallons of 
water required to produce a ton of sulphur) fluctuates considerably during 
the life of a mine. 

The quoted capacities of sulphur recovery plants relate to the maximum 
gas throughput rates for which they have been designed. In effect this means 
that the capacities of most units are nominal in view of the seasonal fluctuation 
in energy source sales (plants have to cope with desulphurization streams 
at peak demand period« and are relatively under-utilized at other times) 
and. notably at oil refineries, in view of possible inconsistencies in the sulphur 
content of the «rudes proceed and variations in the required proportions 
of the product fractions. 

TABLE ».    WORLD FRASCH SULPHUR PRODUCERS 

Country and pro,lmrin0 company 

ECONOMIC COMMISSION FOR EIROPE AREA 

Poland 

Mini 

Zj<d!i(Mv.tiiit. Kopalnietwa 
Surmvoow ('h<»im«>/.iiych 

( Oraybov.- 
I Jeziorak 

Pro Uni i on capacity 
(thotuand tont yar) 

1,300 

32 
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TABLE 9 (continued) 

Country and prod wing comprnnu Min* 

NORTH AMEBICA 

I'nited States 

Kreeport ¡Sulphur Company 

Texas Gulf Sulphur Company 

Production rapacUy 
(thousand ton* year) 

Duval Corporation 

Jefferson Lake Sulphur Company 

Atlantic Richfield Company 

1*1" elan Sulphur Company 

M worn Sulphur Company 

Allied Chemical Corporation 

Pan American Petroleum Corporation 

K( ONoMit COMMISSION ron 
LATIN AMERICA AREA 

Central America 

Mexico 

Azufrera Panamericana S.A. 

Cía. de Azufra Veracruz» 

Cia. Exploradora del Istmo S.A. 

Caminada* 
Garden Island Bay, 

Michigan 
Grand Ecaille 
Grand Isle, offshore 

Louisiana 
Lake Pelto 

/ Doling 
Bully Camp 
Fannett, Texas 
Gulf 
Moas Bluff 
Spindietop 

Rustler Spring 
Fort Stockton, Texas 
Orchard Dome, Fort Bend 

County, Texas 

Long Point, Illinois 
Lake Hermitage 

Fort Stockton, Texas 

Nash, Texas 

Chacahoula 

Sulphur Dome 

High Island, Michigan 

Jaltipan 

Salinas, Veracruz 

Nopalapa 

• OperstloM at this mine wer« impended In February 196». 
the J*T^r^^n?P*,iy¿0u.Jf »«>««« «x» Chemlc.1 CorVSii, hat «le of thk mine to a Mexican company. Inversion« Ailufteras sT 

4,750 

3,250 

1,»50 

525 

150 

100 

100 

50 

50 

1,900 

450 

100 

rsaehed aa agretmsat covering 
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TABLE 10.    WORLD RECOVERED SIMMIIH I-LANTS 

Country and operating company Plant location Proiltict ion rapacity 
(thotmaml  ton» year) 

ECONOMIC COMMISSION FOR EI  :   IH AREA 

Western Europe 

Austria 

österreichische Mineralol- 
verwaltung A.G. 

Other units (1) 

Belgium 

Sté. Industrielle Belge des 
Pétroles S.A. 

Esso Belgium S.A. 
Other units (2) 

Denmark 

Gulf Oil A/S 
A/8 Dansk Shell 

Finland 

Outokumpu Oy 

France 

Sté. Kationale des Pétroles 
d'Aquitaine (SNPA) 

Sté. Nobel Hoechst Chimie 
Raffinerie de l'Ile de France 
Cie. Rhénane de Raffinage 
Other units (4\ 

Federai Republic of Germany 

BP Benzin und Petroleum A.O. I 

Deutsche Shell A.O. 

Esso A.O. 

Mobil Oil A.O. 

Wintershall A.O. 
Norddeutsche Erdgas 

Aufbereitung» G.m.b.H. 
Kuhrgas A.O. 

Other units (15) 

Schwechat, Vienna 

Antwerp 
Antwerp 

Stignaes 
Fredericia 

Kokkola 

Lacq and St. Faust 
Port Jerome 
Grandpuits 
Reichstett-Venclenheim 

Dinslaken 
Hamburg 
Vohburg 

Hamburg- Harburg 
Godorf 
Ingolstadt 

Hamburg-Harburg 
Köln 
Karlsruhe 
Ingolstadt 

Bremen 
Neustadt, lower Bavaria 

Weser-Ems 

Voigtei 
Essen, North Rhine- 

Westphalia 

A 
1 

18 

15 

17 
6 

150 

1,750 
20 
10 
14 
18 

23 

53 

35 

10 

25 

123 

20 
78 
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TABLE 10 (continued) 

Country and operating eompany Plant location t'rodutiUm capacity 
(tKotuand ton» year) 

Italy 

A i lie SpA. 
SARAH (SpA. Raffinerie Sarde) 

Shell Italiana SpA. 

Anie SpA. 
SA ROM 
Other units (7) 

Srtherlande 

HP Raffinaderij Nederland X.V. 
<iulf Oil Raffinaderij X.V. 
Shell Nederland Raffinaderij X.V. 
Other units (2) 

Norway 

A/S Xorske Shell 
Other units (1) 

Portugal 

SACOR (Sociedade Anónima 
Concessionaria da Refinaçâo de 
Petróleos en Portugal) 

Spain 

CE PSA (Compañía Española de 
Petróleos S.A.) 

Other units (3) 

Sweden 

Koppertrans Oljeaktiebolag 
Other units (1) 

Switzerland 

Raffinerie de Cressier S.A. 

United Kingdom 

British Petroleum Co. Ltd. 

Conoeo Ltd. 
Esso Petroleum Co. Ltd. 

Shell U.K. Ltd. 

Other units (8) 

Gela, Sicily 
Sarroch, Sardinia 
Rho 
La Spezia 
Rondinella 
Sanazzaro de Burgundi 
Ravenna 

Europoort, Rotterdam 
Europoort, Rotterdam 
Pernis 

Sola 

Cato Ruixi 
Oporto 

Algeciras 

I 

Skarvik 

Cressier 

Llandarcy 
Isle of Grain 
Belfast, Northern Ireland 
Grangemouth, Scotland 
South Killingholme 
Fawley 
Shell Haven 
Stanlow 
Teesport 

50 
10 

20 

12 
11 
29 

II 
15 
54 
11 

S 

17 

15 

10 

10 

M 

17 
S4 

45 

38 
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TABLK   10  (continued) 

Eastern Europe a> I  USSR 

Sulphur recoveiy   capacities at oil  refineries, natural «as plant» and coke oven gas 
plants in eastern  Europe and the I'SSH are listed below: 

Country Production rapacity 
(tkoutawt tont I year) 

Country and nperating company 

KroNomi' CUMMINNION IOR AFRICA AREA 

Egypt 

Suei Oil Manufacturing Company 
Other unita (I) 

Libyan Arab Republic 

EMO standard Libya Ine. 

Southern Rhodesia 

Central African  Petroleum 
Retinen«« (Pty) Ltd. 

Smttk Africa 

Shell and HP Smith African 
Prtmleuni Retitierie* (Ptv) Ltd. 

1M lier unit* 12) 

I'MITEII NATION« K* <»«...*I< AMI» 

S.H-IAL OrriCK I*   JiKlltl T AREA 

Kuwait 

Kuwait Nati«»nal Petroleum Company 
American Inde^nde-nt («1 Com|«ny 

Saniti Ambia 

Saudi Arabian Fertiliser Company 

Syrian Arab Re publie 

Onerai Petroleum Establishment 

ECONOMIC COMMISMOX ro« AMA 

ASH TBE FAR EAST AREA 

Aêia 

India 

Madras itefinei :«•„ Ltd. 

Bulgaria 30 
Chechoslovakia 50 
German Démocratie Republic            150 
Hungary 20 
Poland 30 
Romania 20 
ISSR 600 

fiant location ProduetifHi capacity 
(thousand tont year) 

Suei 

Mara« Brega 

Cintali 

Reunion Rocks 

Nhucsiba 
Mena Abdulla 

(Neutral Zone) 

Damrnâm 

Horns 

28 
5 

47 

30 
11 

191 

109 

IS 

33 

Madras 22 
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TABLE 10 (continued) 

Country and operating company 

Iran 

Kharg Chemical Company 
Shahpur Chemical Company 
Other units (3) 

Israel 

Haifa Refineries Ltd. 

Japan 

Daikyo Oil Company  Ltd. 
Fuji Oil Company  Ltd. 

Idcmitsu Kosan Company Ltd. 

Cenerai Nekiyu Seisei KK. 
Kyushu Oil Company Ltd. 

Plant location 

Kharg Island 
Bandar Shahpur 

Haifa 

Yokkaiehi 
Chiba 

| Chiba 
I Tokuyama 

.Sakai, south of Osaka 
Oita 
Shi mot HU i 
Chiba I C 

Maruzeit Oil Company Ltd. 

Mitsubishi Petrochemicals 
Company Ltd. 

XipfKtu Petroleum Refining 
Company Ltd. 

Nippon Mining Company Ltd. 
Showa Yokkaiehi Sekiyo Company Ltd.    Yokkaiehi 

[ Wrkayaina 
To» Nonryo Kogyo KK 

Mizushima 
|  Yokohama. Kanagawa, 
|      near Tokyo 
'  Negishi 

Mizushima 

Kjtvasaki 
Shizuoka 
Kawasaki 
K ansai 
Sakai 

Port Dickson 

Production capacita 
(thousand  ton» year) 

198 
503 
40 

Showa Oil Company Ltd. 

Kansai Oil Company Ltd. 

Other units (6) 

Malaysia 

Emo Malaysia Company Ltd. 

China 

Aggregate capacity for production of recovered sulphur is estimated 
at 100,000 tons/year. 

Thailand 

Summit Industrial Corporation Bangkok 
Other units (1) _ 

Oceania 

Australia 

Petroleum Refineries (Australia) Í Altona 1 
Ptv- Ltd. \ Adelaide / 

Shell Refining (Australia) Pty. Ltd.       Granville 
Other units (1) _ 

13 

33 
30 

67 

22 
15 

55 

44 

65 

40 
63 

76 

17 

81 

31 

4 
2 

15 

17 
4 
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TABLE   10  (continued) 

Country and operating tympany 

NORTH AMERICA 

Canada 

Amerada Hess Corporation 
Amoco Canada Petroleum 

Company Ltd. 
Canadian Fina Oil Ltd. 
Canadian Superior Oil Ltd. 
Chevron Standard Ltd. 
Great Canadian Oil Sands Ltd. 

Gulf Oil Canada Ltd. 

Hudson Bay Oil and Gas 
Company Ltd. 

Imperial Oil Ltd. 

Jefferson Lake Petrochemicals 
of Canada Ltd. 

Laurent ide Chemicals and Sulphur 
Company 

Mobil Oil Canada Ltd. 
Potrogas Processing Ltd. 

Shell Canada Ltd. 

Texas Gulf Sulphur Company 

Other units (8) 

United States 

Allied Chemical Corporation 

American Oil Company 

Anlin Company of Illinois 

Ashland Oil Inc. 

Atlantic Richfield Company 

¡'tant location Production capar it H 
(thoutaml toni year) 

Olds, Alberta 
f Bigstone, Alberta 
I  East Crossfield, Alberta 

Wildcat Hills, Alberta 
Harmattan, Alberta 
Nevis, Alberta 
Athabasca, Alberta 
Nevis, Alberta 
Pineher Creek, Alberta 
Rimbey, Alberta 
Other units (5) 
Edson, Alberta 
Kaybob (No. 1), Alberta 
Kaybob (No. 2), Alberta 
Lone Pine Creek, Alberta 
Other units (4) 
Dartmouth, Nova Scotia 
Redwater, Alberta 
Sarnia, Ontario 
Winnipeg, Manitoba 
Peace River, 

British Columbia 
Savannah Creek, Alberta 
Montreal East, Quebec 

I 

Wimborne Field, Alberta 
Crossfield, Alberta 
Waterton, Alberta J 
Jumping Pound, Alberta   S 
Other units (5) 

Okotoks, Alberta \ 
Whitecourt, Alberta I 

Linden, New Jersey \ 
Richmond, California } 
El Segundo, California > 
Whiting, Indiana 1 
Yorktown, Virginia 1 
Sugar Creek, Missouri J 
Wood River, Illinois 
Canton, Ohio I 
Buffalo, New York \ 
Houston, Texas I 
Philadelphia, Pennsylvania J 
Other units (2) 

63 

605 

47 
33", 

54 
114 

418 

48 

855 

42 

«3 

?35 

50 

129 
662 

634 

9« 

739 

S3 

110 

63 

50 

33 

55 

11 

i 
ê 
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TABLE 10 ( continued) 

Country and operating rompmnp i'ianl location Prwttirtion eapaeity 
(thousand ton* year) 

I  Port Arthur, Texas | 
I  Marcus Hook, Pennsylvania I 
I Myrtle Spring», Texas        I 

Milnesand, Now Mexico     | 
Other units (2) 
Van Horn, Texas 
Pine Bend, Minnesota 

j Philadelphia, Pennsylvania 1 
i  Port Arthur, Texas J 
' Other units (2) 

i.      ».    ,...       . I B*yway, New Jersey I 
Humble Oil and Refining Company   j Benieia, California J 

British Petroleum Oil Corporation 

Cities Service Oil Company 

Klcor Chemical Corporation 
(ireat Northern Oil Company 

(Juif Oil Corporation 

Other units (2) 
Manderson, Wyoming 

J Detroit, Michigan \ 
•  Indian Basin, New Mexico ' 

! 

Jefferson Lake Sulphur Company 

Marathon Oil Company 

Mobil Oil Corporation 

Montana Sulphur arid Chemical 
Company 

National Sulphur Company 
I Other units (5) 

Olin Mathieson Chemical Corporation I Be*umont. Te*«w 
I McKamie, Arkansas 
(Edgewood, Texas 

Elk Basin, Wyoming 
Wood County, Texas 
Riverton, Wyoming 

' Iraan, Texas 
Paulsboro, New Jersey 
Coyanosa, Texas 
Woodhaven, Michigan 

Billings, Montana 

f 

I 
( Fashing, Texas 

Phillips Petroleum Company 

Shell Chemical Company 

Signal Oil and Gas Company 

Stauffer Chemical Company 

Texaco Inc. 

Tidewater Oil Company 

Trans-Jeff Chemical Corporation 

Other units (5) 
Crane County, Texas 
Goldsmith, Texas 
Martinez, California 
Other units (3) 
Houston, Texas 
Martinez, California 
Bryans Mill, Texas 
Other units (2) 

| Tioga, North Dakota 
I Houston, Texas 
IBaytown, Texas 

Long Beach, California 
Other units (2) 

I Dunbar, Texas 
I Other units (3) 
/ New Hope, Texas 
I Delaware City, Delaware 

Tilden, Texas 

I 

V, 

130 

7 
335 

47 

95 

20 

182 

11 
38 

60 

47 

34 
Is 
24 

87 

286 

35 

137 

33 

143 

22 

87 

194 

15 

02 

189 

33 
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TABI.K  10  (continued) 

Country and operating company Plant location Production capacity 
(thousand tontjytar) 

Union Oil Company 'A i <tlifornia 

United States Steel Corporation 

Warren Petroleum Corporation 

Other units (48) 

ECONOMIC COMMISSION FOR 

LATIN AMERICA AREA 

Central America 

Mexico 

Petróleos Mexicanos (PEMEX) 

Netherlands Antilles 

Esso Standard Oil S.A. Ltd. 
Shell Curaçao N.V. 

Puerto Rico 

Two units 

Trinidad and Tobago 

Toxaco Trinidad Inc. 

South America 

Brazil 

Industria Brosileira de Enoxfre S.A. 
Petróleo Brauleiro S.A. (Petrobras) 

Colombia 

Empresa Colombiana de Petróleos 
Other units 

Uruguay 

ANCAP (Administración Nacional de 
Combustibles, Alcohol y Portland) 

Oleum, California 
Wilmington, California 
Santa Maria, California 
Lemont,   Illinois 
Other units (1) 
Pittsburgh. Pennsylvania 

Í Sulphur Springs Texas 
{ Waddell, Texas 

Other units (3) 

Tampico 
Poza Rico 
Other units (3) 

Aruba Island 
Curaçao Island 

Ponce 

Pointe-à- Pierre 

Sâo Paulo 
Duque de Caxias 

Rarrancabermeja 

Montevideo 

122 

37 

64 

35 
300 

88 

20 

13 
40 

12 

8 
10 

10 
4 

i 
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TABLE 11. WORLD PYRITE PRODUCERS 

Country and producing company 

ECONOMIC COMMISSION FOR EUROPE AREA 

Western Europe 

Cyprus 

Mine 

Cyprus Mines Corporation 

Hellenic Mining Company Ltd. 

Cyprus Sulphur and Copper 
Company Ltd. 

Finland 

Malmikaivos Oy 

Outokumpu Oy 

France 

Soo. Produit« Pechiney St. Gobain 

Germany, Federal Republic of 

Sachtleben A. 0. für Bergbau und 
Chemische Industrie 

ÍSkoi 
Mav 
Apli! 

Skouriotisss 
Mavrovouni 
Apliki 
Mathiatis 
Memi 
KalavanoR 
Kokkinopezoula 

Limni 

Luikonlahti 
Outokumpu 
Otanmäki 
Pyhasalmi 
Vihanti 

Sain-Bei 

{ Waldsassen 
Braunschweigisehe Kohlen-Bergwerke     Treue 

Greece 

Hellenic Mining Company \ 

Italy 

Kassandra 
Ermióni 

Montedison SpA. 

SpA. Miniera di Fraglie 

Norway 

Bergverkselskapet Nord Norge A/8 

A/S Bleikvaasli Qruber 

Klkom A/S 

Pulida) Verk A/S 
Fosdalena Borgverks AB 
A/S Killingdal Orubeselskab 

Oppredningsverk 

Gayorrano 
Niooioleta 
Booohegiano 
Fenice Capanne 
Alagna Valsesia 

Baña 
{Bleikvaasli 

Mofjell 
{Skorovas 
Sulitjelma 
Tverfjellet 
Fosdalen 

Killingdal 

Production capacity 
(thousand toiulytar 

S equivale ni) 

1 300 

240 

40 

90 

250 

40 

270 

10 

100 

625 

80 

5 

20 

120 

130 
15 

15 
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TABLE   11   (continued) 

Country and producing company 

Orkla Grube AB 
A/S Vigsnes Kobberverk 

Portugal 
Mine« d'Aljnstrel S A 
Mines et Industrie S.A. 

Spain 
Cía. Española de Minas de 

Rio Tinto S.A. 
Cia. de Azufre y Cobre de Thai-sis, 

Ltda. 
Minai) de Herrerías S.A. 
Soe. Francesa de Piritas de Hiielva 
San Telmo ibérica Minera S.A. 
Electrólisis del Cobre S.A. 
Productos Quími-os de Hucha 
Cobre y Piritas de Cueva de la Mora 

S.A. 

Hijos de Vazquf>t Lopez SUO 
Real Cia. Asturiana do Minas 
Cia. Andaluza de Piritas S.A. 
Empresa Eloy Coldran 
Minas de Cartes S.A. 
Montesoria S.A. 
Minan de Cartes 

Sweden 

Boliden A.B. 

Mine 

Lokkcn 
Vigsnes 

Aljustrcl 
Louzal 

Rio Tinto 
La Zarza 
Tharsis 
Herrerías 
Lomero-Poyatos 
San Tolmo 
Concepción 
San Miguol 

Cueva de la Mora 
La Joya 
Reocin 
Aznalcóllar 

Murcia Provine© mines 

Mines in Skellefte district 
of northern Sweden and 
in central Sweden notably 
Bergslagen district 
Falun 

Production capacitif 
(thoutand tomlyear 

S équivalent) 

110 
10 

¡00 
120 

600 

500 

75 
60 
45 
45 
30 

15 
15 
40 
60 

25 

240 

25 
Stör» Kopparhergs Hergslags A.B. 

Eastern Europe and USSR 

The mining and beneficiation of pyritic ores in eastern Europe and the USSR is 
orf*ni*ed by the respective sectors of the state mining and chemical industries in 
each of the countries and undertaken by the individual combines where the scope 
of operatmn. may extend to the utilization of the pyrite output as well as its production, 
lurrent p; rite production capacities are as follows: 

Country 

Bulgaria 
Czechoslovakia 
German Democratic Republic 
Poland« 
Romania 
Yugoslavia 
rssR 

Production capacity 
(thoutand tomlyear 

S equivalent) 

90 
180 
75 
50 

SAO 
175 

3,000 

«tons' ¿TAT*•"* m,te miM ln 1*°Und- ** StMl"' — «*—M to b^thdrswn from oner- 
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TABLE 11  (continued) 

Country and producing company Mine Production raparitii 
(thouiaml ton»! y tar 

S équivalent) 

ECONOMIC COMMISSION FOR AFRICA AREA 

Algeria 

Sto. des Mines de Al ¡liana 

Morocco 

Sté. d'Exploitation de Pyrrhotine 
de Kcttara 

Southern Rhodesia 

Anglo-American Corporation of South 
Africa Ltd. 

Filflla 

Kettara 

South Africa 

Western Reefs Exploration and 
Development Company Ltd. 

Hartebeestfontein Gold Mining 
Company Ltd. 

Loraine Gold Mines Ltd. 
Rand Leases (Vogelstruisfontein) 

Gold Mining Company Ltd. 
Virginia (OFS) Gold Mining 

Company Ltd. 
Zandpan Gold Mining Company Ltd. 
Government Gold Mining Areas 

(Modderfontein) Consolidated Ltd. 
Durban Roodepoort Deep Ltd. 
Harmony Gold Mining Co. Ltd. 
Buffolsfontein Gold Mining 

Company Ltd. 
West Rand Consolidated Mines Ltd. 
O'okiep Copper Company Ltd. 
Rooiberg Minerais Development 

Company Ltd. 

Zambia 

Glendale (vicinity of) 

Klerksdorp 

Hartebeestfontein 
Virginia 

Magai iesburg 

Virginia 
Leslie/Kinross 

Modderfontein 
Roodepoort 
Virginia 

Klerksdorp 
Krugersdorp 
O'okiep 

Rooiberg 

20 

150 

23 

40 

100 

50 

50 

70 

10 

10 

TïJiïZ Ed1ard "S"' ab?Ut 3° mi,e8 Wmt °f Lu8aka waB "•**»" "» «opening in 1970 to continue the exploitation of a cupreous pyrite.) 

ECONOMIC COMMISSION FOR ASIA AND 
THE FAR EAST ABEA 

Asia 

India 

Pyrites and Chemical Development 
Corporation Amjore 90 
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TABLE 1]   (continued) 

Country and producing company Mine 

Japan 

Dowa Mining Company Ltd. 

Furukawa Mining Company Ltd. 

Ishihara Industrial Company Ltd. 
Matsuo Mining Company Ltd. 

Mitsubishi Metal Mining Company Ltd. 

Nicchitsu Mining Company Ltd. 

Nippon Mining Company Ltd. 

Akagane 
Hanaoka 
Kosaka 
Yanawara 
Ani 
Iimori 
Kune 
Kishu 
Matsuo 
Furutobe 
Hosokura 
Makimine 
Myoho 
Osarizawa 
Shimokawa 
Washiaimori 
Chichibu 
Hanawa 
Hitachi 
Kamikita 
Kawayama 
Komori 
Shakanai 
Shirataki 
Toyoha 
Yoshino 
Abuta 
Ainai 
Oage 
Oppu 
Yatagai 
Taro 
Besshi 
Sazare 
Yago 
Nan-etsu 
Taishu 

Toledo, Cebu 

Bagaeay 

Production capacity 
(thoutanti tons'year 

S équivalent) 

710 

40 

20 
90 

160 

40 

320 

Nittetsu Mining Company Ltd. 
Nitto Metal Company Ltd. 

\ Oage / 

Otomi Mining Company Ltd. ( °T
Ppu \ 

I Yatagai J 
Rasa Industries Company Ltd. 

Sumitomo Metal Mining Company Ltd, 

Toho Z;nc Company Ltd. 

Others 

Philippines 
Atlas Consolidated Mining and 

Development Corporation 
Marinduque Mining and Industrial 

Corporation 

China 

Pyrite production, in the form of by-product pyrite arising during eoal beneficiati«,» 
or as material ansmg from the exploitation of mixed sulphide ores is conducted on 

KJUZT" "it"1       """I n0tably at the mineS in the 80uth Chi•°° Princes of 
•S* ?man        m the Central Province« of Hupeh and Anhwei. Current 
production capacity ,s estimated at 700,000 tons/year S equivalent 

70 

30 

30 

40 

110 

20 

80 

50 

45 
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TAIILE 11 (continued) 

Country and producing company Mint Production capacity 
(thoutcmd ton* year 

S equivalent) 

Türkei/ 

Ktibank { } 
Küre 
Maden 

Ocean ia 

Australia 

Mount Morgan Ltd. 
Mt, Lyell Mining and liailway 

Company Ltd. 
Xairne Pyrites Ltd. 

Others 

Korea, Democratic People's Republic of 

¡»s^Äsr¡" "" D
•**** «*-<• or K„re. 

North America 

Canada 

Anaconda Company 

Mount Morgan, Queensland 

Mount Lyell, Tasmania 
Nairne, South Australia 

100 

10 

40 
50 

Noranda Sales Corporation Ltd. 

Comineo Ltd. 
International Nickel Company of 

Canada Ltd. 

United States 

Bethlehem Steel Company 

Climax Molybdenum Division, 
American Metal Climax, Ino. 

Commercialores Inc. 

Brittania Beach, 
British Columbia 

Noranda, Quebec 
Normetal, Quebec 
Quemont 
Kimberley, British Columbia 

I 

I 
Copper Cliff, Ontario 

Cornwall mine, 
Pennsylvania 

Grace mine, Pennsylvania 

Lake County, Colorado 
York County, South 

Carolina 

) 

International Smelting and Refining  / Park City, Utah 1 

^TFT*      „ i Mar^ale, Utah } Company 
Magma Copper Company 
Tennessee Copper Corporation 

Division, Tennessee Corporation 

ECONOMIC COMMISSION FOR 

LATIN AMERICA ARBA 

Central America 

Cuba 

State Mining Company 

South America 

Chile 

Soc. Minera El Teniente S.A. 

Marysvale, Utah 
Pinal County, Amona 

Copperhill, Tonnessee 

Coral Nuevo 

Teniente 

20 

160 

100 

200 

35 

10 

10 

10 

10 

3.">0 

25 



Chapter 3 

WORLD SULPHUR SUPPLY 1960-1969 

The evolution of world sulphur-in-all-forms supply during the 1960s has 
been marked by the rapid growth that has taken place in brimstone production. 
From a total anticipated increase of 16.55 million tons in world all-forms 
output between 1960 and 1969, incremental production of brimstone was 
expected to account for about 66 per cent, equivalent to some 10.85 million 
tons. Thus, compared with the situation at the begining of the decade, 
brimstone has come to represent a much improved proportion of world 
all-forms supply and, by the same token, the share of output attributable 
to pyrite and, to a lesser extent, sulphur-in-other forms has declined (see 
table 12). 

TABLE 12.   WORLD SULPHLR-IN-ALL-FORMS PRODUCTION - RAW MATERIAL SOURCES 

(I960, 1965, 1969) 

(Per cent of Mai output) 

Total production  

Brimstone   
Pyrite  
Sulphur-in-other-forms 

I960 1965 1999 

100.0 100.0 100.0 
45.6 50.2 54.1 
36.4 32.3 29.4 
18.0 17.5 16.5 

The dominant contribution made by the brimstone producers in the 
development of world sulphur supply during this decade is well reflected by 
the rates of growth that have been registered by the component sectors of 
output. All-forms production in advancing from 22-32 million tons to a 
projected 38.87 million tons shows an annual increase of 6.4 per cent, whereas 
brimstone output in reaching an estimated 21.0 million tons by the end of 
1969 records a growth rate of 8.4 per cent per year since 1960. This is more 
than double the rate of growth observed in pyrite production whose running 
was anticipated at 3.8 per cent, per year for the nine-year period between 
1960 and 1969, a growth rate comfortablv in excess of the 5.4 per cent per 
year compound increase that was anticipated to take sulphur-in-other-forms 
production to 6.42 million tons S equivalent by the end of 1969. 
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BRIMSTONE PRODUCTION 

1    • ^i ^ff   imP,CTnontation   of   large-scale   brimstone   production 
during the 1900s irom new sources of supply and the facilities built in   he 

9;>0s to exploit thesepurees has changed fundamentally the pattern of world 
bnmstone supply and has had a notable effect on the growth of brimstone 
and hence, all-forms output during this decade. In 1960 the United State! 
«ad Mexican Frasch sulphur industries were clearly the principal source of 
world brnnstone supply and together with the then recently formed operation 
m Mexico, the United States dome operations accounted for approbate* 
two thirds of global production, and alone for practically half of ¡^Production 
of recovered sulphur represented only about a quarter of world brimstone 
output and native refined sulphur just over 10 per cent. The production of 
recovered sulphur grew to sueh an extent, however, that by the end of the 
1960s it represented over 40 per cent of the world total brimstone supply 

it y T/TH' Fra8Ch 8U,phur declined to account for 1« than haï 
of the world total. Against the aggregate growth of 8.4 per cent per year in 
brimstone, recovered sulphur production has risen at a cumulate rate Of 
3.9 per cent per year and Frasch sulphur output at 5.3 per cent per year 

In onnage terms, out of the additional 10.85 million tons brimstone paction 

.».92 nulhon tons 55 per cent) and Frasch sulphur producers for 3.76 million 
tons (35 per cent) (see table 13). 

TABLE 13.    WORLD BBIMSTONK PRODUCTION (1960, 1985, 1989) 
(Sources aa per cent of total output) 

i960 ¡get im 

Tot»! production  
Frasch sulphur  
Recovered sulphur  .. . 
Native refined sulphur 

100 100 100 
62 51 48 
26 35 41 
12 14 11 

nrnrfi 7^ I ^ Production has ^counted for a fairly consistent 
proportion of totel brimstone output and the expansion of output that has 

USSR PTT JTn, "1!°* t0 develoPment* i« eastern Europe and the 
u^K. The growth of production was more apparent during 1960-1965 and 
accounted for the upturn in the proportion of brimstone produced as native 
refined sulphur shown in 1965. 

Frasch sulphur 

th« tl the maJOT TmCe °f WOrld brim8tone «iPPly and the one in which 
the mtensiveness of operations can be most readily adjusted to changes in 

ouirf maíe\f^ÍOn' the P•«"588*• of aggregate Frasch sulphur 
output during the 1960s has followed generally the course of world brimstone 
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supply/demand trends and in the two established producing countries the 
short-term tempo of mining activities has reflected also the interplay of 
company production programmes. During the period of serious over-production 
of brimstone m the early 1960s-occasioned by the advent of new tonnare 
from many sources of supply in Canada, Fran,, and Mexico-United States 
Frasch output was adjusted accordingly and between 1960 and 1963 (despite 
the growth of Mex„,u production) world Frasch sulphur production showed 
a net advance oí only 100,000 tons compared with an over-all surge of 
-.38 million tons m global brimstone output. The emergence of a brimstone 
shortage in some p   ts of th(1 ^ d im ^ ^ one 

marked decime m the rate of growth of output in several major brimstone 
producing countries, one of which was Mexico, and much of the burd n in 
attempting to meet the soaring brimstone demand was carried by the UnLd 

To\Zt^d P n adVaneed by °n,y 21'°°° tons durinS 
Thereafter, Frasch producers played a major role in the development of 

ne.- production capacity, particularly in the United States where both the 
leading compames initiated new mining projects as well as expanding and 
making ^   t of existing capacity ; United States Fraseh auCdtaW 

So SS t     m    °n t0nVn IM8 and MeXkan Pr0ducti- toPa Ck of l.H.: million tons a year earlier. 

World Fraseh supply was augmented in the mid-1960s by the start of 
arge.se«le prodnetion in P„la„d, .„„„„,„ it was not unt¡| ¿•£ 

that this «.uree of „„„• 8Upp|v b„gan to exert a ai J•» 

oph ir : trr,sto TId,markot"-"•*« '« -4 * -^ " £ change m hrimstono supply from shortage to easier availabilitv   ÏW1. 
sulphur production in the United States declined ..1*5^ 

irr Ar ^7tTii} • r ^ää me period I .JON-1972, the Mining Association in Poland e*•*A¿ f„ 

Ä 8iMb,c gain in -*"*» "{—««»£ A*ïïSï z 
Recovered sulphur-major sources 

and later by the exmoitarion  "f.pr°d"ct,on m Mexico ** the mid-1950s 

»ourcesthatrJaredliMÍt     r•' ""'P1• T°|U<!8 fr°m the a««•«• 
content of ÄÄ^•^ including the s^ 
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Discovered in 1951 and brought into production by SNPA in 1957 the 
gas field at Lacq in southwest France contains a sour crude with an H S 
content in excess of 15 per cent. The desulphurization and recovery of sulphur 
from this gas has a major impact on the pattern of brimstone supply in western 
Europe as production and shipments grew rapidly from 1958 onwards. Prom 
a total of 128,000 tons in that year, output rose to 790,000 tons in I960 and 
by a further 619,000 tons in the next three years. 

In western Canada the development of brimstone production was asso- 
ciated with the boom in natural gas production following the construction 
of the trans-Canada pipeline and the start of gas exports to the United States 
through a series of specially constructed pipelines into major energy markets 
Tt was not until natural gas exploitation started in the western area of Alberta 
that the sour gas-bearing formations were encountered on a substantial scale 
and that the number and volume of sour gas reserves became significant 
( oincidentally with the subsequent growth of pipeline gas output from sour 
gas reserves in the late 1950s and early 1960s, there was an increase, therefore 
in the average H.S content of the aggregate crude gas output and the basis 
ior a major expansion of by-product brimstone production. The years 1960 
to 1963 saw the first stage of the western Canadian sulphur industry's expan- 
Hion programme completed; the output rose by about 45 per cent per year 
to a total of 1.3 million tons. 

During 1963-1965, however, there was a slackening of the pace of new 
•sulphur recovery plant installation and this, allied to the fact that several 
operators experienced technical difficulties and were unable to fully utilize 
available capacity, led to a noticeable diminution of the rate of growth of 
western Canadian brimstone output. To a certain extent this was also triggered 
off by lower-than-expected gas sales and delays in the completion of new 
gas treatment units, with the net effect that recovered sulphur production 
increased by only 11.4 per cent per year during 1964-1965. Considerably 

fo«tter ÍTT588 ha8 been attained 8ince im> outPut a11 but doubled between 
IJ65 and 1968 and was expected to have shown a further massive increase 
during 1969. 

In the United States the recovery of sulphur at oil refineries and natural 
gas plants has shown a relatively more uniform rate of growth than that 
registered in comparable industries in western Canada and Prance The 
rather more limited scale of operations at individual locations and the fact 
that most producers are either meeting a captive demand or have comparatively 
assured non-captive outlets for their by-product brimstone have combined 
to impart some degree of stability to operations. 

Taking the 1960-1969 period and the contribution of the major Prasch 
and recovered sulphur producers to total world brimstone supplies, it can 
be seen m retrospect that there were several phases in the growth of output, 
notably: * 
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1960-1962/1963, when Frasch producers commonly were resj>onsive to 
over-supply conditions while the "involuntary" by-product brimstone 
suppliers were working up capacity at recently installed facilities; 

19ü:?¡ 1963-1966, during which time the rate of growth of output declined 
appreciably in Canada, Mexico and France while United States Frasch 
sulphur producers pushed production to over 7.1 million tons; 

1967-1968, wl.h-h saw United States and Mexican Frasch western 
Canadian recovered and Polish underground molten sulphur suppliers 
boosting production to record levels; and finally, 

1969, and the return of over-supply conditions after some five years 
with only the Polish and western Canadian suppliers making noteworthy 
additions to their output. J 

Other brimstone sources 

Although it has made a less noticeable contribution in terms of quantity 
than expanded production at the major sources of supply, brimstone output 

,n It °th7 •overed sulPhur a"d native sulphur mining/refining operations 
in the world has grown at a slightly faster rate during this decade-9 0 per 
cent per year as against 8.2 per cent. ^ 

crowïh If TIT"1 SUlphUr ídUStry the princiPal Movements in the 
growth of output have occurred in eastern Europe, notably in the USSR 
Czechoslovakia and the German Démocratie Republic; second, in the ECAFE 
area where Iran Japan and China have become significant supply sources 
and hird, in the UNESOB area, where Kuwait is the first of severe LpTIg 

fn^cT * TrS10n;UlphUr reC0Very Plant8- Notwithstanding thTgS 
« FilnTf ? f" Pr0d,UCx>tÌOn Ìn 8eVeral Western Eur°I»an countriesLh 
as Finland and the Federal Republic of Germany, the continent's net increase 

of Ct     "^ am0Unted °nly t0 10m tons in •w of the di^pTranœ 
of pynte smelting operations in Norway and Spain and the closuVHf the 

fnWf965 reC0Very Plant eXplOÌtÌng * SUlphur-rich °•° oil **** •* KvarntoÏp 

nrn Jhe natÍV? reñnf sulPhur ¡ndustry has ended the decade with enhanced 
prominence only in Poland and the USSR, but the up-rating of variouTZel 

Sa ow^rar'the rbii8h-nt ^^UJL «JìTS 

PYRITE PRODUCTION 

expôrtm» St) bv ïhT   I,^dU°;ng COUntrie8 "* the »*• I««— port  market) by the growth of sulphur-m-other-form» consumption- 
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which has increased at a faster annual rate than pyrites consumption with 
n !rw notable exceptions; therefore, the pyrite producers have 1 cn-oator 
attention to domestic markets as outlets for their production, the exceptions 
being the leading pyrite exporters, Spain, the USSR and Cyprus 

During the early part of the decade, world pyrite production assumed 
only marginal changes and both upward and downward fluctuations took 
place -. incidence of output in various continental areas-it increased for 
example, in eastern Europe and Asia but in western Europe and North 
America, where sulphur consumers were responding to brimstone over- 
supplyconditions, production was down by almost 300,000 tons S content 
m 1063. Over the period 1960-1965 world pyrite output rose by 3.8 per cen 
per year cumulative but in the areas containing the principal producers 
western^Europe and eastern Europe, pyrite supply increased by only 1 0 per 
cent and 2.7 per cent per year respectively. (The 2.7 per cent rate of increase 
includes factor for growth of USSR production.) 

It was not until the second half of the decade, during the period of 
restated^brimstone supply, that general interest in pyrite was revived suf- 
uiently to promote some acceleration of the output growth rates recorded 

to 196o though even from the latter date through the end of 1969 pyrite 
production only developed at 3.9 per cent per year world-wide and at 2 4 per 
ont per year m western Europe. Quite the most important feature of the 
ast four years was the major expansion in eastern European output caused 

primarily by the Soviet Union's enlarged production to meet sizable increases 
in domestic needs and the requirements of its wide-range export programmes 

While the recently renewed interest in pyrite was certainly stimulated 
by brimstone supply and price developments post-1964, new projects for the 
greater utilization of pyrite in the producing countries have been, and will 
continue to be promoted by more positive factors, such as the need to capi- 
tahze effectively on domestically available resources, and by opportunities 

aUurah rge"8C^ Tte-h*aed 8ulPhuric acid ^Pacity project located 
favourably for cinders disposal and acid offtake. Such projects can be directly 
integrated with mining operations in the pyrite-producing countries or they 
may reflect the plant operator's acid disposal interest, i.e. located in the 
acid sale* area as soundly as possible in relation to incoming raw materials 
transportation and outbound shipments of residue for valorization. 

Examples of large-scale, pyrite-acid plants directly associated with 
captive raw material supplies are those operated by A/S Boregaard in Norway 
(one of its subsidiaries operates the Tverrfjell mine); Boliden A.B. in Sweden; 
Sachtleben A.G. in the Federal Republic of Germany, Montedison SpA. iñ 
Italy Maroc Chemie in Morocco; the by-product pyrite-acid plants operated 
by gold mining companies in South Africa, operations of the Tennessee Cor- 
poration in the United States and the plant of the Fertüizer Corporation of 
india at Smdri, Bihar north-west of Calcutta. 

Located preferentially to sulphuric acid markets are pyrite-acid units 
operated by companies such as Farbwerke Hoechst A.G., Farbenfabriken 
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Bayer A.G. ami lluhrschwefelsäure C.m.b.H. in the Federal Republic of 
(imiwui.v; Produits Chimiques «le Limbourg S.A. in Belgium; Albatros 
Zunvelzuur-en Chemie Fabrieken K.V. in the Netherlands and the project 
<>t lutei .¡•umica S.A. in Spain. 

SULI'HITK-IN-OTHER-KOKMS PRODUCTION 

Although in i«.,,-.! instances it arises essentially through by-product 
operation*, world production ofsulphur-in-other-forms continued to contribute 
a substant.al minority share of world all-forms production during the 1960s 
and, n-flecung the obyious attractions in certain circumstances and industrial 
situations ol utiuzin« what would otherwise be waste products, it has shown 
an annual growth rate of some 5.4 per cent per year cumulative. Thus output 
ol sulphur-m-other-forms has risen much in line with the growth of world 

í( 
ld al,-fo"n8 I»f-tK,n represented by sulphur-in-other-forms 

m 1909 (1G.5 per cent) was below what it was in 19(H) (18.0 per cent) this 
was due as much to statistical factors relativo to the enormous growih of 
brimstone production as to anything else. 

The similarity in the pace of other-forms and all-forms production is 
not surprising oyer the medium and long term in the sense that both are 
inked closely to the oyer-all development of world sulphur consumptionZZ 

former because its production is, ipso facto, consumption of sulphur and   he 

e r faUSVtS
f
gTth " COn'°,atCd t0 deraand cements over the longer 

term. In contrast, the incidence of brimstone and pyrite production ml 
reflect a degree of substitution between them as altere^phuZ Taw 
materials, which leads to different rates of growth between them idUMo Z 

fn^T- cotrmingwithitsbasicb>-product-»*».C»£r 
in-other-forms production is frequently complementary to brim tone and 
pyrite production and increases in association with Jgenera  advance "n 
al -forms production, whereas the progression in brimstone and pyrite pro 
auction mirrors their competitive status one to the other as wTas the 

pTan :,idat fry shrof all-forms dema»d *** ^-" On a world-wide basis, there has been a consistent increase in sulnhur 

Ind 19r   7 rdnf0n year by year durin« this decade   LweÄ and 1965, output rose by 5.9 per cent per year and at an average of 266 Z W 
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sulphur values, but also advances in the German Democratic Republic 
Poland and Yugoslavia. 

Production in Asia, that is in Japan and India, which account for virtually 
the entire output, has increased by 6.8 per cent per year since I960- while 
of the other countries in the ECAFE area, only Australia and China have 
had any significant development in other-forms production. 

Output of other-forms in Africa and Latin America constitutes about 
3.3 per cent of world production, so most of the balance is accounted for bv 
operations in North America where supply has increased by 0.28 million tons 
since 1960-equivalent to a growth of some 2.5 per cent per year. (For world 
Milphur-in-all.forms production in thousands of tons, see table 14.) 

TABLE 14.    WOKLD SULPHUR-IN-ALL-FORMS PRODUCTION (I960, 1963, 1965, 1968, 1969) 
(Thouaand tons S or S equivalent) 

I960 

TOTAL ALL-FORMS PRODUCTION 22,819 

Total brimstone production        10,188 

Sub-total: Major source*         8,298 

Frosch sulphur  6,290 
United States  5^21 
Mexico  1,269 
Poland  

Recovered sulphur     •> QQg 
United States  79g 
Western Canada     420 
France, Laeq    790 

Sub-total: Other sources         1,890 

Recovered sulphur     ßßj 
Western Europe     37O 
Eastern Europe0   152 
Others    I45 

Native refined sulphur     i¿23 
Eastern Europe8  47I 
JaP*n  247 
0the•    505 

Total pyrite production  %fn% 
Western Europe     3^51 
Eastern Europe0   1,928 
Asia    1,102 
North America  782 

Total other-forms production     4,00ft 
Western Europe     1,543 
A«*    588 
North America  1 119 

1963 19C6 ¡96S 1969 

26,118 30,862 87,076 88,866 
12,568 15,221 19,869 21,042 
10,138 12,189 16,094 16,920 

6,441 
4,960 
1,481 

7,816 
6,214 
1,502 

100 

9,978 
7,574 
1,608 

796 

10,050 
7,220 
1,650 
1,180 

3,697 
986 

1,302 
1,409 

4,373 
1,237 
1,615 
1,521 

6,116 
1,420 
3,088 
1,608 

6,870 
1,530 
3,660 
1,680 

2,430 3,032 3,765 4,122 

746 
306 
220 
220 

1,019 
332 
380 
307 

1,414 
397 
635 
382 

1,724 
438 
715 
571 

1,684 
1,091 

221 
372 

2,013 
1,391 

213 
409 

2,361 
1,675 

261 
415 

2,398 
1,700 

260 
438 

8,688 

3,266 
2,425 
1,263 

629 

9,805 

3,618 
2,769 
1,491 

699 

10,969 

3,727 
3,492 
1,632 

833 

11,403 

3,975 
3,585 
1,678 

830 

4,867 

1,597 
657 

1,235 

5,886 

1,560 
779 

1,318 

0,258 

1,660 
1,052 
1,362 

6,421 

1,706 
1,058 
1,400 

0 Including USSR. 



Chapter 4 

WORLD SULPHUR DEMAND 1960-1969 

P.tadp.lly, of .„ppL of ^¿"" n"4e~1 to the *"—*. 

to «omo 4.8 ner cent In «h. .__ """"•«« a,.nu»l rate of expansion rose 

consumption^^, t ET?   ""V"" """ °f g""rth °f *"fo• 

I» vear  wore JLJI   -nTL *A     ,'   "* '" eXWM of 8 Ver <*>"* 

sumption over the entire^•?Z t ^ °T ^ *"" *d•noe in "»• 
boom to the mid lX^nZTJ^4 "d.d"ring th8 brim,tono d8m»»<1 

cent were rolli S•"*"1 r,te" fa •"«»»P«on of over 10 per 

20 per cent (3 1 nwJFJT   Í     ? u     ' (I0J nd,Bon ^^ &*» ?<* 
cenr(2.4 million Tot, ' ^^-^-^B for abouHs per 

of sulphur dcnld du^^^ .*•*• 0f fche «-^ 
when the most noticeabfe mrTt' T ï S* "^ period UP to 196S 

up by 6.8 per cent ZTZr ZiZ T** "^ *Morma Gumption 
and from tnen untiHheC^fiTf , f"8 8'5 "^ ^ ^ ft«- 
to rise, was doing Í.ltÍüyl^ ^ ^^ th°U*h «**»*¥ 
annual growth c/cW,•^^I^

mtoire Fate •th the "ndt that the 
equivalent to an ZZn^t u WÊ^^r *> M per cent per year, 
decade. Even n^^^i^^ * the P«" to the end oíth 

apparent in retrospect was the distribution of the incidence 
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<>f brimstone consumption growth between 1960-1965 and 1966-1969- 
in the earlier period the use of brimstone advanced sharply to 16 0 million 
tons at a rate of more than 10 per cent per year but the expansion slackened 
apprecmbly to some 5.6 per cent per year thereafter under the influence of 
an («merging shortfall between supply and demand. It is interesting to note 
ton that in the last four years of the decade, although the main trends were 
•nt in any way reversed, the relative decline in the proportion of world 
...forms requirements met by pyrite and sulphur-in-other-foi ms eased from 
the rate of decrease noted in 1960-1965 and that conversely, as far as pyrite 
consumption is concerned, the rate of growth of its use has been higher— 
5.3 per cent per year as compared with 2.5 per cent per year in 1960-1965 

tin 

TABLE 15. 
WOKLD SULPHUR-IN-ALL-FORMS CONSUMPTION - EAW MATERIAL SOURCES 

(1960, 1965, 1969) 
(S or S equivalent) 

Total coniumptlon (million tow) 
Brimstone   
Pyrite  
Sulphur-m-other-forma    

Total coiuumptlon (per cent)  
»rimatone    
Pyrite  
Sulphur-in-other-forma  

BRIMSTONE CONSUMPTION 

I860 1965 1969 

21.8 «0.8 87.4 
9.9 16.0 20.0 
7.9 9.0 11.0 
4.0 5.3 6.4 

100.0 100.0 100.0 
45.4 52.8 53.5 
36.2 29.7 29.4 
18.4 17.5 17.1 

The stimulus that has enhanced the role of brimstone in meeting an 
augmented proportion of world aU-forms demand in this decade has emerged 
in three main areas of the world market-North America, predominantly 

l'Ut? mted SUte8; we8tera E»«>pe; and eastern Europe including the 
liSSR. Between them, these three continental areas have accounted for 
HI per cent of the 10.1 million ton increment in world brimstone consumption 
since 1960 and much the most important of these has be, n the expanded 
otttake in North America representing no less than 44 per cent of the total. 
In large measure, the channelling of all but one fifth of new world brimstone 
supply into those markets in the past ten years has been determined by the 
expansion of their respective fertilizer industries, particularly in the phos- 
phate fertilizer sector for the manufacture of phosphoric acid and high 
analysis straigi.* and complex P206 products. The boom, however, in phos- 
phate fertilizer production-again, at its most significant in the United 
Mates-took place largely in the mid-1960s in association with the soaring 
level of brimstone demand in those years, and it is apparent from the sub- 
stantial growth of the use of brimstone over the whole of the decade that 
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this is attributable almost equally to expansion of the chemical industry 
consuming sectors. In thct.e three areas, therefore, brimstone demand growth 
reflects additionally the higher living standards in industrially-advanced 
countries which sustain the largo brimstone and brimstone-based sulphuric 
acid end-use sectors, particularly pigments, synthetic and man-made fibres 
detergents and plastics. 

Outside the additional tonnage used in the ECE area and in North 
America during the present decade, about half the remaining 20 per cent 
has been consumed in the ECAFE region, principally in the countries of 
Asia not run on a centrally planned economy basis, and the balance in Latin 
America and Africa. In most of the consuming countries in these regions 
a major share of the intake is required for fertilizer production and a broad 
spectrum of brimstone uses has developed to a significant extent only in 
Japan, South Africa, Australia, India and Brazil. 

PYRITE CONSUMPTION 

The upward trend in pyrite consumption since 1960 has been com- 
pounded chiefly of the growth in demand in the world's major producing 
countries and the three regions within which they are located, that is 
western Europe, eastern Europe and the USSR, and Japan. The factors 
governing the measure of pyrite production and consumption in particular 
situations have been discussed earlier and the distribution of pyrite con- 
sumption.growth during the 1960s bears witness to the progressively close 

ÄÄ**8 Pr0dUCerS and the C°• Ìn theÌr "I"*" 
AU but a very minor proportion of the total increase in world pyrite 

consumption has taken place in the ECE area, Japan and North America- 
from an aggregate 3.05 million tons S content gain in use expected in the 
period ending 1969, these regions and countries accounted forborne 9S ptr 

TTS^ f    ,í eStr Eur0P° f0r 3° Ver cent> eastern Eur°Pe and the 
ÍT5 £ A  ^ Cent' ECAFE (mainly JaPftn and ^n») for ifper cent 
"end!"  h      T *" T "^ In fafW" relatÍOn to *• *«>reZt^ 
Z ¿«l      TT SUPP,y and demand' the *°"* of Pyrite consumption 
has been featured more strongly in the second half of the decade except in 

HTpÄf^ t ÜTwhero pyrite plays a more p•-" 
wo Id nvlf       r P      production and «onaumption than in many western 
»o,ld pyrite markets open to the attractions of competitively priced brim- 
tone. Thus pynte consumption has continued upwards in a faWy uniform 

A" ÎSfiîr8' WhereaS Ín We8tern **** and North Ä the U60-1965 period saw respective fluctuations of plus 0 7 per cent ner 
year and minus 2.4 per cent per year, and in 1965-1P969 the £owÍrato 

^atid^ro?'?1118 7-6 pir,cent were registered d•»* £ «•^* 
to ñ eeHnfulntZ       r^ 7" ^ t0 eXpand th° 8Cale of their 0P<•«<• 

ZZoZ^X phuric acid during the ***of "<* 
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SULPHUR-IN-OTHER-FORMS CONSUMPTION 

The rate of expansion of sulphur-in-other-forms consumption has been 
governed principally by determinants unrelated to the situation evolvili« 
in brimstone and pyrite markets, though this is not to sav, post facto that 
upward and downward movements in prices and supply'of the two more 
important sulphurous raw materials do not stimulate interest in or give 
more or less scope for, the utilization of sulphur values in forms other than 
brimstone or pyrite. 

In the last nine to ten years, other-forms consumption, largely in the 
form of smelter gas sulphuric acid, has risen by just over 5.0 per cent pur 
year from 4.0 to 6.4 million tons S equivalent. There has been little differenti« 
in the world-wide distribution of the pattern of growth of consumption as 
between other-forms on the one hand and brimstone and pyrite on the 
other, the greater part of the new supply and utilization having arisen in 
the ECE area, notably in eastern Europe and the USSR, in the ECAFE 
area, especially in Asia, and in North America (see table 16). 

TABLE 16.    WORLD SULPHTTK-IN-ALLFORMS CONSUMPTION BY AREA 

(1960, 1963, 1965, 1968, 1969) 

(Thousand tona S) 

I960 

Total all-forms consumption  31,807 

ECE area     J004J 

Western Europe     7 023 
Rastern Europe  1 105 
rss« '.'.'.'.'. Ù13 

EVA «*«    535 

I'XESOB area  13 

ECAFE area     3<355 

Asia   2,233 
Oceania    537 
()tl,er«     585 

Xorth America    j 3§Q 

EC LA area  /¡Q¿ 

Central America     223 
South America  281 

1963 1985 196S 1969 

35,891 30,836 85,688 37,374 

12,180 14,108 16,466 17,242 
7,726 8,595 9,804 10,250 
1,539 1,838 2.412 2,567 
2,915 3,675 4,250 4.425 

546 708 959 1,047 

17 30 no 89 

4,085 4,809 5,465 5,710 
2,625 3,030 3,688 3,850 

630 801 836 880 
830 978 941 980 

8,392 9,926 11,572 12,181 

671 755 1,010 1,105 
318 375 558 625 
353 380 452 480 



Chapter 5 

SULPHUR PRICES 1960-1969 

During the 1960s the evolution of world sulphur prices has been deter- 
mined by three principal factors: 

(a) The availability of additional brimstone supplies in world markets 
following the emergence of three new producers (Mexico, France 
and Canada) within a comparatively short period in the latter 
half of the previous decade and, coupled with this, the nature of 
the reaction made by the established suppliers-notably the 
United States Frasch sulphur industry-to the rearrangement of 
the pattern of world brimstone production and trade which took 
place. 

(b) The boom in world sulphur demand which occurred during the 
mid-1960s and the inability of the brimstone suppliers to meet 
m full the rising level of requirements in many major markets. 

(c) The downturn in the rate of demand growth in 1967 and 1968 
which coincided with the inaugural arrival of substantial tonnages 
ol Polish sulphur in western world markets. 

In association with these fundamental developments, therefore, there 
Inno been three distinct phases in the movement of sulphur prices over the 

ZZ    ¿t TSenu deCade- The ** °f these lasted from 196° «au 1963 
ilio dolî1 f ir8'0116' and 8ub8e<*uen%' Pyrite prices declined as 
sL    g A Í COmptltl0n lntensified in "»jor markets between the United 

sulnhu^n f "I1• Jra8í 8UlíUr 8UPpherS and the Produfiere of covered sulphur m western Canada and France 

¡nflulr'/ir  ,!? to 1968'  the SitUati0n chM,«ed •Pidly «»d«r the "fluence of the acceler.t,o„ in world brimstone conmnnption and, reflecting 
ho prosavo establishment of a sellers' market, prices climbed strongly 

acZ !Ä H *   •    r PnCe •ktmm "t in M the apetitivo inter- 
d tUs3 "T*? SUPplÍeS fr0m Mk mW Md «-UU-d «-urces 

Irt ;" j'oTtire  em,nd ^ -' PrÍCeS tUmb^ to » •» 
focustTlT Tt0{

t
the a,ttentio" 8'•" to •"> "üptar Prices ha, 

Ionised on the identifichon of trends in brimstone prices chiefly because 
over a broad range of wortd sulphur markets this sulphurous „7 mZai 
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Ims come to account for the major proportion of all-forms requirements 
I his has happened partly as a result of brimstone's versatility anc1  cost 
effectiveness in meeting the requirements of sulphuric acid and non-acid 
sulphur consumers alike, partly in view of the more favourable economics 
of transporting a product which is almost 100 per cent elemental sulphur 
against one, such as pyrite, which commonly has an S content of less than 
»0 per cent, and partly because potential pyrite consumers, to minimize 
the sulphur-in-pyrite price,  need to  be concerned  additionally with  the 
valorization of the other mineral constituents of the raw material   Never- 
theless, in pyrite-pruducing countries especially, and in neighbouring markets 
such as those in Europe, the price of sulphur-in-pyrite remains an important 
factor m sulphur consumers' evaluation of alternative raw material costs 
particularly in relation to sulphuric acid plant investment programmes  For 
reasons mentioned earlier in this report, little concern will be given to prices 
of sulphur in forms other than brimstone and pyrite; the exploitation of 
sulphur-m-other-forms is rarely the result of a decision between one of the 
three mam sulphurous raw material forms and it is likely to be governed 
rather by the convenient availability of low-cost, by-product sulphur values 
by a captive, on-site requirement for sulphur derivatives or by the enforced 
necessity m populated areas of recovering sulphur values-from non-ferrous 
metal smelter exit gases, for example. 

SULPHUR PRICES 1960—1963 

At the outset of the 1960s, the intention of the United States Frasch 
smphur mdustry to maintain or enlarge its share of the world sulphur market 
in competition with the recently arrived producers in Mexico and France 
had been manifest already for some two and a half years in a stable Usted 
pnce of $25 per long ton f.o.b. Gulf ports for bright sulphur which covered 
a range of effective f.o.b. price levels to various markets. Canadian recovered 
sulphur and Mexican Frasch sulphur was priced competitively with material 
oí United States origin in world markets at levels that indicated f.o.b. returns 
corresponding to $22-$24 and $21-$24 at the respective shipping points 
ot Vancouver, Canada and Coatzaooalcos, Mexico. 

The strong competition between united States, Mexican and French 
brimstone suppliers which had resulted in a weak world brimstone price 
pattern by 1960 had also caused a substantial fall in European pyrite prices 
from mid-1957 onwards. In October 1959 the Spanish export price for Rio 
linto crude fines was down to 60 shillings per ton f.o.b. Huelva, basis 
48 per cent S. Despite lower pyrite prices, however, the late 1950s saw an 
appreciable expansion of new brimstone-burning sulphuric acid capacity 
in western Europe and the substitution of pyrite by brimstone at some 
established acid operations. 

Meanwhile, the price war between brimstone producers in major markets, 
which stemmed from the policy decisions made in the United States Frasch 
industry on the posture to be adopted in competitive situations with the 
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neuor producers fand the subsequent need for the latter to enter world 
markets by offering tonnage at discounts on the lower United States prices) 
contmued unabated through the next three years. United States Frasch 
sulphur continued to be priced nominally at $25 per long ton fob Gulf 

c^rib^ions ddiVered F1Ce8 hiCOrP°rat^ ^»We discounts and freight 

The price slid, in  world  markets reached its  lowest point in  1963 

t o«f thl    over hT ITon th0 basis of ^bu-- •LtZ m   003- the average reahzed f.o.b. price in the United States at the time 
had dropped to about $20 per long ton with some returns ranging Wr 
by several dollars where they corresponded with Mexican priées   F ob 
eqmvalents  for   Canadian   and  French  sulphur-priced   com^tTt vefy  ln 

delivered terms-reflected the different freight rates to particular mLu 

ï^Afiïïirprices had deciined 'y a «^ 
SULPHUR PRICES 1964—1968 

The reversal of the six-year downward price trend became officii 

2S^tat2ÄTt^th:Sulphur Lport ¿r— S 
Sd riÍTt« ÎOTS eXp0rt PrÍCe at $225° and by end-year this 
mal 7J ? \* ^ ^ The Prices of bri•<*• from the other 

SSlSOfoh   M, i   i ,  8nC0UTOT throu«h lm »nd 'hen later to 
S3 .50 fo.b   foIln«lng the Sulexco increa« of $4 to {31 per lomr ton f „ Ï, 
Ouf port« .„February IBB5, and to s3520 J,, Vancouw in ADrinls 
in lino with the further rise of S5 (to Sim ¡„ .!,„ „ ,   0UTer.ln fP• IMS 
»»me month. In IM., also th„ p^oflL?*     8"Iexco P"°° durin8 *«e 
«hen again in July ,„ m¿ ¿CfÎAT^ "~ Œ JT 'nd 

facilities in these  countries  ,t•   I ,        "nd ear'y 1960s « the »ew 

cp.ei.y. In *AA'^'^-»-*?î- of 
pnce at Huelva to 85s per ton f o h Í J       TT     , $    '   he Spamsh P^*6 

sulphur ranged upwardito §4í%42f T^T ** ***** *"* Canadian 
g       puante to §41-$42 f.o.b. at Coatzaeoalcos and Vancouver       ! 

Prices ««"¡a^^ÏÏÎ tÍgfned **- *"** 1967' Ì 
and Mexican sulphur advanced h     ^ c•       * °f Sp0t tonna8es of Canad¡• Í 
later in the yea   by^ pi?"on new ^ J•* ^ ^ t0 be f°,loWed ¡ 

$50-552 per long tof^ fob ^ ^ b°0OTlin« established »t 
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In January 1968 the posted export price of United States branch nulplmr 
was increased to $41 per long ton f.o.b., though this became merely the Z 
md of an f.o.b pnce range which Sulexco had adopted to gi• diffeen 
netbacks according to different marketing regions. However, thi. S 
States pnce range, the Canadian quotations in early 1968 of $45-SMT• 
long ton f.o.b Vancouver, the $50-$52 per long ton price on Mexican Fra eh 
sulphur and the Spanish pyrite price of 93s. per ton f.o.b. effective JanU¡ v 

~: .i ; aporof th•se in worw sui^ur ^ P*». d^s the 1960s, and from the second half of 1968 the price levels began to recede 
with progressive rapidity. B ret tat 

SULPHUR PRICKS 1969 

The turn-round in world brimstone markets to a situation of growing 
over-supply did not become fully evident until early in 1969 so far afwlrid 

nTe ZhToTTh ' and °nly therÜ a IÍmÍted t0nna«e °f »V* b--s in the first half of the year in view of the fact that the greater part of 1969 

d2L 8h,pm;n^haKd been negotiated durin*the se<•d *" o/ims 
ÎÏ^T l\ha\heen &••nt from P-ducer stock increases during 
1068 that mounting brimstone production and slower demand growth were 
combining to end the 1964-1967 period of restricted brimstone*JZ Z 

Tnd old! ?! dUrÌng 1968' P"*te«My m the United State 
and Canada was combined with a further expansion of very competitively 
pnced Polish sulphur shipments to a wide range of markets out»lT»ZÌ 
Lumpe and, in western Europe, the delivery of over 450,000 tons S content 
o Russian pyrite These latter shipments, which had amounted to only 
.U00O tons S content in 1961, built up to the point where in 1967 the totol 

TlZZZ 5^T *"" V°ntent- ThC8e amonts • p£ïï attractively in c. and f. terms at $12.50-$13.00 per ton product  which  at 

^^osfc^^nipoint8, represented a sizawe ^^ - ^ d z^ p. ce of western European material. At 708,000 tons during 1968, Polish 

:iz:t°mrau- woMumarkets were °ne and a ^ *- ¿»^ 
»abt to wl     r m     u8UPuPly °f an addÍtÍOnal mm tonS «»*»». ÄC ^   h accounted for over mm tons of the 

coat^rvsLt81 ha!í fuT, the tUrn"r0Und to a bU^8' market *• the 
he Z7 Z + 

had W Ín effeCt thr0U«h to 1968 •» »»A» "ned by 
hâtant rt ,0image agaÍnSt 0nly m0de8t re<iui•*nts in a market 
hat * as substantially committed for its needs from late 1968 onward. These 

•kinf  ?nage' T8modic at **• originated however, from new suppliers 

r^ÏT 0r TrSed,8f8 Ín alrCady ade^ely.supplied markets 
he   of      f rPe> i*1?8 the f0rWard evalu^ion of potential supply agains 

potenüa, demand of 1970 began to exert a premature influence on the 
.of world markets generally, more suppliers began to seek early assurances 

1 o  ed"T °H    ,    ^ ^ mOVement °f aVailab,e SUPP,k,s in 1069- What followed was the duplication by various suppliers of the same tonnage offers 
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toa number of outlets and as the incidence of this increased, a sizable margin 
opened up between the established and spot or near-term prices for the first 
half of I960. Some of the offers of new supplies were backed by extensive 
production capacity and as the incidence of price competition during mid-1969 
became magnified by multiple offers of discounted tonnage, the major sup- 
pliers—in anticipation of the substantial over-supply potential that would 
materialize by 1970—wer« * drawn into the downward price spiral in an attempt 
to stabilize their prices at levels attractive enough to retain their business. 

At the beginning of 1009 the Sulexco export price continued to be deter- 
mined at $41 per long ton f.o.b. Gulf ports with discounts and freight contri- 
butions providing a range of delivered prices in world markets, e.g. $47 — $50 
in Asia. Prices of Mexican sulphur had been aligned with the posted United 
States export price,  western Canadian sulphur  was priced in the range 
$38—$41 f.o.b. with discounts of $3-$5 per long ton on offers of new sup- 
plies while French recovered sulphur was priced competitively in delivered 
terms, mostly against United States Frasch sulphur.  Polish sulphur was 
offered very competitively world-wide. With the potential short-term surplus 
of supply appearing ever larger, the established suppliers were either unable 
or decided not to remain apart from the growing competition in world markets 
and the downward pressure on prices was recognized by wide-range reductions 
for the second half of 1969. Thus the Sulexco Gulf coast price for most markets 
was re-established at $29.50 per long ton f.o.b. with the base price in western 
Europe at $36 per long ton ex-terminal Rotterdam and offers of Canadian 
sulphur were priced below $20 per long ton f.o.b. Vancouver. Prices of Mexican 
sulphur were below those of United States Frasch sulphur in f.o.b. terms and 
French recovered sulphur in western Europe was in competitive relation to 
United States supplies and also Polish sulphur-in Europe and in several 
other markets. Pyrite prices reflected the weakness of the world sulphur 
market during the second half of 1969 and the Spanish f.o.b. quotations at 
Huelva were nearly 10 per cent off the first half year price of 93s. per ton. 

In retrospect, then, it may be observed that the decade just ended has 
seen almost a complete cycle in brimstone supply and prices, from over- 
supply and low prices up to 1963/1964 to stringent short supply and high 
prices and then back again to the former situation. A comparison of the 
level of sulphur prices at the outset of the period of restricted supply and its 
termination shows that prices on the greater part of deliveries, notably in 
western world markets and including producers'  shipments to domestic 
markets, more than doubled by about $20-$23 per long ton. In spot markets, 
the increases were more substantial, particularly in respect of western Canadian 
and Mexican exports which secured advances in excess of $35 per long ton. 



Chapter 6 

WORLD SULPHUR SUPPLY/DEMAND 1950-1969 

WORLD STATISTICS 

In the comparatively short period of 20 years since the beginning of the 
previous decade, the world sulphur industry passed through two intervals 
of short supply and one of over-supply, and in 1969 embarked on a new 
phase of over-supply in which prevail all the attendant features associated 
with a buyers market in a commodity-an accelerating downward pressure 
on pnces, a growing volume of producer stocks, a rash of multiple offers of 
tonnage against only modest near term/spot business inquiries and the like 
Ihe emergence of periodic supply/demand imbalances in the world sulphur 
market would not be so remarkable if it were not for the fact that the industry 
has moved into the four varying supply/price cycles since 1950 without the 
benefit of an intervening period of stability and in the absence of this   an 
optimum exploitation of the world's sulphur resources-a relatively distant 
if worthy objective-has been even further remote in practice. Without some 
medium-term stability which would promote a greater assurance on the long- 
term availability of supplies at economic cost, it remains that the interests 
oi producers and consumers alike are not being served as best they might be. 

The limited availability of brimstone at the beginning of the 1950s 
which was occasioned by the refusal of the then sole major supply source' 
the United States Frasch sulphur industry, to match its rate of production 
to the growing demand in export markets as well as in the United States 
itself led to the onset of the first post-war sulphur shortage and also to the 
establishment of a world rationing programme under the auspices of the 
International Materials Conference. During this period of restricted supply 
the sulphuric acid industries in western Europe and in Australia refocussed 
their attention on pyrite and with that raw material, in Europe, they might 
have remained but for the fact that prices rose by a wide margin to a plateau 
oi 150s. per ton f.o.b. Huelva where they remained until well after the emer- 
gence of a more relaxed brimstone supply pattern in 1957. 

The arrival of an easier tone in world brimstone markets from 1953 
onward was the result of both supply and demand factors, notably the advent 
oi recovered sulphur supplies on a much larger scale in the United States 
and the start of shipments from the new Frasch sulphur industry in Mexico 
and on the other side, the widespread effects of the industrial recession earlier 
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in 1052 which served to depress the level of sulphur demand. Other faetors 
were beginning to make an impression on the situation during the mid-1950s 
however, faetors that linked back to the stimulus given to the search for 
new sulphur sources at the time of the shortage in the early 1950s They 
included the improvement of process technology covering the benefieiation 
of native sulphur ores, the recovery of S02 from gas streams arising during 
the roasting of metal sulphides or sulphates, the recovery of sulphur from 
H2S present in sour natural gas. oil refinery gas and coal gas streams and the 
more efficient manufacture of sulphuric acid. More specifically the major 
United States Fraseh producers were implementing new mine projects and 
by 1956 the start of large-scale recovered sulphur production was imminent 
in France. 

The response to these developments made by the United States suppliers 
was to seek an early assurance as to their future share of the market by the 
downward adjustment of prices and this set off the drastic decline in prices 
over the period 1957-1963 which was maintained by the intense competition 
between the established producers and those in Mexico, France, and later 
western Canada. ' 

For a time during the late 1950s and early 1960s the commissioning of 
new brimstone production capacity was carried forward at a rate which 
insured that the supply capability of the industry, coupled with the expansion 
of pyrite and other-forms, ran well ahead of demand but at the outset of this 
decade a noticeable upturn took place in the rate of growth of all-forms and 
principally of brimstone demand. From 1963 onward there was a steep rise 
in demand that took place at the very time when there was a diminution in 
the rate of growth of brimstone output in Canada, Mexico and France More- 
over, such was the pace at which demand expanded-registering annual 
increments of 8-12 per cent-that neither the increased produetL from 
o her sources   notably the United States Fraseh industry.lr the re Z 

tí/ ÍfT ClOSr T margÍn betWOen m^y and de^- In add Z 
ft Indíh m^PPly fr° u Canada' FranCe and Mexico had «* been allowed 

«A^TV^      fUU TratÍOn Were Unab,e t0 •et •> *. rÄ Ai*"inquirie9 from non-contract— 
There thus developed in 1964 the seeond shortage "crisis" and prices 

began to move upwards from the floor levels reached at L end of the l^o" 

dlCned thTTPly- °r 0fíhe eIementS °f the ear* 1960s «it«atPrZ determined the subsequent trends in demand was simply the attraction for 
potential fertdizer manufacturers, especially in the United States   oî'the 
greatly lmproved availability of l ieed bd • « «» 
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I'liited States domestic brimstone price rose from $27 towards the price of 
S39 por long ton f.o.b. Gulf ports then posted on United States export, business 

In the event, it was the rreatly increased use of brimstone in the fertilizer 
industry between 1ÍK53 and l!)65 and the massive growth of fertilizer output 
to the point of over-supply, that led to a stagnation in sulphur demand 
during   1967 and  1968. Concurrently, the brimstone producers  had   been 
establishing new capacity in an attempt to close the gap between supply 
and demand   The eventual introduction of this capacity, plus the more 
intensivo  call  on pyrite  and  sulphur-in-other-forms  resources  during  the 
shortage, and later the imports in western world markets of Polish brimstone 
and Russian pyrite turned the situation  around  so  effectively   that   the 
shortage ended in 1968 almost without warning. 

With the return of demand growth to more "normal" levels and with 
the picture of substantial additions to brimstone capacity looming ahead in 
Poland, the Near East, western Texas, and possibly Japan, the situation in 
world markets stabilized for only six to nine months in late 1968 and early 
1J69 before returning very rapidly, via competitive spot and then contract 
pricing, to the buyers' market from which it h»d evolved a brief five years 
before. J 

Tables 17,18,19and 20(pp. 66-105) indicate: the production by country 
of sulphur-m-all-forms; production by country of brimstone; consumption 
by country of sulphur-in-all-forms, raw material sources; and consumption 
by country of sulphur-in-all-forms by main end-use sectors, at stated years 
between 1960 and 1969. 
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PART II 

Chapter 7 

WORLD SULPHUR SUPPLY 1970   1980 

World production of sulphur-in-all-forms was predicted to reach 40 million 
tons S during 1970; present projections of the growth of world sulphur supply 
during the ensuing decade indicate that this level of output will rise by more 
than half to exceed 62 million tons S by 1980. To a great extent this advance 
in world all-forms production will be determined by the maintenance and 
development of certain key trends that have played a prominent role in 
governing the evolution of world supply during the decade just ended. In 
particular, it is expected that by 1980 an even greater proportion of world 
sulphur output will materialize in elemental form as brimstone from Presch 
sulphur and native refined sulphur mining and beneficiation operations and 
from sulphur recovery units primarily at natural gas plants and oil refineries. 

This further development of brimstone supply will reinforce the under- 
lying acceleration in brimstone output which was in evidence throughout 
the last decade (see chapter 3) and the incremental output during the 1970s 
will arise most noticeably within the present major supply sources, e.g. the 
recovered sulphur industries in western Canada and the United States and 
the United States Frasch sulphur industry. Between 1970 and 1980 operations 
in these three sectors are expected to account for nearly 45 per cent of the 
total 15.07 million ton growth in world brimstone production (see table 21). 
(For world brimstone production by area, see table 22.) Howevor, the major 
expansion anticipated in brimstone supply will be strongly supported also 
by new production from facilities introduced during the late 1960s, such as 
the recovered sulphur plants in the Near East and Japan and the Polish 
Frasch-type and native sulphur mines. A third component in the supply 
pattern during the coming decade which is seen to be capable of making a 
sizable contribution to the improved availability of brimstone is the number 
of totally new sources scheduled for commissioning before 1980. Included in 
(his category are, for example, the probable emergence of a Frasch-type, 
underground-molten sulphur producing industry in the USSR akin to that 
in Poland and the expected start of Frasch sulphur mining in Iraq. Les» 
amenable to quantitative evaluation at the moment   but no less likely to 
be a factor of some significance in augmenting world brimstone supply, is 
the growth  of recovered  sulphur production  contingent  upon the  likely 
implementation of more severe air pollution controls in the latter part of 
the 1970s. 

10/ 
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TABLK 21.    WORLD BRIMSTONE PRODUCTION—MAJOR SUPPLY SOURCES BY COUNTRY 

(1970,  197'>, 1980) 

(Million tons S) 

uno 1975 19SU 

Total production  22.78 

Frasch sulphur  9.70 

United States  7.00 
Mexico   1.30 
Poland    1.40 
USSR  
Iraq     

Recovered sulphur     10.43 

Western Canada     4.70 
United States  1.Ö0 
France (Lacq)     1.70 
Germany, Federal Republic of     0.20 
Near East  0.53 
USSR  0.60 
Others     1.10 

Nütive refined sulphur     2.65 

Western Europe     0.48 
Poland  0.80 
USSR  1.20 
China    0.17 

31.78 87.85 

12.90 15.90 
8.10 8.90 
2.10 2.70 
2.10 2.70 
0.30 1.00 
0.30 0.60 

15.66 18.95 
7.50 8.00 
2.20 3.10 
1.80 1.80 
0.50 0.50 
1.00 1.60 
1.00 1.50 
1.06 2.45 

3.17 3.00 
0.52 0.52 
1.20 1.20 
1.20 0.80 
0.25 0.48 

TABLE 22.   WORLD BRIMSTONE PRODUCTION BY AREA (1970, 1975, 1980) 

(Million tons S) 

1970 WS 

Total production .... 

ECE area    

Western Europe 
Eastern Europe 
USSR  

EC A area    

UNESOB area .... 

EC AFE area     

Asia     
Oceania    
Others     

North America 

ECLA area  

Central America 
South America .. 

22.78 81.78 

6.55 8.99 
2.34 2.90 
2.41 3.59 
1.80 2.50 

0.02 0.05 

0.13 0.70 

1.05 1.53 
0.80 1.11 
0.02 0.03 
0.23 0.39 

13.40 17.96 

1.63 2.50 
1.45 2.25 
0.18 0.25 

mo 

87.86 

10.72 

3.12 
4.30 
3.30 

0.05 

1.45 

2.13 

1.38 
0.03 
0.72 

20.22 

3.28 

2.91 
0.37 
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Thus, out of an aggregate all-forms production level of some 62 million 
tons forecast for 1980, brimstone production will represent rather more than 
»0 per cent of the total compared with 55 per cent in 1970 (see table 23) and 

by the same token, over 70 per cent of the expanded volume of world all- 
forms supply between the present and 1980 will arise as brimstone. 

TABLE 23.    WORLD SULPHUR-IX-ALL-FORMS PRODUCTION - RAW MATERIAL SOURCES 

(1970,  1975, 1980) 

1970 l»7á 

Million     „ 
ton»        Per cent Million 

tont 

Total production"  

Brimstone    
Pyrite  

SuJphur-in-other-forms 

41.1 

22.8 
11.5 
6.8 

100.0 

55.5 
28.0 
16.5 

52.8 

31.7 
12.8 
8.2 

Per cent 

100.0 

60.1 
24.3 
15.6 

MiUion 
ton» 

37.9 
14.2 
10.1 

19H0 

Per rent 

100.0 

61.0 
22.8 
16.3 

0 Total» may not add became of rounding. 

Conversely, it is foreseen that the relative importance of sulphur-in- 
pyrite supply will show a further decline during the next ten years, and 
although world output is scheduled to register a modest increase, reflecting 
primarily the growth of raw material requirements at sulphuric acid plants 
integrated with mining operations, the proportion of all-forms production 
attributable to this source will amount to only about 23 per cent in 1980 
compared with 28 per cent in 1970 and 36 per cent in 1960. 

Little change is anticipated in the incidence of world sulphur supplv 
m forms other than brimstone and pyrite which should maintain a 16 per cent 
share of total output to end 1980 at a production rate of some 10 million 
tons S equivalent annually. Nonetheless, the corollary of this projection is 
that, as with all-forms production, sulphur in other-forms supply will show 
an increase of approximately 50 per cent on the 1970 level. 

BRIMSTONE PRODUCTION 

A sustained and substantial growth of recovered sulphur production is 
expected to be the principal factor influencing the course of world brimstone 
supply in the next ten years. Over-all, brimstone production will advanee 
from 22.8 million tons in 1970 to 37.9 million tons in 1980 and out of the 
aggregate increase of some 15.1 million tons in the annual rate of output, 
recovered sulphur production will represent about 8.5 million tons. 

The balance of the addition to world brimstone supply will derive mainly 
from Frasch sulphur operations and mines employing modified Frasch process 
technology, e.g. the "underground molten" sulphur facilities in Poland. World 
output of Frasch sulphur, notwithstanding the larger expansion of recovered 
sulphur production, is expected to show the sizable gain of 1.2 million tons S 
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by 1980 which will bring the annual rato of output up to nearly 16 million 
tons. 

Only a limited progression is anticipated in world production of native 
refined sulphur which will rise by an estimatod 0.35 million tons S to 3 mil- 
lion tons. In part, the continued operation of open-cast sulphur mines and 
associated refining units will be adversely affected by the improved availability 
of relatively lower cost recovered sulphur supplies, although exploitation of 
native sulphur deposits using non-Frasch techniques will be maintained and 
expanded at certain locations, such as Makow in Poland, where economies 
of scale are generated by favourable operating circumstances. 

As seen from table 24, the impact of the growth of recovered sulphur 
production will be evident particularly during the short term to 1975 when 
almost 60 per cent of the additional 8.95 million tons brimstone to be 
produced in the latter year will derive from sulphur recovery units. 

TABLE 24.    WORLD BRIMSTONE PRODUCTION-RAW MATERIAL SOURCES (1970, 1975, 1980) 
(Million ton« S) 

1970 l'J75 1980 

Total production  2».78 8i.j8 87>86 

Frasch sulphur  9.70 12.90 15.90 
Recovered sulphur     10.43 15.66 18.95 
Native refined sulphur  2.65 3.17 1,00 

During the second half of the decade it is anticipated that the pace 
of recovered sulphur output will slacken appreciably and it is in this period 
from 1975 to 1980 that a more diverse pattern of brimstone production 
growth is expected. While the volume of now recovered sulphur supply 
subsides from that experienced in the years to 1975, the growth of Frasch 
sulphur production will result in almost the same expansion of output as in 
the earlier five years and world production of native refined sulphur is 
expected to record a decline from 3.17 to some 3 million tons. 

By 1980, therefore, the continued and favourable evaluation of by- 
product recovered sulphur cost patterns at natural gas plants and oil 
refineries, coupled with such restraints as may have emerged more specifi- 
cally governing the sulphur content of fuel s such as residual oil, will have 
dictated a further increase in the share of world brimstone supply attribut- 
able to such by-product operations and a complementary docline in the 
proportion of world output derived from primary producing sources. In this 
respect the trend in 1970-1980 of greater dependence on recovered sulphur 
in meeting world brimstone requirements is an extension of the development 
noted during the 1960s (see chapter 3) when recovered sulphur supply 
accelerated to account for an ever increasing share of total brimstone output. 
By 1980 supplies of recovered sulphur will represent half the world's pro- 
duction of sulphur in elemental form compared with only a quarter in I960. 
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F rasch sulphur production 1070 — 1980 

The broad advance foreseen in world Frasch sulphur production to 
1980 will be occasioned mainly by the growth of output at established pro- 
ductior centres in the United States and the Mexican Gulf coast, and by 
the raising of production levels at recently commissioned facilities in the 
western Texas area of the United States and in Poland. Additionally, it 
is believed that Frasch mining of sulphur on a commercial scale will ' be 
introduced in the USSR and Iraq during the decade thereby widening the 
distribution of production capacity which for many years during the recent 
development of the world sulphur industry had been located only in the 
United States and Mexico. 

The  total production  of Frasch   sulphur for  1970  was  estimated at 
9.7 million tons and by 1980 is seen at an annual out-turn of 15.9 million 
tons. (See table 21.) Much the most notable contribution to the 6.2 million 
ton expansion in output during the next ten years is expected to come from 
producers in the United States and Mexico despite the fact that in the light 
of the continued situation of brimstone over-supply in world markets, the 
primary producers will maintain some restraint on output to match the 
latter to sales volume and to minimize an excessive build-up of stocks. In 
Poland, the USSR and Iraq, it is anticipated that Frasch sulphur production 
will amount to 4.3 million tons in 1980, about 2.9 million tons more than 
m 1970; as yet, this type of operation is being undertaken only in Poland. 

United States. The start of brimstone production at the Duval Corpo- 
ration's new mine in Culberson country in western Texas during the last 
few months of 1969 added a nominal 1.5 million tons per year to United 
States  Frasch  sulphur  production  capacity.  This  operation apart,  it  is 
expected that improvements in United States Frasch sulphur production 
levels will be attained without major addition of new facilities to presently 
available capacity, a substantial proportion of which (e.g. Freeport Sulphur 
Company's 0.5 million tons/year Caminada mine) has been taken out of 
operation since the beginning of 1969. 

Mexico. The expansion of Frasch sulphur production to 2.7 million 
tons by 1980 will be accompanied by the introduction of a new mine to 
work the Texistipec dome by Cia. Exploradora del Istmo (CEDI) in 1971. 
Reserve capacity is now represented by the shut-down mine of the Gulf 
Sulphur Corporation at the Salinas dome, Veracruz, and until this is re- 
activated and the new CEDI operation is brought on-stream, production 
will be confined to the Azufrera Panamericana and CEDI facilities at Jaltipan 
and Nopalapa respectively. 

Poland. The progressive implementation of enlarged production pro- 
grammes at Grzybów and Jeziorak is expected to result in major expansion 
of output of underground molten sulphur through the mid-1970s and there- 
after-subject to the developments scheduled in Iraq (see below)-to the 
consideration of installing a third commercial-scale Frasch mine. 
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CSSR. Current plans próvido for the recovery of native sulphur by 
Frasch-type operation at a number of locations in the vicinity of sedimentary 
(lejK)sits which at moie accessible depths are, or could be, also worked bv 
conventional mining and hcneficiation operations. The introduction of 
large-scale underground molten sulphur facilities is expected to be underway 
by 1975 and in the following five years such operations will assume greater 
importance with the anticipated coincidental phasing out of some of the 
native refined capacity. 

Iraq. Under a bilateral agreement with Poland, construction work is 
reported to have begun at the Mishraq dome in northern Iraq. Polish 
engineers are building a Fraseh-type plant which, according to preliminary 
reports, may have an initial production capacity of 0.3—0.5 million tons/year 
and a possible start-up date between 1973 and 1074. 

Recovered sulphur 'production 1970—1980 

The dominant factor in the forecast massive growth of recovered sulphur 
production, and indeed the principal determinant of the evolution of all- 
forms supply in western world markets as a whole, is the continuing increase 
of by- and co-product brimstone output at gas plants and oil refineries in 
western Canada. By 1980 it is predicted that world output of recovered 
sulphur vili amount to some 19 million tons, of which, on conservative 
estimates, western Canadian output will account for about 42 per cent. 
Other major additions to recovered sulphur production amounting to between 
0.9 and 1.5 million tons/year in each case, are expected in the United States, 
the Near East, and the USSR, while slightly less extensive growth in pro- 
duction will be effected in the Federal Republic of Germany and Japan. 

Western Canada. Current indications are that recovered sulphur pro- 
duction growth will rise aharply in the first half of the decade and thereafter 
increase at a more moderate rate. The expansion of brimstone production, 
which is determined primarily by the volume growth of natural gas sales 
to the United States and domestic markets but also by the HjS-content 
of the gas input to desulphurization units (the average H^S content has 
been rising steadily since exploitation started on the sour gas fields and 
it is continuing to increase slowly), will be most noticeable during the 
period 1970-1973. The most significant batch of capacity expansions is 
scheduled m 1971 when total new plant installâtes or additions to existing 
operations will exceed a rated 2.0 million tons/year. Of particular note 
are the next phase at Kaybob, Alberta, where Chevron Standard is to 
operate a 916,000 tons/year plant, the Aquitaine/Banff Oil project at 
Ram River, Northwest Territories (630,000 tons/year), and the Shell Canada 
443,000 tons/year expansion at its Waterton, Alberta facility. 

Apart from the concomitant growth of sulphur recovery capacity/pro- 
duction and natural gas treatment/shipments the second half of the decade 
will possibly see renewed interest in sulphur recovery associated with the 
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treatment of tar sands-one such plant (Great Canadian Oil Sands) is already 
in operation and others are at the evaluation and planning stages. 

United States. Recovery of brimstone from sour gas streams at natural 
gas plants and oil refineries is expected to show a strong upward trend 
during the coming decade and the current projection of United States 
recovered sulphur production in 1980-3.1 million tons-indicates that the 
annual level of output will be double that at present. Moreover the accel- 
oration in production is likely to be more rapid as the decade proceeds this 
being attributable to the increasing incidence of fuel oil desulphurization 
Plans are already in hand for the possible establishment of centralized 
desulphurization and sulphur recovery plants, notably on the United States 
eastern coast, which will process imported residual oils. The timing of the 
introduction of such operations, however, and their ultimate scale will be 
as much dependent on developments at the source of supply, e.g the 
Caribbean oil fields, as on the requirements of air pollution controls in the 
United States. 

Western Europe. The principal source of recovered sulphur supply in 
western Europe, Sté. Nationale des Pétroles d'Aquitaine (SNPA) facility at 
Lacei in southwestern France, is expected to make only a minor contribution 
to the growth of the region's output-production at Lacq is expected to 
stabilize at around 1.8 million tons/year. The development of sour natural 
gas reserves in the Federal Republic of Germany and the resultant boost 
to recovered sulphur production will account for the greater part of the 
increased output in western Europe. A production level of around 0 5 million 
tons is expected by 1975 at which time installed capacity will amount to 
nearly 1 million tons/year. 

Elsewhere in western Europe recovery of sulphur at oil refineries is 
expected to advance slowly as the intake of sweet crudes in the European 
oil import pattern is expected to remain substantial. 

Near East. Production of recovered sulphur at the plants brought on- 
stream during 1969 in Kuwait and Iran coupled with the output from 
additional units to be completed in Iraq (KirkOk) and Saudi Arabia 
(Dammâm/Abqaiq) should raise production to some 1 million tons/year by 
1975. At the beginning of 1970 total installed capacity for sulphur recovery 
at gas plants and oil refineries amounted to approximately 1.15 million 
tons/year and this is expected to expand by over half in the next five years. 

Others. It is foreseen that production of recovered sulphur at all sources 
other than those specifically identified in table 21 will increase by about 
1.4 million tons between 1970 and 1980, and that a sizable proportion of 
the expanded volume of supply will materialize from operations in two 
mam areas-Japan and Latin America. The installation of sulphur recovery 
capacity at oil refineries in Japan is being implemented progressively despite 
the expected growing procurement of sulphur-free crudes during the 1970s. 
The construction programme is essentially associated with the erection of 
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fuel oil dosulphurization plants and it is eventually intended to deploy a 
total brimstone production capacity of more than 1 million tons/year. In 
Latin America also, the expansion of sulphur recovery capacity will be 
geared prominently to the growing need to desulphurize fuel oils, notably 
in Venezuela where a total of 160,000 tons/year capacity based on residual 
oil treatment will have been commissioned by Creole Petroleum Corporation 
and Shell de Venezuela Limited by 1971. 

Native refined sulphur production 1970—1980 

World production of native refined sulphur, which was estimated to be 
2.65 million tons in 1970, is not scheduled to make a measurable impact 
on the over-all growth of brimstone supply to 1980. Indeed, this sector of 
operation is expected to continue to account for a diminishing proportion 
of world brimstone output and between 1975 and 1980 it is anticipated that 
there will be an absolute decline in production. 

Only two projects are being progressed at the present time and it is 
not envisaged that further new exploitation will be undertaken during the 
decade. The projects are those of SNPA at Pomezia in Italy and Benguet 
Consolidated Inc. in the Philippines—respective nominal capacities are 
100,000 and 300,000 tons/year. The fact that native refined sulphur output 
in the Western Hemisphere is expected to show a net increase of only 
40,000 tons/year by 1975 and to remain stable thereafter reflects the antici- 
pation that in Sicily and Japan there will be a decline in production 
offsetting the output from the new sources of supply. 

The most significant gain in native refined sulphur production in the 
centrally planned economy countries should be occasioned by the increasing 
intensity of operations at Makow in Poland. The scale of mining and ben- 
eficiation plans at this location is such that there will be a steady growth 
of output into the mid-1970s despite the exhaustion and closure of the 
Piaseczno mine on the opposite bank of the river Wisla (Vistula). Production 
of native refined sulphur in China is also seen to be destined for further 
expansion reflecting the fact that this is the principal source of domestic 
brimstone supply. In the USSR it is foreseen that there will be a downturn 
in produetion of native sulphur after 1975 as Frasch-type mines are estab- 
lished in areas where deposits are too deep to be reached by conventional 
open pit mining methods. 

PYRITE PRODUCTION 

In a like manner to the course of events during the 1960s, the potential 
for increased world production of pyrite in the period 1970-1980 will be 
diminished by the availability of a mounting volume of new brimstone 
supply and, as symptomatic of the continued swing to brimstone consump- 
tion at the expense of the use of pyrite, it is expected that in pyrite-producing 
countries the output will be even more oriented to captive outlets than has 
been the case to date. (For world pyrite production by area, see table 25.) 
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TABLE 25.    WORLD PYUITE PRODUCTION BY AREA (1!)70, 1975, 1980) 

(Million tons S content) 

1970 1975 ID SO 

7.80 8.64 9.52 
3.98 
0.82 
3.00 

4.04 
1.10 
3.50 

4.23 
1.29 
4.00 

Total production „j, I2.83 ,Uf 

ECE area    

Western Europe     
Eastern Europe  
USSR  

EC A area    n A- n .„ 
  °*3 0.49 0.50 

UNESOB area  

EC AFE area    
Asia    
Oceania    
Others     

North America   

EC LA area  

Central America     
South America  

2.46 2.63 2.92 
1.58 1.50 1.37 
0.05 0.15 0.20 
0.83 0.98 1.35 

0.80 0.92 1.10 

0.04 0.15 0.15 
0.03 0.04 0.04 
0.01 0.11 0.11 

Total world pyrite production by 1980 is estimated at some 14.2 million 
tons S content (all pyrite figures are quoted in terms of sulphur content 
and not as gross/product weight) which indicates that output will advance 
by some 2.7 million tons on the 11.5 million ton outturn that was projected 
ior 1970. The most interesting feature of the supply pattern expected to 
evolve during the 1970s is the pronounced regional aspect of the growth 
of output, Of the total increase in annual production by the end of the 
decade-2.66 million tons-some 75 per cent will represent expanded pro- 
duction in eastern Europe, the USSR and other centrally planned economy 
countries whereas in the Western Hemisphere, predicted to account for 
60 per eent of world output in 1970, it is forecast that production will increase 
by only 0.66 miihon tons. The diversity in growth rates is thus substantial 
with world pyrite production of centrally planned economy countries ex- 
panding by a cumulative 3.6 per cent per year and Western Hemisphere 
output by 0.9 per cent per year. 

As between the first and second five-year periods, it is not forseen that 
there will be much variation in the rising output trend, the indication being 
that in both halves of the decade the annual world production rate will 
increase by 1.3-1.4 million tons. 

ECE area. Prom the foregoing it will be recognized, therefore, that the 
bulk of the increase in world pyrite output will be generated by the producing 
< ountries in the ECE area currently accounting for over two thirds of global 
production. 
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The USiSR, the world's largest single source of supply, will make a major 
addition to its rate of pyrite output which by 1980 should have rifen by one 
third to 4.0 million tons/year. While remaining the most important sulphurous 
raw matei ial in the USSR in terms of tonnage, the production of pyrite will 
not be as significant as might have been anticipated earlier now that there 
will be a much expanded volume of brimstone supply emerging in the mid- 
1970s following the uprated exploitation of sour natural gas deposits. 

In eastern Europe the 0.47 million tons/year gain in pyrite production 
by 1980 will be derived from improved output rates in three countries—Bul- 
garia, Romania and Yugoslavia. In Poland, the sole remaining operation is 
in process of being phased out and it is not believed that production in 
Czechoslovakia will extend into the medium-term future. 

Western European pyrite supply from indigenous sources is indicated 
at some 4.25 million tons/year in 1980 and the growth of output between 
then and now will accrue mainly from the expansion of output in Spain. 
Less substantial increases in output are foreseen in Sweden, Portugal, the 
Federal Republic of Germany and Italy but in each case, as in Spain, the 
principal stimulus to greater production will be provided by the expansion 
of sulphuric acid operations integrated with pyritic ore mining and bénéfi- 
ciât ion. 

EC A FE area. After Europe and the USSR, the pyrite producing countries 
in the ECAFE area are expected to make the most noteworthy contribution 
to the growth of world pyrite output. This will be occasioned largely by the 
advance of production in China and the Democratic People's Republic of 
Korea where in both instances the recovery of sulphur values in pyrite provides 
the dominant proportion of all-forms sulphur supply. 

In Australia there will be a significant resurgence of output associated 
with the start of sulphuric acid production by Northwest Acid Pty. in Tas- 
mania. The consumption of pyrite output generated by both the participating 
companies in the venture should boost pyrite production to 0.15 million 
tons/year by 1975. 

The growth of ECAFE area output will be restricted to less than 
+ 0.5 million tons/year by 1980 as a result of the recession expected to take 
place in production in Asia, that is in Japan and possibly also in the Philip- 
pines. In Japan it is anticipated that pyrite output will decline appreciably 
in conjunction with the sweond-stage penetration of the market by domestic 
supplies of recovered sulphur. In the initial stages of Japanese refinery sulphur 
availability, the expectation is that the home market recovered sulphur 
requirements will be commensurate with the drop in native refined sulphur 
output but from the mid-1970s it is foreseen that recovered sulphur will be 
used for sulphuric acid manufacture and that the demand for and, thus, the 
production of pyrite will be affected accordingly. 

Others. About 18 per cent of the expanded rate of pyrite production at 
the end of the 1970s decade will be represented by the growth of output 
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outside the ECE and ECAPE areas, namely i» Africa, North Amorira and 
Latin Amonca. It will be predominantly in North America that production 

• aereases materialize and specifically at the established operations',, Tañada 
and the Umted States where the exploitation of py,it, f„r sulphuric acid 
production is well entrenched behind a favourable cost structure c « ¡„ 
lennesaee. '      • 

In Latin America the only development of note in the pattern of nvrito 
supply is expected to be provided by the start of pyrite recovery in Bra*l.' 
in he state of Santa Catarina, pyrite arises as a by-product of coal production 
and it is proposed to recover this sulphur resource from 1972-1973 onward 
tor the purpose of sulphuric acid manufacture in a large-scale integrated 
project. ñ 

The modest rise in pyrite production in Africa reflects chiefly the con- 
tinued growth of by-product pyrite recovery and utilization at gold mines 
in South Africa. Notwithstanding the improved availability of brimstone 
from world suppliers in South Africa, both recently and in the future the 
impact of these supplies is unlikely to make inroads into the market in the 
mtenor of the country in view of the excessive transportation costs that 
would be incurred. Moreover, in the Transvaal and the Orange Free State 
the by-product status of the pyrite output further enhances its attractiveness! 
as a relatively low cost source of sulphur. 

SULPHUR-IN-OTHER-FORMS PRODUCTION 

On the basis of current estimates, it is indicated that the rate of growth 
of world sulphur-in-other-forms production in the next ten years will be 
approximately 4.1 per cent per year cumulative-rather more than midway 
between the expected annual growth rates of 2.1 per cent and 5.2 per cent 
ior world pyrite and brimstone output respectively. In consequence, sulphur- 
»n-other-forms supply will rise from the estimated 6.79 million tons S for 
1970 to pass 10 million tons/year S by 1980*. Being very much in line with 

!» ?nl grOWth °f WOrW ^Phar-in-all-forms production between 1970 
and 1980 (see tables 26, 27 and 28) (4.2 per cent per year), no change is 
predicted in the proportion of world all-forms supply-just over 16 per cent- 
• epresented by these other sources of sulphur. This projected similarity in the 
tempo of sulphur-in-other-forms and sulphur-in-all-forms supply growth as 
noted earlier (see chapter 3) is not to be unexpected in view of the closer 
relation between production and consumption than in the case of brimstone 
and pyrite. That is to sa> that the evolution of other-forms and all-forms 
production is more readily determined by demand trends-other forms in 
view of the automatic correlation between production and consumption and 
all-forms because of the broad identity in supply and demand over the medium 
term. 

„In*!/" firre8 qUOte(í Ín tenn8 °f the »ulphur-equivalent content of aggregate 
ttZZ íwT? Pr°d•«°n based on sulphur sources other than brimstone 

>< pyrite (see Introduction). 
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TABI.K  ¿(i.      Wol!U>   si  I,l-lll H -IX- ALL -IOKMS  PRODUCTION   1970      HAW   MATERIAL  KOURCfcM 

(Million  loan S or S equivalent) 

Att-jonnt Brimnlnnf Pyrite S.O.F. 

Total production    .    . 

EC E aren     

Western Kiin>|v 
EoBtorn Europo 
USSR  

EC A area     

V S E SOB «reo . . . 

EC A FE area 

Asili     
Oceania     
Others     

Xorth America  . . . 

ECLA area  

Contrai Amorini 
South America . 

41.10 Î2.78 11.58 6.70 

17.98 6.55 7.80 3.63 
7.93 2.34 3.98 1.61 
4.01 2.41 0.82 0.78 
tt.04 1.80 3.00 1.24 

0.5ft 0.02 0.43 0.13 

0.1 ;ì 0.13 - - 

5.00 1.05 2.46 1.49 
3.68 0.80 1.58 1.30 
0.19 0.02 0.05 0.12 
1.13 0.23 0.83 0.07 

15.65 13.40 O.SO 1.45 

1.76 1.63 0.04 0.09 
1.54 1.45 0.03 0.06 
0.22 0.18 0.01 0.03 

TABLE 27.   WORLD SI LPHUR-IN-ALL-FORMS PRODUCTION 1975-RAW MATERIAL SOURCES 

(Million tons S or S equivalent) 

AU-formt Brimttone Pvrtle S.O.F. 

Total production .... 

ECE area    

Western Europe 
Eastern Europe 
USSR  

EC A area    

UNESOn area . . . 

EC AFE area    

Asia   
Oceania  
Others    

North America 

ECLA area  

Central America 
South America . . 

52.80 81.73 12.88 8.24 

21.91 «.99 8.64 4.28 
8.46 2.90 4.04 1.52 
5.82 3.59 1.10 1.13 
7.63 2.50 3.50 1.63 

0.70 0.05 0.49 0.16 

0.71 0.70 — 0.01 

6.15 1.53 2.63 1.99 
4.30 1.11 1.50 1.69 
0.34 0.03 0.15 0.16 
1.51 0.39 0.98 0.14 

20.58 17.96 0.92 1.70 

2.75 2.50 0.15 0.10 
2.36 2.25 0.04 0.07 
0.39 0.25 0.11 0.03 
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TABLE 28.    WORLD SULPHUR-IN-ALL-FORMS PRODUCTIOX 1980-RAW MATERIAL SOURCES 

(Million tons S or S equivalent) 

Total production .... 

ECE area     

Western Europe 
Eastern Europe 
USSR  

EC A area     

UXESOB area 

EC AFE area     

Asia     
Oceania     
Others     

North America   . . . . 

ECLA area  

Central America 
South America . . 

All-jurm* 

62.18 

9.04 
7.13 
9.40 

0.75 

1.46 

7.55 

4.75 
0.43 
2.37 

23.32 

3.53 

3.02 
0.51 

Hrimstone 

•17.85 

10.72 

3.12 
4.30 
3.30 

0.05 

1.45 

2.13 

1.38 
0.03 
0.72 

20.22 

3.28 

2.91 
0.37 

I'vrite. 

14.1» 

a.52 

4.23 
1.2!) 
4.00 

0.50 

2.U2 

1.37 
0.20 
1.35 

1.10 

0.15 

0.04 
0.11 

*.<>.F. 

10.14 

1.0!) 
1.54 
2.10 

0.20 

0.01 

2.50 

2.00 
0.20 
0.30 

2.00 

0.10 

0.07 
0.03 

ECE area. Over half the world's sulphur-in-other-forms output derives 
from facilities in the ECE area and this situation is expected to be maintained 
through to 1980 (see table 29). The region's rate of output is expected to 
increase from some 3.6 million to some 5.3 million tons/year and it is foreseen 
that this will be almost completely due to the growth of supply in eastern 
Europe and the USSR. 

The near stagnation in western Europe's output of otl er-forms lietween 
1970 and 1980 is generally taken to reflect the already significant volume 
of supply-in 1970 this will represent almost a quarter of the world total- 
and the easy availability of brimstone and pyrite, but more specifically it 
mirrors the net reduction in output through 1975. Although a number of 
sources and uses of other forms, notably smelter-gas-based suirhuric acid, 
will continue to advance in the next five years, it is expected that this in- 
cremental supply will be outweighed by the receding output in other sectors, 
e.g. anhydrite-based or gypsum-based ammonium sulphate production, and 
the manufacture of sulphuric acid from spent oxide, ferrous sulphate and 
directly from hydrogen sulphide. Though these amendments to the pattern 
of other-forms supply in western Europe may continue past 1975, it is anti- 
cipated that the rate of output in the second five-year period will resume an 
upward course-equivalent to an annual growth of some 2.2 per cent cumu- 
lati ve. 
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TABLK 29.     WORLD SI I.PHUK-IN-OTíIKK-FORMS FRonrcTioN BV AREA (1970,  1975, 1980) 

(Million tons S equivalent) 

I0>0 ¡976 ¡980 

Total production  «.79 8#24 10.14 

ECE area       

Western  Europe     
Eastern  Europe  
USSR   

EC A arra   .    . . 

UN ESO B area 

EC AFE area   . 

Asia     
Oceania   .... 
Others     

North America 

ECLA area    

Central America 
South America . 

3.63 4.28 5.33 
1.61 1.52 1.69 
0.78 1.13 1.54 
1.24 1.63 2.10 

0.13 0.16 0.20 

0.01 0.01 

1.49 1.99 2.50 
1.30 1.69 2.00 
0.12 0.16 0.20 
0.07 0.14 0.30 

1.45 1.70 2.00 

0.09 0.10 0.10 
O.Ofl 0.07 0.07 
0.03 0.03 0.03 

It is  the  expansion of sulphur-in-other-forms production in  eastern 
Europe and the USSR, however, that will be most strongly featured in the 
ECE area up to 1980, being responsible for 90 per cent of the advance in 
the region's over-all output. It is projected that the larger volume growth 
will arise in the USSR to reflect primarily a substantial expansion in the 
utilization of S02 in non-ferrous metal smelter waste gases, but that   at 
1.54 million tons in 1980, the growth of output in eastern Europe will have 
been only marginally less substantial. The major producing country then 
as now, will be Poland which has its main production sectors yielding sulphuric 
acid based on smelter gases, anhydrite and by-product filter cake from native 
sulphur refining. The other leading contribution to eastern European other- 
forms output growth will be made in Yugoslavia where it will be largely 
restricted to the expansion of sulphuric acid at metallurgical gas-based units 

ECAFE area. The ECAFE countries are expected to account for a 
quarter of world other-forms output by 1980 and to have augmented pro- 
duction by 5.3 per cent per year cumulative (+ 1.01 million tons/year) to 
2.5 million tons/year. About 70 per cent of the incremental tonnage will be 
coming from countries in Asia with Japan playing the major role in lifting 
the volume of output. Particularly significant in the development of this 
sector of sulphur supply in Japan is the surge in smelter gas acid output that 
is expected following the expansion of imports of non-ferrous metal concen- 
trates in 1972, notably from Bougainville Island in the Soloman Islands 
where a major copper project is now under construction. 
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North America. Production of sulphur-in-other-forms in Canada and the 
I nited States will take a one-fifth share of the world total in 1980 a com 
parable proportion to the offtake expected in 1970. In the short term the 
growth of"output should be mainly determined by supply developments in 
he United States where new production will appear at sulphuric acid plants 

based on smelter gases and oil refinery acid aludge. In Canada, the growth of 
output will be more exclusively based on smelter gases; a major project due 
!<«• completion in the near future is that at Hoyle, Ontario, where a subsidiary 
ot lexas Gulf Sulphur Company will bring into production a 195,000 tons/year 
acid plant adjoining a new zinc smelter. 
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Figure 2.    World sulphur in-all-forms production 
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Figure 3.     World sulphur-in-all-forms production by area 



122 WORM) sri.PHI'R STPrLY AND DEMAND   1960      1980 

Figures 2, .'Î and 4 indicato world All-form» production (brimstone, 
pyrite and other-forms); all-forms production by area; and all-forms pro- 
duction by raw material sources for 19(50.   1970 and 1080. 

ALL-FORMS 

 BRIMSTONE 
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OTMEft-FOftMS 

IMO 1H2 im UH USI        |»70 1172 tf74 117»       1171 IMO 

Figure 4.    World müphur-in all forms production by raw material source* 



Chapter 8 

WORLD SULPHUR DEMAND 1970-1980 

In the current decade, world consumption of sulphur-in-all-forms is 
expected to increase by over two thirds to reach a total of 63.7 million tons S 
by the end of 1980. This expansion in world sulphur use represents a growth 

i«?«       5'3 ^ Cent *** year which broadly informs to the long-term 
(1949-1069) trend of demand growth of 5.2 per cent per year. 

The most striking feature of the forecast demand pattern in the next 
ten years is the way in which the growth of sulphur requirements will be 
massively fulfilled by expanded brimstone consumption. Of a total growth 

TABtB 30.     WORLD SULPHUR-IN-AIX-FORMS CONSUMPTION - RAW MATERIAL SOURCES 

(1970, 1975, 1980)« 

1970 1976 1980 

Tot»! consumption (million ton«)     87.91 

Brimstone  20 21 

?**• y.'.'.'.'.'.'..'..'.'. HU» 
Sulphur-iii-other-form«    QJQ 

Total consumption (per cent)  100.00 

Brimstone  53 30 

pyrite  28.80 
Sulphur-in-other-forms    17.90 

1970   unì 

Increase (million tons S)     ¡¡ 3g 

Brimstone  8 65 
Pyrite  !*29 

Sulphur-in-other-formo    1,45 

Growth rate (per cent/year)   j¿ 
Brimstone  m ¿ 
Pyrit«  2"g 
Sulphur-in-other-forms    40 

49.80 «8.72 

28.86 40.27 
12.20 13.31 
8.24 10.14 

100.00 100.00 

58.50   - 63.20 
24.80 20.90 
16.70 15.90 

l»7,i     I9S0 1970     IHSO 

14.42 25.81 
11.41 20.06 

1.11 2.40 
1.90 3.35 

6.3 6.3 
6.9 7.1 
1.8 2.0 
4.2 4.1 

•boy« ^ÄoMdtÄ!,l1iS?^Ji •!,-for,M "d .«ulplmmos raw tutorial, demand indicated by the 

•ras» äää SäWäT *over the two ""-of the *~* 
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in the annua] all-forms offtake of 25.81 million tons, no less an increment 
than 20.0« million tons will bo taken up by brimstone consumption. The 
doubling of brimstone demand, though an extension of the trend in the IWiOs 
which was ]í--aligning the pattern of sulphur demand to lay greater emphasis 
on brimstone consumption (see chapter 4), represents a further fundamental 
modification of the current incidence of sulphurous raw material use. as 
table 30 shows. 

BRIMSTONE CONSOMPTION 

As a result of the sustained and accelerating growth of world brimstone 
consumption up to 1980, about «3 per cent of world all-forms use will bo 
represented by this raw material compared with 53 per cent in 1070 and 
45 per cent in 19*K). In the short term to 1975 a faster rate of brimstone 
demand growth is anticipated than in the medium term — 7.4 per cent per 
year up to the middle of the decade compared with 7.1 per cent over the entire 
ten years and 6.9 per cent during 1075-1980. The extent of the tonnage 
growth in annual output however will be more apparent in the second half 
of the decade. (For world brimstone consumption by area, see table 31.) 

TABLE 31.    WORLD BRIMSTONE CONSUMPTION BY AREA (1070, 1975, 1980) 

(Million tona S) 

1970 197Í 19X0 

ToUl consumption  f0#2, |giM 40 g; 

ECE area     682 10.16 14.52 
Western Europe     4 54 g 37 a a o 
Eastern Europe   U1 209 310 

USSR  1.17 1.70 2.60 
EC A area         Q M Q9Q lßg 

UNESOB area  0M 0N Qn 

EC AFE area     2M 4 M ßM 

ABia     1.49 2.89 4 19 
0ceaniH     0.72 0.90 1 60 
0therB     0.25 0.53 0.97 

North America   9M }JM J4J0 

ECLA area   lu JM ¿ JQ 

Central America     O.67 107 1 67 
South America  0>45 0"7? ¿M 

Short-term trends to 1975 

The principal areas of new demand growth in the short term will be the 
ECE area, Asia and North America: together these three regions will account 
for some 7 million tons (81 per cent) of the 8.65 million ton expansion in 



worn.» sttr.i'HrK [JEMAND 1970— .USO 
123 

th.» annual rate of world  brimstone consumption. In conformity »iti, if 
port«. M th0 major world Bulphur •' J  »rt . .ta 

2.3 m,ll,„n ,„„, is scheduled in North Africa while eon• ."he 
worlds lead,,« brimstone importing region, western Europe. 3" rf* 
mere« of „„y , S million ^ |ess „^ J      £    < rd a 

Europe and the USSR are seen to reflect the greatly expanded !C 
-pply and i„tr..regi„na. trade of recent years^whUe Th  "r 1 tli" 

MfeI"Z8•P ," fr0m 1M milli°»Wyear to 2.89 miH^u^Z 
mdicate, the scope oi new eaptive use requirements, e.g. at Bandar Shahnnr 
m Tran and in Japan and the progressive development of import'll • 
m such markets as India and the Eepublie of Korea. About 0.-/3 ^,n 
more bnmstone will be in demand in the ECLA area by 1975 and may • 
reekoned tha-. oyer half the needs will emerge in Central Ame*. ZIZ 
Mex.TO where the Fertilizantes FoSfatados Mexicanos si^hu^acd 
plant at Coateacoaleos has not, at the time of writing, drawn in Ze than 
a hnuted proportion of its total requirements at capacity. 

Medium-term trends to 1980 

in certftL
he

ft
8eCOndSalf °f the deCade' the V0lume 0f new brim^ne demand 

m certain areas will remain much the same as in 1970-1975 for examnìe 

the latter oat n•"• *" "" *** °f **** °f •>•#L Among 
Jîrn^\TgOTy T °íeanÍa' Where brim8t0ne demand ^ be reasserted 
SS th^ ab-Ption of new pyrite.ba8ed sulphuric acid output 
in the mid-1970s and western Europe where the loss of sulphur-in other 
forms output coupled with the projected relative decline in ^JlX 
should be of compensatory benefit to brimstone suppliers. 

PYRITE CONSUMPTION 

in Ifl^fnn Pyrite^nsumPtion •U • to an estimated 13.31 million tons/year 
he ZlTT K mamt?nance °f a 2 V* «ont per year growth line through 

the decade. Thus the annual rate of use will increase by a margin of 2.4 million 
tons/year and in view of the limited scale of this advance during a pM 
when the yearly offtake  of sulphur-in-all-forms is expected to grow by 

:„lnh^fn°;,^n8/year' WOrld Pyrite n•***" *» * proportion of total 
Iw ri consumption will decrease from about 29 per cent to 
almost 20 per cent. v 

see table M^ ***** C°nSUmption M Predicted by «~ (1970, 1975, 1980) 

Short-term trends to 1975 

in +KThe/ÎÎ! °f 9Trtk °{ WOrld Pyrite «»«nmpöoa is likely to be higher m the «hort tern than over the whole Q{ ^ ooude_mmß 2 3 « 

year up to 1975 and less than 2 per cent per year in the subsequenVfive years 
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TABLE 32.    WORLD PYRITE CONSUMPTION BY AREA (1970, 107.5, 1980) 

(Million tons S content) 

unii in;.', 19X0 

Total consumption  10.01 

ECE area     7-3,5 

Western Europe      4.51 
Eastern  Europe    0.77 
USSR  2.07 

EC A area    0.43 

UNESOB aren  

ECAFE are«     2.30 

Asia     1.54 
Oceania     0.05 
Others     0.71 

North America    0.S0 

EC LA arm —•      tíM 

Central America     0.02 
.South America  0.01 

12.20 18.81 

8.21 8.<J2 

4.57 4.57 
1.00 1.20 
2.55 3.15 

0.49 0.50 

2.47 2.65 
1.47 1.35 
0.14 0.20 
0.86 1.10 

0.90 1.10 

0.13 0.14 

0.03 0.04 
0.10 0.10 

To an extent, this derives from the relative impact of the growth of brimstone 
consumption which is scheduled for a major expansion in the second half of 
the decade but it also reflects the stabilization or stagnation expected in 
pyrite production and consumption from the mid-1970s in certain area« 
of the world market, notably western Europe and Asia. 

Of the 2.4 million tons/year increase in world pyrite demand expected 
by 1980, 1.3 million tons/year will have been achieved by 1975 thereby raising 
aggregate consumption to 12.2 million tons/year. It is anticipated that two 
thirds of world demand growth to be registered between 1970 and 1975 will 
materialize in the ECE area, predominantly in eastern Europe and the USSR. 
In the latter two regions, where apart from the USSR the growth will be 
centred in Romania and Yugoslavia, pyrite consumption will rise by an 
estimated 0.8 million tons/year and will represent the bulk of the expansion 
in pyrite consumption in the ECE area. Only a modest net advance is foreseen 
in western European pyrite demand and this will develop mainly in Spain, 
Sweden, the Federal Republic of Germany and Italy. 

Outside the ECE area the remaining 0.43 million tons/year incremental 
pyrite use projected for mid-decade will be distributed fairly evenly throughout 
other demand areas. In the ECAFE area, where the most substantial rise in 



WORLD SIJM'HITR DEMAND  1970-1980 
127 

consumption (+ 0.17 million toiw/yoar) will occur following the e,tabli.sl„nont 
of new pyrite-based sulphuric acid capacity in Tasmania and the further 
development of pyrite resources in China and in the Democratic People's 
Republic of Korea, the margin of demand growth will be depressed by the 
expected decline in pyrite consumption in Asia-particularly in Japan where 
the next five years is expected to see a start to the disappearance of a number 
of small pyrite-based sulphuric acid operations. 

Medium-term trends to 1980 

As indicated earlier, with the world's sulphur-using industries taking 
an ever increasing proportion of their requirements in elemental form during 
the latter half of the decade, a more restricted rate of growth of pyrite demand 
is seen in the medium term, 1975-1980. The acceleration of brimstone con- 
sumption in western Europe, Africa and Oceania coupled with the decline 
in output of pyrite expected in some eastern European and Asian countries 
suggests that improvements in the rate of pyrite consumption after 1975 
will take place mainly in the USSR, China, the Democratic People's Republic 
of Korea and North America. Additions to pyrite consumption are expected 
in eastern Europe and Oceania but the progression of demand is not expected 
to match that registered in the first half of the decade. In western Europe, 
the level of demand is expected to stabilize at just under 4.6 million tons/year 
while in Asia a more substantial recession than that during 1970-1975 is 
expected to develop in the pyrite industry. 

SULPHUR-IN-OTHER-FORMS CONSUMPTION 

The world development of production/consumption of sulphur-in-other- 
forms in the 1970s is not expected to result in any major departures from the 
growth rates or patterns of supply in various areas of the world that evolved 
during the 1960s. Just over 15 per cent of world all-forms sulphur demand 
will continue to be satisfied by alternative sources to brimstone and pyrite 
and this sector of the sulphur supply and demand will maintain a steady 
growth of about 4 per cent per year cumulative to 1980 although the period 
from 1975-1980 is likely to witness a fractionally more rapid expansion of 
demand than the first five years of the decade. Of the total 3.35 million 
tons/year expansion in the level of demand by 1980, some 1.9 million tons/year, 
or 67 per cent, will represent the growth of consumption after 1975. (For 
world sulphur-in-other-forms consumption by area-1970, 1975, 1980-see 
table 33.) 

However, the incidence of other-forms sulphur consumption is expected 
to undergo some modification in respect of the sources from which the utilized 
sulphur values appear, i.e. smelter waste gases, sludge acid, anhydrite, by- 
product gypsum, coke oven gas H,S, spent oxide, ferrous sulphate and stack 
gas SO,. 
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TABLE 33.    WORLD SULPHUR-IN-OTHER-FORMS CONSUMPTION BY ARKA (1970, 1975, 1980) 
(Million tona S equivalent) 

Totsl consumption . . 

ECE area     

Western Europe 
Eastern EurojM» 
USSR  

EC A area     

UNESOB area .... 

EC AFE area     
Asia     
Oceania    
Others     

North America 

ECLA area  

Central America 
South America .. 

1970 

6.79 

3.63 

1.61 
0.78 
1.24 

0.13 

19TS 

8.24 

4.28 

1.52 
1.13 
1.63 

0.16 

0.01 

1980 

10.14 

5.33 

l.«9 
1.54 
2.10 

0.20 

0.01 

1.49 1.99 2.50 
1.30 1.6U 2.00 
0.12 0.16 0.20 
0.07 0.14 0.30 

1.45 1.70 2.00 

0.09 0.10 0.10 
0.06 0.07 0.07 
0.03 0.03 0.03 

Sulphuric acid production based on sulphur-in-other-forms is expected 
to reflect the increasing importance of the exploitation of non-ferrous metal 
smelter waste gases and especially in the United States, the regeneration of 
oil refinery acid sludges in fresh acid makes. A number of proposals for new 
acid projects based on gypsum or anhydrite are still being considered but in 
the light of the anticipated continuation of an easy brimstone supply situation 
well into the latter half of the decade, it is not expected that there will be 
any major realization of new capacity such as might have been suggested 
by the widespread interest in these raw materials during the late 1960s period 
of brimstone shortage. Any operations that are implemented are likely to 
be either associated with co-product cement plants, or second, based on 
by-product gypsum from phosphoric acid operations, or third, located in 
areas where the delivered cost of brimstone is unacceptably high and where 

SÄ        costs would * Iower U8ing locaUr-available «y**•/ 

of r^Z f °Wing ,eTPhaSiS 7 the main 8melter «as and 8lud«e «« ^tors of other-forms sulphuric acid production is also expected to be served by 
the gradual decline ,n consumption of certain other-forms sources such as 
coke oven gas hydrogen sulphide, spent oxide and ferrous sulphate. 

.Jrrf'l, °í 8uIPhur"in-other-^nis for non-acid purposes will be 
affected by the decline anticipated in the direct production of ammonium 
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sulphate from gypsum or anhydrite. Small-scale output has ceased in Bchrium 
and operations are being run down in the United Kingdom, probably to be 
followed by the withdrawal of other facilities in western Europe. 

One totally new source of other-forms sulphur which has been projected 
for introduction in the 1970s is stack gas S02 recovery and utilization for 
sulphuric acid manufacture. Several processes are currently being evaluated 
m commercia scale units as well as pilot plants, with much of this work 
being undertaken in the United States. This acid-linked technology provides 
a flexible alternative to the recovery of sulphur as brimstone from power 
plan waste gases which, under the provisions of more stringent air pollution 
legislation will have to be processed prior to discharge to ensure minimal 
stack gas go, etm 0nce SOa removal has been effected it is 

that the subsequent choice between by-product brimstone or sulphuric acid 
production will be partly determined by the cost parameters developed from 
current research and partly by the direct comparison of brimstone «id sul- 
pnuric acid delivery costs to consuming plants. 

Short-term trends to 1975 

The world-wide pattern of sulphur-in-other-forms consumption growth 
will be dominated by developments in the ECE and ECAFE areas which 
together will account for some 80 per cent of the projected 1.45 million ton 
growth m the annual rate of use by 1975. As noted earlier (see chapter 7 
sulphur-in-other-forms production) the key factor in these two regions is 
the growth of by-product sulphuric acid production in eastern Europe (in 
Poland and Yugoslavia), the USSR and Asia (in Japan and, to a lesser extent, 
in India and Turkey). Much of the balance of the increase in annual world 
al^forms output to 1975 (+ 0.35 million tons/year) will emerge in North 
America (+0.25 million tons/year). 

Medium-term trends to 1980 

Variations on the regional incidence of other-forms consumption growth 
recorded m 1970-1975 are expected to be most noticeable in the ECE area 
and m North America. A progressive expansion in the volume of demand may 
be looked for m eastern Europe and the USSR while in western Europe it is 
projected that other-forms consumption will resume an upward course once 
the withdrawals of acid and non-acid capacity cease to counterbalance the 
growth of smelter gas acid production. From the mid-1970s onward it is 
expected that United States consumption of other-forms will be supplemented 
by the recovery of stack gas SOa as sulphuric acid, and that this innovation 
will be significant in raising the rate of North American consumption a further 
O.d million tons/year by 1980. 

World sulphur-in-all-forms consumption as predicated by area is indicated 
for 1970 in table 34, for 1975 in table 35, and for 1980 in table 36. 
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TABLE 34.    WORLD SULPHUR-IN-ALL-FORMS CONSUMPTION BY AREA, 1970 — 
RAW MATERIAL SOURCES 

(Million ton» S or >S' equivalent) 

All-form* Brinatone Pyrite ¡S.O.F. 

87.91 20.21 10.01 Total consumption .. 

ECB area     

Western Europe 
Eastern Europe 
USSR  

EC A area    

UNESOB area .... 

EC AFE area    

Asia     
Oceania    
Others     

North America 

ECLA area  

Central America 
South America .. 

TABLE 35.   WOBLD STJXPHUB-IN-ALL.FORMS CONSUMPTION BY AREA, 1975— 
BAW MATERIAL SOURCES 

(Million tona S or S equivalent) 

6.7» 

17.80 6.82 7.35 3.63 
10.66 4.54 4.51 1.61 
2.66 1.11 0.77 0.78 
4.48 1.17 2.07 1.24 

1.09 0.53 0.43 0.13 

0.08 0.08 - — 

0.25 2.46 2.30 1.49 
4.33 1.49 1.54 1.30 
0.89 0.72 0.05 0.12 
1.03 0.25 0.71 0.07 

11.45 9.20 0.80 1.45 

1.24 1.12 0.03 0.09 
0.75 0.67 0.02 0.06 
0.49 0.45 0.01 0.03 

Total consumption .. 

EOE area     

Western Europe 
Eastern Europe 
USSR  

EC A area    

UNESOB area .... 

EC AFE ama    
Asia     
Oceania    
Others     

North America 

ECLA area  

Central America 
South America .. 

AH-form» 

49.80 

22.65 

12.46 
4.31 
5.88 

1.55 

0.15 

8.78 

6.05 
1.20 
1.53 

14.10 

2.07 

1.17 
0.90 

Brinutone 

28.86 

10.16 

6.37 
2.09 
1.70 

0.90 

0.14 

4.32 

2.89 
0.90 
0.53 

11.50 

1.84 

1.07 
0.77 

Pyrite S.O.P. 

18.20 8.24 

8.21 .   4.28 
4.57 1.52 
1.09 1.13 
2.55 1.63 

0.49 

2.47 

1.47 
0.14 
0.86 

0.90 

0.13 

0.03 
0.10 

0.16 

0.01 

1.99 

1.69 
0.16 
0.14 

1.70 

0.10 

0.07 
0.03 
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TABLE 36.    WORLD SULPHUR-IN-ALL-FORMS CONSUMPTION BY AREA, 1!)80 
RAW MATERIAL SOURCES 

(Million tone S or S equivalent) 

Total consumption . . 

EC E area     

Western Europe 
Eastern Europe 
USSR  

EC A area    

UNESOB area . . . 

EC AFE area     

Asia     
Oceania     
Others     

North America 

ECLA area  

Central America 
South America . . 

All-form* 

«8.73 

28.77 

15.08 
5.84 
7.85 

2.30 

0.30 

11.81 

7.54 
1.90 
2.37 

17.20 

3.34 

1.78 
1.56 

Brimttone 

40.27 

14.02 

8.82 
3.10 
2.60 

1.60 

0.29 

6.66 

4.19 
1.50 
0.97 

14.10 

3.10 

1.87 
1.43 

Pyrite 

13.31 

8.92 

4.57 
1.20 
3.15 

0.50 

2.65 

1.35 
0.20 
1.10 

1.10 

0.14 

0.04 
0.10 

S.O.F. 

10.14 

5.33 

1.69 
1.54 
2.10 

0.20 

0.01 

2.50 

2.00 
0.20 
0.30 

2.00 

0.10 

0.07 
0.03 

The following figures (5, 6 and 7) present the world all-forms consumption 
(brimstone, pyrite and other-forms); all-forms consumption by area; and 
all-forms consumption by raw material sources for 1960, 1970 and 1980. 
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Figure 5.    World êidphur-in-all-forma consumption 
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Figure 6.    World sulphurin-all-forms consumption by area 
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Chapter 9 

WORLD SULPHUR PRICE TRENDS 1970- 1980 

The precipitate decline that occurred in brimstone prices during 1069 
represented a significant commentary on world suppliers' expectations of a 

m«).?Z 1 W°nld 8UlphUr market8 durin8 the ear]y Part of the 1970s. In 
l.H>J itself, the collapse of brimstone prices did not reflect the physical volume 
of surplus supplies, which was limited, but rather the anticipation that in the 
short term there would be a continuing excess of supply over demand and 
the realization that early assurances to safeguard forward delivery programmes 
would be desirable. 

In the short term, therefore, it is expected that the pressure on world 
sulphur prices, and notably brimstone prices, will remain and that in the 
context of an uninterrupted over-supply situation, the evolution of brimstone 
prices will be determined principally by two factors: 

(a) The cost structure established for by-product sulphur recovery 
primarily at natural gas plants, and the consequent relationship 
between by-product sulphur production costs and those at primary 
supply sources, e.g. Frasch mines and native sulphur operations; 
and 

(b) The extent to which the exerting of freight advantages brings 
about a regionalization of brimstone trade patterns and removes 
some consistency to f.o.b. quotations of suppliers. 

BY-PRODUCT SULPHUB COSTS 

The world sulphur industry's expectation of the continuing growth of 
recovered sulphur production and the unquestioned fact that these supplies 
will make the major contribution to the growth of world sulphur-in-all-forms 
supply in the 1970s makes the evaluation of future price trends rest primarily 
on the method of determining the cost of sulphur recovery from sour natural 
gas. Extraction costs, that is the cost of desulphurization and sulphur recovery 
from H.S, vary widely and are dependent on the analysis of the sour gas 
particularly in respect of H,S, C02 and gas liquids. It may be held by the 
plant operator or sulphur supplier that the cost of HjS extraction can be 
attributed sol My to the cost of producing the natural gas primary product, 
which is then priced accordingly. Thereafter the actual cost of sulphur recovery 
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allowing for steam credits and re-allocation of fixed coats, becomes exceedingly 
low and virtually a nominal charge. 

In the first half of H)70 the average ex-gas plant price of recovered 
•sulphur in western Canada receded to less than $11-$12 per long ton with 
some sales netting less than $7 f.o.r. Alberta plant. Thus the price policy 
in this area of the world industry becomes of unparalleled significance particu- 
larly when the involuntary nature of the operations and the mounting volume 
of brimstone stocks in the near term is unlikely to assist in promoting a 
uniform price policy. 

REGIONAL MARKETS AND FREIGHT ADVANTAGES 

The recent downward trend in brimstone producers net realizations and 
f.o.b. prices has once again emphasized the incidence of freight cost in delivered 
pnces in the various world markets. To take an outstanding example, the 
lowest bid (first half of 1970) in a brimstone tender for India came from a 
Canadian supplier's offer at a Vancouver f.o.b. of less than $14.50 per long 
ton whieh, at the current level of freights-admittedlv high-would approxi- 
raately equal the rate per bulk carrier lifting (22-30,000 long tons) to the 
destination involved. 

In the light of the excessive volume of new brimstone supply entering 
world markets and the competitive pressures that will arise, suppliers are 
expected to exercise their market positions in freight-favourable outlets by 
the acceptance of regional f.o.b. prices. Simply, this implies the nearer the 
market, the less the freight cost and the higher the f.o.b. netback obtained 
compared with that secured by another supplier not so favourably located 
In other words a consistent level of f.o.b. prices is not expected generally 
to be a feature of the major brimstone suppliers' price policies in the short 
term. It ,s anticipated, moreover, that the practice of quoting prices on a 
delivered basis will gain wider acceptance. 

So far as the pattern of world brimstone trade is concerned, it is anti- 
cipated that Canadian recovered sulphur will be priced with a view to main- 
taining and securing a substantial share of major regional markets in the 
Pacific Ocean area, in western Europe and in the adjoining United States 
market. In southeastern Asia and Oceania, Canadian suppliers will be en- 
countering tonnage from the Near East which has a potentially more favourable 

fnHg!f\rK V     area- Neverthele88- " a» not expected that the lower 
end of the export pnce range on an f.o.b. Vancouver basis will decline below 

commit     F ^r        l0Wer end °f the Price T&n^ the Canadia« ««PPliers 
compete ability in western Europe vis-à-vis the delivery of Polishand 
French sulphur will depend greatly on the transportation col incurred and 
m relation to the substantial United States and also Mexican shipment pro-' 
gramme to western Europe, on the ability to deliver liquid sulphur. 

to t.^        • rh S
J
U,phUr 8hÍpmentS are «P«** t0 re^in geared 

to the dornest,« market and western Europe and marginally towards Latin 
Amenca.   Currently established  at approximately $2f-$28 per long  ton 
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c. and f. western Europe, which implicit an f.o.b. United States Gulf of just 
over S20 per long ton, the price of United States Frasch sulphur is not ex- 
pected to recede further. 

The expansion of indigenous requirements is expected to take a growing 
proportion of Mexican Frasch sulphur shipments which in the two principal 
export markets (United States and western Europe) will continue to be priced 
competitively with United States Frasch sulphur. Exports of French recovered 
sulphur will be increasingly directed to nearby markets in western Europe 
where strong freight advantages will be exercised in competitive delivered 
pricing with other suppliers. 

Concerning Polish sulphur, the operation of bilateral trade agreements 
secures a market presence for this material at the most competitive prices 
established by other suppliers. This has been evident in southeastern Asia 
and reliance on this mode of Deration may be accentuated through the medium 
term. The export surplus of Japanese recovered sulphur is not expected to 
be substantial in that most of the output will be directed to the domestic 
market; however in the medium term the country's trading expertise and 
credit facilities are likely to find export outlets for brimstone above ruling 
market prices in countries such as the Republic of Korea and possibly China 
For brimstone export prices, Uniteti States Frasch sulphur (bright), dollars 
lier long ton f.o.b. Gulf port, see figure 8. 
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Figure 8.    Brimstone export price» 
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Chapter 10 

SULPHUR FREIGHTS 

The following five tables (37, 38, 39, 40 and 41) «how «ingle vovago 
open-market freight rates reported for full cargoes of brimstone in bulk in 
tramp vessels between the five loading range« or ports indicated and various 
disehargmg zone*. All freight rates are shown on net f.i.o. charter party 

r^nTTn,y   fur  VeS8el  deadwei«ht   •*°   ^cities  in  the   range 
10-15,000 tons or the alternative norm for the particular traffic 

il J £dÌCf ÌO,ì? f0/ lm are U"d on natioilal rates Prevailing as of 
31 December In all other years the rate« are averages for the twelve months 
or the sole fixtures reported. 
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Chapter 11 

LIQUID SULPHUR TRANSPORTATION 

Only during the last ten years has the seaborne transportation of elemental 
sulphur in its solid form been augmented by the commercial development 
of freighting systems for the shipment of liquid sulphur. The movement of 
liquid sulphur however still accounts for a modest proportion of international 
brimstone trade which remains primarily geared to the customary method 
ot solid sulphur transportation even though most of the world's brimstone 
output is initially produced as a liquid (e.g. at Frasch mines and sulphur 
recovery plants) and even though its use frequently involves its transformation 
back to a liquid (e.g. prior to combustion at a sulphuric acid plant for the 
preparation of sulphur dioxide). 

The early investigations into the feasibility of transporting sulphur in 
molten form were conducted in the United States after the Second World War 
Following a favourable outcome, the major brimstone producers and con- 
sumers in the United States domestic market reorganized handling freighting 
and storage facilities in the late 1950s to permit the introduction of liquid 
sulphur transportation. The subsequent expansion of this mode of shipment 
proceeded very rapidly in the 1960s, and at the present time all but a minor 
share of brimstone deliveries by road, rail, barge and coastal tanker traffic 
in the I nited States is undertaken in liquid fc rm. 

In the first half of the last decade this practice was extended to sulphur 
deliveries in western Europe with the establishment of specialized tank 
terminals by Mexican, French and United States brimstone suppliers and 
the initiation of liquid sulphur shipments to the United Kingdom, France, 
the lederai Republic of Germany, the Netherlands, Belgium and Ireland. 

Thus the present pattern of seaborne liquid sulphur transportation is 
confined to delivery into two major market areas-the United States and 
western Europe. In the former, the traffic covers not only coastal tanker 
shipments from the United States primary shipping points on the Gulf of 
Mexico to regional terminals on the United States Atlantic Coast, but abo 
the liquid deliveries from Mexico to the United States. In western Europe 
hqu.d sulphur movements are those at the end of the Atlantic eastbound 
trade rom the United States and Mexico and the shipment* from Bayonne 
in southwestprance to terminals in northern France, the United Kingdom 
and the Netherlands. 6 
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LIQUID SULPHUR TRANSPORTATION .  .., 

In addition the world-wide movement of liquid sulphur embraces the 
shipment of substantial tonnages within producers domestic markets, notably 
in the United States, Mexico, France, Poland, and in smaller quantities 
(commonly by road tanker) from oil refineries in many countries to consumers 
such as sulphuric acid manufacturers which may take a proportion of their 
brimstone requirements from local sources of supply. 

ADVANTAGES OF LIQUID SULPHUR TRANSPORTATION 

The advantages in moving sulphur in molten rather than in solid form 
materialize at all stages of shipment programmes between producers and 
consumers and are evident in such aspects as product and quality control, 
vessel loading and discharging, safety, stock control, elimination of losses 
and corrosion of exposed ouildings, reduction of labour costs during in-plant 
handling and the avoidance of remelting prior to sulphur-burning in, for 
example, a sulphuric acid plant. Though there are numerous factors in favour 
of liquid as opposed to bulk sulphur transportation, the fact that world 
sulphur export shipments are still primarily undertaken with the product 
in solid form reflects the sizable capital investments required to establish 
facilities for liquid sulphur traffic, notably, tank storage and handling facilities 
and suitable vessel, barge or surface transportation units. 

Product and quality control 

Significant advantages in product and quality control accrue from 
shipping sulphur in liquid form since the provision of closed storage and 
handling facilities allow for improved avoidance of contamination and moisture 
contact. The possibility of contamination with foreign substances, which 
might lead to ash build-up in the product, is minimized by the use of specialized 
equipment solely for liquid sulphur; the absence of moisture inside storage 
tanks and lines eliminates chances of contamination and corrosion resulting 
from the formation of sulphuric acid. 

Vessel loading and discharging 

As with any other liquid cargo, handling rates generally show a measurable 
improvement over solid cargo loading and discharging rates. This is particularly 
the case at ports of discharge—where receivers need no extensive quayside 
installations such as transporter bridges or grab cranes, hoppers and conveyers 
—in that once connexion is achieved between the tanker and a land line to 
storage, the unloading proceeds using vessel pumps as in a normal tanker 
arrangement. This operation can be run continuously with no loss of time, 
for example, as may be the case with inter-hatch crane movements in dis- 
charging solid cargoes. 
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Safety 

Though the installation of liquid sulphur facilities requires the establish- 
ment of statable safety precautions, particularly against combustion and the 
presence of explosive vapours, these danger« are not severe and the shipment 
of liquid as opposed to solid sulphur does avoid the danger in the latter traffic 
of dust explosons and fires. ("Dark" liquid sulphur provides a hazard in 
that ,t may generate dangerous amounts of hydrogen sulphide.) 

Stock control 

for tí?'" thf- rm'ÍVer' takÍng 8UlphUr Ín liqUid form makes h^ allowance 
fn the continuons measurement of stocks and this can enhance the planning 
efficiency of purchasing and usage programmes. The basic advantage here's 
he elimination of inaccurate stock surveys which may more readily arise in 

the examination of dry bulk sulphur inventories than with the melremeñt 
of tank tonnages of liquid sulphur. measurement 

Losses and corrosion 

The handling of liquid sulphur circumvents wind losses which may arise 
during the loadmg and discharging of solid sulphur. Such losses may amount 
to 0.O per cent or more of a particular consignment and, apaTt from ïhe 

sulnZ; h"8 r the dÍStíÍbUtÍOn °f ahW SulPhur d•< oe as'n d bTbui 
sulphur handhng may be disadvantageous in that it leads to the chorion 
of exposed buildings and equipment. corrosion 

Labour costs 

con^liZl T handlin8,li<l''id •lph«r show a signent reduction 

£* ttri JIT1 "f mU sulphur moTeraentaTU» »•- ii   T T Prospects for automated  control offered bv HnniH 

and supervision  of storage  tank replenishment.   LX Ä 

ft» "ASANAS»» 
No remelting 

during processing e.g. producer, »f 8„,phuL Leid „Xd sü^Z^df 
to forgo the employment of sulphur melters and fk« Buipnur dioxide, 
««nance - incurred by the „' „ ÄTl*ÄS Ä 
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the sulphur producers output, from a Frasch mine for example, does not 
have to be solidified prior to shipment, liquid sulphur transportation has 
streamlined the industry's operations on an "all-liquid" basis from production 
right through to consumer use. Given that the greater part of world brimstone 
output is destined to be melted and burned to sulphur dioxide, the attractions 
to producers and consumers alike of practical and economical transportation 
systems that allow all-through liquid sulphur shipments are obvious. 

HANDLING AND STORAGE FACILITIES 

The facilities required at liquid sulphur discharging points are so arranged 
that it is possible to describe them under a threefold classification : first, the 
quayside installations, second, the handling facilities linking the quayside 
with on-shore storage and, third, the storage installation itself plus infra- 
structure and utilities. 

The primary consideration at all stages of a liquid sulphur transportation 
system is to maintain product stability. Under proper operating conditions, 
liquid sulphur is a fluid, non-corrosive material with acceptable handling 
qualities given the appropriate facilities and control devices. The most im- 
portant factor is the maintenance of the temperature of molten sulphur in 
the range 240° F (116° C) to 320° F (160° C) ; below this range sulphur solidifies 
and above the range it becomes excessively viscous. Thus all handling and 
storage facilities must be provided with heating equipment and, for maximum 
benefit, insulation. 

Quayside 

No particular provisions govern the type of berthing point for a liquid 
sulphur tanker except that the economics of on-shore handling and pipeline 
cost are maximized if the distance between the berth and the storage tanks 
is as short as possible. As long as the berth provides an adequate water depth 
at all tides or, if it is on non-tidal water, access gates to a lock basin are of 
adequate dimension, there should be no immediate preference for any partic- 
ular type of tie-up point for example, dolphins, jetties or piers, harbour 
walls and the like. Special considerations may arise however where it is pro- 
posed to establish liquid sulphur discharging facilities at quays also used for 
dry bulk cargo movements. Such quays are frequently covered by rail tracks 
and overhead piping systems may be ruled out by the presence of rail mounted 
cranes travelling the length of the quays. 

Connexion gantries linking shore lines to tank outlet points aboard the 
tanker are commonly of the swivel-jointed type allowing uninterrupted 
operation at all phases of the tide between high and low water and at all 
stages of vessel displacement during cargo discharge. Flexible hose connexions 
have found some application out swivel joints have the advantages that they 
can be almost completely steam jacketed. 
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Unloading is accomplished by using pumping systems on board the vessel 
as is normal procedure in tanker operations, though auxiliary/booster pumps 
may provide at on-shore points to supplement the primary pumping system 
if the need arises. 

Handling to storage 

Pipelines with inside diameter measurements commensurate with through- 
put requirements serve as the link between quayside discharging points and 
tank storage units. The corrosion of handling (and storage) equipment for 
liquid sulphur is of little consequence provided installation and maintenance 
is satisfactory. Such corrosion results from moisture contact and the consequent 
presence of sulphuric acid; this contamination risk is virtually eliminated by 
molten sulphur operations. From this point of view, equipment of mild steel 
construction has proved adequate. Alternatively, galvanized iron and alloy 
steel, aluminium or other corrosion resistant pipe may be used. 

To maintain the elevated temperature of liquid sulphur, lines carrying 
the product are heated-normally with steam. Steam heating may be effected 
by steam jacketing, a steam "gut" line (small steam pipe inside a larger line) 
or by steam tracing. The provision of pipeline insulation will assist in opti- 
mizing utilities consumption by maintaining temperature control and mini- 
mizing heating requirements. Insulating material may be either loose-fill 
or pre-formed, such as rock wool inside an aluminium sheet cover, or bonded 
fibreglass surrounded by a cylindrical aluminium cover. 

General practice in operating liquid sulphur handling systems is to keep 
lines continuously heated and full of sulphur even when not in use It is 
difficult to regain operating fluidity once lines are allowed to cool; and if 
pipes are allowed to drain, any traces of sulphur remaining may be affected 
by atmospheric oxygen and moisture to form sulphuric acid with resulting 
serious corrosion. 

Molten sulphur lines between quayside and storage are commonly con- 
structed with expansion loops to guard against the effects of product expansion 
in the event of a malfunction in the line heating system, boosting the sulphur 
temperature above the normal level. 

On-site steam supplies for line and storage tank treating may be generated 
by specially built boiler facilities or delivered from adjoining sources, eg 
another steam producing/consuming plant. Obviously, capital costs of liquid 
sulphur storage and handling facilities are advantageously affected if no 
allowance has to be made for the special construction of steam generation 
equipment. At most storage operations steam is used at pressures between 
do and 70 p.s.i.g. 

Storage 

Storage of liquid sulphur in anything other than minimal quantities 
requires the deployment of welded steel tanks. Occasionally small quantities 
of liquid sulphur (road or rail tank car lots, for example) are stored in concrete 

*»»•> 
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pits which can be designed to employ various types of lining such as „nlined 
steel, brick-lined steel or brick-lined acid-proof cement. 

The installation of liquid sulphur storage tanks, depending on the firm- 
ness of the ground surface on uhich they stand, may well need to be preceded 
by extensive foundation preparation, and even piling, in view of the high 
specific gravity of the product (1.78). Tanks are normally built with externally 
insulated walls and roofs, notwithstanding the fact that in uninsulated tanks 
sulphur in contact with outer walls solidifies and takes on insulating properties 
itself. The principal operating disadvantages attending the use of uninsulated 
tanks are corrosion (solidifying sulphur contracts leaving a small air >pace 
between it and the tank wall in which moisture condenses and Milphuric 
acid forms) and formation of pyrophoric iron sulphide (which brings over- 
heating and fire risk)* As with pipelines, tank insulation materials commonly 
consist of rock wool or fibreglass surrounded by aluminium sheeting Internal 
steam coils, normally on the base and sides of the tanks, arc provided to 
maintain the required product  temperature. 

Apart from basic components, all tanks are equipped with the requisite 
loading indicators and meters, alarm systems, foam and other safety lines 
discharging pumps and loading points for whatever type of onward tran»jN>r- 
tation system is in use. 

Temperature and mfety factor* 

All handling and storage facilities designed and installed for liquid sulphur 
should take account of two main hazards-fire and evolution of HjH from 
dark sulphurs. Liquid sulphur is inflammable and its vapours may be ex- 
plosive. Shipping and storage operations are conducted In-low 300 F, which 
is well below the flash point, but if ignited, molten sulphur will burn in air 
to yield sulphur dioxide. Dark sulphurs contain more hydrocarbons than 
bright sulphurs possibly up to 0.3 per cent C as hydrocarbon, and in extended 
storage some of the hydrocarbon may react with sulphur to form hydrogen 
sulphide. Thus adequate venting should be provided to avoid accumulations 
of this gas. 

During shipment and storage, molten sulphur is generally kept at tem- 
peratures between 260° and 270° F (126°-133° C). In addition to problems of 
viscosity encountered at temperatures above 300°—320° F (149°-1Ö0° re- 
applies to bright or pure sulphur; dark sulphur containing 0.3 per cent or 
more carbon does not become so viscous at elevated temperatures but the 
sulphur-hydrocarbon reaction proceeds rapidly to evolve H2S) the organic 
matter in Frasch sulphur will form sulphur-containing asphalt-like com- 
pounds and carbon-sulphur solids which can foul pumps and sulphur burners. 

CAPITAL AND OPERATING COSTS 

In the tables at the end of this chapter (tables 42 to 51 ) data are presented 
on the investment and running costs that would be incurred in the con- 
struction and operation of various sizes of terminals capable of handling 
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liquid sulphur. Before giving further considération to these capital and 
operating costs it will be necessary to consider the options available in respect 
of the form in which the sulphur will be shipped, stored, handled and rede- 
livered, and certain factors that determine the size and scope of the facilities 
installed at a liquid sulphur terminal. 

Types of terminals 

The establishment and operation of a liquid sulphur terminal need not 
mean that the terminal is confined solely to the handling and storage of 
liquid sulphur. It depends in each case on what operating requirements are 
envisaged at the time of construction, i.e. will the terminal be geared solely 
to incoming deliveries in liquid form, is its sole purpose to redeliver liquid 
sulphur or is it desirable to have some flexibility to redeliver both liquid and 
solid sulphur. 

Assuming the basic objective is to be able to make sulphur redeliveries 
from the terminal either wholly or partly in liquid form, there are a number 
of options available in the make-up of the terminal facilities. So far as the 
material form of the sulphur is concerned, the delivery and redelivery pos- 
sibilities are as follows: 

Into terminal From terminal 

1. Liquid sulphur                     Í J*"Liquid sulphur 
I lb—Liauid and sol 

2. Solid sulphur I 

3. Liquid and solid sulphur     { ^-Liquid sulphur 
I 3b—Liquid and sol 

lb—Liquid and solid sulphur 
2a—Liquid sulphur 
2b—Solid and liquid sulphur 

Liquid and solid sulphur 

For the development of capital and operating cost data, the types of 
terminal operation examined in detail arf la and 2b. Though all the other 
types of facility could be described as liqu.d sulphur terminals their operation, 
with the exception of 3b, is believed to be less practical and not as cost 
effective as la and 2b; lb can be overlooked on the grounds that it would 
be cheaper to establish an all-through solid sulphur operation in conjunction 
with liquid melters at the terminal (i.e. option 2b) rather than employ liquid 
sulphur tanker capacity to ship sulphur that would ultimate^ be delivered 
to consumers in solid form. Also, rather than vat liquid sulphur and install 
expensive reclaiming equipment, it would be easier to handle the proportion 
of the throughput to be delivered as solid in conventional covered storage 
following incoming shipment in this form. Terminal operation 2a can be 
eliminated on grounds of limited flexibility to meet all consumer requirements, 
and 3a for the same reason. Terminal type 3b is a combined version of la 
and an all-solid sulphur terminal. In the future, given the complex arrange- 
ments for liquid sulphur as opposed to solid sulphur transportation it is 
possible that 2b may be seen to be a more acceptable alternative to type 3b. 
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Terminal size* 

On the basis of the range of vessel sizes that may bo involved in delivering 
liquid or solid sulphur to a terminal, it is possible to identify an associated 
range of tank or solid storage capacities to cover all contingencies. The latter 
relate basically to one factor—at what rate will deliveries be made from the 
terminal during the interval between incoming shipments. To ensure, first, 
that full vessel cargoes can be completely discharged on arrival, and second, 
that there is always sufficient product in the terminal to meet extra demand 
arising between incoming shipments, it is necessary to provide the terminal 
with an increased margin of storage capacity over and above vessel or cargo 
size. 

There is no general consensus on the optimum size of storage for a given 
cargo/shipment pattern but a reasonable upper margin would be 50 per cent 
on vessel deadweight cargo capacity. The closer the tempo of redeliveries 
from a terminal relates to the frequency of shipments into the terminal, the 
smaller the margin on incoming vessel size that needs to be allowed for in- 
storage capacity. However, extra storage capacity is not merely extra cost 
as it can be valuable insurance against any interruption of the shipment 
programme into the terminal. 

Table 42 shows possible levels of storage capacity at 5,000 long ton 
intervals for liquid or solid sulphur related to incoming vessel size—the 
margins on cargo sizes being indicated in table 43. 

Ratea of throughput 

An obviously significant factor in determining the cost effectiveness of 
terminal operations is the intensiveness with which the storage capacity 
is employed. Operating costs per ton of available capacity per year are reduced 
as the rate of turnover or throughput increases. It is generally held that a 
minimum of four throughputs per year is required to pay off capital costs 
on any terminal within a reasonable time period and this rate is commonly 
the one at which most handling charges are fixed in the bulk liquids storage 
industry where storage capacity is leased rather than owned. 

In the subsequent analysis of capital and operating costs, four through- 
puts per year has been taken as the mean level of operation, though improved 
capacity employment is entirely feasible. An indication of the range of annual 
turnover at various sizes of terminal capacity and throughput raies per year 
is given in table 44. 

Solid and liquid sulphur redeliveries 

In the case of the terminal type 2b receiving solid sulphur and effecting 
redeliveries in solid and liquid form, it is necessary to define the liquid-solid 
redistribution pattern in order to assess what melter and buffer storage 
capacities would be required for the outbound proportion as liquid sulphur. 
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At various terminal sizes and four throughput volumes the pattern of redeliv- 
eries within the range of 20 per «Mit liquid/80 per cent solid—fiO per cent 
liquid/40 per cent solid is shown in table 45. The range could be extended 
more in favour of liquid, e.g. to (SO per cent, 70 per cent or greater as required. 

The outline organization of a terminal receiving solid sulphur and rede- 
livering part of the input as liquid is shown in table 46. The proportions 
redelivered as liquid sulphur have been confined to 20 per cent. 40 per cent 
and (50 per cent to reduce the length of the analysis. Indicated melter capacities 
and storage tank capacities associated with the liquid sulphur redelivery 
programme are shown also. In view of the high cost of small-scale liqvid sul- 
phur storage tanks on a cost per long ton basis the lower limit on tank size 
has been set at 2.200 long tons. 

Capital cost* 

Table 47 gives the capital costs for a liquid sulphur terminal in the 
capacity range 15—ttO.OOO long tons. Also indicated are a number of alter- 
natives on tank sizes—the principle adopted being that the fewer the tanks, 
with due regard to operating flexibility, the lower the capital cost. For example, 
for 50,000 long tons of tankage one deploys a maximum of 2 X 20,000 long 
ton units and 1 x 10,000 long ton units rather than, say, 5 x 10,000 long ton 
units. Storage tank capacities are determined by the number of plates and 
the width of the plating used in building the tank walls and by the diameter 
of the tank base. Invariably the completed unit will have a capacity either 
marginally smaller or larger than the nominal capacity required. 

The costs, other than those for the tanks, are those within battery limits. 
One item that has been excluded, so as to put the capital cost data on a uni- 
form basis regardless of location, is a boiler house to provide steam for the 
tank and line heating system. There may be scope for arranging the location 
of a terminal so that it is alongside steam generating facilities, e.g. at a bulk 
liquid chemical or oil storage facility, in which case it may be possible to 
avoid the special construction of a boiler house. 

Table 48 shows the capital costs for sulphur terminal redelivering liquid 
and solid sulphur on the basis of solid sulphur deliveries. It is assumed in 
advance of any melting operation that solid sulphur storage has to be provided 
sufficient to cope with the entire volume of incoming solid deliveries. The 
excessive capital expenditure in melters and storage tanks for liquid rede- 
liveries of less than 48,000 long tons/year is considered unjustified and no 
quotations arc provided for such operations. Tank capacities for the outbound 
proportion of deliveries in liquid form have been standardized at 2,000 long 
ton intervals from 4,000 long tons upwards. 

Table 40 provides a summary indication of capital costs quoted in 
table 48. 
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Operating costs 

Table 50 shows the operating costs applying to the use of various sizes 
of "all-liquid" sulphur terminals and table 51 the operating costs on solid/ 
liquid sulphur terminal. 

Costs: Summary 

It should be stressed, in conclusion, that the cost data in the following 
tables relate to "packaged" terminal installations. That is, capital costs cover 
items that would be needed regardless of location, i.e. surface components 
within "battery limits". Depending on the selected site, however, it may be 
necessary to add cost allowances for tank piling, the installation of steam 
generating equipment, fuel oil storage and the like. No provision has been 
made for capital expenditure on utilities or site preparation and the cost of 
land has also been excluded. 

Using the operating cost data presented in tables 50 and 51, it is possible 
to cost the movement of sulphur through a terminal provided the operating 
costs are reduced to a "per long-ton capacity installed" basis and then divided 
by the number of throughputs expected per year. For example, a 40,000 long- 
ton capacity "all-liquid" terminal has an indicated annual operating cost 
of $267,000 when the tank deployment is two 15,000 long-ton tanks and one 
10,000 long-ton tank. Actual tank capacities will total 39,450 tons and this 
indicates cost per ton installed capacity of $6.77 per year. Assuming four 
throughputs are achieved in a particular year, the operating cost per ton 
of sulphur will be approximately $1.70; this cost will, of course, decline as 
the number of throughputs per year increases. Table 52 lists the ocean-going, 
liquid sulphur tankers in service in 1969. 

TABLE 42.    STORAGE CAPACITY OPTIONS RELATED TO CARGO SIZE 

(Long ton») 

Cargo tiu 
(1) 

i itoragt capacity option» 

(3)                  (4) 

25,000 

(S) 

20,000 

(5) 

15,000 15,000 — 

20,000 20,000 25,000 30,000 — — 
25,000 25,000 30,000 35,000 40,000 — 
30,000 30,000 36,000 40,000 45,000 — 
35,000 35,000 40,000 45,000 50,000 55,000 

40,000 40,000 45,000 50,000 55,000 60,000 
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TABLE 44.   TEBMLHAL CAPACITY AT ANNUAL THROUGHPUTS 

(Thousand long tons per year) 

153 

Terminal capacity 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

45 
60 
75 
90 
105 
120 
135 
150 
165 
180 

4x 

60 
80 

100 
120 
140 
160 
180 
200 
220 
240 

*«*«» of throughput 

Sx ' 8x 

75 90 
100 120 
125 150 
150 180 
175 210 
200 240 
225 270 
250 300 
275 330 
300 360 

«x 

120 
160 
200 
240 
280 
320 
360 
400 
440 
480 

TABI* 45.   TERMIN AL SHIPMENT PATTERN • 
SOLID SULPHUB DELIVEBI.S AND SOLID AND LIQUID SULPHUR REDELIVER,« 

(Thousand long tona per year) 

Terminal 

15 
SO 
is 
30 
35 
40 
45 
50 
55 
60 

Four throughput 
volume 

60 
80 

100 
ISO 
140 
160 
180 
800 
SS0 
240 

60 
80 

100 
120 
140 
160 
180 
200 
220 
240 

Liquidtolid distribution 

(A) Proportion tnmsformedlredelivered 
*0% 

12 
16 
20 
84 
88 
32 
36 
40 
44 
48 

80% 

48 
64 
80 
96 
118 
188 
144 
160 
176 
198 

30% 

18 
24 
30 
36 
42 
48 
54 
60 
66 
72 

40% 

84 
38 
40 
48 
56 
64 
78 
80 
88 
96 

60% 

30 
40 
50 
60 
70 
80 
90 
100 
110 
120 

as liquid 

60% 

36 
48 
60 
72 
84 
96 

108 
120 
132 
144 

(B) Balance as solid sulphur redeliveries 
70% 

42 
56 
70 
84 
98 

112 
126 
140 
154 
168 

60% 

36 
48 
60 
72 
84 
96 
108 
120 
132 
144 

60% 

SO 
40 
50 
60 
70 
30 
90 
100 
110 
120 

40% 

24 
32 
40 
48 
56 
64 
72 
80 
88 
0G 
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TABLE 49.    Sou» AM» «QUID SI-LPIH-R TERMINAL: TOTAL CAPITAL COSTS 

Primary »olid 
sulphur Hong« 
(thousand ton») 

Four throughput* per year and proportion* 
redelivered a» liquid sulphur 

(thousand dolían) 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

(a)    20"n      (b)    40 „       (c)    60% 

975 

615 
690 
750 
835 
890 
065 

1,040 

500 
575 
650 
725 
800 
900 
970 

1,030 
1,145 

TABLE 50.   LIQUID SULPHUR TERMINAL: OPERATING COSTS 

Nominal tote»« Aetuni total» 

(thousand long tont) (toni) 

25 
30 

35 

40 

45 

50 

55 

60 

(«) 
ß) 
(a) 
ß) 
ß) 
ß) 
ß) 
ß) 
ß) 
ß) 
ß) 
ß) 
ß) 
ß) 

24,600 
29,700 
29,250 
34,350 
34,740 
43,200 
39,450 
48,700 
44,550 
50,200 
52,950 
58,050 
54,300 
64,800 
58,400 

Operating eest* 
(thousand dollari) 

Fixed' 
72 
88 
113 
110 
121 
95 
125 
99 
132 
103 
133 
139 
105 
143 
108 

Variable4 

48 
48 
48 
48 
48 
48 
48 
48 
48 
60 
60 
60 
60 
60 
60 

Total operating 
tost* 

(thousand dollars per year) 

Steam 

59 179 
71 207 
70 231 
«2 249 
83 252 
103 246 
»4 267 
112 259 
106 286 
110 282 
126 319 
138 337 
129 294 
154 357 
139 307 

A'ofr. Cost dtte retate to 1969 price»and construction/operating condition! In developed countrle«. 

» &A5SSÏÏAVKm 16-fl0'000 ,OBg-ton rsn8e ,hown ,n ub,e "• 
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Chapter 12 

SUMMARY 

The outset of the 1970s presents an opportune moment to take stock of 
both the broad developments that marked the evolution of the world sulphur 
Hit-nation during the previous decade and to make a summary assessment of 
he supply and demand trends that are expected to influence prominente 

the course of events in the next ten vears. 

I960     1969 j.V HETKOSPECT 

In the 1960s there were three distinct phases in the progress of the world 
sulphur industry's operations-the first phase lasted from 1960 to 1063 the 
second from 1964 to 1968 and the third was eonfined to 1969 (but has been 
extended of course, into the new decade). In both the first and third stages 
of the industry« history in this period the situation in world markets was 
characterized by freely-available supply, by the relativelv low level of prices 
and by the build-up of brimstone producers' stocks. In general terms, world 
sulphur demand was adequately covered, and to a greater or lesser extent 
in the various regional  and  continental areas buyers' market conditions 

w^nl-te ^Unng the niÌ^le •,rÌOd 0f th° decade' howe•' the situation 
Has quite the reverse and from 1964 the industry witnessed the progressive 
emergence of a sulphur  shortage occasioned  by the increasingly limited 
availability of brimstone, the principal sulphurous raw material. The advent 
of this period of restricted sulphur supply was accompanied by rising prices 
and   he depletion of world brimstone stocks and, in duYcourse^he wlden^ 
gulf between world requirements and supplies became manifest in rationing 
programmes, the pro-rata allocation of supplies by the producers and in the 
timulus given to the construction of new production capacity, the search 

ertSr PH TS and the CValUati0n °f 8Ub8titUtes f°<Whur in certain fertilizer and non-fertilizer manufacturing or processing operations. 

prodSonZl °f the fu"damcníal
u

chan^. «"»tabi* in the sphere of brimstone 
production and consumption, which were brought about in the world sulphur 

S'uifrr balarT ,first in i963-1964 and then - m»-•»> «tot 
r^ imi and,SCern- CTr from ad^uat* «uPPly to -shortage initiated 

m 1963 and progressively evident from 1964 onward was occasioned by a 
• apid mercase m the rate of growth of world sulphur demand. This boom in 

100 
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sulphur requirements had been anticipated in the mid-1960s but its arrival 
was earlier than expected and it shortly became apparent that world producers 
were unable, over the near term, to meet the surging level of requirements in 
several major markets, notwithstanding the availability of sizable producer 
stocks of bnmstone built up during the over-supply period of the late 1950s 
and early 1960s. The other major turning point in the decade was reached in 
1968 when, for the second year in succession, the rate of growth of sulphur 
demand (particularly the growth of bnmstone requirements) subsided from 
the unusually high rates registered between 1964 and 1966. This decline in the 
rate of demand growth also coincided with a significant upturn in the avail- 
ability of brimstone, particularly from Canada and Poland so that the margin 
by which demand had been exceeding supply was closed effectively from both 
sides of the production/consumption equation. The turn-round in the situation 
signalled m late 1968 became reality in 1969 as world brimstone prices col- 
lapsed to reflect the expectation that the industry was embarking on an 
extended period of excess of supply over demand. 

SUPPLY AND DEMAND DEVELOPMENTS IN THE 1970S 

Comparative analysis of the world sulphur supply and demand projections 
lor the coming decade detailed in earlier sections of the report (see chapters 7 
and 8) suggests that the recently arrived supply surplus will be maintained 
through 1975 and into the late 1970s. On a cumulative basis, the annual 
excess of brimstone supply over demand will have promoted a massive increase 
in the stocks of brimstone producers by 1977-1978 so that although by the 
end of the decade the forecasts show that a deficit situation will have arisen 
the accumulated volume of stocks will be such as to cover the postulated short- 
fall in output for some time. An indication of the growth prospects in this 
respect was the increase of 3.6 million tons in producer stocks in 1968-1969 
which boosted the world total to 7.1 million tons; the latter is not far short 
of the total recorded in 1963. 

Given the increasingly important role which it is foreseen that the world's 
production and consumption of brimstone will play in the development of 
sulphur-in-all-forms supply and demand, it is expected that to an enhanced 
degree in the 1970s the dynamic factor in determining the world sulphur 
situation will be relation between brimstone supply and demand. The growing 
orientation of world pyrite output to captive outlets in the form of the pro- 
ducing countries' domestic markets coupled with the identity between 
Hulphur-m-other-forms production and consumption affirms the likelihood 
that «orld supply and demand of sulphur in forms other than brimstone 
will remain in approximate balance. 

The following tabulations show the basic balances in world sulphur-in- 
all-forms and world brimstone supply and demand that are expected to 
evolve in 1970, 1975 and 1980 (see table 53). 



«'ORMI SI LIMII  K  SI  I'i-I.V  AMI   IIKMAMI   1 »«()       I'JSd 

TABLE 53.    WORLD PROIU-CTION AM, C ovst MI-T.ON OF SI LPHI R-.N-ALL-FOKMS 

AND BRIMSTONE (11)70.  1975,   1080) 

(Million tonfi S) 

Sulphur in-all forms 

Production     
Consumption .... 
Surplus (deficit) . 

Brimstone 

Production     
Consumption  
Surplus (deficit) .. 

"fro /»,-.; mn 

41.1 52. S «2.2 
37.» 4ÍS.3 63.7 

3.2 3.5 (I.Ô) 

22.8 31.7 37.9 
20.2 28.9 40.3 
2.6 2.8 (2.4) 

More detailed supply and demand statistics with balance indications are 
presented at the end of this chapter. 

Supply and demand balance to 1975 

The salient feature of the projected supply and demand balance to 1975 

ii«err-p r   °vgiobai basis the situati°n wi»rem^ »«* «« 
same as it is at present. The balance between all-forms supply and demand 
is expected to show a surplus output of some 3.5 million tons compared with 
the estimated 3.2 million tons of 1970, the corollary being almosUden^al 
growth rates for supply and demand of 5.2 per cent and 5.4 per cent Zr2r 

brimstnl T8- ''i1?*• COndÌtÌOn WU1 apP^ t0 the -lationship Lwecn 
brimstone supply and demand where respective growth rates of 6.8 per cent 
and 7.4 per cent per year to 1975 will slightly advance the margin of excels 
supply in the latter year to 2.8 million tons as against 2.6 million tons in 1970 

The anticipated growth in world brimstone consumption during the short 
term i8 sub8t    ti , and to match ^ ^ ^ ^ abhört 

of the forecast output rate in 1975 (31.7 million tons) will be the growth of 
recovered sulphur production in western Canada, the United States fnd Mexi 

Plh'lhu P    r *°*°^V* the -ability of increased tonnages of 
Polish sulphur m western world markets. The areas from which these lucre- 

«cldl^?r     •     !     W    haVe a 8ÌZable brimstonc exP°rt availability exceeding 0.5 million tons/year in 1975. The degree to which the» surpluse's 
are required may be judged from the growth of brimstone import requirement 

llonTnnT   7 •T? """^ (+ U mÌ1U°n ^/^ «^Ari. (+ U mÎ 
hon tons/year) and domestic demand in the areas with a supply suris 

rn\:n^ahr)AmerÍCa ( + " ""*" <* "* —• E^< + Ä 
New sources of brimstone supply are expected to make a measurable 

contribution to mating expanded requirements; in the ECE area fo examole 
nearly 15 per cent of western Europe's additional demand could be mTby 
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production from the growing recovered sulphur industry in the Federal 
Republic of Germany and the native sulphur mine in Italy'. Output from the 
new Polish native sulphur mine and possib] » Fraseh-type operations in the 
Soviet Union would be equivalent to 40 per cent and (JO per cent of the demand 
growth in eastern Europe and the USSR respectively. The brimstone surplus 
to captive requirements in the Near East recovered sulphur industry will be 
emerging from the UNESOB area and from Iran at a rate of some 0.5 (Iti mil- 
lion tons/year by 1975 and will 1M- moving into deficit legions such as the 
EC A and ECAFE areas. 

Supply and demand balance lo 19S0 

By the end of the 1970s it is envisaged that there will be a modest short- 
fall in world sulphur-in-all-forms demand of the order of 2-2.5 per cent 
corresponding in tonnage terms to some 1.5 million tons (see table 55). With 
world pyrite production exceeding consumption, the shortfall in world brim- 
stone requirements will lie rather more apparent than the margin suggested 
by the all-forms data-about 2.4 million tons representing some (» per cent 
of the estimated consumption level in 1980. 

Reading the present forecast, the crucial aspect of the projections is 
undoubtedly the anticipated decline in the rate of growth of brimstone 
output—the 6.8 per cent per year rate scheduled for 1970-1975 is expected 
to be depressed to some 5.2 per cent per year for the decade. Although a 
downward adjustment of a similar nature is expected in the rate of growth 
of world brimstone consumption, it is unlikely to be as significant—7.1 per 
cent per year for 1970-1980 compared with 7.4 per cent per year for 
1970—1975. In the sense that the forwaid projections of world sulphur demand 
are based on growth prospects in individual and regional markets and of 
major end use products, it is possible to accord a more determinate status 
in that part of the analysis and to conclude that the supply projections arc 
inherently the more seasitive element in the forecast. 

Thus, the apparent deficit in world sulphur-in-all-forms supply in 1980 
must be evaluated in the light of the degree to which production levels can 
undergo fairly rapid adjustment in the short term. It is considered that the 
brimstone supply forecast is subject to several indeterminate factors related 
mainly to recovered sulphur output in Canada and the United States and to 
Frasch sulphur production in the United Siates and Mexico. In the case of 
recovered sulphur, the critical aspects are the timing and extent of energy 
demand trends and pollution controls and, in the Frasch sulphur industry, 
the phasing of the restrictions on output which are expected to be under- 
taken to align production levels with sales volumes and to avoid excessive 
stock accumulations. 

Nonetheless it is believed that the margin by which any one of these 
"sensitive" components of the supply pattern is jiossibly conservative would 

be insufficient to disturb the basic projection of a modest shortfall in brimstone 
supply in the late 1970s. 
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