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SECTiON- 1

DEMAND

World consurnption of sulphur in all forms

has increased in the period 1950 - 67 at an annual

cumulative rate of 6% p.a. to reach 34.1 million

tonnes S. Consumption in the Western World in

this period rose from 11.2 million tonnes S to

26. 6 million tonnes S corresponding to a curnulative

growth rate of 5.2%.

In the period under review 1963-67

three distinct market developments occurred in

the Western World. Early in 1963, after 5 years

of relatively slow growth, world sulphur demand

started to accelerate; during the subsequent

23-years it was boosted by the coincidence of

strong demand growth in several major sulphur/

sulphuric acid use sectors, especially phosphate

fertilizers. From 1966 onwards demand growth

slowed down markedly, principally because of the

build-up of large fertilizer stocks in N. America,

due to over optimistic expectations of growth of

domestic fertilizer demand and AID requirements.

Significantly the recession in sulphur

demand affected primarily N. America and also

Oceania, where adverse climatic conditions and

a fall in the world prices of the major agricultural

products of Australia and New Zealand caused

a stagnation in fertilizer use and output and thus

of sulphur use.

Elsewhere sulphur demand maintained its

rate of growth, and especially in W. Europe

sulphur demand in 1967 advanced significantly,

stimulated by the sulphur requirements of the

fibres industries. In the Communist Countries

of E. Europe sulphur dem and expanded at a slower

rate than in previous years and especially in the

U.S.S. R. it has come within the range of growth

rates experienced in the industrialized countries

of the Western World. Because the increase in

world sulphur dernand was primarily due to

increased sulphuric acid requirernents, the

proportion of esulphur consumed for acid manu-

facture advanced to 84% (compared with 80% in

1963). The requirements of the non-acid

sulphur industries stagnated.



The limitation on brimstone supply was most

severely felt in Asia, notably in India and Taiwan,

and in a small number of other markets such as

Tunisia, Venezuela, S. Africa, which had previously

looked to Mexico as their predominant supply source.

In the U.S. A. , apart from isolated company shortages,

the overall supply met demand. In W. Europe the

limited world brimstone supply did not cause serious

repercussions, partly because of a more modest rate

of increment in sulphur demand, but principally because

of the greater employment of existing pyrites acid

capacity and the expansion of facilities based on sulphur

in other forms, notably 502 in smelter gases, as well

as of anhydrite. The amount of unused pyrites based

sulphuric acid capacity in W. Europe totalled about

11 - 2 million tonnes (100% H2504), although because

of obsolescence of plant and inability to attain rated

output level, the effective margin probably did not

exceed on average million tonnes HZSO4, or million

tonnes 5, This margin was, however, adequate to

satisfy the expanding sulphur requirements in W. Europe

and is reflected in the increased level of pyrites use in

this period. It is, however, significant that while the

sulphur "crisis" and attendant increase in brimstone

prices resulted in an immediate acceleration of new

mine developments and other expansions of fertilizer

production capacity, expansion of pyrites roasting capa-

city was confined to producing countries and, as indicated

above, only one plant, in Belgium, was built in an

importing country. With the possible exception of Japan,

which because of inadequate pyrite mine production

capacity had to import pyrites, mainly from the U.S.S.R.,

not only was the world supply and production capacity of

pyrites adequate to rneet demand, but individual producing

countries and producing companies especially in IV.

Europe had an ample margin between their production

capacity and output, which was kept in line with demand.
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. The main weight of the sulphur demand

boom 1964 - 1966 fell on brimstone. This is not

surprising since the bulk of increased demand

occurred in N. America where over 70% of sulphur

ute is in the form of brimstone and because new

sulphuric acid plants built in this period in

countries dependent on imported sulphur were,

with exceptions, also brimstone based. The

exceptions were the pyrite based sulphuric acid

plant of Produits Ghimiques de Limbourg in

Belgium and the anhydrite acid plant of Solway

Ghemicals Ltd. in the U.K. Apart from this,

new pyrites based acid plant construction occurred

only in pyrites producing countries, notably

Spain, Scandinavia, Italy, Japan, Philippines,

Morocco and W. Germany. The sharp increase

in world sulphur prices also re-stimulated

interest in pyrites in a number of countries

which, although possessing pyrite resources,

had previously tended to look to imported brimstone

to satisfy increasing sulphur/sulphuric acid needs.

Thus in S. Africa, Australia, Taiwan new projects

were initiated but these did not affect the current

consumption pattern, as their completion was not

due until 1968 - 1969. Similarly renewed interest

in new pyrites based acid plants was evident not

only in sulphur importing countries of W. Europe

but also in the U.S. A. The recession in sulphur

demand in the U.S. A. and the new brimstone

supplies in sight, however, caused the U.S. A.

projects to be abandoned, before construction had

even started.

In W. Europe, because of adequate plant

capacity, the need for new plant construction was

not too pressing so that individual projects were

being repeatedly re-evaluated in the light of the

changing brimstone supply/ demand and price

situation.

In 1963 there v,as much unused pyrites based

adid capacity which was progressively being taken up

so that as brimstone became more expensive,

European pyrites acid capacity became fully

employed, while brimstone acid plants were

being underemployed. Also a significant
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part of new acid demand was being met by new

plants based on 502 in smelter gas, the nurnber

of which in this period was fortuitously above

average.

The resultant evolution of world sulphur

demand was as follows:

Million tonnes S

1963 1964 1965 1966 1967

TOTAL 26, 5

Western World 20, 8

Communist Countries 5.7

28.

22.

6.

7

3

7

30.

23.

6.

7

9
8

33.

25.
7.

2

8

4

34. 4

26. 6
7. 8

The pattern of consumption of sulphur in

the various forrns was as follows:-

Western World

B rimstone 11,3 12.5 13.9 15.3 15.5

Pyrites 5. 7 5. 9 6. 0 6. 3 6.7

S in other forms 3. 7 3. 9 4. 0 4. 2 4. 4

Communist World






Brirristone 1. 6 1.9 2.1 2.3 2. 5

Pyrites 3. 0 3. Z 3.3 3. 5 3. 6

S in other forms 1.1 1. 3 1.4 1. 6 1. 7

This corresponds to the following annual

growth rates:

Consumption Percentage increase over preceding_year




1964 1965 1966 1967

Western World: TOTAL 7.7% 7.2% 7.9% 3.1%

Brimstone




10. 6% 11. 2% 10. 1% 
 3%

Pyrites




3. 5% 1. 6% 5. 0% 6. 3%

S in other forms




5. 4% 2. 6% 5. 0% 4. 8%

Communist World: TOTAL 12. 3% 6. 3% 8. 8% 5. 4%

Brimstone




18. 8% 10. 5% 9. 5% 8. 7%

Pyrites




6. 7% 3. 1% 6. 0% 
 9%

5 in other forms




18. 2% 7. 7% 14. 2% 6. 3%



REGIONAL DEMAND

N. America

The abundant brimstone supplies in
N. America, in particular the availability of low-
cost Frasch sulphur in Texas and Louisiana,
and of recovered sulphur in Alberta and the
proximity and export surplus of Mexican Frasch
sulphur, inevitably orient consumption and new
plant construction towards these sources of
sulphur supply.

About 75% of sulphur consumption in the

U.S. A. and about 60% in Canada is in the form of
brimstone, of which in the U.S. A. about 90%
and in Canada 60% is delivered in liquid form to
conumsers plants.

U. S. Frasch sulphur is consumed
predominantly by phosphate fertilizer industry
of Florida, along the Atlantic seaboard and
the U.S. Gulf, and up-river along the Mississippi
and major tributaries. Mexican Frasch sulphur
is imported almost exclusively by consumers in
Florida and those along the Eastern seaboard,
whereas Canadian recovered sulphur supplies

the West coast of the U.S.A., the North Western
States and increasingly the North Central States
where it meets and competes with Frasch sulphur
coming up-river. The additional substantial
U.S. recovered sulphur supplies are mostly used
locally although because of local surpluses,
notably in Texas, the output from some plants is
often railed over long distances to consuming

plants.

Pyrites consumption is almost wholly
integrated, although the largest single consumer
Allied Chemical Corp. depends on imported Canadian
pyrite concentrates bought on long term contracts
and shipped to plants situated at freight favourable locations
in the North Central States. The decline in pyrites

production and use in the U.S. A. is wholly

.5"
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Latin America

Sul phur consumption throughout Latin
Arnerica is predominantly in the form of
brimstone, mainly as the result of the traditional
export pressure of U.S. Frasch sulphur coupled
with the indigenous supplies of refined native
sulphur in most South American countries.
The use of pyrites is confined to a single
operation in Chile where a small tonnage
of flotation pyrites is captively roasted to sulphur ic
acid. Cosnumption of sulphur in other forms is
mainly a reflection of metal smelter activity
and the attendant production of sulphuric acid from
S02 in smelter gases. The utilisation of this
sulphur source is however only a fraction of the
potential, and much S02 continues to be wasted, as
the volume of acid production is circumscribed
by the level of local acid dernand. Of all Latin
American countries only Mexico is wholly self-
suggicient and all other markets import brimstone,
which with few exceptions, supplements domestic
productions of native refined sulphur production
or of recovered sulphur from oil refinery
operations. U.S. Frasch sulphur accounts for
the greater part of imports but increasing quantities
are supplied by France, Mexico and of course,
intra-regional trade of native refined sulphur
mostly from Bolivia and some from Chile.
New projects are based on the use of brirnstone
and only in Brazil has the use of indigenous pyrites
received consideration.

g.



W. Europe

Traditionally a significant proportion of
European sulphur requirements have been met
in the form of pyrites and sulphur in other forms
and brimstone consumption still does not exceed
40% of total use. Since the late 1950's the
growth in pyirtes use has been confined to pyrites
producing countries, although in Italy much of the
growth is attributable more to increased imports
of Rumanian pyrites rather than to increased
domestic pyrites supplies. In importing countries
pyrites consumption has declined and even during
the period of tight world brimstone supplies of
the mid-1960's consumption failed to show a
significant increase mainly due to limitations
of roasting plant capacity and in this period only
one new pyrites roasting plant was installed, i. e.
in Belgiurn based on Iberian pyrites.

The mounting brimstone requirements
of W. Europe are met in the first place by supplies
of recovered sulphur from sour gas in S.W. France
(SNPA at Lacq) and from oil refining and by the
traditional exporters of U.S. and Mexican Frasch
sulphur. Hitherto Canadian recovered sulphur
supplies have played only a negligible part in
the W. European supply pattern, whereas since
1967 Poland has assumed increasing importance.
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Asia

Except in Japan and on a rnuch more
modest scale in the Philippines, the sulphur
consumption pattern in Asian countries is
determined by imported brimstone. Even in
Taiwan where there is a mod est consumption of
indigenous pyrites and of indigenous native
and recovered sulphur, the bulk of sulphur
demand is met in the form of imported sulphur.
In Japan the entire sulphur requirements of
the sulphuric acid sector are met by pyrites
and sulphur in other forms, notably S02 in
smelter gas and sulphur ore for direct use in
roasters. Despite the magnitude of Japan
pyrites mining industry, the second largest
in the world, it is found necessary to import
pyrites from time to time and the substantial
imports in 1966 and 1967 originated from the
U. S. S. R.
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Communist Countries

Sulphur consumption in the Communist

countries of E. Europe and the Far East, which
during the past two decades has expanded at
very high rates of growth mainly due to the low
level of consumption in the immediate postwar period,
remains based substantially on indigenous supplies
of sulphur in various forms.

The abundant availability of pyrites,

especially in the U.S.S, R. , China, and several
E. European countries, has resulted in a use
pattern in which pyrites predominates. There
is also strong emphasis on the use of sulphur in
other forms mainly SO2 in smelter gas and in
E. Germany also anhydrite/gypsum. Brimstone
use is prevalent only in Hungary and has a
relatively important position in Czechoslovakia
and Poland. The brimstone requirements of
U. S. S. R. and s everal Comecon countries
necessitated imports from the Western World,
mainly from Canada and the U.S.A. and to a lesser
extent Mexico and France, and these substantially
exceeded the marginal exports to Western European
markets, notably Scandinavia and Central Europe,
of exports of brimstone from 13, S. S. R. / Poland/ E.
Germany. Brimstone demand within the Communist

Bloc is met by U.S. S. R. and increasingly by Poland.
China's exports, both to E. Europe and some Free World
markets (Japan, Australia, Italy) were temporarily
in evidence in the mid-1960's.

The volume of pyrites trade between Comecon
countries is not significant in relation to total
usage and is mainly represented by Jugoslav and
Roumanian pyrites shipped to Czechoslovakia and

U.S. S, R. pyrites shipped to E. Germany. Of more
significance are the pyrite exports to W. Europe
which until 1968 by far exceeded those of brimstone.
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WORLD SULPHUR SUPPLIES

In 1967 world production of sulphur
in all forms totalled 34. 5 million tonnes,
of which 51. 9% was produced as brimstone,
30.3% as pyrites and 17. 8% as sulphuric
acid (including liquid 502). In the Western
("Free") World the relative importance of
brimstone in the supply pattern is greater,
amounting to 58. 7%, at the expense of
pyrites which represent 27. 5%, whereas
the proportion of sulphur in the form of
sulphuric acid (including 502) is also
17. 8%.

In Table I and II, the supply pattern
is analysed according to the sulphur sources.

Table I

World Sul hur Su 1 - 1967




Million
Tonnes S




Produced and Consumed
in the form of:

Brimstone Other Forms




%




Native Sulphur Ores
of which:

11. 6 33, 6




by Frasch process 9. 1 26. 4 26. 4




by Conventional mining 2.5 7, 2 6. 6 0. 6
Pyrites 10, 6 30.7 0. 4 30. 3
Sulphide Minerals 6 10. 4 + 10. 4
Oil and Gas 6. 4 18. 6 17. 4 1, 2
Sulphates 0. 9 2. 6

- 2. 6
Coal - 0. 6 7 1. 1 0. 6
Other Waste Products 0. 8 4




2. 4




34, 5 100% 51. 9 48. 4%

+ less than 0. 1%







Table 11

Western "Free" World

Native Sulphur Ores
of which:
by Frasch process

Million
%

Produced and Consurned
in the form of:

Tonnes S

9. 6


8. 9

Brimstone Other Forms

37.0


34.2

%

34,2

%

by Conventional mining 0.7 2,8 2,0 0, 8Pyrites
6.5 24,9 0,4 ' 24.5Sulphide Minerals 2,3 8. 9 + 8. 8Oil and Gas 5. 9 22.7 22.1 0.7Sulphates 0.7 2.6




6Coal
0.2 0.8 0.1 0.7Other Waste Products 0.8. 3.1 - 1




26.0 100% .58,7 41,3

+ les s than 0.1%



Evolution of Free World Production

During the period 1950-1967,Free World supplies of sulphur in all formshave increased from 11.2 to 26,0 milliontonnes S, at an annual compound rate ofgrowth of 5.1%. The strong growth ofworld sulphur dernand in the mid 1960'sstimulated Free World sulphur productionwhich has advanced as follows:

Production
Increase over(Million tonnes 5) recedin ear




Million tonnes To1964 21,7
1,59 6. 91965 23.3
1.62 2.31966 24,8
1.52 6.51967 26.0
1,28 5,2

Sulphur production in the Communistcountries, Eastern Europe (including U. S. S, F, )and the Far East, has increased from 1.8million tonnes S in 1950 to 8.5 million tonnes Sin 1967. The rapid economic growth inCommunist countries is also reflected inthe evolution of sulphur produttion andconsurnption.

Free World Communist WorldCountries




(Growth rate % :a.)1950/1960 5,1
7,8 5.31950/1967 5,1

10.3 5.8
1960/1967 5.1

12.1 5.8



Pattern of Free World Sul hur Su 1

The patternof world sulphur supply has undergonethree significant changes in the past 15 years. The
proportion of total world sulphur supply represented bysulphur in pyrites has declined substantially after ashort-lived increase after the sulphur crisis in theearly 1950's; that represented by sulphur in "other"forms after a rapid increase during the 1950'5 hasbeen declining since 1960, whereas the proportion oftotal world supply represented by brimstone, afterdecreasing up to the late 19501s, has since expande,dsharply. These changes of the world sulphur patternreflect primarily the availability and the price levelof brimstone, which to the sulphur user, notably thesulphuric acid manufacturers, is the preferredsulphurous raw rnaterial, mainly because of thesimplicity and relatively low capital and operatingcost of plant in which it is consumed.

The world pattern of sulphur supply haschanged as follows:




1950 1955 1960 1965 1967Production 11.2 . 15.6 18.5 23.3 26,0
(Million tonnes S)






Represented by: (%)
Brirnstone 53.2 49.5 50.9 56.1 58,8Sulphur in Pyrites 32.4 34.4 30.5 26.5 24,3Sulphur in other forms 14.4 16.1 18.6 17.3 16.9

In the evolution of the supply pattern of brimstone,the outstanding features are rapid growth of the shareof recovered sulphur, notably from sour natural gasand oil refinery gases, and the decline of the irnpor-tance-of elemental sulphur refined from mined naturalores, the high production cost of which compared withworld market prices has restricted the output. Thepattern has changed as follows:



Free World Brirnstone Production

in Various Forms

('000 tonnes)




Frasch Sul hur Recovered Native TOTAL

1950 88 6 6 5,9701955 83 11 6 7,7041960 67 27 6 9,4181965 59 37 3 13,1011967 58 38 3 15,271

Brimstone Su liers

In the Free World there are currently 5 majorsources of brirnstone supply, which account for about93% of the total supply of about 14.2 million tonnes.
Frasch sulphur in the U.S.A. 46%Frasch sulphur in Mexico 12%Recovered sulphur in Canada 15%Recovered sulphur in France 11%Recovered sulphur in the U.S.A. 9%



FRASCH SULPHUR

U, S. A.

Sul hur Bearin Dome Structures

Salt dome structures in the U.S. A. in which
sulphur bearing ores have been identified occur in:

The northeast of Texas and Louisiana,
and the States of Mississippi and Alabama.
These occurences do not offer exploitable
resources.

West Texas

The coastal areas of Texas and Louisiana

Off the shores of Texas and Louisiana
including the outer Continental shelf.

West Texas

In West Texas, important new developments
are at present in progress. One production plant
came on stream in February 1968, one in June 1068
and one further structure is being developed. The
latter, in Culberson County, represents reserves,
as reported by Duval Corporation, of over 50 million
tonnes sulphur and exploitation is.due to start in 1970
at an annual rate of 14 million tonnes.

The significance of the West Texas developments
lies in the fact that although sulphur ore does not occur
in dome formation, they are amenable to exploitation
by hot water injection similar to the classic Frasch
process.

Dome Structure in the coastal re ions of Texas
and Louisiana

To date exploitation has, with the exception
of one dome, taken place exclusively in the coastal
region, where some 69 domes have been evaluated
as potential sources of Frasch sulphur.' Of these,
9 are at phsent being exploited and five previously
exploited domes have been reactivated. There are
some 1 or 2 similar domes which may be capable of
being reactivated, 33 domes have been eliminated
either by exploitation or for reasons of unfavourable
geology, and 10 have been exhausted following
exploitation on various scales. Of the remainder,
some 7 are considered to be unfavourable, but the
possibility of their successful exploitation cannot
be excluded. A number of small domes said to number
4-6 have been identified and their exploitation is likely
to be undertaken.



Res erves

There are no official data of either total orrecoverable sulphur reserves in individual domes.Producing companies in the U.S.A. are understoodto refrain from making exact evaluations of totalreserves in view of prevailing tax regulations.The data shown are estimates based on availableinformation.

1.7.3. Sul hur Domes

No.

Estirnate of Reserves


Min. Max.




(million tons)
Domes currently being exploited 14 92 135Domes capable of being
reactivated

1-2 1 10Domes considered unfavourable 7 0 20Domes as yet unexploited 4-6 2 10

Off shore domes





To date three sulphur bearing dome structureshave been brought into operation, i.) Grand Isle (Block 18)exploited by Freeport Sulphur Company;Caminada (Block 16) exploited by Freeport Sulphur Co.;iii.) Lake Hermitage (5 miles off Galveston) by JeffersonLake SuIphur Co. It is evident that with the presentoff shore sulphur mining technology, the nurnber ofeconornically viable operations will be substantiallyfewer than those on dry or marsh land, as the capitalcost of off shore operations postulates Iarge scaleproduction and reserves, whereas on'dry or marshland, small to medium sized domes have been exploitedprofitably. To date some 10-12 off shore domes havebeen prospected for sulphur (including San Luis Pass,25 miles west of Galveston, West Delta Block 30).
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Explorations on the outer Continental Shelf have to
date failed to identify an economically exploitable
sulphur dome structure. Off shore dome

sulphur reserves are estimated at 50-70 million
toones.
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Production and Producers

U. S. Frasch sulphur is the largest source ofworld supply, a position which it attained in the earlyyears of this century when its output passed that ofthe flourishing Italianisicilian suIphur mining industryand that of the pyrites industry on the Iberian Peninsular.Its dominant position in the worId sulphur industry wasimpregnable until. the mid-1950's, and in 195 6 itattained a production peak of 6. 42 million tonnesunsurpassed until 1966. The advent of other majorlow cost sources of sulphur supply, i.e. MexicanFrasch sulphur and large scale sulphur recovery fromsour gas in France and Canada, put an end to the U.S.Frasch sulphur industryrs virtual monopoly in worIdexport markets and also faced it with serious compe-tition in the home market. Statistically this isreflected in the recession of output in the period1957-1964.

U.S. Frasch Sul hur

Production Domestic Exports




Deliveries




1961 5,460 3,555 1,6111962 5,076 3,440 1,5571963 4,959 482 1,5921964 5, 311 313 1,8191965 6,214 4,790 2, 5761966 7,112 5,490 2,3101967 7, 098 820 2, 020

U. S. Frasch sulphur remains the largestsupplier to world export markets, although its importancehas decIined from supplying over 90% in the'early 1950tsto about 35%, due to the increasing share of world tradebeing claimed by its main cornpetitors, Mexico, Canadaand France. The principal market for U.S. Fraschsulphur remains Western Europe, the U.S. exportpattern be-ing as follows:



U.S. Sul hur Ex orts

1964 1965 1966 1967

To




Western Europe 39 54 52 47

Asia 20 15 9 17

Oceania 17 9 14 13

Africa 1 3 5 3

North America 8 6 7 6

South and Central America 12 11 12 14

Communist Countries 3 1 1 +

Producers





Until last year the industry was represented by

four companies:

Free ort Sul hur Com an

The world's largest single sulphur producer,

output from the company's domes in 1966 and 1967

exceeded 4 million tons. The operating domes, all

of which are Iocated in Louisiana, are as follows:

Production 1967 Production

(million tons) Started to date





tons)

Grand Ecaille 1.4 1933 32.6

Garden Island Bay 0.8 1953 7.9

Lake Pelto 0.6 1960 3.2

Grand Isle 1.4 1960 4.6




4, 2 +




+ does not add due to rounding

In February 1968 the company brought on stream

Caminada Dome, about 7 miles off shore, which is

expected to have an annual capacity of at least one

half million tons brimstone.



Texas Gulf Sul hur Com an

Although the company recently diversified its
mining interests into phosphate, potash and non-ferrous
metals, it retains its traditional dominant interest in
sulphur, which is reflected by world-wide exploration
and hoIdings of potentiaI sources of sulphur in various
forms (see Canada, Mexico). In 1966 the company
produced about 2.5 million tons sulphur from the
following operating domes in the U.S.A.




Production 1966

(million tons) Started

Production
to date




(million tons)

Boling (New Gulf) 1.5 1929 61.8
Fannett 0.2 1958 1.9
Gulf 0.1 1919* 12.5
Moss Bluff 0.2 1948 5.1
Spindletop 0.6 1952 6,6




2.5 +




(* Restarted in 1965)





+ total does not add due to rounding

In June 1968 the company brought cn stream
Bullicamp dome, La.: which is expected to have an
annual capacity of about 300,000 tons brirnstone.

Jefferson Lake SuI hur Com an

A subsidiary of Occidental Petroleum Company,
the company has a long tradition of Frasch suIphur
mining and through its subsidiary it is also substantially
engaged in the production of recovered sulphur in Canada.
It operates one dome, Long Point, in Texas, which in
1967 produced about 0.3 million tonnes. Since the
start of operations in 19463 the dome has produced
4.8 million tonnes brimstone.

The company has brought on stream in February
1968 a Frasch plant at Lake Hermitage dome, La.,
which is expected to produce 200,000 t.p.a.

23



Duval Cor oration

The companyrs operating dome, Orchard, is
nearing exhaustion. In 1967 it produced about 0,1
million tons, having since its start-up yielded 5.3
million tons brimstone.

New Frasch sulphur production facilities
have been developed by the company in the Fort
Stockton area, West Texas, where new capacity of
400,000 t.p.a. came on stream early in 1968.
Based on this experience, the company plans to
develop a similar formation in Culberson County,
West Texas with an initial production capacity of
14 million t. p. a.

Sul hur Ex ort Cor oration

Re-established in 1958, Sulexco acts as an
overseas sales corporation for the four traditional
U.S. Frasch sulphur producers and exporters
operating within the terms of the Webb-Pomerene Act.
It is constituted by Texas Culf Sulphur Company (42%),
Freeport Sulphur Company (42%), and Jefferson Lake
Sulphur Company (16%), DuvaI Corporation having
resigned in 1967. Each of the member companies
alIocate its export availability to SuIexco which acts
as the contracting party with overaeas buyers.

In addition to the above named producers,
there are four companies which entered the Frasch
sulphur industry with the object of re-activating and
exploiting suIphur domes which had been abandoned
in the past. Their ability to do this etem'in part
from the availability of new equiprnent (mobile boiler
plants), improved techniques and principally the
higher level of sulphur prices/now prevailing. They
are:
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Union Texas Oil Co., a subsidiary of Allied
Chemical Corporation, which started production in
September 1966 at Sulphur Dome, La., originally
operated by Union Sulphur Company and abandoned
in 1924.

Phelan Sul hur Com an which in October
1966 restearned Nash Dome, Texas, operated until
1956 by Freeport Sulphur Company. None of these
operations has yet come up to expectations, but may
do so if Texas Gulf Sulphur Company's experience at
Old Gulf is any guide.

Hooker Chemical Co. resteamed Bryan
Mound in 1967. Operations abandoned in August 1968,

John Mecom & Co. resteamed Nash Dome in
1967.

Quality

The bulk of U.S. Frasch sulphur is "off-
colour" or "dark", i.e. it contains varying quantities
of bitumen. The only major dome producing "bright
sulphur", i.e. sulphur with less than 0.08% C3 is
Texas Gull Sulphur CompanyTs Boling Dome. Pro-
ducers requiring bright sulphur to meet customers'
needs subject dark sulphur to a treatment process.

Li uid Sul hur

Some 90% of deliveries to U.S. domestic
market, representing about 5 million tons, and about
one quarter of U.S. exports, 0.6 million tons, are
moved in liquid form by ocean going liquid carriers,
barges, rail and road tankers. This mode of t ransport
assumed increasing importance from the late 1950's
onwards. Currently there are about 50 terminal
installations in the U.S.A. owned, operated or used
by U.S. Frasch producers and two - Rotterdam and
Dublin - owned and operated by Sulexco abroad.
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MEXICO 


Salt dome formations

On the Isthmus of Tehuantepec are mineralo-
gically similar occurrences to those on the U.S. Gulf
coast, but their geological structure appears to be
more irregular and indeterminate, which has a direct
bearing on any evaluation of actual or potential sulphur
reserves. Although very large potentially sulphur
bearing structures are known to exist, to date there
has been relatively little detailed drilling exploration
with the result that the margin of error in evaluating
sulphur resources of Mexico could be very large.
Of the areas explored to date, about 5% have been
proved to be productive.

An estimate of reserves of recoverable sulphur
is therefore subject to a wide margin of error:

Mexican Sul hur Domes

Domes currently being

No. of

Estimate of Reserves
(million tonnes)

Min Maxdomes





exploited 2 30 50

Other identified dome
formations 4 10 20

Other formations




10 200

Production





The sulphur formation on the Isthmus of
Tehuantepec was identified and explored by the Brady
Brothers in the 1940's. Sulphur prodUction started
in 1954 abd to date five companies have developed and
exploited individual dome formaticns. Of these, three
cornpanies are active today, one failed due to lack of
adequate reserves, and the fifth did not progress
beyond intermittent preliminary operation of the dome
which may, however, be resumed by another company
with better plant in the near future. In addition there
are 12 companies, all at least 66% Mexican owned,
engaged in exploration, having obtained concession
areas from the Government.

26



As indicated below, domestic deIiveries to date
account for less than 9% of total shipments and Mexican
Frasch sulphur is destined primarily to the U.S.A.
which accounts for about one hall of total deliveries,
and to worId markets, notably the major markets in
W. Europe and Oceania.




Production Domestic Exports




Deliveries




('000 tonnes)

1961 1,173 35 1,148
1962 1,374 55 1,324
1963 1,480 92 1,468
1964 1,648 122 1,884
1965 1,592 102 1,556
1966 1,650 139 1,6,30
1967 1,824 155 1,649

Producers

Cia. Azufrera Panamericana

Operates the Jaltipan dome, which is within a
concession area of 7,500 acres. Production in 1967
totalled 1.5 million tonnes, dome production started
in 1954 and output to date is 11.7 miIlion tonnes. To
meet the requirements of the Mexican Government,
the company in the past two years has been engaged
on an intensive exploration programme, and has
proved some 25 million tonnes sulphur reserves.

In 1967 the Mexican Government and Mexican
private investors purchased from Pan Am&rican
Sulphur Company (PASCO), 66% of the share capitaI,
at the same time appointing PASCO, which retains
34% of the capitaI, as managing and operating consultants.

Gulf Sul hur Cor oration (Division of Gulf Resources
and Chemical Corp. )

This U.S. company, through its subsidiary
Cia. Azufrera de Veracruz, operates the Mezquital
dome. Production in 1967 totalled about 0.3 million
tonnes, and since its start-up in 1956, the dome has
produced about 3.3 million tonnes brimstone. The
company has developed reserves on the adjacent Salinas
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dome, and exploration is on the point of starting,
using the existing plant at Mezquital which has been
expanded. Mexicanisation of the company is irnminent,

3, Cia, Ex loradora del Istmo

As a wholly-owned subsidiary of Texas Gulf
Sulphur Co, , this company operated from 1957 to
1960 the Nopalapa dome, producing about 0.3 million
tonnes which is stockpiled in a vat at the mine site.
In 1967 Texas Gulf Sulphur Company formed a new
company, of which 66% is owned by the Mexican
Government and Mexican investors, and resumed
Frasch sulphur production at Nopalapa. Plans to
install a 500, 000 t.p. a. Frasch plant on the
company's Texistipec concession are expected to
be deferred until the mid 1970's.

Azufrera Anahuac

The company formed by International Helium
Company (34%), in association with Mexican interests
holding 66% of the share capital, plans to install a
Frasch plant with 400, 000 t.p. a. capacity at the
Texistipec dome which has been previously deve-
loped and operated for a short period,

Mexican Gulf Sul hur Co.

This company exploited San Cristobal dome
from 1954 to 1957, producing 160,000 tonnes.
Operations ceased due to inadequate reserves and
lack of capital to explore further within the concession
area,

Quality

All Mexican Frasch sulphur mined to date is
"dark" sulphur containing up to 0,3% C, riormally
0.15 - 1.25% C. Part of the production of PASCO is
subjected to an acid treatment and filtering process
resulting in a product containing less than 0.08% C.
and in future all solid sulphur for export will be of
this quality.



Li uid Sul hur

All three producers supply liquid sulphur in ocean
going carriers to terminals in Tampa, Fla. and the
Atlantic Seaboard and PASCO also ships to a terminal
at Immingham, U.K.

Legislation

Under Mexican Mining Laws of 1960, companies
engaged in mineral mining must be more than 50%
Mexican owned. In the case of sulphur mining com-
panies established after 1960, the proportion of share
capital held by Mexican nationals must be at least 66%.
This law did not apply retrospectively but is being
applied in respect of newly formed companies or newly
issued concessions.
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POLAND

The devel oprnent of hot-water injection
process similar to the Frasch process, has
permitted the exploitation of some of the Polish
sulphur structures by this method, notwithstanding
that these are not sulphur domes.

Since 1966 when pilot plant operations
started, two deposits are now being fully exploited -
Grzybow and Jeziorko - and two further deposits
are being developed. Production level in the
second half 1968 was about 1,200 tonnes per day
and 900/1,000 tonnes per day. (Statistical details
are included under the section on conventional
sulphur ore mining/refining. )

S. S. R.

Recent reports indicate that the Russians
are also employing a hot-water injection process
at their deposits in the Ukraine,. which are an
extension of the Polish deposits. No details on
production levels are known, but recently Russian
"Frasch Sulphur" has been offered in W. European
markets.
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At the vast oil and gas fields in the Near East,
exploitation is on the point of being started. To date,
all sources of recovered sulphur other than sour
natural gas operations are individuaIly small and
scattered and therefore serve no more than a local
rnarket, whereas the former represent major
sources of supply. The potential scope of sulphur
recovery from crude oil will be discussed under
"Future Supply".

France

Societe Nationale des Petroles d'A uitaine

The company which is 53% owned by the French
Government, operates the world's largest single
sulphur recovery plant, based on sour gas, at Lacq,
S.W. France. Production in 1967 totalled 1.64
million tonnes. Since the start of production in 1957
the company has produced about 11-1 million tonnes
brimstone.

The company is constantly engaged in expIo-
ration in France and abroad in respect of oil and
gas, and in Mexico (see above) its subsidiary has
been granted an exploration concession on a sulphur
dome formation which the company plans to develop
for operation by the Frasch process, if adequate reserves
exist.

The company's sulphur output at Lacq is
transported in Iiquid and as dry bulk sulphur by rail
to consumers in France, and also some 60 miles to
the Port of Bayonne where the company has storage
and loading facilities for liquid and dry bulk sulphur.
It also owns sulphur terminaIs at Rouen, Rotterdam
and Immingham.




Production Domestic Exports




Deliseries




(1000 tonnes)

1961 1,108 367 564
1962 1,356 356 529
1963 1,418 471 1,010
1964 13518 538 967
1965 1,533 603 968
1966 1,530 698 881
1967 1,636 681 1,010



Production of sulphur is at or slightly in excess of
rated gas treatment and sulphur recovery plant
capacity so that the mounting requirements of the
French industry are diminishing the export capa-
bility of SNPA.

For logistic reasons, the company's main
market is in W. Europe and the Mediterranean
countries, the export pattern being as follows:




1964 1965 1966 1967
Western Europe 86% 84% 89% 80%
Africa 9% 13% 8% 10%
Asia 1% 1% 2% 5%
Communist countries 3% 2% 1% 3%
Central & South America 1%




2%

Canada





The development and exploitation of the sour
natural gas resources of W. Canada, in particular of
Alberta, which started on a small scale in 1954 and
acquired mornentum from 1959 onwards, has resulted
in recovered sulphur production reaching 2,2 million
tonnes in 1967. This is produced from 20 plants in
Alberta, 1 in Saskatchewan and 1 in British Columbia,
with capacities ranging from 7 to 15,000 tons per day.
In 1965 employment of plant capacity of some 2,4
million t.p.a. was about 65%.

The principal producers are as follows:
Shell Canada Limited
Texas Gulf Sulphur Company
Jefferson Lake Petrochemicals Limited
Gulf Oil Canada Limited (formerly British American Oil Co.)In addition American Oil, Canadian Superior and Hudson

Bay are becoming major producers, their new plants
contributing substantially to the overall recovery
capacity expansion, and are adding to the nurnber of
major suppliers to the North American and Overseas
export markets.

Deliveries are made as dry bulk sulphur and
increasinglyin liquid form by rail direct to consumers
in Canada and the U.S. A. For overseas export through
Vancouver where two forwarding companies operate
terminals, deliveries are in unit trains of solid sulphur.






Production Domestic Exports




Deliveries




(1000 tonnes)

1961 492 197 1981962 10,051 259 3631963 302 395 7451964 1,496 432 1, 1741965 1,615 504 1, 3641966 1,720 462 1, 3361967 199 533 1,677

In parallel with the growing home market inwhich W. Canadian suppliers have extended theirmarkets eastwards, into Ontario and even Quebec,sales to U.S.A. continue to expand and to account forover one hall of total exports. Amongst overseasmarkets, the freight favoured Pacific area is themost important outlet for W. Canadian sulphur whichshows the following export pattern.




1964 1965 1966 1967
Western Europe 9%. 7% 6% 3%North America 49% 47% 53% 45%Central and South America 3% 3% - 1%Asia

11% 12% 11% 24%Oceania
15% 16% 18% 17%Africa
4% 7% 7% 4%Communist countries 9% 8% 5% 6%

U.S.A





There are some 90 sulphur recovery plants inthe U.S.A. with an aggregate cat,acity of just under 2million t.p.a., 46% based on sour gas, and 54% onoil refinery and other industrial gases. The outputof these plaits is marketed independently by eachproducer and sold almost exclusively in the U. S. A.In 1967 about 12% of the total output was exportedthrough merchants largely because of high worldmarket prices.






Production 1000 tonnes

1961 894
1962 937
1963 986
1964 1,064
1965 1, 237
1966 1,275
1967 1, 335

Other

Sulphur recovery plants attached to oil
refineries and other industrial plants throughout the
world, those associated with sour natural and well-
head gas, notably in Mexico and Saudi Arabia, and
the pyritic smelting plant of Outokumpu Oy in
Finland, produce about one half million t.p.a,
brimstone, of which all but about 3% is consumed
within the country of origin.




Production 1000 tonnes)

1961 528
1962 501
1963 480
1964 519
1965 553
1966 619
1967 657

The failure of recovered sulphur production to maintain
earlier growth rates is attributable to the greater use
of sweet crudes, notably in European oil refineries and
to the cessation of pyritic smelting by the drkla process
first in Norway (1962) and then in Portugal (1963), while
operations in Spain ceased in 1965.but resumed in 1967-.



REFINED NATIVE SULPHUR

World production of refined native sulphur in

1967 totalled 0.52 million tonnes, originating mainly

from Japan (0.26 million tonnes), South America

(0.15 million tonnes), and Italy/Sicily (0.1 million

tonnes). Although Italy/Sicily and Chile have in the

past supplied to export markets, currently the

entire output of native sulphur, with the exception of

that in Bolivia which is exported to neighbouring

countries, Js consumed in the country of origin.

Adverse economics of mining and refining

and high transport costs in respect of the usually

inaccessibly located native sulphur ore deposits

exploited by conventional mining taniques have

prevented this source of sulphur being exploited to a

greater extent under prevailing conditions of world

supply and prices. At a nurnber of deposits, econo-

mically viable exploitation may be warranted in

future. The exploitation of similar deposits in

Poland and the U.S.S.R., where annual production

is currently about one half million tonnes and 11

million tonnes respectively, points to the merits of

large scale operations.




Free World Production '000 tonnes

1961 587

1962 555

1963 486

1964 464

1965 445

1966 480

1967 522



POLAND

'000 tonnes




Production :Exports

1963 235 124
1964 304 151
1965 436 241
1966 477 272
1967 700 404

The entire output originates from the
Piaseczno opencast mine near Tarnobrzeg.
Opencast mined ore is subjected to flotation
and the concentrate is purified in filter presses
to yield a 99. 2 - 99. 6% product. Annual
capacity is 500, 000 tonnes brimstone.
A second opencast mine, Machow, is at an advanced
stage of development and will.come into production
in Spring 1969 with a capacity rising to 800,000
t. p. a. brimstone.

U. S. S. R.




'000 tonnes

Exports+Production*

1963 950 104
1964 1125 81
1965 1300 152
1966 1500 220
1967 1550 206

The principal source of supply is the
Rozdol mine in the Ukraine. Small quantities
up to 70, 000 t. p, a. are still believed to be
produced in Kazakhstan from where until
1957 all Mined/refined sulphur originated.
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PYRITES

Just over one quarter of the Free World sulphur

supply or nearly one third of total world sulphur supply

- underlining the major part played by pyrites in

the sulphur supply pattern of the Communist countries

of E. Europe and the Far East - is represented by

sulphur in pyrites and pyrrhotite. In 1967 Free World

production of sulphur in pyrites was 6.32 million

tonnes S. This originated from:




Western Europe 57%

North America 12%

Rest of World 31%

Pyrites production in Communist countries was 3.89

million tonnes S in 1966 and 4.11 million tonnes in

1967.

An analysis of the world supply of pyrites

discloses two distinct aspects:

	

1. Origin:

Pyrites mined as the primary product

irrespective of its grade in relation

to commercial ortechnical qualitative

requirements.

Pyrite concentrate arising as co:

product or by-product in beneficiation

processes of other - usually non-

ferrous metal sulphide-ores.

	

2. End use:

(a) Whether or not the mine production

is integrated with consumptidn.

This can be identified most commonly in respect

of individual companies and accordingly for industry

sectors. On a national scale where the use of pyrites

is promoi.ed Within the framework of economic policy

the only clear cut example is to be found in Spain.



It is, however, evident that in countries where there
is a significant national production of pyrites and a
dependence on imported brimstone, the benefit of
security of sulphur supply tends to outweigh any
adverse cost comparison with brimstone. In
some instances, e.g. South Africa, pyrites are
in any case the cost-favoured material. In others,
e.g. Australia, the cost factor - accentuated by the
geographical distribution pattern of the sulphur
using industries, has so far severely restricted the
use of indigenous pyrites.

Origin 


Of the current Free World production of
pyrites of about 6.32 million tonnes S, approximately
two thirds is represented by pyrites mined as
primary product and supplied as crude pyrite failing to
conform with commercially or technically acceptable
standards, as washed pyrite or concentrate.

The principal sources of this type of supply
are:

Countr of ori in

W. Europe:

Estimated su 1
1967 (000 tonnes)
S content

Primar rite as
proportion of
total output




Spain 1100 95%
Portugal 242 100%
Greece 100 100%
Italy 575 95%
Norway 200 70%
Cyprus 150 35% (1 company)
France 37 100%
Turkey 54 100%

Rest of world:




Morocco 108 100%
Rhodesia 30 100%
Japan 1030 75%
Australia 59 45%
Taiwan 13 100%
S. Africa 54 25%



The balance, corresponding to about 4 million
tonnes product, is represented by co-product and by-
product material arising as follows:

Countr of Ori in

W. Europe:

Estimated su I
1967 (,000 tonnes)

S content

Cyprus 300
W. Germany 280

Norway 90

Finland 97
Sweden 230

Rest of World:




Algeria 25
S. Africa 163
Chile 7
Philippines 73

Japan 350
Australia 71
U.S.A. 361

Canada 434

Remarks  (arising in
connection with the
following mine
products)

Copper concent rate
Zinc concentrate,
iron ore.
Copper & zinc
concentrates, iron ore
Copper concentrates
Copper/lead/zinc conc.

Iron ore
Gold ore/uranium
Copper concentrates
Copper & gold concen-
trates.
Copper/zinc concentrate
Copper concentrates
Copper/zinc/lead/ moly-
bdenum concentrates.
Copper/lead/zinc concs.
and nickel ore.

With few exceptions, the cost of pyrites mined as
primary product reflects the value of its sulphur content
as well as that of the iron and non-ferrous metal content
of the residues which have to be valorised to enable the
producers to get an adequate return on capital. Whether
the producer retains a title to the residue, selling only
the sulphur value to the sulphuric acid manufacturer, or
whether the user pays the all-values price for pyrites
and recoups the residue value is not relevant.

In the case of co-product pyrites concentrates,
representing the tailing of non-ferrous metal sulphide
ore which has been beneficiated for its non-ferrous metal
content, much if not all the cost of mining and treatment
has been covered by the producer enabling him to cost



1).

, ,1),11.:,

, .

rICrIU

rt

.creb., the -.11;:c Dl ZJI.0 Irull :L.c.tchic

. 11",

t,

3,3

)1.11:



In Japan and especially in Spain, the integration

between pyrites production and end use has been

promoted by Government policy, with the result that

in both countries pyrites has continued as dominant

sulphurous raw material. In Japan this has been aided

by the traditionally large proportion (about 70%) of
the pyrites output owned or controlled by the large

chemicals/sulphuric acid manufacturers, whereas in

Spain this aspect has been strengthened by the inegration

at company level of pyrites output by Cia. Rio Tinto Ltda.
with its own pyrites based sulphuric acid plant(s).

World Production and Ex orts

Free World producers of pyrites total 22 of

whom 12 are also exporters, but only 6 effect annual

exports in excess of 50, 000 tonnes S-equivalent, i. e.
Spain, Cyprus, Norway, Canada and Portugal and Turkey'.

In the Communist countries (including Cuba) there are 10 producers
of whom 4 are exporters, but only the U.S. S. R. and Yugoslavia
are significant.

World production of pyrites is as follows:

1960 1963 1964 1965 1966 1967
(million tonnes S content)

Free World countries 5. 65 5. 47 5. 82 6. 17 6. 24 6. 32

Communist countries 2. 48 3. 21 3. 43 3. 62 3. 89 4. 11

8.13 8.68 9.25 9.79 10.13 10.43 




Of the total world pyrite production of
about 23. 5 million tonnes product(10. 4 million
tonnes S) in 1967 only 5 million tonnes (21. 4%)
was exported, represented by exports of about
3 million tonnes (1. 38 million tonnes S) from
Western World producers and about 2 million
tonnes from Communist countries including
about 1.3 million tonnes (0. 5 million tonnes S)
directed to Western markets.

1963




1964




1965




1966




1967

1607. 6 1665. 4 1638. 9 1520. 4 1376. 7

197. 1 203. 3 206. 6 192. 6 183. 8

661. 6 623. 7 687. 3 868. 1 874. 2

442. 3 337. 6 321. 4 459. 9 335. 6

2269. 2 2289. 1 2326. 2 2388. 5 2250. 9

669. 4 570. 6 528. 0 652. 5 519. 4

World P rites Trade


(1000 tonnes S)

Western World
Exports:

of which to markets
outside W. Europe:

Communist exports:
of which to markets
outside W. Europe:

Total Exports:
of which to markets
outside W. Europe:

The seven major pyrites exporters identified
above exported in 1967 some 213 million tonnes S or
94% of total world pyrite exports. Of the major
European exporters Spain exported about 30% of
its production, Cyprus 100%, Norway about 60%,
Portugal about 45% and Turkey about 90%. In
Canada rising production and static exports has
resulted in the progressive delcine of the ratio to
under 40%. U.S. S. R. exports a growing proportion
of its pyrite output - 32% in 1967. Yugo'slavia

declined sharply in 1967 while production has
remained static so that the production/ exports
ratio has declined from 80% in 1963 to 22% in 1967,
without, however, a compensating growth of
domestic usage.

1+3



The bulk of world trade originates in
W. Europe and is directed to markets in W.
Europe. Exceptions are as follows:-

Canada to U.S. A. (and intermittently to
Taiwan) at an annual level of 160/170,000
tonnes S.

Deliveries within the Communist Bloc,
(notably to E. Germany, Cuba) at an annual
level of 300,000 tonnes S.

Exports from W. Europe to Africa at
an annual level of 10/15,000 tonnes S.

Exports to Japan by the Philippines and
the U. S. S. R.
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"OTHER" SOURCES OF SULPHUR

The principal tother' forms of sulphur supply
are non-ferrous smelter gases, anhydrite/gypsum,
spent oxide and hydrogen sulphide, other than that
converted to recovered brimstone. In addition there
is low grade sulphur ore used tel quel in sulphuric
acid production and as soil conditioner, sulphur
filtercake, sludge acid arising at oil refineries,
ferrous sulphate and the sulphur content of ammonium
sulphate recovered as by-product in chemical refining
of sulphide ores.

As shown above, other forms of sulphur
account for more than one sixth of current Free
World production and consumption of sulphur in
all forms.

The importance of other forms of sulphur is
indicated in the following table which shows the
proportion of total sulphur consumption for sulphuric
acid manufacture in the main countries concerned.




Sul hur in other forms as
% of total sul hur used in
FIZSO4 production

Austria 47%
Belgium 3Z%
Finland 86%
France 13%
W. Germany 19%
Italy 9%
Netherlands 8%
Spain 8%
Sweden 11%




31%
Australia 2.3%
Japan 36%
Canada 56%




13%



0£ the total output and use of 44 miIlion tonnes of sulphur
in forms other than brimstone and pyrites, about 87%
arises as sulphuric acid and the balance in other forms
(liquid S02 or S02 gas stream, ammonium suIphate,
ground sulphur ore). An analysis by the source of
sulphur shows the following pattern:

in Srnelter gas (Sulphide Ores)+ 52%
in Sulphates (Gypsum and Anhydrite) 16%
in Coal (spent oxide H23 not converted

to brimstone) 4%
in Sulphur Ore (not produced as or refined

to brimstone) 7%
in Hydrocarbons (other than recovered

as brimstone) 5%

Waste Products: Ferrous suIphate (ex Ti02
manufacture and steel pickling)

iTo

Sludge Acid (ex Oil refining) 15%

Waste acid (ex chemical
plants)

+ Chemical refining of sulphide ores at present accounts
for less than 4%.

Production - Sul hur in other forrns

(million tonnes S)

1960 1963 1964 1965 1966 1967

3. 52 3. 67 3. 87 3. 93 4. 23 4. 38

0. 55 1. 13 1. 32 1. 40 1. 61 1. 69

4. 07 4. 80 5. 19 5. 33 
 84 
 07



Re ional Anal sis of Sul hur Production

W. Europe:

The sulphur production pattern in W.
Europe has been traditionally dominated by pyrites,
although the advent of sulphur recovery from sour
natural gas in S. W. France in late 1950's, which
more than compensated for the decline of the
Italian/Sicilian sulphur ore mining/ refining industry,
has also given W. Europe a substantial indigenous source
of brimstone. This is supplemented by brimstone
recovered at oil refineries and from pyrite, which
since the Orkla processes ceased to be operated in
Norway, Portugal and Spain, is confined to marginal
tonnages of sulphur recovered by the Asarco process
in Spain and the growing output by Outukumpu in Finland.
Also important in the W. European sulphur supply
pattern is the production and use of sulphur in other
forms, notably of anhydrite/gypsum for sulphuric
acid and ammonium sulphate production and of SO2
in smelter gases which is recovered as sulphuric
acid.

Production (million tonnes S)


1964 1965 1966 19671963

Pyrite 3. 31 3. 46 3. 67 3. 56 3. 51
Brimstone Lacq 1. 4Z 1. 52 1. 53 1. 52 1. 64

Other 0. 43 0. 42 0. 42 0.38 0. 44
Sulphur in other forms 1. 62 1. 61 1. 59 1. 60 1. 67

6. 78 7. 01 7. 21 7. 06 7. 26

It will be seen that during the period under
review pyrites accounted for about one-half (ranging
from 48% - 51%) of total W. European sulphur
production, brimstone for just over one-quarter
(27% - 29%) and sulphur in other forms for just
under one-quarter (22% - 24%).



North America:

In view of the abundant and varied sources
of brimstone, sulphur supply in N. America is
predorninantly in this form and, in addition to
meeting the bulk of domestic demand, N. Arnerica
is the principal source of brimstone supply to
world markets. This applies in particular to
the U.S. Frasch industry which until the
mid-1950's accounted for over 90% of world exports, .
but whose share of world trade has progressively declined
under the competitive impact of Mexican, French,
Canadian and most recently, Polish brimstone
exports. The N. American brimstone supply
capability is much strengthened by the expanding
production capacity of sulphur recovered from
sour gas in Canada and to a lesser extent of sulphur
recovered from sour gas in the U.S. A. and from
H2S extracted from petroleum fractions at oil
refineries. The level of pyrite production in
N. America is increasing progressively as the
result of the rising use of pyrites in Canada.
The entire Canadian output and the bulk of the
U.S. output is represented by by-product and
co-product pyrite concentrates arising in con-
junction with non ferrous metal sulphide ore
treatment. Formerly a significant exporter to
W. Europe, notably U.K. , Canada at present only
exports to U.S.A. and intermittently small quantities
to the Far East, notably Taiwan. U.S. pyrite
production which increased modestly up to 1966
has since then receded.

Production of sulphur in other forms in the
U.S. A. in represented primarily by SO2 in smelter
gases which is recovered mainly as sulphuric acid
with a small proportion as liquid S02, and by acid
sludge from oil refineries which is burnt to SO2
for virgin sulphuric acid production. In Canada the bulkof the output is in the form of S02 in metal smelter
gases.



Production (million tonnes S)




1963 1964 1965 1966 1967

Frasch Sulphur 4.96 5.31 6. 21 7.06 7.07

Recovered sulphur:





U. S. 0.99 1.06 1.24 1.27 1.34
Canada 1.35 1.56 1.68 1.83 2.28

Pyrites 0.64 0.67 0.72 0.76 0.80

Sulphur in other
forms 1.24 1.30 1,38 1.42 1.38




9.18 9.90 11.23 12.34 12.87

Brimstone production accounts for an
increasing proportion of total N. Arnerical sulphur
supply, having risen from 80% to 83% in the past
5 years. Pyrites production accounts for about
7% and sulphur in other forms about 11-13%.



Latin America:

Except for the production of Frasch sulphur
in Mexico, there are no significant sulphur supply
sources in Latin Arnerica, although there is a
substantial potential represented by volcanic sulphur
deposits extending the full length of the Andes, which
are exploited on a small scale in Columbia, Chile,
Argentina, Bolivia and imminently in Ecuador, as
well as a number of sedimentary deposits in Central
America, e. g. Guatemala, Costa Rica, Venezuela.

Production of recovered sulphur is based on
a small sour gas operation in Mexico and a number
of oil refinery operations notably in the Caribbean,
where large scale expansion is however imminent.

Pyrites production is negligible and confined
to a small captive utilization of pyrite concentration
at a copper mine in Chile. Potential production in
Brazil is however substantial.

Output of sulphur in other forms is representedpredominantly by the use of S02 in rnetal smelter gases,

1963 1964 1965 1966 1967




tonnes S)




Brimstone:





Frasch 1.48 1,65 1,50 1.64 1.82
Recovered 0.08 0.08 0.08 0.07 0.08
Native/ refined 0.12 0.12 0.12 0.14 0.19

Pyrites





Sulphur in other forms 0.07 0.08 0.08 0.08 0.09

1.75 1.93 1.78 1.93 2.18

+ less than 10,000 tonnes p. a.

So



Africa:

Except for marginal recovered sulphur
production in Egypt and S. Africa, there is no
brimstone production in Africa. Production of
pyrites in Morocco and S. Africa is substantial
and there is relatively small-scale output in
Rhodesia and Algeria. Production of sulphur
in other forms is almost entirely based on S02
in metal smelter gas in South Africa, Zambia
and Congo.

1963 1964 1965 1966 1967

(million tonnes S)

Brimstone + 0.01 0.02 0.02 0.02

Pyrites 0. 22 0. 26 0.26 0.27 0.3,6

Sulphur in other forms 0.06 0. 06 0. 06 0.12 0.16

0.28 0.33 0.34 0.39 0.54

;
,

1



Asia:

Brimstone production is represented
primarily by the Japanese sulphur ore mining/
refining industry. The low level of recovered
sulphur output at various oil refineries is being
boosted substantially by a major expansion of
capacity in connection with desulphurisation of
fuel oils, as an air pollution abatement measure.

The only pyrites producers in Asia are
Japan, Taiwan and Philippines of whom Japan
is the second largest producing country in the
world next to the U.S. S. R.

The large output of sulphur in other forms
is mainly attributable to the utilisation of S02 in
metal smelter gas in Japan.



Oceania:

The only production of sulphur in this
region is in Australia. The small scale
brimstone output is recovered at oil refinieries.
Pyrite production has declined. Despite the
large potential supplies of pyritic tailings
arising in connection with metal sulphide ore
treatment, pyrite production is relatively
small. At the end of 1967 the only West
Australian producer ceased production. The
nonferrous metal smelters give rise to a sig-
nificant utilisation of S02 in smelter gas.




1963 1964 1965 1966 1967




(million tonnes S)




Brimstone




0.01 0.02 0.02 0.02
Pyrite 0.09 0.10 0.09 0.11 0.13
Sulphur in other

forms: 0.11 0.12 0.13 0.13 0.13




0.20 0.23 0.24 0.26 0.28

_53



Communist Countries:

There are no authoritative data available
on sulphur production in the U.S. S. R. and China.
The production estimates in these two countries
take account of the apparent domestic S-requirements
and of exports which can be accurately identified.

Brimstone production in the Communist
countries of East Europe and the Far East is
represented by the large scale sulphur ore mining/
refining operations in U.S. S. R. and Poland, and
to alesser extent in China, and the recovered
sulphur production based on coke and town oven
gas in the U.S.S.R. , E. Germany, and, it is believed,
in China, on natural gas in the U.S.S. R. and on oil
refinery gas in the U.S. S. R. and most E. European
countries. Since 1966 the "Frasch" sulphur production
in Poland has increasingly contributed to brimstone
output and it is reported that this process has recently
started to be used in the U.S.S.R.

Pyrites are produced in all Communist
countries except Hungary. In the U. S. S. R. , the
largest producer in the world, the bulk of the
output, especially that available for export, is
represented by low cupreous fines and flotation
concentrates, while cupreous pyrites are considered
to be an integral part of the non-ferrous metal
industry which gives rise to a substantial output
of 502 in smelter gases which is recovered as
sulphuric acid. With the exception of Yugoslavia
and Cuba, none of the other Communist countries
have a pyrites export potential. Yugoslavia has
pyrite concentrates in excess of domestic demand
and in Cuba copper pyrite production is capable of
expansion.




1963 1964 1965 1966 1967




(million tonnes S)




Brimstone 1.47 1.76 2.12 2.37 2.70

Pyrites 3.21 3.43 3.62 3.88 4.11

Sulphur in other
forms 1.13 1.32 1.40 1.61 1.69




5.81 
 6.51 7.14 7.86 8.50



WORID I3RIMSTONE TRADE

Up to the mid-1950's the U.S.

Frasch sulphur industry dominated world

brimstone trade, accounting for over 90%.

With the advent of Mexican Frasch sulphur

and soon after, French and W. Canadian
recovered sulphur production , the number

of suppliers to world markets had increased

to four and as a corollary, compeition in

the importing countries sharpened, culminating
in the "price war" of 1957-1963. Apart from

4• the U.S. A. itself, which rapidly became the

world's iargest single irnporting country and

the main market for Mexican Frasch and

Canadian recovered sulphur, the "Free"

World's main importing region was and

still is, W. Europe. Imports elsestere

have risen, but the relative importance of

the importing regions has not changed much,

with the possible exception of Asia, where

India's import requirements are progressively

making themselves felt. It should be

added that the 1967 export pattern is distorted in

relation to actual demand, because of the
substantial tonnages which were delivered

inte consumeri' stockpiles, notably in India,

Taiwan and Australia/New Zealand.

Changes in the world export pattern

have been as follows:-

Brimstone Ex orters'

Total World Ex orts
(million tonnes)

Share of World Markets

1960 1965 1967

3. 85 6. 81 7.07





47% 35% 31%

France 11% 14% 14%
Mexico 32% 24% 2 3%

W. Canada 3% 20% 24%

Other Free World 3%




2%

Communist countries 4% 7% 6%

* less than 1% r

ss.



Brimstone Ex orts b Destination




1960 1965 1967

TOtal World Ex orts

(million tonnes)

3.85 6.81 7.07




N. America 19% 24% 23%
W. Europe 39% 39% 36%
Australasia 9% 9% 11%
Asia 7% 9% 15%
Africa 6% 7% 5%
Latin Arnerica 6% 5% 6%
Communist countries 4% 7% 4%

In the light of new developments of supply
sources and demand growth significant
changes in world trading patterns are anticipated.

North America

Despite the envisaged increase
in brimstone supply in North America
nearly 6 million tonnes between 1967 and
1975, the volume of the nett export surplus
is only expected to increase marginally
from 2.4. to 2* million tonnes.

W. Europe

Nett brimstone import requirements
are expected to increase from 1,4 million
tonnes in 1967 to about 3f million tonnes
in 1975. Peak imports of W. Europe were
in 1965 when they totalled 2 million tonnes
gross, 1.8 million tonnes nett. Of the
increased import needs of 2 million tonnes
at least one-quarter is likely to be met by
Poland.

Asia & Oceania

In 1967 knports reached over 2 million
tonnes of which 1.7 million tonnes was actually
consumed.



In 1975 nett import needs are estimated
at 0.7million tonnes, i.e. 1 million tonnes
less than in 1967.

Itest of World  (latin America ac Africa)

In 1967 this arbitrary portion of
the world had a nett export surplus of
1 million tonnes (Gross 1. 6 million tonnes).
By 1975 the export surplus is expected to
increase to 1.8 million tonnes and in addition
this region (Mexico) will be exporting about

million tonnes S in the form of phosphoric
acid.

5?



BRIMSTONE EXPORTS


('000 Metric Tonnes)

1966




Importers/ U.S.A. Mexico Canada France E.Germany W.Germany Poland U.S.S.R. China Bolivia Others TOTAL

L'.522Ea

W.Europe







4




Austria 45.5 - - 6.4 6.0 7.8 19.3 5.4 - - - 90.4




Belgium 152.2 - 11.0 36.0 - - - 13.5 - - - 212.7




Denmark 3.5 - - 2.1 - - - - - - - 5.6




Eire 54.8 - - 19.5 - - - - - - - 74.3




Finland 41.3 - - 23.9 - - 4.8 12.3 - - - 82.3




France 70.4 129.5 - - - - - - - - - 199.9




W.Germany 279.7 18.7 - 114.7 - - 7.0 - - - - 420.1




Greece - - 20.8 41.5 - - - - - - - 62.3




Netherlands 167.1 - 5.2 64.2 - - - - - - 236.5




Norway 33.4 - - 10.5 - - - - - - - 43.9




Portugal 6.4 - - 29.4 - - - - - - - 35.8

1: Spain 12.6 - - 38.0 - -




- - - 50.6

r










Importers/ U.S.A. Mexico Canada FranceE.GermanyW.GermanyPolandU.S.S.R.ChinaBoliviaOthers TOTAL
Exporters







Sweden 61.6 - - 62.2 - - 34.6 - - - - 158.4
Switzerland 38.9 - - 18.8 - - - - - - - 57.7
U.K. 214.3 208.4 5.1 295.4 - - 31.0 - - - - 754.2
Italy 20.9 - 10.7 14.9 - 0.6 40.9 - 10.2 - - 98.2

TOTAL - 1,202.6 356.6 52.8 777.5 6.0 8.4 137.6 31.2 10.2 2,582.9
W.EUROPE












liLa£(22!
Bulgaria







Czechos-
lovakia 24.3 - 15.3 1.4 - 5.1 119.9 37.5 - - - 203.5

E.Germany








Hungary




- 40.4 - - 6.9 3.6 60.9 - - - 111.8
Poland








Roumania




- - - - 2.0 - 2.7 - - - 4.7
Yugoslavia




_ - 10.8 _ - - 10.0 _ _ _ 20.8
. U.S.S.R.




- 15.3 - - - - - - - - 15.3

TOTAL - 24.3




71.0 12.2




14.0 123.5111.1




356.1
E.EUROPE
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Importers/U.S.A.MexicoCanadaFranceE.GermanyW.GermanyPolandU.S.S.R.ChinaBoliviaOthers TOTALExporters






Cuba




76.8




76.8
N.Korea






TOTAL




76.8




76.8






TOTAL- 24.3




71.0 12.2 14.0 123.5187.9




432.9






EASTERNBLOC====






Africa






Algeria - _ _ 31.8 _ _ _ _ _ _ _ 31.8
Angola







Congo - - - 1.6 - - - - - - - 1.6
Egypt - 15.2 - 19.2 - - - - - - - 34.4
Ethiopia







Morocco - - 10.1 - - - - - - - 10.1
Mozambique







S.Africa 10.1 81.9 - _ _ _ _ _ _ _ 92.0
Tunisia 46.1 5.2. _ 11.0 _ _ _ _ _ _ _ 109.8

•

11
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Importers/ U.S.A. Mexico Canada France E.Germany W.Germany Poland U.S.S.R. China Bolivia Others TOTAL
Exporters






Guinea




0.1




0.1

TOTAL - 46.1 78.0 81.9 73.8 - - - - - - - 279.8AFRICA










Asia






Kuwait




17.7 - - - - - - - - 17.7
Syria




- - - - 0.2 - - - - 0.2
Hong Kong




0.5 0.1 - - - - - - - 0.6
India 193.6 20.9 61.6 - - - 10.6 - - - - 286.7
Indonesia 4.8




1.2 - - - - - - - - 6.0
Iraq 0.3




- 0.1 - - - - - - - 0.4
Israel 48.2




5.0 - - - - - - - - 53.2
Japan




8.2 - - - - - - - - 8.2
S.Korea 1.2




3.7 - - - - - - - - 4.9
Lebanon




- 10.6 - - - - - - - 10.6
Malaysia




- 5.2 - - - - - - - 5.2
Philippines 0.1




- - - - - - - - - 0.1
Taiwan 24.0 10.0 34.3 - - - - - - - - 68.3
Thailand 9.1




- 1.2 - - - - - - 10.3

.



•

Importers/ U.S.A. Mexico Canada FranceE.GermanyW.GermanyPoland U.S.S.R.China BoliviaOthers TOTAL

Exporters






S.Arabia 1.4 - - 0.1 - - - - - - - 1.5

Singapore 1.0 - - - - - - - - - - 1.0

TOTAL- 283.7 30.9 132.2 17.3 - - 10.8 - - - - 474.9

ASIA










America






,

Canada 138.6 - - - - - - - - - 138.6

U.S.A. - 812.1 712.8 - - - - - - - 1,524.9

TOTAL- 138.6 812.1 712.8




- 1,663.5

AMERICA











C.America







CostaRica







Guatemala







Jamaica 1.0




- - - - - - - - - 1.0

Salvador 3.8




_ _ _ _ _ _ _ _ _ 3.8

Trinidad 22.2




_ _ _ _ _ _ _ _ _ 22.2

Honduras 0.1




_ _ _ _ _ _ _ _ _ 0.1

TOTAL- 27.1






27.1

IIC.AMERICA



Importers/ U.S.A. Meico Canada France E.Germany W.Germany Poland U.S.S.R. China Bolivia Others TOTAL

Exporters







S.America

Argentina 34.5 - - - - - - - - - - 34.5

Bolivia - - - - - _ _ _




- _ _

Brazil 175.2 4.1 - - - - - - - - - 179.3

Chile 8.1 10.4 - - - - - - - 1.7.7 - 36.2

Colombia - - - - - - - - - - - -

Ecuador , - - - - - - - - - - - -

Paraguay 0.2 - - - - - - - - - - 0.2

Peru 12.9 - - - - - - - - 0.3 - 13.2

Uruguay 12.4 - - - - - - - - - - 12.4

Venezuela 1.5 - - - - - - - - - - 1.5

TOTAL - 244.8 14.5






18.0 277.3

S.AMERICA













Australasia








Australia 164.7 103.1 189.1 - - - - - - - - 456.9

N.Zealand 130.5 61.4 45.3 - - - - - - - - 237.2

TOTAL - 295.2 164.5 234.4






694.1

AMSTRALASIA













WORLD TOTAL 2,262.4 1,456.6 1,285.1 880.8 6.0 22.4 271.9 219.1 10.2 18.0 6,432.5



BRIMSTONE EXPORTS

Importers/ U.S.A.

(2000

Mexico Canada France Finland

Metric Tonnes)

1967

Poland U.S.S.R, China E. Germany Others TOTAIW.Germany Bolivia
Exporters








W.Europe

Austria 31.6




16.3




2.2 11.1 6.4 5.3




72.9
Belgium , 186.8




56.7





243.5

Denmark 2.0




2.3




0.1




1.9 6.3
Eire 76.8




21.2





98.0

Finland 23.7




18.7




1.4




43.8

France 5.1 221.1




2.4




228.6

W.Germany 248.0




105.8






353.8
Greece




14.4 49.9




20.0





84.3
Netherlands 195.0




68.1






263.1
Norway 26.6




9.6






0.3 36.5
Portugal





18.3






18.3
Spain 15.0




8.2 42.9





.11




NINS 66.1
Sweden 47.9




69.3 6.7




7.8




1.2 132.9
Switzerland 18.9




20.7




0.4




1•• 40.0



Importers/ U.S.A. MexicoCanadaFranceFinlandW.GermanyBoliviaPolandU.S.S.R.ChinaE.German
yOthersTOTAL

Exporters







U.K. 149.0 298.7 10.2 270.5




100




729.4

Italy 11.0




15.1 37.8




2.5




66.4

TOTAL - ,1,037.4 519.8 47.9 808.1 6.7 4.7 4402 604 5.3 3.4 2,483.9

W.EUROPE












E.Europe







Bulgaria







Czechoslo-




vakia 5.1 - 15.0 7.2 - 3.7 - 120.0 40.0 - - - 191.0

E.Germany




- - - - - - - - - - -

Hungary




- 40.0 - - 12.1 - 10.0 65.0 - - - 127.1

Poland




_




_ _ _





Roumania





1.5




3.0




500




9.5

Yugoslavia





20.1





10.0




30.1

U.S.S.R.




44.1






44.1

TOTAL - 5.1




99.1 28.8




18.8 130.0 120.0




401.8

E. EUROPE












ii.eer wee•






Importers/ U.S.A. Mexico Canada France Finland W.Germany Bolivia Poland U.S.S.R. China E.Germany Others TOTAI

Exporters


Cuba - - - - - - - - 80.0 - - - 80.0

N.Korea - - - - - - - - - - - - -

TOTAL - - - - - - - - - - - - -

TOTAL - 5.1 99.1 28.8 18.8

-

130.0 200.0

-

481.8

EASTERN BLOC



Importers/ U.S.A. Mexico Canada France Finland W.Germany Bolivia Poland U.S.S.R. China E.Germany Others TOTAL

Exporters





Africa

Algeria




24.1




24.1

Angola - - - - - - - - - -

Congo





Kinshasa - - - 1.8 - - - - - - - - 1.8

Egypt - - - 42.8 - - - - - - - - 42.8

Ethiopia - - - - - - - - - - - - -

Guinea - - - 0.1 - - - - - - - - 0.1

Morocco - - - 6.1 - - - - - - - - 6.1

Mauritius - - - - - - - - - - - - -

Senegal - - - 1.3 - - - - - - - - 1.3

S.Africa

(incl.






S.W.Africa)19.8 30.3 58.9 16.9 - - - 10.5 - - - - 136.4

Tunisia 51.5 4241 - 8.7 - - - 10.0 - - - - 112.3

Tanzania - - - - - - - - - - - - -

Cameroons - - - 0.1 - - - - - - - 0.1

TOTAL -AFRICA71.3 72.4 58.9 101.9 - - - 20;i5 - - - 325.0
 • 11 11.



Importers/ U.S.A. Mexico Canada France Finland W.Germany Bolivia Poland U.S.S.R. China E.Germany Others TOTAL
Exporters






Asia

S.Arabia 1.2 - - - - - - - - - - - 1.2

Bahrein 0.1 - - - - - - - - - - - 0.1

Kuwait - - - - - - - 10.0 - - - - 10.0

India 217.8 83.9 244.8 30.5 - 0.3 18.9 70.0 - - - - 666.2

Indonesia 1.2 - 1.2 - - - - - - - - - 2.4

Iraq 0.2 - - - - - - - - - - - 0.2

Israel 34.5 6.1 5.1 - - - - - - - - - 45.7

S.Korea 6.3 - 72.1 - - - 0.4 - - - - - 78.8

Lebanon - - - 6.8 - - - - - - - - 6.8

Malaysia - - - 7.7 - - - - - - - - 7.7

Pakistan - - 3.0 - - 0.5 - - - - - 3.5

Philippines 3.6 - 5.0 - - - - - - - - - 8.6

Taiwan 81.1 54.0 68.8 - - -




- - - - - 203.9

Thailand 17.8




1.5 - - - - - - - - 19.3

S.Vietnam - - 11.8 - - - - - - - - - 11.8



Importers/ U.S.A.Mexico Canada France Finland W.Germany Bolivia Poland U.S.S.R. China E.Germany Others TOTAL
Exporters






Hong Kong




0.8




0.8

,mmo m I~







TOTAL- ASIA 363.8 144.0 411.8 47.3




0.8 19.3 40.0




- 1,067.0
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America






Canada 113.2






- 113.2

U.S.A. 724.4 762.2





- 1,486.6

TOTAL 113.2 724.4 762.2





- 1,599.8







AMERICA






C.America







Costa Rica - - - - - - - - - - - -

Guatemala - - - - - - - - - - - - -

Jamaica 3.6 - - - - - - - - - - - 3.6

Mexico - - - -




- - - - - - -

Neth.
Antilles -




- - - - - - - - -

Salvador 4.1 - - - - - - - - - - - 4.1



Importers/ U.S.A. MexicoCanadaFranceFinlandW.GermanyBoliviaPolandU.S.S.R.ChinaE.Germany
OthersTOTAL

Exporters






Trinidad 18.1





18.1

Honduras






TOTAL- 25.8





25,8

C. AMERICA









S.America






Argentina 26.9




_




- _ _ _ _ 26.9

Bolivia






Brazil 196.9 11;0 15.7 - - 12.0 - - - - 235.6

Chile 4.1




_ 22.9 - _ _ _ _ 27.0

Colombia







Ecuador 0.2




_ _ - _ _ _ _ 0,2

Paraguay 0.1




0.1 _ - _ _ _ _ 0.2

Peru 16.8




_ 0.2 - _ _ _ _ 17.0

Uruguay 8.9






8.9

Venezuela 19.2





20.0 3922

TOTAL - 273.1 11.0 15.7 0.1 23.1 32.0 355.0

S. AMERICA



Importers/ U.S.A. Mexico Canada FranceFinland W.Germany Bolivia Poland U.S.S.R, China E.Germany Others TOTALExporters


Australasia 

Australia 217.4


New Zealand 64.2

TOTAL- , 281.6
AUSTRALASIA

WORLD 2,171.3
TOTAL

129.9 208.0 8.2 - - - - - - - - 563.5
47.8 78.0 - _. .. _. ... - ... - .. 190.0
177.7 286.0 8.2 - - - - - - - - 753.5

1,638.31,676.9

11 ••  •1

1,010.0 6.7 24.4 42.4 306.7 206.4 - 5.3 3.4 7,091.8

-
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Prices 


After reaching an all-time low in 1963,brimstone prices advanced step by step as worlddernand outst.ripped world production in the period1963-1967. The rise in world market prices wasaccentuated by the artificial brake placed ondomestic prices in the U. S. A. and in France. Thefollowing table shows the progress of export pricesof U. S. Frasch sulphur which deterrnined the worldprice level for 75%- 80% of deliveries.

11. S. Frasch Sul hur Ex ort Prices

(1963-1967)

(bright ,sulphur, US/ ton, f. o. b. U, S. Gulf)

Year/Period 1m lemented List Price

1964 Jan-Nov. 25. 00
December 27. 50

1965 January 27. 50
Feb. -March 31. 00
April-Dec. 36. 00

1966 Jan. -June 36. 00
July-Dec. 39. 00

1967 Jan. -Dec. 39. 00

See also Appendix 2

It



The balance of deliveries was effected at premium

prices, notably in Asian markets and in respect of

new demand in a number of other markets, which

exceeded delivered prices based on the U.S. Gulf

f. o.b. price shown above, by up to $20 and in isolated

instances even more.

In this period, pyrites prices (all values f. o.b. )

in W. Europe advanced parallel with the delivered price

of U.S. Frasch sulphur. In domestic markets outside

W. Europe there was practically no increase in the

price of pyrites and domestic prices in W. Europe

advanced more slowly and not as much as export

prices. Notwithstanding the increase in European

pyrite price, the cost of sulphur in pyrites, and in

particular of cupreous pyrites, compared very favou-

rably with that of brimstone, partly because rising

non-ferrous metal prices boosted the value of pyrite

residues and more than compensated for the declining

iron value which suffered from the weak iron market

as the corollary of mounting supplies of low cost high-

grade fines iron ores,

P rites Ex ort Prices, 1963-1967 *

(Rio Tinto crude fines, basis 48% S, Stg. /tonne f. o. b. Huelva)

Year/Period Irn lemented Prices 


1963 Jan. -Dec. 56/ 6

1964 Jan. -Dec. 56/ 6

1965 Jan. -June 62/6

July-Dec. 68/-

1966 Jan. -June 83/-

July-Dec. 83/-

1967 Jan. -June 85/-

July-20th Nov. 85/- (discount of 5/-
available)

21st Nov. -Dec 93/-*c

rn
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SaCTIoN- Z

NEW SUPPLY

(1969-1,n)

Although the disincentive to develop new sources

of brimstone supply or even to explore, resulting from

the excess of world brimstone supply and low prices

during the seven-year period up to 1964, aggravated

the tight supply situation of the past four years, mainly

because of the time-lag between the initiation of a new

project and the start of new production, the rnain

impetus of new supply has for some time passed from

the exploitation of native ore resources by the Frasch

and other processes to the recovery of sulphur present

in liquid and gaseous hydrocarbons.

The annual Free World output of recovered

sulphur between 1955 and 1967 rose by 5 million tonnes,

whereas the annual brimstone production from native

ores increased in the same period by only 2. 6 million

tonnes.

The stimulus of rising world demand, coupled

with the higher prices of recent years has been reflected

in a spate of new projects, mainly based on the Frasch

process, which will strongly influence the short term

world supply pattern without, however, affecting the

underlying long term trend of the increasing role to be

played by recovered sulphur, for which new capacity

based on the rising supplies of natural gas and oil refinery

products has concurrently been built. In respect of the

latter, it should be noted that the first major plant

projects based on the desulphurization of fuel oil have

been initiated. There is a clear limitation to the

prospect of a major and continuing expansion of new

brimstone production based on the exploitation of native

ore deposits, The possibility of large-scale discoveries

of native ore deposits amenable to Frasch sulphur

processing in the U.S, Gulf region can be virtually

ruled out. Discoveries off-shore on the Continental

Shelf are circumscribed by the fiascå of the Texas

off-shore sulphur leases for which bids totalling $33

million were paid in 1965. Bids in respect of Louisiana

off-shore leases are likely to be invited at the end of

this year or early next year. Although in deep water

- 2.00 ft or more - there is a statistical prospect of
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several sulphur domes being identified„ the substantially

higher capital cost of plants capable of working under

such conditions and the attendant technical problems

occasion some doubt as to the feasibility of such

projects.

In Mexico the identification of viable dome

structures can be expected as exploration progresses

in view of the extent of probable reserves. Elsewhere

in the "Free" World, structures amenable to Frasch

processing are known to exist in Iraq and possibly some

of the Central American native sulphur deposits, e.g.

Costa Rica, may also become realistic prolects.

The prospect of substantially increased exploitation of

all other native ore deposits, where conventional

mining methods and ore refining processes have to be

employed, is inhibited by the adverse economics of

operations, which may however be improved by process

development work currently in progress. New process

technology - due to be proven within the next 9-12 '

months by ELCOR Corp. in the U.S.A. - may result

in the economic extraction of elemental sulphur from

gypsurn/anhydrite which would vastly increase the

brimstone supply potential, as would also the successful

development of a pyritic smelting process or the

chernical extraction of elemental sulphur from sulphide

ores, notably pyrite and pyrrhotite, on which intensive

work is currently being undertaken.

The growth prospects of recovery of sulphur

associated with or contained in natural gas, oil and coal

are seen in three broad categories:

Desulphurisation of a)Sour natural gas

b) Oil refinery products

Sulphur extraction in connection with

synthetic crudes

Sulphur extraction from combustion gases

of major fossil fuel users, notably power

stations.
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In all instances the motivating factor is not the

production of sulphur but either the qualititative

requirements relating to the "clean" natural gas

and the petroleum product or the social require-

ments arising out of "clean air" legislation. As a

resuIt the volume of future recovered sulphur supply,

as it has been in the past, will be largely unrelated

to world sulphur demand. Whereas in respect of

desulphurisation of sour natural gas, the evolution

of recovered supply can be fairly accurately related

to the evolution of natural gas consumption, factors

influencing oil ref inery operations and especially

the incidence of "clean-air" legislation is more

difficult to anticipate and to measure, especi ally in

the longer term.

In the following section of the study, the

evolution of supply up to 1975 has been analysed in

some detail, based primarily on developments

already in sight. For the period up to 1985, the

evolution of supply is subject to many unknown and

indefinite factors which have, as far as is possible,

been taken into account in arriving at the estimates

shown.



SULPHUR SUPPLY

Brimstone Productionand Ca acit-
,

. In the five year period up to the
end of 1967, except for the establishmentof productionfacilitiesat re-steamed
domes in Texas and Louisianawhich, however,'only added less than 200,000 tonnes to the1967 productiontotal, the productioncapacityof Frasch sulphur has remained substantiallyunchanged,and Frasch sulphur output may besaid to have conformed to capacity takingaccount of the water requirementsof the
sectionsof the respectivedome formationswhich were exploited. In West Canada
additions in the form of new plants to therecovery capacity have been substantialbutthe output of recovered sulphurhas of
necessity risen as a function of clean gassales and not in response to the intensiveworld sulphur demand. This also applies
in the case of the large number of small
to medium sized sulphur recovery plantsbuilt throughoutthe world in conjunctionwith oil refinery operations.



During 1968 Free World brimstone
productioncapacity increasedby about
3.8 million tonnes representedby:

Source


U.S.A.


Caminada Dome
'Bully Camp Dome
Lake Hermitage Dome
Ft. Stockton
Pecos County, Texas
High Island Dome

Producer

Freeport
Texas Gulf
JeffersonLake
Duval
Sinclair Oil
Pan Am. Petroleum

Capacity

(t.p.a.)

900,000*
300,000
200,000
350,000
100,000
50,000

Mexico


Nopalapa C.E.D.I. 150,000


Canada

naturalRecovery from sour
gas, of which :-
Bigstone
East Crossfield
Kaybob South No. 1
Whitecourt

Rest of Free World

Recovery from natural &
oil refinery gases.

1,480,000

Pan Am. Petroleum 109,000
Pan Am. Petroleum 496,000
Hudson's Bay 352,000
Texas Gulf 218,000**

270,000

Operations at the resteamedBryan
Mound of Hooker Chemical Co. ceased and a
number of small sulphur ore mines in Sicily
and Japan closed. Elcor ChemicalsCo.'s plant
is reported to have begun start-upoperations
in the second week of January 1969 and the
productionprogramme is expected to be underway
in the near future.

Firm projects now under construction
or at the design stage are as follows

Notes
* Nominal capacity is 500,000 t.p.a. 85** Expansion of existing plant.



Source Producer Capacity Due

U.S.A.

Duval

t.p.a.

1,500,000 End 1969
Culberson County, Tex.
Van Horn, Texas Elcor 350,000 1969

Mexico *




Texistipec Texas Gulf 500,000 1970/71

Near East




Kharg Island, Iran NPC (1)/AMOCO 198,000 1969Bandar Shahpur, Iran NPC (1)/AlliedChemical 503,000 1969Kirkuk, Iraq Iraq Nat. Oil Co. (INOC) 143,000 1969**Mena Abdulla, Kuwait Amer. Indep. Oil Co. 102,000 1969Shuaiba, Kuwait Kuwait Nat. Petroleum Co. 191,000 1969**Abgaiq, S. Arabia Petromin (2) 215,000 1969

Canda





Natural gas & pyrrhotine




1,050,000 by 1971

Japan





Oil refineries




400,000*** by 1971



Source Producer Capacity Due
t.p.a.Caribbean

Oil refineries 210,000*** by 1971

. West German

Natural gas 380,000 by 1971

Rest of Free World

Nat. gas/oil refineries 590,000 by 1971& native sulphur

Notes

* InternationalHelium has proposed a project which is not yet firm.** Completed 1968, but due on-stream in 1969.
*** Does not include capacity already on-stream.

The National Iranian PetrochemicalCompany (NPC) is a subsidiaryofNational Iranian Oil Co. (NIOC) and it holds a 50% interest in thesetwo projects. -

Petromin has a two-thirds interest in the Abquaiq project, theremaining one third interest being held by Occidental throughJefferson Lake.



Thus, due for completionbefore the endof 1971 is some 6.3 million tonnes newproductioncapacity.,

In addition a large number of projectshas been mooted, either for later completionor as yet not specified,or notably in thecase of sulphur recovery plants at oil
refineriesor gas plants the necessaryconstructionof which can be inferred. Thetotal is well in excess of 5 million tonnesbut it is expected that at least 2 milliontonnes will be built before 1973 and
certainlybefore 1975.

It is seen thereforethat new plantcapacity already built or building totals10.1 million t.p.a. and that one may assumewith confidencethat by 1973 or 1975 atleast 2 million t.p.a. more, i.e. 13.1 milliont.poa. new brimstoneproductioncapacitywill be available. Some of the existingcapacitywill be closed either due to depletionof deposits or due to adverse economicfactors,but in the relativelyshort periodunder review, barring a natural disaster,such shut-downsmay not reach ½ million t.p.a.of capacity and are unlikely to exceed 1million t.p.a.

Free World : Suuular Tabulation showin Distribution
ca acit 1968

World capacity commissioned)

1968 1969-71
Startzu2 Startzu2

- 1975

1971-75
Start-up

of new Brimstone Production

(% of total Free

Frasch Sul hur:




U.S.A. and Mexico 50% 377 50%

Recovered Sul hur:





Canada 40% 17% 50%Near East




21%




Far East & Pacific zone .3% 8% 10%U.S,A. & Atlantic zone 7% 13% 10%

Native Sul hur:




4%




million tonnes 3.8 6.3 2.0
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SECTION-3j

SUPPLY PROSPECTS 1975-1985

In view of the progressivedepletionof most

of the native ore deposits currentlyexploitedby

the Frasch process and the limitedprospect of new

deposits of similarmagnitudebeing identifiedand

developed,it is estimated that at best this source

of supply will remain static.

The successfuldevelopmentof hotwater process

technologynow practised in Poland and W. Texas,

will, however, permit economic exploitationof a

number of sedimentarysulphur depositswhich were

hitherto not economicallyexploitable.

The main sources of additionalrecovered

sulphur supply from the desulphurisationof natural

gas are expected in:-

W. Canada
Near East
U.S.A.
West Germany

In France no change from the present level

of about 1 million tonnes is anticipated,whilst

some expansionmay occur in Italy, and of course from

sour gas sources yet to be identified. The increased

volumes of sulphur recoveredat oil refineriesare

expected to arise as a result of the rising incidence

of sour crudes in the world refinery procurementpattern

and more significantly,because of the extensionof

desulphurisationto heavier products, in particular

fuel oil.

In Western Europe the accent on the use of North

and West African sweet curdes is likely to delay the

greater impact of the need for intensivedesulphurization

and in the event of a major expansionof oil supplies

from Indonesia,this may have a similar effect in the

Far East, notably in Japan.
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The importanceof tar sands and oil shales
as a major potential sulphur supply source by
recovery in the course of syntheticcrude oil
productionhas receded since last year when major

oil discoverieswere made in Alaska. Previously,
the AthabascaTar Sands especiallyhad been
consideredas a likelymajor sulphur source.

The depletion of North American oil reserves
had slightly exceeded the additions to new reserves
and it was anticipatedthat, rather than enhancing
its dependenceon imports from the Near East, the
U.S.A. would progressivelyplace greater emphasis
on meeting rising oil demand by syntheticcrudes.
The exploitationof AthabascaTar Sands which
entails the recovery of about 100,000 t.p.a.
brimstone per 45,000 barrels per day, syntheticcrude
productionwas expected to have priority in the North
Central States of the U.S.A. which in any case are

not favourablysituated in relation to extra-
continentaloil imports.

With regard to the extractionof sulphur from

combustiongases of fossil fuels - coal or fuel oil -
notably at power stations, the legislativepressure
to minimise S02 emission into the atmosphere is
mounting in all industrialisedcountries. In part,

the incidenceof pollutionwill be minimised by the
use of low-sulphurfuels, of which some may originate
from oil refinerieswhere desulphurizationis
practised. The treatment of effluent gases may,
according to the processes favouredat the time,
yield brimstone or sulphur in another form, e.g.
sulphuricacid, ammonium sulphate. In the following
table the estimate for this source of brimstone
supply may thereforeonly be valid in part.
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Brimstone Production

Exploitationof native
sulphur ore by Frasch and
other processes.

1967

(million tonnes)

1975 1985
Low

9.5

Probable High

13.0 15 11

Recovered sulphur

Desulphurizationof
natural gas & oil
refinery products

Extractionof sulphur
in syntheticcrude
production

Extractionof sulphur
from fuel combustion
gases

5.8 11.5

0.5

1.0

21

8

10

17

1

6




15.3 26.0 54 35

+ less than 50,000 tonnes

Pyrites


Productionof pyrites in the Western World is
expected to advance from about 8 million tonnes S in
1975 to at least 10 million tonnes S. Most of the
additionalpyrites supply is expected to be in the form
of flotationconcentratesproduced in conjunctionwith
non-ferrousmetal concentrates. Sulphur production in
other-forms,notably S02 in metal smelter gases and the
use of waste products such as sludge acid and waste
sulphuricacid, will increaseat establishedgrowth
rates, whilst greater use may be made of gypsum both
natural and phospho-gypsum,especiallyin ammonium
sulphate production. Productionby 1985 in forms
other than brimstone or pyrites is expected to exceed
6 million tonnes S.
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The Free World supply pattern by 1985 is
expected as follows:-

Production High Low




(million tonnes S)

Brimstone 54.0 35.0
Pyrites 11.5 10.0
Sulphur-in-other-forms 6.5 6.0




71.0 51.0

Im orts from East Euro e




Brimstone 3.0 1.0
Pyrites 1.0 0.5

TOTAL 75.0 52.5

Indeed by 1975 in the event of a same potentialsources of recovered sulphur supply not materializing,World sulphur supply could again become tight with a
correspondingreversal of the current price trend.
Because of the increasinguncertaintyand possibilityof frequent supply/pricefluctuationsdue to the
growing dependenceon recovered sulphur supplies,
the supply of economicallypriced sulphur in pyrites
is likely to become increasinglyattractive,especially
to large consumers,because of their relative stability.

Su 17/DemandBalance to 1985

Free World consumptionof sulphur-in-all-forms
in 1985, based on the extension of the present use
pattern and allowing for relevant factors influencingthe growth of demand of derived products, is indicatedat 59 million tonnes S. The margin of error, disregardingmajor areas of substitutiondue to new technologyor
changes in comparativeeconomic viability of products
at present dependent on the use of sulphur, is estimatedat up to t 10%., As indicatedabove, sulphur supplyis expected to expand to at least 55 million tonnes S,whereas maximum sulphur recovery from oil, gas and coal
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SetiNow-

SULPHUR DBMAND

All Forms Consum tion

In 1968 total free world consumption
of sulphur in all forms is expected to
total 27.6 million tonnes S. The long-
term historical trend of demand (195.9-1968)
has shown a growth rate of 5.0% p.a0
whereas in the past five years Free World
sulphur demand has advanced at a rate of
5.5% p.a.

The proportionof brimstoneutilization
in the Free World sulphur-in-all-forms
consumptionpattern has advanced slowly,
subject to some fluctuations,from about
56% in the late 1940's to 60%, although
as the result of the stagnationof demand
in the past two years in the U.S.A. a very large
and predominantlybrimstone consuming
market, it has again receded to just over
58%, 1968 Free World brimstone consumption
totalling 16.2 million tonnes.

Analysis of world sulphurdemand
growth by several alternativemethods -
notably mathematicalextrapolationagainst
a number of correlativefactors,analysis
of growth projects of demand in individual
markets and regionallyand world wide of
individualmajor end use products, such as
fertilizers,plastics and fibre, pigments,
etc., indicatesthe followingprobable
levels of demand.

Free World : Sul hur Consum tion 1970-1975
(million tonnes S)

1970 1973 1975
Sulphur-in-all-forms 31.2 • 35.8 39.0

Brimstone 19.1 22.7 25.4

+ 5.3% p.a. for the period 1948 to 1968.



The margin betwten high and low
estimatesof which the above are median
values is less than +1%. Based on 1968
consumptionfigures the above estimates
correspondto the followinggrowth rates:-

Cumulative Total increase
rate of rowth million tonnes S

Sulphur in all forms




(% p.a.)

1968 - 1970 6.3% 3.6
1968 - 1973 5.4% 8.1
1968 - 1975 5.1% 10.4

Brimstone




1968 - 1970 8.6% 2.9
1968 - 1973 7.0% 6.5
1968 - 1975 6.7% 9.2

In the period 1963-1968brimstone
demand rose by 5.1 million tonnes or at
an annual cumulativerate of 7% p.a. As
shown above, the anticipatedincrease in
demand in the period 1968 to 1973 totalling
6.5 million tonnes brimstone,results in a
cumulativegrowth rate similar to that
recorded for the preceding five years.

It is evident that the accuracy of
the estimate of brimstone demand growth
depends as much on the accuracy of the
forecastof total sulphur demand as on that
of the use of sulphur in forms other than
brimstone,namely sulphur in pyriitesand
sulphur in "other forms" representedby S02
in smelter gases, anhydrite/phospho-gypsum,
sulphur ore and H2S converteddirect into
sulphuricacid, acid sludge; etc. The growth
of sulphur-in-other-formsproductionis
largely governed by the incrementsin
smelter acid productionand a modest
progressionof demand is foreseen,although
the greater use of phospho-gypsumin



ammonium sulphateproeuctionand/orthe implimentationof several projectsfor the productionof sulphuricacid andcement from anhydrite/phospho-gypsumwould significantlyincrease the use ofsulphur in this form at the expense ofbrimstone demand. The growth prospectsof the use of sulphur in pyrites are alsoconservativelyevaluatedand in essencethese are confined to those projects whichare already firm, i.e. under constructionor design,which total about 1.1 - 1.2million tonnes S. The anticipatedgrowthin the use of sulphur in pyrites between1968 and 1973 is 1.1 million tonnes S(from 6.9 to 8.0 million tonnes S). Inthis period brimstone consumptionis expectedto increase from 16.2 million tonnes to 22.7million tonnes S, i.e. from 58-1/27.to 63%of world consumptionof sulphur in all forms.



Re ional Consum tionaPattern

The evolution of sulphur consumption
forseen for the main geographicalregions
is as follows.

Free World : Pattern of Sul hur Consum tion
1968 - 1975




million tonnes S)




1968 1970 1973 1975
Western Europe 9.9 10.8 12.0 12.8
North America 11.2 12.1 13.4 14.3
Latin America 1.0 1.5 2.0 2.4
Asia 3.7 4.4 5.3. 6.0
Oceania 0.9 1.2 1.6 1.8
Africa 0.9 1.2 1.5 1.7

TOTAL 27.6 31.2 35.8 39.0

The main impact of sulphurousraw
materials consumptionin forms other than
brimstonewill occur in Western Europe,
Japan, Australia and South Africa, although
in South America the realisationof some
of the projectsunder considerationcould
also result in measurable substitutionfor
brimstone in the demand pattern.

Free World : Pattern of BrimstoneConsum tion
1968 - 1975




(milliontonnes S)




1968 1970 1973 1975
Western Europe 4.0 4.6 5.3 5.9
North America 9.0 9.9 11.1 11.9
Latin America 0.9 1.4 1.9 2.3
Asia 1.2 1.6 2.3 2.9
Oceania 0.7 1.0 1.3 1.4
Africa 0.4 0.6 0.8 1.0

TOTAL 16.2 19.1 22.7 25.4



The evolution of pyrites consumption

in the period up to 1975 is expected to

continue being influenced by the factors

which have determined growth during the

past decade. Despite isolated instances

where new viable projects are likely to be

implemented in major brimstone importing

regions, mainly as the result of special

local conditions which will make the use of

pyrites clearly more advantageous than that

of any other sulphurous raw material, the

main expansion will inevitably be in the

major pyrite producing countries. Even

amongst these the intensity of developments

is likely to differ appreciably. Quantitatively

the largest growth is expected to occur in

West Europe, in particular in Spain and

Sweden. In Spain, where the development of

Huelva as a major centre of sulphuric/phosphoric

acid production is already under way, is likely

to be the most prominent, whilst in Sweden the

present plans for the construction of major

sulphuric acid/liquid S02 plants based on

pyrites are likely to give pyrites use a major

boost notwithstanding that present imports

frorn Norway may be supplanted by domestic

ore supplies. Rationalization of pyrites roasting

facilities will detract from gross expansion of

pyrites use in Italy and in France this is likely

to cause a further contraction of pyrite use,

although the possibility of a new major project

cannot be excluded. In West Germany, despite

s everal new plants and projects, overall growth

is likely to be small, especially as incissing

domestic recovered brimstone supplies will

enhance the pressure of the excessive world

market supplies. Turkey will emerge as a

major new user, based on indigenous ore

supplies. Outside West Europe, Japan, the

largest consumer of pyrites i s expected to

experience a similar although perhaps not as

marked development as in West Germany for

the same reasons.
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FORECASTS OF SULPHUR DEMAND

Non Acid Sulphur

Forecasts of non acid brimstone consumption
made in 1965 indicated a total consurnption of
3.71 million tonnes of brimstone in 1968 and 4.37
million tonnes in 1975.

Results achieved in 1966 and 1967 tie in
closely with these forecasts and it is confidently
expected that the level reached in 1968 will
correspond to the forecast of 3.71 million tonnes.
The forecast of non acid brimstone consumption is
also considered valid, for 1975.

Non acid uses of sulphur in pyrites in
1975 are expected to total 0.43 million tonnes.
Use of sulphur in gypsum for ammonium sulphate
production was forecast at 0.7 million tonnes S
for 1975. Several new projects of this type are
being implemented and the forecast of consumption
of 0.7 million tonnes S in 1975 may prove to be too
low. As yet there is not, however, enough
evidence to warrant modifying it.

Sul hur for Sul huric  Acid

The projections made in 1966 and 1967 of
sulphur demand lor sulphuric acid in 1968 indi-
cated the range 20.5 - 23.4 million tonnes 5.
Probable results were expected to lie at the
higher end of the forecast bracket. This is being
borne out.

Forecasts for 1975 indicated sulphur
demand for sulphuric acid in the range 27,1 - 32.6
million tonnes S, reflecting the results of the
different forecasting methods used:-
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The growth trend of acid use for

nitrogen fertilizers manufacture is increasingly
becoming a function of growth in the plastics
and fibres sector which yields ammonium
sulphate as chemical co-product. Amongst
other uses the expected growth of sulphuric
acid use for metallurgical use notably uraniurn
ore treatment coupled with the continuing
growth of detergent and general chemicals
output are likely to be the most prominent
factors.

During this period agricultural demand

for sulphur is expected to be confined to that

present in fertilizers, although by the mid-1970's
an increasing number of areas is likely to
show growing soil sulphur deficiency for which

during the subsequent years allowance will have

to be made in the demand pattern.

In view of the prevailing trend of

supply and prices, it is not expected that there

will be very significant new substitution for the

use of sulphur. The switch to hydrochloric
acid in sttel pickling is already an established
trend, as is use of the chlorine route in large
capacity TiO plant in major industrialized
countries. the latter is likely to weaken, largely
due to the limitations of rutile supply and the
establishment or expansion of small/medium
sized operations in developing countries based

on sulphuric acid.

The manufacture of fertilizer phosphoric

acid on the basis of elemental phosphorus is

expected to be deferred to the late 1970's, before

when the availability of low cost electricity from

atomic poer plants is not likely to show economic

advantages over chemical energy sources for the

solubilisation of PZO5. In this respect the use
of hydrochloric acid is likely to curtail some of

the growth which other wise would have cortributed
to greater sulphur/sulphuric acid use.



SUPPLY/DEMANDBALANCE

Having identifiedthe anticipated
increase in Free World sulphur demand
between 1968 and 1973 at 6.5 million
tonnes and between 1968 and 1975 at 9.2
million tonnes, it is evident that the
volume of new plant capacity in sight
exceeds the anticipatedincrementin
brimstone demand by a wide margin.

However, both in respect of dome
productions,several of which already
work well below capacity,and even more
so in the case of sulphur recovey plants,
which as a rule work much below capacity,
the evaluationof capacity incrementsis
not as meaningful as the forecast of
productionand supply. During the period
of review this assumes added significance
because of the impact on supply pattern
of the Free World of the exports of Polish
sulphur.

Sul hur Ex orts from Poland

The successfulrealisationof hot-
water injectiontechniquesby Polish
engineersand their establishmentin 1966
and 1968 at two major deposits - Grzybow
and Jeziorko - has increasedPolish sulphur
productioncapacity from 1/2-million t.p.a.
(representedby the Piasecznoopencastmine
and refining plant) to over 1.3 million
tonnes. The extensionof the life of the
Piasecznomine, as a result of the discovery
of additionalreserves and the development
of the new Machow opencastmine with an ore
mining capacity equivalentto,800,000 t.p.a.
brimstone,which is due on stream in Spring
1969, raises Poland's productioncapacity
to at least 1.6 million tonnes and, if
additionalplanned refining capacity is
installed,to 2.1 million tonnes. Moreover



the "Frasch" sulphur Operationsare
to be extended to other parts of the
vast sulphur deposits,but as yet these
plans are not specified.

Exports of Polish sulphur to the
Free World have risen from about 250,000
tonnes in 1967 to about 650,000 tonnes
in 1968 and although domestic demand in
Poland and that of her Comecon neighbours
is increasing,the rising level of output
points to the export surplus reaching at
least 1 million tonnes by 1970 and at least
1.2 million tonnes thereafter. At this
point it is not thought realisticto assess
Poland's export potential to the West any
higher, although the possibilitymust be
borne in mind, especiallyas brimstone is
now designateda major foreign exchange
earner. This factor also determines
Poland's very high rating as a fierce
competitoron Free World markets, to whom
disposal of tonnage is more importantthan
considerationsof price or market stability.

The followingexport supply pattern
is anticipated.

Poland : Pattern of Sul hur Ex ort Sales to
Free World 1968 - 1975 ('000 tonnes S)




1968 1969 1970 1971-1975
W. Europe 380 490 630-830 790-900
Africa 90 100 100-120 120-200
Latin America 80 100 100-120 120-150
Asia 70 120 150-180 150-200
Oceania 20 20 20- 50 20- 50




640 830 1000-1300 1200-1500



ProductionForecast
•

(1) Frasch Sul hur

Mexico


From the restrictedlevel of output
of 1.65 million tonnes in 1968 production
from the three operatingdomes is expected
to increase to 2.0 million tonnes. Whether
or not CEDI builds productionfacilitiesat
the Texistipecdome it is expected that
Mexican Governmentrequirementswill result
in an output of 2.3 million tonnes by 1973
to satisfy domestic requirementsof at least
0.7 million tonnes (includingFFM) and
exports of 1.6 million tonnes.

U.S.A.

It has been assumed that Texas Gulf
Sulphur and Freeport Sulphur will adjust their
production schedulesto maintain the level
of U.S. Frasch output at about 7.5 million
tonnes this year (1969) and at 7.9 million
tonnes from 1970 onwards. It has also been
assumed that the principalswill bring on
stream their CulbersonCounty operation
early in 1970 and that this will reach the
design capacity in 1971 when the restraint
on Texas Gulf and Freeport productionwill
accentuate. The severity of this restraint
will depend on stock piling policy and any
fluctuationsin the level of competing
deliveriesnotably of recovered sulphur,
Polish sulphur and the principal'ssales in
the markets in which the two major producers
will maintain their presence.

The progressionof Free World
brimstone output (shown in greater detail
in the statisticalappendix) is expected
to-be as follows:-

1968 16.4 million tonnes
1969 18.0 million tonnes
1970 19.8 million tonnes
1971 20.7 million tonnes
1972 21.7 million tonnes
1973 22.3 million tonnes



The attainmentQf these production
levels is not in any doubt as U.S. Frasch
producersare capable of substantially
greater output than is included in the
estimates. Any shortfallin other supplies
or any fluctuationsin demand could
thereforebe readily balanced.

(2) Recovered Sul hur

Canada

Productionin Alberta and British
Columbiawhich in 1968 is just in excess
of 3 million tonnes, will continue to
expand commensuratewith domestic and
export gas sales, and will reflect the
rising average H2S-contentof crude gas
under exploitation. Progressively
increasingoperationson the Athabasca
Tar Sands will add a modest tonnage of
sulphurbut this is not expected to
exceed 150,000 tonnes by 1971 and 300,000
by 1973. It is thought that total
output in West Canada will increase to 3.8
million tonnes in 1970 and 4.6 million
tonnes in 1973.

U.S.A.

Increasingemphasis on the
desulphurisationof heavier petroleum
fractionsat oil refineriescoupledwith
utilisationof more sour natural gas in
the energy supply pattern will tend to
acceleraterecovered sulphur output in the
U.S.A. Also included in this category is
the Elcor Chemicals'operationwhich it is
expectedwill start-up early in 1969.

The production level is expected to
risa from 1.45 million tonnes in 1968 to
1.95 million tonnes in1970 and 2.2 - 2.4
million tonnes in 1973.



c) France

Small increasesin plant capacity
are foreseen in 1969 and 1970 to raise
productionto about 1.75 million tonnes
or about 100,000 tonnes more than at
present.

Near East

During 1969, the start-upyear,
it is not expected that aggregate
productionwill exceed 350,000 tonnes
of which part will be used to establish
commercialstocks. During the period
1970-1973productionis expected at
best to increase from 0.7 to 1.2 million
tonnes.

Rest of World

Four major new sources are
emerging; Japan, the Caribbean,East
Canada and West Germany; the latter
based on natural sour gas, the East
Canadian operationon S02 from pyrrhotine
roasting and the other two based on oil
refinery gas desulphurisation. In addition
a great many oil refineriesthroughout
the world are building or projecting
sulphur recoveryunits. The anticipated
level of output is however, evaluated
conservativelyand from a productionlevel
of just under 0.8 million tonnes in 1968
these sources are expected to increase
their output to 1.2 million tonnes in 1970
and 1.6 million tonnes in 1973. .



•
Balance of Su 1 Demand and Stocks

In 1968 Free World stocks have
increasedby about 1.1 - 1.2 million
tonnes representedby a rise in U.S.
Frasch sulphur stocks of 0.7 million
tonnes,W. Canada 0.5 million tonnes,
Mexico about 0.1 million tonnes and a
decrease of 0.1 million tonnes of Frenchrecovered sulphur stocks.

As a result end-1968 Free World
stocks total about 4 million tonnes.

The anticipatedsupply/demandbalance for the subsequentyears is
outlined in the followingtable.

Free World:BrimstoneSu 1 /Demand 1969 - 1973
million tonnes S)




1969 
 1970 1971 1972 1973

Production 18.0 19.8 20.7 21.7 22.3Nett imports 0.8 1.0 1.2 1.2 1.2
Total supply 18.8 20.8 21.9 22.9 23.5

Consumption 17.6 19.1 20.4 21.7 22.7Producer stocks
Increase +1.2 + 1.7 + 1.5 + 1.2 + 0.8

The aggregate increaseover the five-year period is 6.4 million tonnes which
would raise producer stocks to about 11million tonnes or about 25 weeks consumption.

The two main factors in the
progressivebuild-up of stocks, despitethe anticipatedproductionre'straintby
the U.S. Frasch sulphur industry are theincidenceof Polish sulphur exports and
the cumulativeeffect of a wide range ofrecovered sulphur productions,notably inWest Canada.



setTION 13,

Evaluation of factors influencin future
rites consum tion

An analysis of the world
consurription of sulphur in various forms(Section I. ) identifies three broad categoriesof pyrites consurning countries.

Category I: The level of die country'spyrite consumption is influenced indirect proportion to growth of sulphurdernand. This occurs only in a smallnumber of pyrites producing countrieswhere either by tradition, by co-ordinationof pyrites producer and consumer interests,or as a reflection of Government policy,sulphuric acid production and in someinstances also S-use of other industries,e.g. pulp, is predominantly based onpyrites.

They are as follows:-
W. Europe: Pyrite use as % of

Total sul hur consurn tion
Spain

87%Portugal
87%W. Germany
57%Italy
77%Sweden
51%Norway
53%

Rest of the World:




Japan
57%Morocco
90%

Of these only W. Germany and Italy and, onrare occasions Japan, are importers of pyritesto supplement indigenous pyrite production.Indeed, W. Gerrnany almost does notqualify• in this category since, although pyritesaccounts for the greater proportion of totalsulphur demand and pyrites consumption ispromoted by the activities and company linksof Duisburger Kupferhutte, there is also alarge number of brimstone using plants.
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In other pyrites producing countries wherea significant proportion of the total sulphurdemand is met in the form of brimstone,
the level of pyrites consumption and theextent in which pyrites participates in thetotal sulphur damand growth, is dictated bythe amount of captive pyrites roasting capacitycontrolled by the pyrites producers and theeconomic advantage of pyrites use comparedwith that of brimstone which in these countries ismostly imported brimstone.

Ivlost prominent in this category is S. Africa.Others are:

West Europe: Greece 59% P rites as % of Total
Finland 55% S Consum tion

Rest of World: Philippines 77%
Taiwan 9%
Australia 14%
Canada 20%
Rhodesia 84%

The last category ernbraces all countriesin which the use of pyrites and the establishment ofnew roasting capacity is determined strictly on thebasis of the economic viability compared with brimstone.Most prominent in this category are:

West Europe: Belgiurn
Holland
France
United Kingdom

and Eire
Denmark
Austria
Switzerland

25%
23%
15%

8%
81%
7%

25%

Pyrites

as % of

Total S

Consumption




Rest of World: United States 5%

The future trend of pyrite consurnption will bedetermined absolutely in relation to the growth of totalsulphur demand and subject only to available resourcesof pyrites in all countries in Category 1.
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In Category II growth of pyrite
consumption will tend to be paralled with
growth of total sulphur demand and may insome countries even improve its relative
position vis-a-vis other sulphurous raw
materials,

In Category III growth will be determinedstrictly as balancing function of brin-istone
consurnption determined by the competitive
cost of pyrites compared with that of brimstone.

The anticipated evolution of worldpyrites consumption is based at least to
1975 on presently known technology. If
new technology relating to pyrites cinderstreatment only were evolved the present
pattern is not likely to change appreciably
except that at some location the use of
pyrites might become more competitive
with brimstone.

If however, new technology were
developed in respect of the ,treatment of
sulphide ores offering an e.conomic means
of separating sulphur from the other
constituents, pyrites would become anotherprime source of elemental sulphur supply
and become subject to the same economic andcompetitive considerations as other sourcessuch as Frasch sulphur, recovered sulphuror native refined sulphur. Such developments,although being persued notably in Japan wherea new process showing some promise is
reported to be under test, are not likely to
affect the situation until the mid 1970's, butif successful by say the early 1970's wouldundoubtedly influence the world brimstone
supply pattern of the late 1970's and subsequentyear.
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Spain 


Consumption of pyrites in 1967accolmted for 88% of total sulphur consurnption.No brimstone was used in sulphuric acidproduction and of the total consumption ofsulphur in sulphuric acid production 96%was based on pyrites the balance beingrepresented by "sulphur in other forms",e. srnelter acid. In the period 1963 to1967 pyrites consurnption increased from477,700 tonnes S to 614,400 tonnes S, anannual growth rate of 6.5% cumulative.

In the evaluation of future demandgrowth there are two factors:
Increased utilisation of existingsulphuric acid plant capacity whichin 1967 was only 72%

The installation at Huelva of newlarge capacity pyrites acid plantseither by pyrites producers or asjoint projects between pyritesproducers and sulphuric acid/fertilizer rnanufactUrers, both creatingcaptive outlets for local pyrites production.These projects are designed not only to meetanticipated growth of acid or derived productsdernand in Spain, but are envisaged also toserve as sources of supply to other marketsof sulphuric acid and/or derived productspritimarily of phosphoric acid and P205 productsbased on the favourable North Africanphosphate rock supply capability.

Plants under construction or firrnlyprojected correspond to a requirement of250,000 tonnes S in pyrites due forcompletion in 1970/71 and it is expected by1973/75 projects of at least a further250,000 tonnes S in pyrites will be completed.

Rationalisation of operations is lilcelyto result in the closure of a nurnber of minorplants now operating but even so it can beexpected that pyrite consumption in Spain willadvance to 800,000 tonnes S in 1970 and 1.1 milliontonnes by 1975. The supply potential in Spain
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.

Year Consumption

SPAIN PYRITES CONSUMPTION

('000 tonnes Sulphur content)

Consumption Tdal Su 1 Source
Over 50% Under 50% (in




for Acid for Non Acid Consumption




descendin order)
1963 469.7 8.0 477.7 Spain

1964 506.8 6.8 513.6 Spain

1965 540.0 8.1 548.1 Spain

1966 592.9 7.4 600.3 Spain

1967 609.7 4.7 614.4 Spain

1968. 642.0 5.0 647.0 Spain



Portugal

Consumption of pyrites accounts
for 89% of total sulphur consumption
although during the period 1963 - 1965
it receded at times to about 70% when
Cia Uniao Fabril operated a brimstone
acid plant which was subsequently closed
when the cost of brimstone rose far beyond
the cost of sulphur in pyrites. Currently
100% of Portugal's sulphuric acid production
is based on pyrites.

Pyrites consumption increased from
129,700 tonnes in 1963 to 147,400 tonnes in
1967 corresponding to an annual growth
rate of only 3.3% cumulative. The future
evolution of pyrite demand which corresponds
to total sulphur demand prospects, is expected
to advance at an annual rate of about 5%.
This relatively higher rate of growth is
anticipated in part because the Portuguese
domestic economy is expected to expand
more rapidly and also because of the
competitive position of Portuguese fertilizers
in world markets. Consumption is expected
to rise progressively to about 220,000 tonnes S
in pyrites by 1975 reflecting the construction
of new roaster capacity.

Domestic pyrites resources, of
which one (Louzal) is captive to a• major
fertilizer plant (SAPEC) and the other
(Aljustrel) supplies the country's largest
fertilizer/chemicals complex (Cia.Uniao
Fabril), are adequate to meet this increased
demand. Portugal may, however, as a
corollary withdraw partly or wholly from
export markets, as no change is expected in
the supply potential of the Portuguese pyrite
rnines. The development of the major
reserve deposit at Aljustrel which has been
identified, is not anticipated in the foreseeable
future; the scope of increasing production at
both existing rnines, especially at Louzal,
is strictly limited



á



West German

Consumption of pyrites in 1967arnounted to 890,000 tonnes S, a totalwhich in Europe was only exceeded byItaly. Pyrites consumption accounted for57% of total sulphur use and of the totalof sulphuric acid production 64% was basedon pyrites.

The level of pyrites consumption isdetermined by two factors:

Dorriestic supply originating
primarily (rom the Meggen Mine,the bul.k of which is captivelyconsumed by Sachtleben AG andconverted into sulphuric acid.
The interests and policies ofthe parties who jointly own
Duisburger Kupferhutte, whosepyrite requirements are almostexclusively imported.

a) Domestic production is currently atan annual rate of about 250,000 tonnes S ofwhich about 80% is in the form of Meggenflotation pyrites containing about 42% S, iscaptively used at the Homburg acid plant.(The balance is represented by Waldsassen,Trene and Meggen crude ore and 48% Sconcentrates consumed by various W. Germansulphuric acid and pulp plants. )

There is a possibility of the Meggenplant being increased by 50% and if so Meggenflotation pyrites production would cotrespond-ingly increase, i. e. the expansion would notcreate a dernand for a new supply source.

b) Plants associated with DuisburgerKupferhutte: During the past 5 years theinterests and policies of the individual companieswhich own Duisburger Kupferhutte* (BASF/Bayer/Hoechst 30.9714 each, GuiliniZ. 3%, Ruhrschwelfelsure2.3(5%) have changed significantly.
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BASF which had up to about 1963/64persued a 100% pyrites-use policy,abandoned this and has since then pro-gressively favoured more and more theuse of brimstone at Ludwigshafen.
A disproportionate merit is being
attached to the lower capital costs forbrimstone acid plants mainly because ofthe large investment capital requirementsof BASF and in the cost comparison withbrimstone, pyrite is penalised by the longup-river journey for pyrite from ROttexdamand the corresponding down-river carriageof residues to Duisburg. The developmentof the BASF two-stage roaster has notsignificantly caused a policy change althoughit improved the status and scope for Iberianpyrites. Present capacity at Ludwigshafenis 520/ 560,000 t. p. a. 100% 1-12604 of -w hichabout 180,000/200,000 t.p. a, is based onbrimstone. The balance is represented bya 400 t.p.d. ordinary BASF fluidized bedroaster, a 150 t.p.d. two-stage BASFroaster and about 180,000/ 100,000 t. p. d.H2SO4 pyrites acid capacity which isobsolescent and will be scrhpped by 1970,when a new 200,000 t.p. a. brimstone acidp1ant based on Polish sulphur cornes onstream. Thus, BASF pyrite consumptionwill decline by 150,000 t.p, a. in about1970/1971. Although not quite consistantwith their policy it is not thought likely thatthe two fluidised bed plants will be closedand there remains the possibility of the150 t.p. d. plant being expanded to 400 t.p. tl. ,resu1ting in an increased demand of about85,0Q0 t. p. a. arsenical pyrites.



Farbwerke Hoechst: Whereas in the
early 1960's there was a strong possibility
of pyrites use being severely curtailed or even
abandoned, the present policy gives full support
to pyrite use. Following the completions of
the new 800 t.p.d. plant based on pyrites in
1968, dismantling old pyrites roasting plants
was accelerated and is now almost completed.
A new 500 t.p.d. pyrites acid plant (BASF
two stage roaster) is projected which will
augment W. German pyrites consumption by
about 170,000 t.p. a., providing an outlet for
arsenical pyrite.

Farbenfabriken Ba er: At the company's
three works erdingen, Dormagen and
Leverkusen, rationalisation of pyrites
roasting capacity has been in progress
for the past 5-7 years coupled with the
increased utilisation of by-product
ferrous sulphate. The 15rdingen plant which
up to 1965 was using Mexican Frasch sulphur
in conjunction with ferrous sulphate, now uses
Russian low cupreous pyrite at an annual
rate of about 120,000 tonnes. The installation
of new large capacity pyrite roasters (at
least one 450 t.p. d. two stage BASF roaster)
will not significantly change the total pyritd
requirement and in view of the company's
new developments and projects at Antwerp
none is envisaged in W. Germany.



Guilini: A new 200 t.p.d. pyrite roaster

based on Spanish pyrites and built under

procurement contract incorporating a subsidy

by the pyrite supplier towards the cost of

its construction, is due on strearn end-1969.

It will replace a brimstone burner.

Ruhrschwefelsäure: The old pyrite based

plant at Duisburg has been under sentence

of closure for some time and will certainly close

if the new project at Bochum-Rieake (replacing

the existing plant) materialises. Here a

500 t.p.d. pyrite based plant is projected,

based either on Spanish or Russian pyrites.

Sud Chemie: Conversion frorn brimstone

to pyrites was effected last year and in

addition to domestic pyrite Yugoslav and

Romanian material is used. No expansion

is envisaged.
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Other rite users: Decline in pyrites

use by the pulp industry continues and the

small use of about 80, 000 t.p.a. pyrite

by the pulp industry supplied alrnost entirely

by domestic pyrites (mainly Meggen) is

receding further. No significant growth

is foreseen in the pyrite requirements of

Grillo (liquid S02 production) which is in

part met by Russian pyrites.

To sum up, the scope of expansion

of pyrite demand is limited since much of

the new projected capacity is in replacement

of old capacity. It is estimated that up to

1972 import demand will at best increase

by 100,000 t.p.a. pyrites (50, 000 tonnes S)

over 1968 when it totalled just under 1 million

tonnes S.

The pressure for adequate residues

supplies to DKH has receded now that the

Bayer plant in Antwerp is a new source of

about 300, 000/350, 000 t. p. a. Rio Tinto/

Tharsis cinders. Because of the adverse

demand and price trends for non-cupreous

residues in W. Germany it must be also expected

that all new demand will be represented by

pyrites containing copper and/ or other

recoverab1e non-ferrous metal values.
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WEST GERMANY PYRITES CONSUMPTION

('000 tonnes Sulphur content)

Year Consumption Consumption Total Su 1 Source
for Acid for Non-Acid Consumption Over 50% Under 50% (in

descendin order)

1963 748.6 71.0 819.6 Spain, W. Germany,
Norway, Portugal,
Finland, USSR, Yugoslavi.
Turkey, Cyprus, Canada
Greece

1964 787.9 63.0 850.9 Spain, W. Germany,
Norway, Cyprus, USSR
Yugoslavia, Finland,
Portugal, Turkey.

1965 776.5 82.0 858.5 Spain, W.Germany, Norway
Cyprus, Portugal, Finlan

Yugoslavia, USSR, Turkey

1966 840.1 73.0 913.1 Spain, W.Germany, Norwa\
Cyprus, USSR,Finland,
Portugal, Yugoslavia,
Turkey

1967 815.0 7590 890.0 Spain, W.Germany, Norwa
Cyprus, USSR, Roumania,
Portugal, Yugoslavia,

F3 Finland, Turkey.
4.44 1968 850.0 77.0 927.0



Italy: Europe's largest consumer of

pyrites which in 1967 total.led just under

1.2 million tonnes, Italy has increased its

pyrites consumption which since 1963 rose at

an annual rate of about 9%. This is largely

attributable to the installation of the large

pyrites acid plant of Montecatini-Edison at

Follonica which is fully integrated with the

mine production of low grade (35-37%)

Maremma pyrites and which yields an

up-graded pelletised pyrite residue of

about 66% Fe. The large domestic supply

of Italian non-cupreous and cupreous pyrites

is supplemented by irnports from Cyprus

and U.S. S. R. as well as frorn Turkey and

Yugoslavia, totalling about 520,000 tonnes p. a.

Changes in the fertilizer use pattern — reduced

single superphosphate needs - is resulting in

the progressive closure of small pyrite based

sulphuric acid/fertilizer plants of which there

are still over 30 in operation. During the

past 4 years and increasingly since 1967

when the Ente Zolfi Italiana ceased its

activities and brimstone imports into Italy

were liberated, brimstone is being imported

for sulphuric acid rnanufacture. The availability

of low-cost brimstone on world markets,

especially of Polish and Canadian origin, in

the next 3-5 years will tend to encourage some

new construction of brimstone acid plants so

that only part of the increasing sulphur

requirements will be met by the use of Sicilian

sulphur ore and pyrites. The latter are expected

to be in the form of imported Russian and possibly

Turkish rnaterial.



ITALY PYRITES CONSUMPTION

('000 tonnes Sulphur content)

	

• Year Consumption Consumption Total Su 1 Source
for Acid for Non-Acid Consumption Over 50% Under 50% (in

descendin order)

	

1963 841.3 9.0 850.3 Italy, Cyprus, USSR,
Yugoslavia, Turkey,
Greece.

	

1964 921.1•9.9 931.0 Italy, USSR, Cyprus,
Turkey, GreeCe,
Yugoslavia, Algeria.

	

1965 922.8 10.0 932.8 Italy, USSR. Cyprus,
Turkey, Algeria,
Yugoslavia, Greece.

1966 995.2 . 10.0 1005.2

1967 1175.0 10.0 1185.0

1968 1220.0 11.0 1231.0

Italy, USSR, Cyprus,
Turkey, Algeria, Spain

Italy, USSR, Cyprus,
Turkey, Algeria



Sweden

Consumption of pyrites in Sweden

in 1967 totalled 233,100 tonnes S representing

about 51% of total sulphur use. In sulphuric

acid production some 71% of the output was

based on pyrites. The principal driving force

in the Swedish sulphur industry is Boliden AB.

Since the take-over of Reymersholm AB through

which Forenade AB is controll ed, Boliden has

progressively evolved a policy of intensive

integration and of maximisation of the sulphur

value of the company's sulphide ore output.

In part this is to be achieved by the

progressive increase of captive sulphuric acid

consumption for fertilizer and chemicals

manufacture and by capturing a greater share

of the sulphur market represented by Swedish

pulp industry, in part by aiming to secure a

dominent position in the European sulphuric acid

rnarket. To this end Boliden is establishing

large capacity storage facilities in Sweden, the

UK and NW Europe as weli as long term outlets

in order to eliminate as far as possible ‘iolent

price fluctuations in the sulphuric acid markets.

Construction of another new pyrites acid plant

at Helsinborg as well as two liquid S02 plants

based on pyrites will augment the company's

captive outlets and at the same time cause

progres sive elimination of import requirements of

cupreous Norwegian pyrites when the Orkasham

plant cises in 1970.

Pyrite consumption in Sweden is expected

to increase to over 300, 000 tonnes S. by the early

1970' s.
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Japan

In 1967 Japan consurned 1.45
million tonnes S in pyrites which next
to the U.S.S.R. makes Japan the largest
pyrites consumer in the world. In the period
1963 - 1967 consumption increased from
1.23 million tonnes S, at an annual rate of
41%. Traditionally domestic pyrites is
the major source of sulphur supply of the
sulphuric acid industry, and accounts for
60% of total acid output. Besides pyrites
the acid industry uses sulphur ore much of
which is mined in conjunction with pyrites
and of course large volumes of 502 in non-
ferrous metal smelter gases. No brimstone
is used.

As the result of company links about
70% of the total pyrites consumption can be

desc ribed as captive. The initiative to promote
pyrites use does not however derive only
from the linked interests of pyrites producers
and consumers, but the Government also
strongly supports pyrites use to avoid the
import of brimstone and also to strengthen
and provide employment in the mining sector-
of Japanese industry.

The utilisation of pyrites cinders
is intensive and according to the qualities
arising, cinders are either treated or used
as direct blast furnace feed. Although there
is no cinders treatment plant comparable
with DKH either in size or treatment
techniques, the value of residues is maximized.
Of special significance is the successful devel-
opment of a process and since 1967 the operation
of a large capacity plant by Kowa Seiko, designed
to treat cinders with relatively low non-ferrous
metal values by the admixture of calcium
chloride and subsequent calcination resulting
in the volatilization of non-ferrous metals on
chlorides and the agglomeration of the iron
constituent.
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Consumption of pyrites in Japan
is expected to progress at an annual rate
of about 4% which can be readily sustained
by available pyrite resources. Government
control of pyrites prices coupled with the
periodic pressure from low cost brimstone
on the world market has inhibited the
development of new pyrites mines, so that
at times supply shortages occurred,
necessitating imports, notably from U. S. S. R.This situation could recur especially if
the large mining/chemical combines find
more profitable employment for their
capital and the Government were to
encourage imports from U.S.S.R. or
China on trade political grounds. There
is also an increasing tonnage of recovered
brimstone at Japanese oil refineries,
which may result in its being used in
domestic sulphuric acid production instead
of it being exported to world markets which
in the near future are oversupplied.
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Morocco

The establishment of the
sulphuric acid/fertilizer plant of Maroc
Chernie in 1965 at Safi was co-ordinated
with the exploitation of the Kettara
pyrrhotine deposit, where production
progressively increased to about 100,000
tonnes S in 1967, as an increasing proportion
of the sulphuric acid output was based on
this raw material. The resultant residues
containing 0.71% coppr continue to be
stock piled, pending the development of a
suitable and economic treatrnent process.
Because of the irregular quality of ore which
fluctuates between 26%-31%S, it is now planned
to treat the ore by flotation to yield copper,
zinc and pyrrhotine concentrates, the latter
containing 40%-47%S. This project will
be implernented in conjunction with the
expansion of sulphuric acid capacity at
Safi by 50% which is projected for 1970/71.
The possibility exists, however, of pyrrhotine use
being abandoned altogether and substituted by
the use of Polish brimstdne which would be
bartered for phosphate rock.
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Greece

Consumption of pyrites in Greecerose steeply in 1966 when new pyrites basedsulphuric acid plants were brought on-streamfollowing the establishment of three newfertilizer plants in Northern Greece. Ofthese one was based on pyrites, one includedpyrites roasters as well as brimstone burners,the former being used intensively in 1966and 1967 due to limitation of brimstone supply,and the third was based on brimstone.Sulphur shortage also caused the conversion ofa brimstone burner at the old-establishedplant on the Piraeus to pyrites, which will boostpyrites consumption in 1970 by about 30,000 tonnesS.

During the period 1963 to 1965 pyritesconsumption in Greece fluctuated between 37, 000and 40, 000 tonnes S, then sharply rose to128,000 tonnes S in 1966 but receded in 1967to 107,000 tonnes S, and again in 1968 to81, 000 tonnes S. The bulk, of Greek pyritesconsumption of domestic origin is suppliedfrom the Kassandra mine, in the form of non-cupreous but highly arsenical ore, and fromHerrnione, in the form of cupreous pyrites, bothmines being owned by the country's largest sulphuricacidffertilizer producer, The Hellenic Companyof Chemicals & Manures at the Piraeus. 1naddition, Greece imports up to 20, 000 tonnes perannum Kalavassos non-cupreous pyrites and alsovarying tonnages of Bor concentrates from.Yugoslavia. Only the cupreous cinders arevalorized and are sold to DKH. Expansion ofproduction capacity at the Kassandra mine, whereup to 200, 000 tonnes flotation concetrates willbecome available from 1970 onwards, will adequatelymeet the increased demand which in terms of pyritesis expected to rise to over 150, 000 tonnes S inthe early 1970s.
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Finland

Pyrites consurnption in Finland falls
in two categories: consumption as such,
currently only by the pulp industry and the
use of pyrite concentrates in the sulphur
recovery plant at Kokkola.

Up to 1966 small quantities (12, 900 tonnes
S in 1963 declining to 2,100 tonnes in 1966) of
pyrites were also roasted for the manufacture
of sulphuric acid, but from 1967 onwards the

only consurning sector is the pulp industry using

about 41, 200 tonnes S, to which level consumption

had gradually declined from about 58, 000 tonnes S

in the early 1960's. The bulk of this consurnption

is represented by Outukumpu pyrite concentrates,

the residues of which have a high value due to
their cobalt content.

The Kokkola plant is based on the use

of Pisahalmi pyrite concentrates which are
produced in conjunction with copper and ïinc
concentrates. Of the input of about 350, 000 t. p. a.
an increasing proportion of sulphur content is

recovered as brimstone by the Outukumpu process

which also yields SO2 gases for sulphuric acid

manufacture and an agglomerated iron cinder.
Initially only about 4 of the S content equivalent
to the labile S-atom was recovered, but process

rnodifications have raised S-recovery to an
annual level of about 120/140, 000 tonnes.

The trend in Finnish S-requirements is

rising due to increasing sulphuric acid demand.

This will be abated by the decline id the
sulphur needs of the pulp industry. The domestic

production of recovered sulphur has virtually
eliminated brimstone import re•uirements and,

as -these are represented by the pulp and rayon

industries, it is expected that the pyrite based

recovered sulphur production will in future be

adequate to meet this demand.

is?
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Australia 


Consumption of pyrites in Australia
has declined from 120,600 tonnes S in 1963
to 103,800 tonnes S in 1967. The latter
represented the integrated operation of the
mine the output of which is used captively
by a group of roasters in Adelaide and
the operation of Norseman Gold in West
Australia whose output was used by works

near Perth. Since then, in 1968, West
Australian pyrites use and production have
ceased. Pyrites consumption in New South
Wales ceased about 1966 as did that in
Victoria some years earlier.

This trend wil1 be reversed when a
major (420, 000 t. p. a. H2SO4) sulphuric acid
plant in Tasmania comes on-strearn in 1970
based on local pyrite concentrates. A similar

project in Queensland based on local pyrite concentrates

from the Mount Morgan mine has been deferred

and two further projects in Tasmania based on by-

product flotation pyrites from tin and iron concentration
projects are still being evaluated.

Pyrites use in Australia is subsidized by a
Bounty which is based on the import price of

brimstone. Nevertheless there is no prospect of

pyrites playing a major part in meeting Australia's

rising sulphur needs, as any new project is
contingent on a ready availability of low cost by-

product concentrates at a site where there is a

large scale outlet for sulphuric acid. At present

only the Tasmanian project fulfils thi's requirernents,

to the detriment of the other two projects under

consideration, and possibly the Queensland project.
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Canada

Consumption of pyrites in Canada,
represented by the activities of two
companies Consolidated Mining & Smelting
Co. and International Nickel Co. (In co)
in co-operation with Canadian Industries
Ltd. (C. I. L. ), was increased from
116, 500 tonnes S in 1963 to 269, 700 tonnes
S in 1967.

The pyrites are by-product concentrates
arising in conjunction with the beneficiation
of non-ferrous metals and after roasting the
iron content of the residue is supplied to
blast furnaces. In the case of Lni.co operations,
S02-roaster gas is piped to the liquid S02
plant and several sulphuric acid plants of
C. I. L. The growth potential of pyrites
concentrate use in Canada is determined in
the first place by the sulphuric acid
of these two companies and secondly by the
feasibility of integrating one of the many
abundant and not-utilized sources of by-
product pyrites tailings with a plant project
requiring S02. At present a major project
is under consideration by Falconbridge Nickel
Co. at Sudbury, 0,1t. which aims to utilize
part of the S-content of the roaster gases
in recovered sulphur production by new process
technology developed together with Allied
Chemical Co. , and part as sulphuric acid
for which there are nearby economically
viable outlets.

Because of the volume and the large
number of potential pyrites sources and
highly specialized factors which would determine
the feasibility of large scale utililation of

50 2 in roaster gases it is not possible to make
realistic forecasts of future demand growth
beyond that indicated by existing plant operations
and firm projects. On this basis it is indicated
that by 1970 consumption will have increased to
about 350, 000 tonnes S and that this may
further increase to about 400, 000 tonnes 5 in
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13elgium

Substitution of brimstone in place ofpyrites in the late 1950's and early 1960'sis reflected in a steady decline of pyritesconsumption, which until 1966 had shrunk toabout 110, 000 tonnes or little more than one-half of the peak levels attained in the rnid-1950's.

Following the closure and dismantling ofseveral major plants, e. g. Union Chirnique Belge,Pont Brule, the only plants based on pyrites inBelgium were those of Produits Chimiques deLimbourg, Produits Chimiques de Tessenderlooand those of a number of small sulphuric acid/fertilizer manufacturers, and of one pulp manufacturer,with annual consurnption of up to 15, 000 tonnes.In addition at a few sulphuric acid plants wherethe greater part of the sulphur was based onbrirnstone or SO2 in smelter gas some pyritesroasting furnaces were being used. Contrary tothe general trend, but based on sound market trendevaluation, Produits Chimiques de Lirnbourg decidedin 1964 to base a major .sulphuric acid plant onpyrites; this came on strearn in 1966 and currentlyconsumes about 100, 000 t. p. a. of Portuguesepyrites, the producers of which (5. A. d'Aljustreland Mines et Industries) engaged in a long-termcontract with appropriate price guarantees andescalations in the events of declining sulphur prices.

As a result pyrites consumption has risensteeply from the 1966 low and is currently at alevel of about 160, 000 tonnes S. As the result ofthe recent decision of Bayer N. V• to base the giantsulphuric acid project at Antwerp on pyrites, consurnptionfrom 1971 onwards will be further augumented by about200, 000 tonnes S, represented by Spanish pyrites, thecupreous cinders from which will be valorized at DKH.Ccrisideration is being given by Ugine Kuhlmann toexpand sulphuric acid capacity at Rieme by the additionof pyrites furnaces and the decision will be influencedby the price/cost relationship between importedbrimstone and pyrites.
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NETHERLANDS PYRITES CONSUMPTION

('000 tonnes Sulphur content)

	

Year Consumption Consumption Total Su 1 Sourcefor Acid for Non-Acid Consumption Over 50% Under 50% (in
descendin order)

	

1963 113.6 113.6 Cyprus Italy, Portugal, USSR

	

1964 135.3 135.3 Cyprus Spain, Portugal, Italy,
USSR.

	

1965 126.9 126.9 Cyprus Spain, Portugal

	

1966 103.5 103.5 Cyprus Portugal, Spain

	

-1967 99.6 99.6 Cyprus Portugal

	

1968 96.0 96.0



France

Although not as pronounced as
in the Low Countries, there has been a
similar trend in pyrites consumption in
France during the past fifteen years.

From a peak of 400, 000 tonnes S in 195'
consumption declined to 298, 000 tonnes S

in 1963 and 193, 000 tonnes S in 1967.
In part this decline has been due to
substitution by brimstone burners and
this is reflected in the sharply reduced

share of pyrites in the total sulphur use
pattern, by the whole of new construction
being based on brimstone, while many
rnostly small, obsolete and obsolescent
pyrites based plants have been dismantled.

Nevertheless, there still remains in
France some pyrites based plants, amongst
which there are four major plants: Chauny
(Pechiney St. Gobain), Wattrelos and Loos
(Ugine Kuhlmann), all using imported
pyrites, and St. Fons (Pechiney St. Gobain),
integrated with captive supplies of Sain Bel
pyrites.

The trend of reduced pyrites consumption

and fewer plants will be maintained during the

next two years as part of the rationalization
measures due to be implemented following the

merger of the fertilizer interests of Ugine
Kuhlmann and Pechiney St. Gobain. As a
corollary, imports will decline affecting
primarily Iberian pyrites. Captive use domestic

pyrites will continue at the annual level of
about 30-35,000 tonnes S and, on current
indications, the works based on the use of

C. M. C. pyrite concentrates, Algerian and
Russian pyrites will not be affected.

The use of pyrites at a major sulphuric

acid project between Le Havre and Rouen is
receiving consideration, but the high cost of

residue freights which adversely affects residue
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United Kin dom

The realisation of an intensive

construction programme of plants based

on raw materials other than brimstone

in the mid-1950' s resulted in pyrites

consumption in the United Kingdom rising

to a peak of 232, 400 tonnes S in 1954.

Closure of a nurnber of small to medium

size roasting plants, several of which were

obsolete anyhow, has caused consumption

to decline progressively, so that in 1963

consumption had receded to 141, 900 tonnes

and in 1967 to 110, 000 tonnes S. This

consumption is represented almost entirely

by the use of flotation concentrates. The

only consumer using fines, Synthetic Chemicals

Ltd. , drew on a Governrnent stockpile of

Spanish crude fines which is now exhausted,

as a result of which this roaster is examining

alternative sources of supply, including

conversion to brimstone use.

The consumers, British Titan Products,

Courtaulds, Laporte Acids Ltd, , and S. A. I. ,

employ Nichols-Freeman flash roasters which

although well maintained are approaching

obsolescence. This factor determines the

short term demand prospects which would

only change in the event of one or more new

pyrites acid projects being realised. Cur rently

under consideration are the following:

I. C. I. A ricultural & Other Divisions: The

imminent closur e of the company' s anhydrite

acid operations at Billingham (Agricultural

Division) coupled with the increa sing requirements

of Mond Division and General Chemical Division,

which hitherto relied rnainly on supplies from

acid plants on Merseyside several of which

are already closed as obsolete and others due

for closure, and which have been considering a

new acid plant project at a Merseyside location



for the past four years, have focussed

the attention of all divisions on this

problem. Already the final date for

a decision - end February 1969 - has

passed and still alternatives are being

weighed. These include not only the

project presented to the principals by

Sir. Frank Schon, which I. C. I. turned

down, but also the joint Bolidens/

Borregard proposal for a pyrites acid

plant at Teesside, at or near the

Billingham plant, which is combined with

a flexible take or supply scheme for

sulphuric acid to allow for fluctuation in

I. C. I. demand. Other projects relate

to brimstone projects, coupled to a greater

or lesser degree with phosphoric acid

purchases, sulphuric acid purchases from

Northern and North West Europe and

Canada and combinations of the above.

Others: B. T. P. , Courtaulds and Laporte

are all considering the possible need to

install new capacity. In particular B. T. P.

received an approach by Bolidens for a

pyrites acid plant at Grimsby with a take

or supply option for sulphuric acid surpluses

or deficits. There is no indication as yet

that any of these companies are giving

serious consideration to any one project

as their imminent sulphuric acid supply

situation is adequate and the cost structure

of their sulphuric acid operations satisfactory.

To sum up, while in the short/medium

term, pyrite consumption at established plants

will decline, there are better than average

prospects for the realisation of one or more

major pyrites acid plant projects, depending

however not only on economic viability compared

with brimstone, but also on special circumstances

governing individual companies.
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Eire

For the past seven years pyritesconsumption in Eire has been negligible
being confined to one small plant at
Galway which uses about 1, 800 tonnes Sp. a. Since the establishment of a liquidsulphur terminal at Dublin and the
participation of Freeport Sulphur and
Texas Gulf Sulphur cornpanies, together
with Goulding Fertilizers Ltd. in SulphacLtd., the country's largest sulphuric acidproducer, there is little prospect of thegreater part of Eire's sulphuric acid
output being based on a raw material
other than brimstone. The Governrnent-
owned nitrogen/ complex fertilizer producer,Nitrigin Eireann Teoranta, at Arklow
however which at present uses importedbrimstone is giving serious consideration
to basing a new sulphuric acid plant on
local by-product pyrites concentrates whichwould arise if copper production were
resurned at the nearby Avoca mine. Inthe event of this project not being realised,imported pyrites might be considered, ifthey proved competiti.ve with brimstone.The potential annual requirements are upto 60, 000 tonnes S.
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Denmark

Dansk Svovolsyre og Superphosphat
Fabriken, operating three works, is a
traditional user of pyrites which is
consumed at an annual level of 60-70,000
tonnes S. Consumption is evenly divided
between Norwegian (Sulitjdraa) and Spanish
(Rio Tinto) pyrites, the residues of which
are treated and valorized at Hamburger
Kupferhutte and at times at Lubeck. Total
sulphur requirements are supplemented by
the use of domestic and imported brimstone,
which rarely exceeds 15% of total sulphur
consumption.

No change in the present pattern is
expected in that pyrite roasting capacity is
employed to the maximum and that there
is little prospect for a new sulphuric acid
project. In the event of increasing demand
for sulphuric acid, competitive supplies are
readily available from acid suppliers in
Sweden, Norway and possibly also Germany.
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United States

From a peak of 685, 600 tonnes S
in 1956, pyrites consumption in the U. S. A.
has progressively declined to a level of
515, 5U0 tonnes S in 1963 and about 525,, 000
tonnes S in 1967. Of this total about
170, 000 tonnes S is imported from Canada
and the balance is represented almost
entirely by captive use in vertically
integrated pyrites acid plants of non-
ferrous ore mining and smelting companies,
now that operations of the Mountain Copper
Company in Shasta County, California, have
ceased following the ces sation of local
pyrites acid production.

The Canadian pyrites imports are
exclusively directed to plants of Allied
Chemical Corp. in the North- eastern States.
The domestic pyrites originate and are used
locally at plants in Tenessee, Colorado and
Arizona. A major (700 short t. p. d. H2SO4)
new pyrites acid project is under construction
at Rico, Arizona, based on local by-product
pyrites and the acid will be consumed locally
for ore and metal treatment.

Any expansion of pyrites use in the
U. S. A. depends on purely local circumstances
of matching pyrites supply and sulphuric acid
demand. Evaluations by a number of companies,
including Freeport Sulphur Co. and Stauffer
Chemical Co. to utilize pyrites or pyrites
concentrate supplies for conversion into merchant
acid failed to show competitive ability compared
with brimstone.

Vq.
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Communist Countries

All the cornrnunist countries of

East Europe consume pyrites, but only

Czechoslovakia, East Germany and

Hungary are importers. All others -

U.S. S. R. , Poland, Roumania and

Yugoslavia - are exporters or, as in

the case of Poland, have an export

surplus. To Czechoslovakia, Hungary

and occasionally to Poland the Danube

provides a favourably situated transport

route from the Balkan pyrites mines,

even though in rnost instances pyrite

has to be transferred to rail for onward

movement frorn the Danube port to the

consuming works.

East Germany, which imports

annually up to 300, 000 tonnes S in

pyrites, receives the bulk of her requirements

from the U. S, S. R. by sea for onward

transrnission by rail. The intra-East

European pyrites trade is transacted wholly

within Cornecon agreements and pyrites

are not considered to be a commodity for

which foreign exchange funds are rnade

available. A contributory factor in this

concept is the heavy incidence of rneans of

transportation within the framework of

which pyrites provide in many instances

return cargoes.

Although pyrites continue to account

for the greater part of East European sulphur

consumption, which prornises to continue

growing at a rate of at least 5% p. a, and

probably nearer 7% p. a. , abundant indigenous

supplies, especially in Yugoslavia and the

U. S. S. R. , will. obviate the need to look to

Western World sources. Under exceptional

circumstances, which can be expected to

favour the cornmunist country partner, a

barter transaction may offer an opportunity

to sell pyrites in East Europe.
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Price Relationshi - Brimstone V P rites

Although from the viewpoint of the

pyrites producer his product is a raw material,

both for the sulphur consuming, notably the

sulphuric acid industry, and for the mineral ore

processing industries, traditionally the price

of pyrites is determined as a sulphurous raw

rnaterial in relation to brimstone. This price

relationship takes account of the value of the rnetal

constituents of the residue, but because of the

simplicity and the low capital and operating

cost of brimstone based operations, the economic

feasibility of the use of alternative sulphurous

raw materials, notably of pyrites, depends on

a number of favourable factors, the incidence of

which diminishes as the prime cost of brimstone

increases and conversely this importance is

enhanced when brimstone prices decline.

The "favourable factort' which promote

the use of pyrites relate primarily to the optimum

valorization of residues and to the minirnisation of

transporation and handling costs of pyrites and

residues and are primarily a function of the

geographical location of the pyrites consuming plant.

In consequence it is not possible to determine,

except in very broad terms, a generally applicable

price relationship between pyrites and brimstone or

between different types of pyrites.

The basic price relationship between brimstone

and pyrites is deterrnined by the differentials in

capital and operating costs of sulphuric acid plants,

which are analysed below. The costs shown are

deemed to be currently valid in major W. European

industrialized countries and in order to facilitate

the comparison, they refer to contact plants to

produce 66% acid which are to be built in an

industrial region where services are accessible.



Capital Costs

The total investment has been
determined by adding to the cost of
installations (battery limits), 15% for
the cost of off-site facilities plus a
further 8% for construction and start
up costs. For sirnilar plants erected
in North America the investment cost
is 8-10% greater and in developing
countries at least 30% and often up to
60% greater.

The analysis
of brimstone acid plant includes the
costs of a melter and filter; in the
event of liquid sulphur these would not
apply, but provision for liquid sulphur
storage would reduce the cost saving
to about 90, 000-200, 000 in the range
of plant sizes shown. The raw materials
requirement is expressed in terms of
solid bright sulphur. For liquid sulphur
this may reduce to about 328 Xg/tonne H2SO4.
Costs do not provide for a team turbine
to utilize steam for electric power generation
nor for double catalysis.

For pyrites acid plants the cost
analysis includes pyrites and residues transport
and storage, but correspondingly no provision
for steam turbine or for double catalysis. The
cost of the roaster section, which accounts for
44%.- 48% has been determined on the basis of
an ordinary fluidized bed roaster. 1n the event
of the type of pyrites e. g. arsenical pyrites
necessitating the installations of more sophisticated
roasting systems in order to attain the desired
quality of the residues, investment costs for the
roaster section would increase as follows;
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Sectom-6

Sales Potential of StordS P rites

From the above analysis of pyrite

consurnption in individual countries, it

will be seen that the identifiable and

significant growth prospects lie only

in countries which use indigenous pyrites

and are not dependent on imports.

In all other countries the prospects

of growth are determined by specially

conceived projects. The competitive

ability of Stordb washed and flotation

pyrites is analysed below in relation to

the use of brimstone and "cupreous"

pyrites in new projects:-

In the light of the above and with

special reference to the potential valorization

of residues the consultants condude that t he

only regions in which new projects, under

present circurnstances, could give favourable

consideration to the use of Stord56 pyrites are:-

U. K.
Eire
Southern Sweden or Denmark

In Northern Germany, the Benelux countries

and Northern France large capacity plants based

on brimstone or cupreous pyrites substantially show

too pronounced economic advantages to wairant

them being considered as potential outlets.

In the evaluation of the respective merits

of flotation and washed ore, in respect of their

use in new projects, the determining factors are

the investor s•' choice of a specific type of

roaster and the pr eference or otherwise of

the blast furnare ope rator for fines or flotation

residues. No cash value can be determined nor

are there any determinate factors which may be

specified independently of the pyrites roaster.

ISS



As shown previously, analysing

the value of Stordoe washed and flotation

residues and the cost of transport of

pyrites and residues, it is only in very

favourable circumstances that the residues value

can cover transportation costs. Residues

values range frorn $3 to $6 per tonne pyrites

and the cost of transporting pyrites and

residues from $3 upwards.

Nevertheless, in determining the

competitive status of StordS pyrites with

that of other supplies of sulphurous raw

materials, it is proposed to assume that

the f. o. b. netback is represented by the

whole of the sulphur value in the pyrites.

see table (next page)

Return on Ca ital

On the basis of a desired 15% return on

capital, the investor would necessarily look

to an additional $ 2. 41 per tonne H2SO4 when

cornparing the investrnent on brirnstone acid

plant with that in a pyrites acid plant based on

Stord95 flotation pyrites and $2. 50 in the case

of cornparison with a plant roasting Stord6

washed pyrites.

The total differential of fixed and, operating

is in respect of: -

Stord‘ washed pyrites use $4. 79 per tonne H SO
2 4

Stords5 flotation pyrites use $4. 73: per tonne H2SO4

and if full account is taken of the greater return on

capital required in respect of the pyrites acid plants:-

Stad55 washed pyrites use $7. 29 per tonne H2SO4

Stord$ flotation pyrites use $7.14 per tonne H2SO4

15()
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It will be seen that the lower S-

content of Stord pyrites cornpared with

a standard material of 48% S is expressed

in an increase of the adverse differential

of about $3. 49 per tonne 1-12SO4 for washed

ore and $0. 32 per tonne F12S0 in the case

of a 500 t. p. d. 1-1.,SOÆ plarit with an

ordinary fluidized "bed— roaster based on

non- arsenical pyrites. In the case of a

plant with a Z-stage roaster, Stord6 pyrites

show an advantage (because of the lower capital

cost requirernents) of $0. 64 for washed pyrites

and $0. 79 for flotation pyrites. Because of

the limitation of supply to about 150, 000 t. p. a..

Stord6 pyrites, a comparison for a 1000 t. p. d.

1-1SO4 plant is not relevant.

It must be emphasized that whereas the

differential in fixed and operating cost can

be deterrnined with reasonable accuracy as

shown above - bearing in mind however that

these calculations relate to a "basic" sulphuric

acid plant and that in the event of the plant

incorporating special features such as, turbines

for electricity generation, steam towers, etc.

the cost differential will alter - the evaluation of

the differential return on capital is not clearcut

nor can intangibles be readily expressed in

terms of dollars and cents. The above differentials

for Stord6 pyrites are considered to favour slightly

the use of pyrites.

Is



Related to a range of brirnstone prices, the following values are

identified in the case of a 500 t. p. d. H2SO4




Cost per tonne brimstone delivered plant $ 25 30 35 40 45

Cost of brimstone per tonne H2SO4 (344 kg) $ 8. 60 10. 32 12. 04 13. 76 15. 48

1. StordP washed pyrites - adverse differential $7. 29




Value of S in pyrites per tonne H2SO4 $ 1. 31 03 4. 75 6. 47 8.19

Value of S in pyrites per tonne pyrites

delivered plant $ 1. 76 06 6. 38 8. 68 10. 98

2. StordP flotation pyrites - adverse differential $7. 14




Value of S in pyrites per tonne H2SO4 $ 1. 46 3.18 4. 90 6. 62 8. 34.

Value of S in pyrites per tonne pyrites

delivered plant $ 1. 96 4. 27 6. 57 8. 89 11.18

It is evident that if the minimum accpetable f. o. b. netback, determined in relation to

production costs of washed or flotation pyrites is of the order of $7 per tonne pyrites, there

rnust be a grave doubt whether StordP pyrites can remain compet=lepresent downward

cycle of world brimstone pyrites, especially as the costs of residues and pyrites transport

can only be covered by the value of residues under favourable circumstances.
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This adverse differential may be
greater if a shorter depreciation period
is postulated for the investment cost of
the pyrites acid plant as far as the

difference in costs between brimstone acid
plant and pyrite acid plant. The last-
named postulate in the case of a 1000 t. p. d.
HZSO4 plant would increase the adverse
ditferential by $1. 41 per tonne H2SO4.

Sirnilar adverse factors would be
the application of interest rates to part
or the whole of investrnent costs, higher

labour costs or indeed the evaluation of
intangible factors such as comparisons of
cleanliness, management problems, etc.

Recognising that in specific instances
of comparison will show slightly different
results, the following table numerizes the
adverse differentials of pyrites V brimstone
use:

500 t. . d. 1000 t. . d.

$ 6. 82 $ 4. 88




$ 7. 93 $ 5. 86




Brimstone use com ared with Sul hurie acid lant
pyrites roasted in:

Ordinary fluidized bed roaster

2- stage fluidized bed roaster
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Related to a range of brimstone prices, the following values for the S-content
of pyrites are identified:

Cost per tonne brimstone delivered plant $ 25 30 35 40 45

Cost per tonne H2SO4 (344 kg. ) $ 8. 60 10. 32 12. 04 13. 76 16. 48

1. Ca acit 500 t. . d. H 80 ordinary fluidised bed - adverse differential $ 6. 82




50 6.
 22
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 70 7. 00 9. 31

- adverse differential $ 4. 88

5, 44 7. 26 8. 88

7. 30 9. 73 11. 92

Value S in pyrites per tonne H2304 $ 1, 78

Value S in pyrites per tonne pyrites delivered
plant: $ 2. 39

2. Ca acit 1000 t. . d. H SO : ordinary fluidized bed

Value S in pyrites per tonne H2SO4 $ 3, 72

Value S in pyrites per tonne pyrites delivered
plant: $ 4, 99

8. 66

11. 62

10. 69

14. 22

•



3. Ca acit 500 t. . d. H SO 4' 2-stage fluidized bed - adverse differential $7. 93




Value S in pyrites per tonne H2SO4 $ 0. 67 2. 39 4. 11 5. 83

Value S in pyrites per tonne pyrit4ts d elivered







plant: $ 0. 90 3. 21 5. 51 7. 82

4. Ca acit 1000 t. . d. H SO : 2- stage fluidized bed - adverse differential $ 5. 86

Value S in pyrites per tonne H2SO4 $ 2. 74 4. 46 6.18 7. 90

Value S in pyrites per tonne pyrites delivered







plant: $ 3. 68 5. 98 8. 29 10. 60

7. 55

10.13

9. 62

12. 90



Thus at the current level of the

U. S. bright sulphur price of $43 per tonne

c &f Rotterdam, the corresponding value of

sulphur in pyrites would be $12 per tonne

with 48% S (roasted in a 2- stage roaster of

a 1000 t. p. d. H2SO4 plant)

A cornparison with the "Verrechnungs

Preis" of the West German roasters which

at present stands at Pfg. 7. 2 per kg sulphur

in pyrites c. i. f. Rott erdam, shows that the

Gerrnan roaster pays $6. 44 for the sulphur in

pyrites per tonne H7SO4 compared with $8. 93

which is the cost oC 344 kg brimstone less the

differential of $5. 86.

Since the above narned "Verrechnungs

Preis" is based on current f. o. b. costs of

"cupeeous pyrites, residues values and

prevailing freight charges for pyrites and residues

it is evident that at Rotterdam, probably the rnost

favoured location for pyrites roasting, pyrites

use enjoys a significant cost advantage over

brimstone. A rough analysis of the current

residue value and transport costs corroborates

the validity of the current price for Spanish

pyrites fines. At the current P. R. 0. (Pyrites

Residues Organisation) valorization for Ir on

and copper in say Rio Tinto residues, a value of

approximately $9 per tonne resdue or say $56 per

tonne pyrites is indicated. With Ocean transport

costs for pyrites from Huelva-Rotterdam of about

$2. 50 and residues freight (Rotterdam - Duisburg)

of $1 per tonne pyrites, the net rnetal value equals

$2. 50 which together with the sulphur value

of the "Verrechnungs Preis" of $8. 70 equals the

currert f. o. b. all values price of Rio Tinto pyrites of

$11. 20.

It is evident that declining world brimstone

prices will cause a decline of f. o. b. pyrites prices,

Whilst a decline in residues values notably a decline

of the world prices of copper could precipitate this,

it is though unlikely that in the foreseeable future

the net residue value (aft er deduction of freights)
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could drop below $1. 50 and it is more

likely that its value will remain around

$ 2. 50.

The decline in world brimstone which,

as shown in section X , is now in prog ress

and is likely to continue until the early 1970' s

can be expected to cause the delivered brirnstone

in West Europe to drop to $35 and possibly

even lower, although it is unlikely that the

average price will fall below about $32. At

that price the cost of brimstone per tonne

H2SO4 would be $11 after deduction of the

above-analysed differential of $75. 86 per tonne

H2SO4 (1000 tpd II2SO4 plant, 2- stage roaster)

an equivalent of the sulphur only value of $6. 90

per tonne pyrites containing 48% S is indicated.

On the assumption that Iberian and other

European 'cupreous' pyrites can, in future, be

produced and supplied competitively and profitably

at all values f. o. b. prices as low as $7 or

possibly even sornewhat lower, it is concluded

that even at sharply reduced world brimstone

prices, sulphuric acid manufacture with established

pyrites acid plants would still find it advantageous

to continue using pyrites and that at favourable

locations some additional new pyrites plants may

be established if only to replace obsolescent

plant.

In respect of non- cupreous pyrites the limited

accpetance and adverse valorization of residues in

the continent of Europe severely limits future

prospects for this grade, unless it is made available

at a very low cost, as is the case for non- cupreous

and flotation pyrites imported from the U. S. S. R.

Currently on the continent the valorization of the

Fe content of non- cupreous residues amounts to about $3. 50 per

tonne pyrites which in some instances may just cover

pyrites and residues transport costs. Although the

U. S. valorization of non- cupreous residues of up to

$6 per tonne pyrites compares favourable, the incidence

of transport costs for both imported and domestic

residues is much higher while the scope of the domestic

pyrites rnarket has its limitations.
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P rite Residues

In the evaluation of rnarketing prospects

the valorization of residues is one of the key

factors. This valorization attaches, in the case

of most small pyrites and flotation pyrites

residues to extractable amount of non-ferrous

metals and to the iron content of the residues.

In non-cupreous pyrites, especially in respect of

residues from flotation pyrites the non-ferrous

metals content is usually too low to warrant the

cost treatment and in consequence from the

point of view of valorization of the Fe. content

these non-ferrous metal constituents come to be

considered as more or less deleterious. This

applies especially to arsenic copper and zinc

and may apply to T102, Pb and inineral oxide

establishrnents. As the outlet for the iron

content of pyrites residues is the steel industry

in the form of blastfurnace feed, the evolution of

iron ore supplies and prices has fundarnentally

influenced the acceptance of pyrRe residues:.

During the past ten years the availability

and use of iron ore fines, originating from Brazil,

West Africa, Peru and more recently Australia,

has increased very substantially. The attendant

expansion of sinte ring capacity should have improved

the marketability of "non-cupreous" pyrRe residues,

but in fact the abundant iron ore fines supply

caused not only a decline in iron ore prices but

also a reluctance by the blastfurnace to admix

pyrRe residue. As a result residues with

impurities became almost unsaleable and the value of

"purple ore" and of "clean" non-cupreous residues

declined year after year.
_

The impact of these developments on Stordy6

wasted pyrites residues and flotation pyrites residues is

only in respect of price, as neither product has

practically any deleterious irnpurities and is an
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acceptable for blast furnaces at any plant

prepared to use pyrite residues. In this

respect should be mentioned that because

of rationalization of transport and handling

and in order to simplify the procedure

to obtain a uniform and homogenous blast

furnace burden, an increasing nurnber of

steel works now refuse pyrite residues

or purple ore altogether. These are mostly

in the Ruhr, and also include such major

integrated works as Ijminden and Dunkirk.

No outlet for residue could be identified in

Sweden. An examination of potential

outlets shows, however, that practically all

small to medium sized steel works will

accept Stordt, washed pyrite cinders. In

respect of the flotation material the

acceptance can be said to be conditional in

the light of the composition of the burden

of the sinter belts or sintering machines.

These reservations are thought to be designed

to exercise greater price pressure on the

residues supplier and may amount to as much

as US j 1 per uni.t Fe though more often between

US 0. 2.5 to US t 0. 75 per unit Fe. Although


it can be argued that the adverse feature of the

flotation material is its greater fuel requirement

because of its greater moisture content and finer

arain size, no correlation has been identified

between various fuel costs and buyers' ideas of

discount in the value of flotation residues and

roasted fines residues. Indication of the iron

value in pyrites residue of a quality corresponding

to Stordb residues are as follows:

West Germany:

Pfg. 36 -1- 371 US t 91/8 - 93/8 per metric ton Fe

delivered works.

Belgium:

Fr. 3. 75-- 4.15 US per metric ton Fe

delivered works
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Transport of Stordy5  Pyrites & Res dues

Pyrites

Conditions at the port of loading,

represented by depth alongside and turning circle,

enable vessels of up to 5000 tonnes to be

considered although the usual size of vessel

is 300-3800 tonnes. Under prevailing

loading conditions at Stord of maximum 500 tonnes

per hour with an average capability of 300 tonnes

per hour, the cost freight is indicated as

follows to a range of European deductions:-

UK East Coast I78 - 218 per ton

UK West Coast

and Eire 24s - 305 per ton

Hamburg and Antwerp range

19s - 255 per ton

French Atlantic Coast 2s 35 s per ton

Frerch Mediterranean 36 45s per ton

These freight indications reflect the current

level of chatering single or consecutive

voyages. More favourable terms of up to

40% les s should be obtainable if shipowners

can be offered continuing regular long-term

employment of vessels with a guaranteed

volume.

Residues

The cost of transporting the residues from

the acid plant to steelworks assurnes great irnportance

because like the cost of pyrite transport, it

dimini shes the f. o. b. netback. There are hardly

any established pyrites acid plants in West Europe

from which the cost of transport to steelworks

i s les s than $1 per tonne of pyrites and the average

is between $2.50 to $3. In the case of new

proiects it may be assumed that in the selection of

site this factor would be optimized.
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APPENDIX TWO

Brimstone and P rites Ex ort
Prices 1950-1969

Mendon has been made earlier in
this report of the movements of sulphur prices
during the 1960's, particularlyin respect of
brimstoneand for referencepurposes it is
intended to present here a tabulationof
export prices of U.S. Frasch sulphur and
Spanish pyrites for the period from 1950-1969
so to provide a background frameworkfor
the earlier analysis. The particularprice
series have been chosen because of their major
significanceduring the last 20 years in
determiningthe ruling brimstoneand pyrites
prices in Western World markets; the U.S.
Frasch suppliershave been the brimstone price
leaders in the major Western European and
Asian markets and, as the principal source of
pyrites for importers in Western Europe, the
influenceof the Spanish suppliershas been
unrivalled.

U.S. Frasch sul hur ex ort rices

The data in Table A is presented in respect

of listed export prices f.o.b. U.S. Gulf and
average realized f.o.b. prices at the same
shippingpoint. The posted prices generally
indicate the levels at which brimstonewould be
available on short term business whereas the realized

f.o.b. figures relate to the average return per
ton on all shipmentsand since the greater part
of such shipmentsare made under medium to long
term contractswith prices more favourableto
the consumer, the realized f.o.b. figures are
influenced-accordingly.
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TABLE A

U.S. Frasch Sul hur Ex ort Prices 1950-1969

(Bright sulphur, $U.S./ton f.o.b. Gulf Port)

(i) Listed Prices
Year / Date Effective Price(s)


(ii) Realized F.O.B.
Year Price

1950 September 24.50-27.00 1950 21.50
1951




no change 1951 24.70
1952




no change 1952 25.70
1953 June 28.00-30.50 1953 28.80
1954 January 31.00 1954 30.60
1955




no change 1955 30.30
1956 February 28.00 1956 29.25
1957 January 25.00 1957 27.70
1958




no change 1958 25.00
1959




no change 1959 24.75
1960




no change 1960 23.00
1961




no change 1961 22.20
1962




no change 1962 23.10
1963




no change 1963 20.90
1964 December 27.50 1964 20.60
1965 February 31.00 1965 24.50




April 36.00 1965 24.50
1966 July 39.00 1966 33.30
1967




no change 1967 39.15
1968 January 41.00 1968 42.20
1969




no change 1969 39.00

Applying, as they do, to deliveriesto
all markets the realized f.o.b. prices in the
right-handcolumn above do not reflect the
particularlylow 'net-back'which prevailedwith
regard to exports to major consumers during the
period immediatelybefore the onset of limited
brimstone availabilityin 1964 when, as previously
stated, f.o.b. prices went down as low as $16-17
per ton.
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BRIMSTONE EXPORT PRICES
42U.S. Frasch Sulphur (bright), $ per ton f.o.b. Gulf Port
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•
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36

Listed Export Price34


32

1
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II
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Average Realized f.o.b. •
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1950 51 52 53 54 55 56 57 56 59 60 61 62 63 64 65 66 67 68 69



S anish rites ex ort rices

The price series for Rio Tinto crude
fines is shown in Table B in the quoted
sterling currency and in terms of the U.S.
dollar for ease of comparisonwith the U.S.
Frasch sulphur price.

In line with the sterling devaluationin
November 1967, the pyrites price moved upwards
from 85/- to 93/- per tonne and since the
producerswere granting a discount of 5/- per
tonne on the price establishedin mid-1966 during
the second half of 1967, the f.o.b. price in U.S.
dollars effectivelyremained the same before and
after devaluation.

TABLEB

S anish P rites Ex ort Prices 1950-1969
(Rio-Tintocrude fines, basis 48%S, per tonne fob Huelva

Year / Date Effective

1950

uoted Prices

58/-

$U.S.
Equivalent

8.12
1951 January 60/6 8.47




July 75/- 10.50




1952




no change




1953 January 84/- 11.76
1954 January 105/- 14.70
1955




no change




1956




no change




1957 July 92/6* 12.95
1958 January 82/6*. 11.55




July 77/6* 10.85
1959 January 67/6* 9.45




October 60/-* 8.40
1960




no change




1961




no change




1962




no change




1963 January 56/6* 7.91
1964




no change
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WESTERN EUROPE : SULPHURIC ACID PRODUCTION
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CONSUMPTION OF SULPHUR FOR H,SQ, IN W. EUROPE
million tonnes S content


10

9

8

7

6 up to 1965 5.7% up to 1967 = 5.4% p.a

5
es•

SMffli

!=  11.m al •• •••.••••,„

4

Total

3

2 ire
Pyrites

up to 1965 3.3% p.a.
.ffieffl

gme«!

up to 1965 12.0% p.a.2

up to 1967 = 3.7% p.a

up to 1967 = 11.1% p.a

I - other forms  • gmmffl

.1 1  No!••  
up to 1965 5.8% p.a. up to 1967 = 5 8r, P aEl Sulphur

1950 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67



7Da_JE P iCric (cY 6-7

72ya

(_() 7v. /14 r- csL__Ccz_


