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1. IARRQQLoNGAX

Sulpbur 16 o Jf v oldeot minerais inowa %0 and applied
by mankind. Cver thounwnd years of ite developmeat the latter

L23 been accoOaanic 41 v thu. ras uaterial.

A® early au scm>y 2,000 years i.C. the Bgyptiame uoed
sulphur for linea blecchir; and mediosl compounde. 1Ia 1094
an important event in the history of selphur ese Hermsa
Prasch’s hot-uater relting process to chbtaim drimstoms. 1%e
uninterruptcd march has lecizd since that time.

In the firct hal? o this ocentury sulphuz became one of
the mein pilllars in che-iccl induitry and the quantities of
sulphuric acid >ro.iv:ed .rom sulphur sre ome of the asasures
and deterninants o tha place held by individual countries
on the list of '"~rl¢ ehenical powere.

2. ¥orld Coweu qtict. of Julrhet

Alongsdde 0. the Ziadual world developmeat of industry,
inclwding thet of chewicalc, the i1o0le of sulphur and domand
for that raw :-aturial ci:rted to inoreess.

The reguire~'t nar £firrt nat by native (i.e.ained)
sulphur and dy svlphur-.crr i1t g ram muitertala such as pyrite,
anhydrite and gypsuw. Until the 1920°s the btasio rew materisle
for producing sulphuric aciA +ierc pyrites (together sith mare
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SHERE in of b ' U RSN L AR IY ot

= et T aact it nar e e o ches o Sther pre rete e e b heomo-

congiructes amd cdevtod te o, pbor pececsoane pato sviphtrie eld,
- prepn et port of veo et aoot vy eudpheere atad it e e woimed

crented om o the basae U cuTpboy o the e terr L

Raged v the of meur i mssoeptione, st ocietr ol Tpmres concerniner the corsumption

of e nhor and the cor oo tive cnhomto o7 oophorie aend eeasmmptico vy industry,
1

porticalar copgidert 1o Lo i to + 1 4 ety of vhosphoic fortiiizors, »odore-

east {or svinhir dormne i D Y e heen prencatoed,

The wvt port of *he poer co i materatls »olewant te the world resonrees of
sulphnr wl oo dnhr=carevie o paterivia, the oxtrction wd production techaology o
gulphur, cort (otimotes cowented with those operstioe ae well s o foreenst of the

priterw f sulphir producticn p oo 1,700

In the cubreguent ©ort 10 proscied:

- A Walapce of reod i el eommuysption of sulphur i all forms and, against
th it hoekround, *kE~t of clemento 1 su phur,

— a pevier of worli trade in clemeatdl suiphor, main producerst export quantitiesn

af main importers? porclhiges “eiar thlion into consideration,

Pi:iiy,z tried of price preciciion with respoct to elemertnl sulphur durine the
raming deonde 18 wndertion on the bamis of the tronds of prices for ¢ temental sulphur
over the past 20 venre, 1 Prob oo [oitami of sapply oel demand conditioned by ne

congider tion, the ~ir po’lotion . nrohlen oad the ccesiity to de-sulphurize ma, crade

01l and iadustriv! =mpes Voire fokeny 10 to ~renant.

A o pory of the geacri! prorramme of the Second Itorregicnz! Fertilizer Symposinn
poiscd nguine! ‘he world {irtiize s sifantion, the report devotes particvl r ~tiertion
to the developing co v tries md thoir protiems crmnected vith ‘he development of
phosphatic ferti iger iudostry ~ad the prodietion of such fertilizere i1 terme of sulphur

srpply ovd demvad in those e ntrier,

In line with hig vicrpeiat that s corid-wide usce of elemetal gulphor for the
prodncting of suiphirie ccid sd the incrense of iastailatinsng for such productio=
wil) sunete tislly deereasc the maaufnetrring costs, the nuthos incimdce o proposal for
P-laua'e participationg i1 the orld trade in eolphur and iy the cxport of culphuric
~d inetostione Tryport of goophurie ncid ploats helongs to the ficld in vhich

he v emlaee miae bnostry spesitiizes.
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casite) beocause brimstone whose production inititated in the
United States by a method of underground melting by the end of
the 19th century was still too dear to be used for making an
inexpensive and gacs product. At that time also the waste 802
derived by roasting sulphide ores containing a non-ferrous metal

tase was utilised.

In the United Statee, a relatively rapid changeover into
brimstone took place and to-day the production of sulphurioc
acid based on that source accounts for 87 per cent there
while Europe having rich deposits of pyrite continues t0 derive
a considerable portion of sulphuric acid from that ram material,
pyrite being s dominant raw material in such countries as the ,
Soviet Union, Sweden, Norway, the German Federal Republic and
Spain. The position of brimstone began to change and strengthen
alongeside of American increased supplies, and over the last
decade the consumption of brimstone radically increased and
changed the existing structure of sulphur utilisation in all
forns as a result of considerable quantities of sulphur reco-

vered by desulphuriging sour gas, thus reducing the cost of
sulphur.,

Sulphur is used for quite a number of different purposes
end therefore it is often taken as a conclusive index of in-
dustrial aotivity. A preponderant part of sulphur serves as
a chemical raw material to produce other articles and it

s8¢ldom appears in a final product.

It is estimated that sulphur (in all forms) up to about

80 per cent, on the average, is earmarked for the production
of sulphuric acid.
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In terms o! final producte, i\ should be averred that the
main consumer of sulphur ie the fertiliser induetry whioh ta-
kes 1p appr. %0 jper cent. of sulphur, out of which 4] per cent.
being used for the praduction of phosphatic fertilisers. The
next consumers of sulphur are the viscose-fibre industry
(about 7 per cent.), the pulp-snd-juper industry (arpr. 5 per
cent,), pigments (Ttoz) vroduction (appr. 5 per ocent.), irom
and steel pickling ° per cent., some 31 cer cent. of sulphur
being used for the produvction of other miticles euch ae plant-

protecting agents, rutber goods, explosives, etoc.

The development of sulphuric scid industry, shioch is a
result of an ever-growing output of phosphatic fertilisers
and other branchee of industry tbat use that seai-product, ie

the basic faotor which conditions the drive and volume of
sulphur demend. The respectivc analysis shows that there ie
a olose correlation and interrelation between the production
of sulphuric acid, the production of phosphatic fertilisers

and the consumption of sulphur.

Unfortunately, the specialist literature is lacking sta-
tistical data relevant o the world consumption of sulphur,
only the market-economy countries consumption figures being
published. The data in various materiales available are not

identical and they often differ even to a consideradle extent.

However, to illustrate the order of magnitude regarding
consumption and the above mentioned cloee interdependencies,

the folloning data ara given below:
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1. Soeld produation of sulphmuric acid (100% Ho30,) ia '0%
asirie WOne
(Jouree . 3tetiestical feag w00k, Urited Natioms, 1969)

— WS I e T

f2%al '000 ¢ 31.370 48.720 53.090 €67.740 79.840 76.900

[PRET——— L] PU———————

ARBwal average
groenth rate in - 1,7 %0 b P %1 41
¢

W“M

The averags annual rate adout 7.5 per seas.

2. World prodwetion of phospnatic fertilisess An 'U00 metrie
tone r,o,
(Sowres ; PAO Produetion leardook - 1969)

1948749 19%2/%53 1 LA | /' 1 L { ’ 1968/
195253 1935,:57 ?23 ."“& m’ }‘J' ’3

Total ‘000 ¢

,205 6.056 T7.520 13.843 15.076 16.206 17,206 17.466

Average annual

growth rate in - 6,0 10,5 8,9 8,0 5,6 1,9
%

MWM

The_aysrasa spaml zata_about Al naz aenl




9. Porld ecnemmption of phcaphatio fertilrezy 'n 'O00 metrie
W Pzﬁg

TS O N i e ol W & A - A i

3948773 15,2757 19 1%:; 1%? x?u’
l?i’* LS ;“*‘st ‘f,

A —— o~ PR P

foral *000 ¢ |

’te S5.10 Toear v .9 36 o ey 113 R Y- 16.41) 17i2?§
$

mmm‘u*ﬂ e RSN L W oo

”* !‘“ ‘n - 5;? 13,0 9:) Ertl 5)‘ 5.,

Ww“—v A A AR -

PR T Slas T il W 2 shout 5.6 ooz epmt.

Aeco=ding to the oAt L Incadnid statiiutica) figures, e
average growth rate regariiing the - orld proauctioa of sulphu-
rie aeid and the -c1ld nxcdn-tion o7 phoopimile fertilisere
wepe 8000 7 - R p-: cert. por Luit. Aurins 18 ¥AAZe 199 -
19067. It f¢ oriir-t-4 ot 3 Cuerved aciivity in the for-
~g1iser ~oetor slfelL tock plav:s am a poani of differeat

diffivulties ard of “ur tancas ‘n ths 1966-T70 period added
t0 the doorease ‘= ha* LV °¥

Phe table gi~r BaYes AluveJ2utes Jha eonmmpiion of
sulphur in all four- l. . ¢ uket-sconiny eountcine as well
an $he prodiuticr of phanen iy @i rr' fe=tiliners in tho®e
couatries, ~md ihc jospea’it ¢ i~diecar of 1roath (the date for
sulphuy oonsvnpsic . briusg -ovv 4 on’ &n tha hasis of the bi-
sonthly puhlicatior "&\lpwm=", Sho.c 0i ‘e procuoction of

snlphurie «a3d - Ar Vs tacta ol The Ul 24rti1tica) Yoar-
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book and the Monthl) sw)leiin of stat.stics, and those of
phoephaatiec fertilisers - on the basia of the PAO Prodwtioa
Yoarbook and She Moatlly Sulletin of Agriocultural Statistiocs).

Conswmption of sulphur againet the dackgrousd off sulpburie
soid and phosphatic fer.ilisers in sarket-economy eouatriee

A R - S————

Sulphur consumptioa Su.pburie acid Phoephatio

ia all fo.me productioa fertiliser
prodwetion
‘m P P
a.t. % index 8.8, # indez m.t. ¢ index
B, 80, 220y

1955 14,7 100 52,5 100 7,0 100
1960 17,8 122 40,3 124 8,9 121
1963 24,4 166 54,2 167 12,2 174

19¢9®) 38,3 193 63,4 195 13,8 197

a) provisiomml date
b)) cecmonis yeare 1935/%6, 1960/6), 1965/66 and 1900,/69

The strueture and dynamiecs of mlphur consumption are
iateresting which ~oiate are Lliwstreted by the followiag
table oa the sasis of market-eccncny ecuntries ;
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Developasnt of sulphur consumpiion in market-economy countries
inm. t. 8

——

Sulphur in including

Year 8ll forms
Brimstone Pyrite-based Other sources-

sulphur based sulphur
1965 24,4 14,1 6,3 4,0
1966 25,7 15,0 6,4 43
1967 26,3 15,4 6,5 4ot
1968 27,4 16,0 7,0 43
1968*) 28,3 16,6 703 e

1970%) 29,4 17,5

S S ——

a) provisional data
V) estimated

Sowrces: The British Sulphur Corp. "Sulphur®, Nos. 74/1968,
80,1969, 86 and 8771970, and Statistical Supplement
Fo. 1"1970.

Likeuise interesting would be the figures regarding the
world comsumption of eulphur in all forms. In view of the lack
of the relevant literature and data, thoee regarding the pro-
duwotioa of sulphurio acid will be taken into consideratioa in
order to caleulate the respective oconsumptioa volume.

Assuming that 0.333 t. of sulphur is necessary to get
14, 0f K80, (100%) and that adout 80 per cent. of sulphur
10 weed for the production of sulphurioc acid, the following
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pioture will ve obiained.

World consuuption of sulphuws Jn all forus (estimate)

Yearn 1953 1660 1962 1965 1966 1967

world consumption 45 77 20,097 22.121 28,225 30.799 32.075
of sulphur in m.t.

Rate of annual
world consumption - 7,6 5,0 9,2 9,0 4,1
in $

Average_annual rate about 7.3 per gept.

From the adove-given jitaposition, it appears that the
gromth of demanc fo. sulphur incrsased, on the average, by

about 2 m, tons per year from 1360.

The comsumpiior ¢yasmics of individual sulphur-carrying
ran materials (mainly brimstons and pyrites) was substantially
different as e resvlt of changing market-trend patterns and
prices o2 hoth the vom materials, Untili the nid-60’s the con- ;
sumption of brizitone nes inoreesing muoch more rapidly compared | %
with the developaent of pyriie consumption. The years 1965 - |
68 brought a change in thor» tendencies whioh were an immediate
outoome of the market-tread =situation in the world sulphur
market where in the conditions of the sharp demand preponde-~

rance over supply of Srimotons and its extremely high priece
the produotive capacitice of pyrite industry were inoreased

and the growth of consuaption of sulphur obtained from pyrites
was augmented.
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It wae in 1968 that as a result of an increased export

of sulphur from Poland and the Canadian sulphur recovered

2rom natural gas o new stage in the market-trend situation
was initiated, which situation is desoribed by a majority of
specialists as a siructural predominance of supply over de-
mand and which situaitoun has existed till uoa. The situation
wae and ocontinues to be a reason for ochanges in the structure

of ccnsumption in favour of a substantial increase in the
share of brimstona.

3. Yorld Produstion of Sulphur

a) World sulphur resources

Sulphar resourcee in the world are enormous and can oover

demand for that ran material in the foreseeable future. Sul-
phur oocurs in the Parth’s oruat in the amount of about 0.06
per cent. in the form of rative suvlphur, sulphides and sul-
phates, All these forms arc of a practical industrial importance
if they ocour in sush quantities and conditions that make their
esconomio exploitation poesible. Despite the fact that the
biggest sulphur resourcees are in coal, anhydrite, gypsum and

sea water, it is not recuperated from any of those products

except anhydrite and gypeum, in snall quantities though.




Rstimated sul

agources

Area Fetro- Natural Native Dome Sulfide Pyrites Total
leum gas ore ores
U.S.4. 30 25 100 100 25 25 305
Canada 5 100 - - 25 25 155
Mexico 5 - - 50 10 5 T°
Central
and Latin 30 - 100 - %0 %0 23%0
Amerioca
Western ' -
Farope - 25 5 5 25 60
Eastorn
Puzops 20 20 10 - 10 150 3%
Near East
and Southern 340 500 200 - 5 50 1095
Asia
Far East and
South-East 10 10 50 - 20 20 110
Asia
Afrioca ] - - - 20 20 45
Oceania - - - - 5 ] 10
T e D M
Total 445 680 558 1% 265 378 2470

Data soccording to U.8. sources.

M

It seems that the above-mentioned resources of sulphur
nay be considered as quite well diagnosed and often proved,

but in the case of native and dome sulphur and that from py-

rites it should be assumed; according to & very rough estima-

tion, that they are three times as big. From the commercial

viewpoint, the most important resources of sulphur are in
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Canada with her 1CO w. tons osulpbur from gas, Poland, where
sulphur deposits ure estimatod at soame 100 a. tone, Ireq with
estimnted reservens cocountir: for 20C w. tons of sulphur,

and the Near Eaat where sulphur Zr ottainable froa gas and

petroleunm,

L) World production o7 sulphur
Let us firs: quote the daiu regarding world sulphur
production excowpicd from th: Statictiocal Yearbook, United

Nations, 1969, in .housana motric tons.

——

1953 1960 1962 1965 1966 1967

oo foer fTO® 533 947 9582 10159  9T8 1032

Brimstone 5491 7790 8318 9664 10806 10570

Salphur

recovered as 723 2958 4287 6142 6233 6916
a hy-product

ey AR

Total 11595 20195 22187 25965 26737 27807

- - -

Averagse

annual growth - 10,5 ¢,9 5¢7 95,0 39
rate in «£

The average annual growth rate 7.7 per eeams.

It should ve centiored, however, that the data pudbliched
by the Statistiocal Yearbook cover only brimstone and sulphur
obtained from pyrites and they do not inolude the sulphur

produced in considcralle qrentities from other souroces as

smelter ganas, n%3,
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The guentitie: obtained tfrom other sources are fairly
big and recch adout 1) per ~ent. of the total production of
sulphur. The it iti~h Suljslur Cerpe eotimatas the quantities
at 5.9 m.tons n 1257, 6.5 m. tone in 1968 and 6.7 m. tons im
1969, resnentively,an? ialorns tkat during the 1967-69 period

ne world piotusti.n of 5 1j v in L1l forwo wae as follows:

«0:14 prodrotior o nulph r 4n ell forma in thousand tons

L sl . - e

1647 1963 1969

———————— — - ————————————————————
Uz igstone 17,901 19.007 21.083
‘rrite 10.5%8 10.81% 11,063
Jihar forns 54630 6,721 6.6T1

Total 24237 76.943 58.807
inuvluling
= eteen RV00L2 7.243 7.496 7.768
Jamiers Burope T.442 8.377 9.2020
inla 2.798 2.940 3.1%4
rrh Auerion 12,945 14.584 14.0%8
“~ntrel Ammrica 1.977 1.788 1.806
Jorth Aperice 206 17 19¢
afzioa S42 958 344
Osearia 237 212 199
Othure (Chinu, Neop':
Korea, Owda) 13 ] 1.037 1.00%

It shnuld b2 noted thet the a srieqe apnual rate of pro-
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duction growth in sulphur in all forms amounted to 7.7 per
oent. over some 15 past years, whereas the dynamics of that
growth for sulphur from pyrites was 6.5 per cent., and that

of brimstone was 12.9 per cent. Over the past 3 years those
proportions deepened as a result of an ever-growing produotion

of Canadian sulphur recuperated froa gas.

The development of vorld sulphur production, especially
that of brimstons, was not o0 unifors as the average annual
gromth index. The production of sulphur through a number of
yoars was not uniforam and showed certain, often quite conm-
oideradble deviations which point was closely connected with

the existing demand and the accompanying market-trend si-
tuation,

Sulphur is produced by about 50 countries out of which
40 countries produce brimstone: among the latter’s biggest
producers in the world axe the United States, Canada, Poland,
Mexieo and Prance, whose participation is as follows:

U.8.4. = 41 per oceat.
Canada - 18 per cent.
Foland - 9 per oent.
Nexieo « 8 per ceat.
Pranee = 8 per cent.

Total 84 per cent.

°) Sesie of sulohar aroduetion
The eoste of sulphur productioa vary $o a consideradle
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extent. The very big differencies deperd upon the source and
the production process employed, production conditions and
s number of other factors. According to some specialists,
the estimated produotion costs of 1 ton of sulphur are as
follows : |

Frasoh: low cost - B 10
medium cost - 315
high ocost - P25

Sour gas: natural gas -~ $§ 15
rafineriee - B 20

Smelter gas: - §18
Pyrites: - 835
Gypsunm: - 8535
Utility stack gas: - 8 43
Other native: - B35

4. Sulpbur Demsnd and Supply T4l 2970

Over the past twenty years the cituation of supply and
demand faced a series of numerous cyoclic fluctuations and
swings which, acocording to some sources, were something like
a "secsan” or a "esinusoid". When looking backwards, it is
rather diffioult to recollect a period free froa short- of
oversupply.

Let us briefly outline that historical period.

S8ince 1913 the United States became the leading producer
and have held that prime position ever since. In 1948/4Y de~
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mand for sulphur exceeded production possibilities and in
1950 a ehortage appeared. That first shock to the industrial
world was followed by sales restrictions and an inoreased

produotion of sulphuric acid from pyrites.

In 1954 Mexioco began to produce sulphur by the Frasch
method, but the period 1953-56 was featured by short supplies
with higher prices, from 1957 to 1962, for a change, supplies
with weak prices were going on, and next, in 1963, once more
against all expectations, after a lengthy period of overpro-
duction an acute shortage of sulphur started quite uneppectedly
and lasted till 1967. The period of oversuppy in 1957-62
coincided with the beginning of gas-based sulphur production
in Prance in 1957 and that in Poland in 1961. The second pe-
riod of oversupply, which started in 1968 and has lasted till
to-day, is, oﬁ the one hand, a result of a rapidly growing
production of the so-called "compulsory' or "fatal® sulphur
obtained from natural gas in Canada and, to a less degree

though a result of the growing deliveries of Polish sulphur
%0 the world market, but - on the other - it is mainly a re-
sult of a parallel considerable decrease in production rate
and the oonsumption of phosphatic fertiliczers, the chief
consumer of sulphur, uhici‘:::nght about the reepective re-
peroussions and a deeper market disequilibrium. The year 1967,
in which the world eupply of sulpbur balanced demand, was a
momentum which initiated a new period of so far unnoted pre-
ponderance of supply, accompanying rapid price reductions and
some producers’ piling up stooks.
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Acoording to some specialists, by the end of 1967 sulphur
stooks in market-economy countries acccunted for 3,6 m. tons,
going up to 5.1 m. tons in 1968, 7.2 m. tons in 1969, and
coming to 8.8 m. tons by the end of 1970.

That new situation in the world market of sulphur did nog
influence the trends of production development in the same way.

In Canada, despite disadvantageous overproduction effeots
on a world scale for producers and increased stooks, the out-
put of the "fatal®™ sulphur enjoyed a further increase. It was
oconaected with a rapidly and steadily inocreasing output of gas
which, like other power raw materials, is highly required, its
production bringing sulphur as a necessary by-product. The
same refers to brimstone recuperated from petroleum. In 1968
the production of sulphur from gas in Canada accounted for
about 3.2 m. tons, followed by 3.8 m. tons in 1969 and by about
4.5 ., tons in 1970.

Growing marketing difficulties influenced the production
of brimstone in the United States. In 1969 and 1970 some sul~
phur mines were closed (in 1969 and till the end of July 1970
six sulphur mines were closed acoording to the European Eco-
nomic News of the 7th August, 1970), as a result of which the
production of brimstone in 1969 was 8.7 m. tons compared with
that in 1968 when it accounted for 8.9 m. tons.

In the realiining principal sulphur-producing countries,
1,e. Mexico and France, changes in sulphur production were

relatively insignificant. In Mexico and France, that production

S—
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nas maintained at the level of adbout 1.7 m. tons.

A strong growth took place in Foland”e proaduction of
brimstone, acocounting for some 1,316 thousand tons in 1968,
1,942 thousand tons iL 1969 and 2,684 thousand tone in 1970.

That large cupply of brimetone in the world market over
the recent years and its very lom prices also brought about
structural changes in its favour. It is a well known faot
that thd plane of putting in motion an Antwerp sulphuric aeoid
faotory by the West-German Bayer combine were changed and
that in the end its production was based on sulphur, and not
on pyrite previously contemplated. Juch a tendency is obdbserv~
ed in the German Pederal kepublic which up to now uses sud-
stantial quantitiec of pyrites, in Italy, eto. The facts
prove that there ie a conviotion that the present situation
of the excese of supply over demand and the resulting low
level of bdrimstone pricea are of a stable and lasting nature
and that it is profitadble to base production on that raw

material without eny riskx to its sucoceseive shortage in the
future,

The second characteristic feature of the current desand
is the faoct of growing demand for and consuaption of sulphur
in the 1liquid form. Ite chief consumers are the United States
of America and Testern Europe including Belgium, the United
Kingdom, Eire, the German Federal Republic and Prance.

It 1s estimated that in 1969 and 1970 those ocountrise
import of liquid sulphur was as follows:



1969 1970

Belgium 299,000 ¢ 951,000 ¢
Holland 429,000 ¢ 409,000 ¢
United Kingdoa 580,000 ¢ 450,000 ¢
Bire 79,000 ¢ 96,000 ¢
Gersan Pederal Repuwblio 140,000 ¢ 150,000 ¢

Total 1,207,000 ¢ 1,496,000 ¢

whioh figures sccount for soms 43 per cemt. of Burope’s ia-
pors and for about 1/ per cemt. of the total world iagport.

It vas at the Li,‘aning of the 1950°¢ that sulphur ia
the United States of America mas traneported ia the solid
state while at present almost all sulphur produced by the
Praseh sethod 18 sent in the liquid state by railsa) Sankears,
barges and eea tankers. The United Jtates began their liquid
sulphur overseas transport in 1964 shea 2 specially comsiruwet-
od tankere were Goamissionsd for operation. At preseat liguid
sulphur is delivered to European ciiente by American, Preneh,
Mexiocen and, recently, Polish suppliere. Liquid sulphur heated
up during transportation is delivered to special termimale
that ocan store a few score of thousand tons kept ia liquid
fora in the ports near the buyers’ final destinations. dueh
teraimals have 80 far bdenn installed in Botterdem (Holland ),
Isainghan (Great Britain), Rouen (Prance) and Dudlim (Bire).

Proa the teraminals, sulphur is next delivered to the
buyers’ factories by barges of a respectively lower dreught
through canals and rivers or by motor tankoars by land.
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Liquid sulphur is $ 1.5-2/t more expensive than the
lump one, dut - on the whole - it is more advantageous and
sompensates by far the slightly higher prioce. The advantages
of usimg liquid sulphur include labour costs, discharge ocoste
(sustomarily accounting for § 0.70-1,0/t in the case of lump
sulphur ), dust lose, contamination and melting coste.

fhe Amsrican fira Duval Corp. supplies sulphur in the
lump fors from the Unitsd States to Antwerp shere the sulphur
18 subjected % a mlting procees and is finally delivered
ia the liquid form to the bdujyers.

AS present new toraimala are under coastrwotioa ia
Calais (Pramee), Rotterdam (Hollend) for the Polish sulphue,
and 12 BDuncors (at kanchester ia Great Nritaia),

S. Paxdd Irade i Arinsions

faking 1at0o account the fact that the pyrite-bdased
sulphur ia the total world productiom of sulphur in all forme
esoounts for adous 30 per ocent. and im the world export for
abcut 25 per oent., it seoms purposeful to limit the amslyeis

of trade oaly to brimstone which is the basie artiele of
wozld exzport.

The folloning figures illustrate the volume of world
brinstone exports ;
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Export of brisstone (in °*000 tons)

Countries 1965 1366 1967 1968 1969 ETO
Canada 1359 1269 1677 1876 2132 2520
U.5.A. 2666 2409 2172 1576 1566 1330
Kuxico 1540 1490 1638 1336 1143 661
Frcaee 913 892 1010 1046 889 1130
Poland '3} eTe 406 963 1446 1773

J .00y countries 217 317 406 53% 584 756

Total 693 6649 7309 T332 7760 @AN0

L M

Aver annwal
grmu ;“. - .‘.1 9,9 0.’ S,. 5.0

The avexase ahnubl SEouth a8 2.4 ROK SSAN.

The nbove-given data have been uorked out pertly oa the
basis of onn imformetion rourcees and that of the British
Sulphay Corp.

Proa the sbove-givea figures, it appears that Canada,
Foland, U.8.A., Prunce and Mexico beloamg to the growp of ehief
hrivstone ezporters ia the world ead that their total espors
wocounts for 91 per ceat. of the preseamt overall export.

The soet intensive growth of export took plase in Canada,
voxieo, Prance and ‘oland shils that of the United 3tates wae
rather stable except the yeare 196567 when the American ex-
port increased. It is, homever, Canada that has ranked firet
in the dynamios of growth. Her eaport initiated with the




quantity of 130,000 tones 1l years ago developed so surprisingly
that Canada is now the biggest exportsr of sulphur in the

world, A eimilar vigour was nert shown by EFoland which was

the eecond biggeet world exporter in 1970. 1t seems worth
ndtioing that Poland’ @ export of sulphur continv+s to develop.

After quite a rapid intensification of export folloming
her bLeginning of production, exico substantially dscreased
her export after 3 years shich fact is, no doudbt, connected
with the present slowing down in the world market of sulphur.

With eoms fluoctuations, France has maintained her exports
elmost unchangeably for a few yeare at the level of about
1 ma. tonms.

In the above-quoted table, only five main producers and
exporters of sulphur were mentioned although the list is, im
feot, mueh longer. The remsining quantitiee involved are,
however, such smaller and at present they have no bearing
shatsoever upon the situation of the sulphur market and upoa
sarket trende. To the latter exporters, belong the Soviet
Union which exporte about 3007400 tome of brimetons, Iram

rhich 1s eatering the market in an ever-intensive say, Bolivia,
the German Pederal Repudlioc, eto.

70 illustrate the peroentage share of the five main ox-

porters ia terss of tonmage sulphur exports and %0 evaluate
their ourreant positionm, the folloming tadle is quoted;

.




Bxporters

Year U.S.A. Canada Mexico France FPoland Total $

1954 100 - - - - 100
1955 90,0 - 10,0 - - 100
1960 50,0 3,6 34,7 11,7 - 100
1965 39,8 20,2 22,9 13,6 3¢5 100
1970 18,0 34,0 8,9 15,2 23,9 100

e
L

The above-mentioned juxtaposition illustrates the ever-
changing participation of individual countries in sulphur
export over the period under reviem. The United States, shioch
were practically the only exporter in 13954, moved to the thixd
place of world suppliers in 1970. Their place was taken over
by Cansda. In analyzing the export figures, one should not
disregard the fact that the United States and Prance are not
only the exporters but also importers of sulphur and there-
fore the net export of each of them was lower. In 1969, for
example, the United States imported 1,665,000 tons of sulpbhur
from Mexico and Canada and in 1970 they imported 1,394,000
tons. If this point were taken into account, the percentags

share 0f individual exporters in export would undergo &
further change.

While the export of sulphur is concentrated to a high
degree with the five main producers, demand for sulphur appears
in almost all the remaining countries of the world. In 1969
and 1970 its biggest importers were the following countries:




Country

U.8.A.

Great Britain
Australia
Holland

Franoce

India

Belgium |
Czechoslovakia

German Pederal
Republic 289

Brasil 196 202
Italy 201

PRURNITIIUTTIIPSEIE——— S SRS R SRS SSARR S R R

Suoh countries as New Zealand, Greece, Eire, Hungary,
Tunesia, Austria, Cuba, The Republio of South Africe and
Taivan imported sulphur up to 100,000 - 200,000 tons a year.

The moet absorptive markets for sulpbur are highly ia-
dustrialised countries as well as some developing ones mhich
extend their fertiliser industries to meet thn ever-growing
neede connected nith the nutrition of their population.
Yeotern Europe continues to de a big selling market and ite
share in the total import in 1970 accounted for about 40 per

cent, That market ares is supplied by Forth American countries
(the U.8.A, and Cansda) as well as by Mexico and Poland,

while the United States market’s suppliers are only Canada
and Mexieo,
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AR essential role in the geogzaphical distzributioa of
sales markets is played by freight rates decause they, inter
alia, influence the profit sspect and direotions of export.
The rates differ sccording to the sise of the givea lot%, the
type of ship, pors, loading and discharging rates, Se8sOns
and market trends in the freight market.

The range 0f the freight rates depending from the afore-
said faotors is very big and it is diffioult to ocompare thea.
Homever, in view of the faot that the freight costs largely
affeot the resvisant net (FOB) price im ezporting owch a re-
latively cheap nase rae saterial as sulpbur, it ceeas worth
shile %o give some figures and to quote average guidiag retvee
for main transport sailingse.

The ses transport of brisstome in thousani toms oa mia

world routes vas as follows:

1968 1969

U.8.A. (Mexico - U.K.) Contineat 1298 1139
U.8.A. (Connda ~ Australia) New

Zealand 547 7

Carriages betusen American ports 1032 10%0

—— ﬂﬁwm

Ae regards the pattern of sulphur freight tonnage in the
tramp market, a vast majority, i.e. about 92 per ocent. of
tonne~age, covered shipe below 9,500 toms, 5 per oeamt. covered
9,500 - 15,000 tons, 2 per cent. covered the 15,000 -~ 25,000

ton ships and only about 1 per ceat. included the shipe of
over 25,000 tons.
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The average freight rates in carrying sulphur in ths
lo%s of about 10 - 15 thousand tons were as followe (4n U.S.
’ ’.t ' 10100):

__ 1969 1970

U.8. Gulf - Western Europe 6 -8 7,50 - 10,0
Yeaasocuver - Australia 8 - 10 11,% - 12,%0
Yanoouver - India ports 11 - 14,5 14,% - 17,-
Yansouver - Coatinental porte 8 - 10 10,% - 12,%
Gdasisk - Westera Europe 3,50 - 4,0 450 - 5,5
ddatek - India porte 12 - 14 15,= = 17~

Gdasiek - the Mediterransaam porte 5,50~ 6,50 Tom = 9y~

R R

the sulphur exporting coumtriee situated near the
parehase markets (Prance and Poland in relatiom to Europe,
Camsda and Mexioco im relation to the United States) take
advantags of a eertain kind of “geographicsl reat" compared
with those shich have t0 pay more for sulphur transport. It
should be stressed that it was only in the second half of the
last year that freight rates nere teanding dosnwmards.

Apart from thas, the direotion and volume of exports
are influenced by sueh factors ae sulphur forms (lump, gre-
salated or 1iquid), ocapital linke, treaty conditioms, ete.

The trade ia bdrimstose should de considered ae a
substantial ons decause 8,150,000 toms im 1970 acoounted for
about 37 per cent. againet the total sorld quantity produced,
and evea for abdout 20 per cent. compared with the total
quantity of sulphur produced 4in all forms and the trade
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turnover is and will bBe an important elemsnt in furnishing
many countries which have not that raw material or have it
only limited quantities.

Liquid sulphur deserves attention because of its ever-

goning trade turnover.

Despite a high dynamiocs of turnover in brimstone in the
past years, and, in turn, & very insignificant growth over
the last 3 years, it seems that the rate of growth in the
future trade should be estimated at a level of adout 5 - 5.5

per oent. per annum oA the average.

6. Exiees of Brisstone Uptil 1970

The ever-changing situation with regard to supply and
demand in the world sulphur market was the basic factor which
conditioned the shaping of prices of that ramw material. In the
conditions of international sulphur market, an important role |
is played, after all, by the stocks of that raw material which
{nfluence sometimes in a mitigating way and over many months,
the acute fluctuations of the supply and demand patteras.

The xiodionl fluotuations of the prices in the world
sulphur market are illustrated by the table given below.

World prices per 1 toa of brimstone (FOB - in U.S.A. 8)

Year 8/1 toa Year B/1 ton

R

1954 30 | 1963 20
1955 30 1964 20

ST
AT
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(continued.....)

1956 28 1965 24
1957 27 1966 30
1958 25 1967 39
1959 24 1968 41
1960 23 1969 37
1961 22 1970 18
1962 22

The nbovcéquotod prices are average (various deviations
having been in the respective individual suppliers’quotations),
dut they give some viewpoint on the average level of prices

in individual years and on their trends over a longer period -
of time,

A low level of prices in the world market appeared in
the years 1961’64 because it waes a period of an intensified
supply (Canada’s entrance) and the producers’ ever-growing
stooks whioch amounted to 5 m. tons by the end of 1963.

Beginning with 1965 the next years show a definite in-
creass in prices which fact was a result of augmented demand
for sulphur as during that period a rapid growth of productive
capacities in sulphurio acid and a disbalance in the raw
material ocoured. In the years 1950/1960, i.e. during a deoa-
de, the growth of sulphuric acid produotive capacities closed
with the sum of about 23 m. tons. Almost the same growth was
reached during the years 19631967, i.e. within 4 years.

That high level of prices, never experienced before in
the history of sulphur, reached its peak in 1968 when the
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price almost doubled compared with that in the previous period
and reacned the level of over 8 40/t FOB. Although an excess
of supply over demand appeared in 1968, it did not influence
any reduction in prices for brimstone. For at that time all
surpluees were earmarked to restore substantially reduced
stocks of that raw material in the years 1965 ~ 67. The effects
of overproduction with rsspeot to prices became sensible but
at the beginning of 1969 wben some producers’ sulphur stooks
approached the so-called "reasonable level® . That inorease in
priocee did, no doubdt, reflect all features of a market-trend

increass. But as a result it encouraged producers to increase

the produotion of sulphur as a very remunerative item and, at
the same time, the price increase unnoted before undermined
the economioc aspects of the production of sulphuric acid and
acted discouragingly upon the buyers who started to turn their
back at the so-called *whimsy" raw material and began to look

toward a more stable one, according to their opinion, i.e.
toward pyrites,

That eituation whose signs etarted to becoms vieible at
the beginning of 1968 brought, im consequence, %o a rapid
breakdown in sulphur prices which began to drop in & sharp wey
and reached their everage level of § 16-20/t POB in 1970, thus
a lower level than that during the 1961/64 depreseiom. As @

resuls, the product became an unrivalled source for the pro-
duction of eulphur derivatives.

Suppliere started %0 comp~ete in a strong way ia order to
£ind outlets. On 27th September the "Chemiocal Week" descrided
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that competition as a "price war", and the periodical * Sul phur"
(No. 87 of 1970) informed that the prices of Canadian Sulphur,

FOB Vancouver, had fluctuated within U.5. 8 15.5 - 17.5 per
ton.

7. Bgimstone Demand. Supply and Price-Irend Forecesis
for 1971 - 3990

The previous chapters illustrated the situation in the
field of world production of sulphuric acid and phosphatic
fertilisers which sectors determined a definite demand for
sulphur-carrying ras materials, next the production of sul-
phur and ite supply, world trade in brimstone and prioce trends
during the period of over one decads.

Such an approach gives eome idea on the relations and
conditions eo far existing in the sulphur eector. On the
baeis of those facte and experienoce gained in tha pa-st, one
could draw certain comclusioms, speculate a little and attempt

t0 evaluate a long-term outlook for sulphur supply, demand
and price trends.

It is rather difficult to make forecaste in general, and

in the case of sulphur in particular because of the nuaber
of faotors involved.

I do not pretend to presenting a faultlees statement.
AS a oonsolation, let us recollet the many errors made by

nuaerous specialiste, economiste and inetitutee in not too

distant past with regard to their caloulstions and foreocasts
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at the time of ovsrproduction which wad supposed to last for
a long time and reversely at the time of shortage which was

supposed to last for ever.

Neverthelsss, the topic of sulphur {tself is interesting,
all ths more that sulphur is an important rem naterial for the
produotion of fertilisers whioh, being employed intensively,
ma) wpheave productivity per hectare, thus increasing crops,
and may becoms & tool in the struggle against sorld hungsr in
many developing countries where a part of population is

nuorished on the verge of existence.

A. W‘.ﬂm

It is wsll known that sulphur is one of the basic raw
saterials used in chemical industry and in the futurs demand
for sulphur will no doubt continue 10 increase alongside of
an expected rapid development of that ipdustry. However, the
consumption of sulphur (in all forms) bhas been shaping mainly
according to the development in the sulphuric acid production
shich, in turn, had depended on the use and production of
phospha tic fertilisers.

Logically enough, in forecasting the development of
sulphur demand, 1t will be possible to rely mainly on the
predictable developaent of requirements and on the production
development of phosphatic fertilizers and sulphuric acid.

It appears from the table quoted in the initial part of
this paper that the production of phosphatic fertilisers in

w ]
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the world went up in the period 1952,/53 - 1963,/69 from
6,056,000 tons to 17,466,000 tons, i.e. oy 18c ver cent., but

their production rate in indiviiual periods was not similar.

While the years from 196465 to 196€/67 showed a very
substantial growth of production, the next years from 1966/67
to 196869 were marked by an insignificant increase of appr.
3.5 per cent. per annum, which was considered to be almost

a stagnation border.

Over a long period of time, however, the average index

of production was about 8 per cent. per annum.

Similar was the case of sulphuric acid whose production
between 1953 - 1967 increased from 31,370,000 tons to
76,980,000 tons, i.e. by 145 % at the average index growth
per annum nf about 7.5 per cent., the very low growth index

of about 4 per cent. in 1967 not to be forgotten.

In general, taking into account the fact that the in-
dustries of fertilizers and sul;huric acid are the biggest
consumers and knowing the average rate of growth, it would
seem that it could be relatively easy to deduct the volume
of expected sulphur consumption for that purpose as well as,

in an indirect way though, the overall requirement figures in

1975 and 1980. This would, of course, be a certain simpli-
fication.

In order to evaluate the expected development of phospha-
tic fertlizer production and that of sulpbur consumption in

the nearest 10 years, we shall additionally take recourse to

other tables covering a period less distant than that at the
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beginning, i.e. the year® 1960 = 1969 with reapect to sarket~

economy countries only.

Dynaaice of sulphur consumption and HESO‘ and P205

production in market-economy countries

¥illion Growth in Average annual
tons the period rate of growth
Sulphur
consuaption 17.8 - 28.3 58.9 % 5.3 %
1960 - 1969
Sulphuric acid
production 40.3 - 63.4 57.% % 5.2 %
1960 - 1969
fho:gg:tto
er zer
production 5-5 - 1308 6205 “ 5'5 ‘

19&"61 ’ 1968" 69

From the above-mentioned table, it appears that during
the aforesaia 9 yeare the avirage annual rate was about 5-5.5
per cunt. It is obviou: tkail ¢ growth of demand and the
extent of rate of annual growth may be and certainly will bde
jnfluenced also by other factors which are impossible to be
foreseen with strict acocuracy. It is a well known fact, for
example, that the growth of annual rate of sulphur consumption
in other industries, apart from the fertilizer sector, is some-
what lower, i.e. within appr. 5 per cent. The growth of con~-
sumption in traditional markets is unknowng still less is
known the volume of new sulphur applications which are now

actively sought. It should be mentioned that as a result of

the sulphur surplus which is becoming visible there have been
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trials to anply svirhur to cther ends than tuhe traditional
ones, for example¢ snch as an siditive [or asnhalt, as veds
for motorwi ys or airport runw e, for impregnating tilee and
slag blocks ae well ¢8 in building, for it arpearec tnat liquid
sulphur sete better thau mesonry noriar (1t might be mentioned
that this point ir tateresting for low-coat housing in deve-

loping countries).

Apart from vhe production of fertilizers which are
tradidional consumers, sulpaur should be employed on an
ever-growing scale in feeding plante to stimulate their growth
(especially in tropical 2nd subtropical regions whose soil is
structurally short of sulphur). The shortage of sulphur is
deepened by ihe curreat increased use of high-percentage
fertlizers wnhich do not contain sulphur at all or contain it
in small quautities. Sulphur is necessary for the production

of fertlizere as well as for the 30il direct. An increased

use of sulphur in agriculture ‘s badly needed.

On the other hand, thnere may appear some factors which
will influence a decrenss in sulphur consumption, e.g. in the
production of titanivm dioxsde, where the existing sulphate
procenss nes in some cases replaced by a chloride one whioh
is considered as morc corvenient. 48 a result of certain
changes in the produstion process, somewhat less sulphur per
one ton of pulp and paper is used in the pulp-and-paper
industry. In some regions, where electrio power le cheap, it
may happen *het a tsndency to eliminate sulphur in the pro-
duction of phosphoric acid will appear sporadically although
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cheap sulphur expected over a long period of time will

eliminate such cases according to the author.

On the whole, it seems that it would be unrealistig@ to
adopt the future coneumption growth index at the rate of
7 - 8 per cent. and therefore an annual average index of

5.5 ~ 6 per cent. should ruiher be adopted.

The rate of growth in the overell consumption of brimstone,

pyrite and sulphur from other sources should also be fixed.

The question of an alternate choice of those raw materials
by the producers of sulphuric acid is connected to a high
degree with the price level of brimstone. In view 5f & more
convenient and economical employment of brimstone for pro-~
duction purposes, whioch point will be dealt with in the last
part of this paper, the author is of the opinion that the
consumption of brimstone will increase in the nearest years.
This growth is estimated at abcut 7 per cent. in the market-
eodnomy countries and at 10 per cent. in the centrelly-planned-
economy countries in connection with a mors inteneive develop-
ment of fertilizer production there while the growth of

pyrites will be about 1 per cent. or less each year.

At such an assumption, the consumption of sulphur in the
years 1971 - 1980 would be as follows:
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World demand for sulphur in 1971 - 1980C

World including Total including
demand - demand
Year for brim- pyrite other for brim- pyrite other
sul phur stone sources sulphur stone sources
in all in all
forms forms in
market-
economy
countries
grouth growth growth growth growth growth
1% 5.5 % 7% 14
197 38,7 21,7 11,4 5,6 31,4 18,7 7+6 S5e1
1972 41,1 23,5 11,5 6,1 33,1 20,0 Ts T S5e4
1973 43,7 25,5 11,6 6,6 3449 21,4 7.7 5,8
1974 46,5 27,7 11,7 7,1 36,8 22,9 7,8 6,1
1975 49,4 29,9 11,8 Te 7 38,8 24,5 7,9 6,4
1976 52,6 32,5 11,9 8,2 40,9 26,2 8,0 6,7
1977 55,9 35,2 12,0 8,7 43,1 28,0 8,0 7.1
1978 59,6 38,2 12,1 9,2 45,5 30,0 8,1 Ted
1980 67,7 45,0 12,3 10,4 50,6 34,43 8,3 7,8

The above-quoted calculation made by means of a loglcally
Justified and common to all countries gromth index of the
consumption of sulphur as one of the basic raw materials which
assure a dynamic developmant of chemical industry throughout
the world is also confirmed 1n‘n calculation based on the
development forecast for the industry of phosphatic fertiliszers.




The procduction of the avove-mentioned fertiligere expreses-

ed in the pure P205 content amounted to:

appr. 10.5 m. tons ir "9A1/62
" 17.5 m. tona in 1968/69
o 18.8 m. tons in 1969/70.

According to some, frequently nfficial forecasts and

intentions, the production should account for:

appr. 32.5 m. tons in 1975,
and 55.0 m. tone in 1985,

It is expeocted that the most intensive increase will be
achieved by the Soviet Union and European socialist countries
(from 1.1 in 1961762 and 3.5 in 1968/69 to 17.0 in 1980, appr.
20 m. tons in 1985) and by Asian countries (from 0.7 in 196162
and 1.7 in 1968/63 to 12.5 m. tone in 1985).

In evaluating the above-mentioned figures as over~
optimistic, one may, nowever, e~cept without any major error
that in 1980 the world production of phosphathe fertilizers
%ill reach the high of 35 m. tons of on5 which will mean a
growth by 100 per cent. compared with that in 1968/69, including
about 14 m. tons in the Furopean sociaslist countries together

with the U.S.R.R. and appr. 4 m. tons in Asian countries.

It the production of H2304 increases by the same pef-

centage it will account for appr. 160 m. tons by 1980 compared
with appr. 80 m. tons in 1968,/69.




To secure that sroduction level, it will ce nceessary to
have about 53.5 m. torns of sulohur. In accordance with the
previous evaluation, the amorun‘ of eulchur required for the
Production of sulphuric acid accounts for about 8C per cent.
of the total use of sulphur. In zonnection with the above,
the estimate of sulphur needs in all forms and in terms of
all direotions in 198C, calculaied on the tasis of prospects
for the development of phosphatic fertilizer inaustry, will
Close with the figure of about 67 m. tons, thus almoet
identical with that calculated on the generally adopted
growth index of consumption of this ram material in the worla.

In summing up the question, it is expected that world
demand for sulphur in all forms will account for about 49.4 m,

tons in 1975 ang for 67.7 m. tons in 1980, the structure of
use to be changed in favour of brimstone and that from other
Sources at the cost of pyrites. The percent share of bdbrimstonc
w1ll inorease from the present 56 per cent, to 66 per cent. in
1980, while the share -¢ Pyriic: will drop from 30 per cent.
t0o 20 per cent., This will be connected with relatively low

prices for brimstone and g restructive action against air
pollution,

B, suppl 8

Demand for sulphur ia covered by sulphur in various

forms and from various sources.
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The highest share 1s held by elemental sulghur, i.e.
brimstone (native sulphur, Frasch sulphur and the sulphur
Obtained from netural gas and crude oil), pyrites and smelter

~ases being tne next sources.

It seeme that in connection with the present situation,
conditioned by big supplies of brimstone and its low prices,
it may be assumed that in the coming years the production of
cyrites will show an insignificant growth to meet but the own
increase in demand in the countries which produce that raw
material or that the production of pyrites may show a stagnant

tendency in view of lower needs in importing countries.

A8 regards the sulphur obtained from the so-called other
sources (i.e., from copper, lead and zinc smelters), it is
extremely difficult to evaluate its growth. It may be taken
for granted that gradual rtgowrs and regulations regarding
air poliution will be introduced in numerous countries in
connection with that rapidly growing and vital point. At
present enormous quantitieas of sulphur (estimated at many
million tons a year on the world scale) are emitted to the
aimosphere, over 60 per cent. of same originating from coal
combustion, about 25 per cent. from petroleum products and
over 10 per cent. from metallurgical operations. It seems that
the growth of sulphur from the world metallurgical operations
may be estimated at 2-2.5 m. tons, on an average, between
1970 and 1975 up to atout 8 m. tons and by some 2.5~3 m. tons

up to about 11 m. tons in the next years.
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The apost 2ssential point is the estimatlion of perspectives

in the development of Lrimstone production.

There are nuwrercus unknos a points in *his respeot us
well, To make it sho:rt, the problem tolils down to twe priecinal
elements, i1,e. to the expectleu production voiumez of the
S0-called "fatal" sulphur cbtained from natural gas and crude
01l and to the expected production volume of native sulphur
and the Frasch-process sulphur, the juestion of the productive
capacities held and thai of the factual production to be
conditioned by actual demand being distinguished.

In oonnection with the big demand for ges as a source of
power, iis production and *he growth of sulphur thus recovered
88 a by-product will be on %he increase. The growth of sul phur
quantities wil1, likewise, be brought about by the ajr pollution
legislation and the necessity to lower the sulphur content
in crude oil ang oils. It is estimated that the growth of
sulphur from that source, i.e. 0f the 80-called "fatal"
sulphur will auguen- LY abOue Gee me vORs by 1975 and by
further 9.4 m. tons by 1980 thus producing about 15.2 m. tons
of "fatal® sulphur in 1975 and 24.6 m. tons in 1980.

The main growth to be taken into account will ve that in
Canada and the Soviet Union which are big producers sf natural

&88. The growth in the United States, Japan, the German Federal

Republic, the Near East and Venezuela should also be taken
into consideration.
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As regards native sulphur, it ie rather diffiocult to
foresee the volume of individual producers’ output which is
quite big and cun be vigger owing to large resources and the
faot that a relatively short investment cycle by aprlying
the underground melting process may add %o putting new
capacities into operation, but this volume of production is
determined by the balance between consumption and ihe "fatal"
sulphur,

It is estimated, however, that in 1975 the present
production will be scocompanied by that of some 2.5 m. tons,
and that some further 4 m. tons will come by 1980, thus
bringing about 16.6 m. tons in 1975 and 20.5 m. tons by 1980.

In summing up, it seems that the production in million

tons would be as follcws;

1975 1980
Brimstone 31,7 about 45,1
Fyrites adbout .2,0 about 12,0
Other sources about 8,0 about 11,0
51,7 68,1

C. Exige tread forecsste till 2380

Prom the pruvious estimation regarding the probabdble
pattern between demand and supply, it appears that the coming

decade would have to face not only a full coverage but alseo

& preponderant supply over demand.




In oonscquence, .increased stocks would, in turn, affeot
the price trends. In fact, che situation is even now pre-
vailing as ihe FOL rrices have dropped to the level of

B 16-20,/t, on an average.

In considering the possibvilities of shaping price trehds
till 1980, 1t should seem hecessary to take the following flow
of reasoning into account.

It 15 a fact that demand for brimetone will be increasing
@8 a result of the cevelopment jn fertilisers and other in-
dustries that need this rav material. At the current supply
figures well excceding denand and low prices, the growth of
new productive capacities will be based mainly on brimstone.
The produotion of "tatal" sulphur aill be paralel with that
gronth or even higher. The "fatal" sulphur will teand to
influence price reductions becauae of its compulsomy character,
in other aords, despite their existencs, the production coste

of this typc of sulphuvr could reasonably enough debit the mein
p’“m‘, i.e, gae,

It ie aloo obvicus that the fatal sulphur is unabls to
meet full demand for sulphur and that the producers of mined
sulphur or that obtained by an underground melting process
bear its definite production coets. Thus, a further drop in
Prices which are on the borderline of produotion costs would

in oonsequence foroe those producers to limit or stop their

produetion, shich actiom nould involve & shortage of sulphur




end increased pricceo. Bearing these aspects in mind, it seems
that a further dceline in prices which have already resached
their lowcst level would ce imrnssible. Nelther should one
expect too high priceuy abu .digu CYyoiic 1iuctuations similar
to thoes In the rsot, *or now tactoxs such as the aforesaid
air polluticn iegilalatiion, the wxistence of faval sulphur,

etc,, uhich werz of no veuring io the past, will be influential.

Peking into c:rnuideration tae production costs of sulphur,
it shovld rather be expocied that over the coming decade only
a modest and woderctc increase in sulphur prices could take

place,

14 scams that the prioce should be within the range of
8 18-22/% FOB, ca tbe averags, depending on the quantity of
the reospestive lo%, kinl cf culvhur and export destinations.

8. Joomomio Aspegts Hugardiug the Swipburie Acid Production

The countrier thet plan to develop their phosphatio
fertilizey procuvation, rnd thoge with developing ecomomies in
paxé&ular, are fased Ly a queation of basic importiance, i.0,
by the choice of thu cheepest method of sulphuric acid pro-
duotion, It is avident that wherever it is not necessary to
olean metallvrgical gasco compulsorily or to continue the

exploitation ol pyritc deposite for sosial recsons, the omly

rational riethod of obtiainin; sulphuric asid now is the pro-
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duction of acid from brimetone. The basic advantages to employ
sulphur instead of pyrites in producing 3280 4 are as follows;

- almost a threefold decrease in industrial machinery tonnage
at a high daily outputye this is reflected not only by
lowsy capital expenditures, a shorter construction period
and s saaller scope of dbuilding and assembly work, but also
by lower sxploitation costs (amortisation charges, repairs,
eto.),

- Over & twofold lower transport o1 raw materials to the
faoctory and a possibility to store them practically at any
placs due to the small mass of the ran uaterial and the
faet that no residues havs to be removed,

- @ ooasideradls improcvemsnt of sanitary oonditions as
sulphurie aeid instillations do not produce dust caused
by pyrites and rseiduesg apart from that, the amount of
fumes haraful for the environzent is much lower as a
result of this production process,

- & substantial, at least s sevenfeld, doorease in the number
of staff shieh point sudstantially deoreases the prime
eoets of produetion and sccompanying invsstment costs
(sceial and housing facilities, etc.),

= & botter quality of aeid: the acid produced from sulphur is
almost squal %0 bdattery acid and the technically pure onme,

= 648y operations in terms of technology process and a possi-~
91114y of introducing full sutomation,

= & threefold lowsr processing cost oomparsd with that to
be borne in the case of pyrites.

e e A I s
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The above-mentioned advantagee are proved by coaparing
the following selected techniocal and economie indices for

sulphuric-acid installations based om sulphur and pyrites in
s factory with 1,100 tone of 100-percent 112804 per 24 hours
(365,000 tons per year):

i

Iten Measure Sulmmr-earriuc Ratio
unit rav materia 4:3
pyrite sul
40% 99.96%
1, Apparatus weight tons 11,000 4,000 0.36
2. Installation coets
including assembly =. § 14,3 %03 0.56
3. Conswmption
indices :
Sulphur-carr
e materies S 0,65 0,55 0,4
Blectric power Wb/t 120 50 0,42
raal mr
teras ef s/t 0,2 0,13 0,78
prod::tie‘:‘
uguu
sater ou. B/t 80 4 0,56
4. Damder Of direest
produstioa staf?f poezrsoas 13 0,13
50 t of
y-produsts
Stean ‘,“ 1,0 111 1,3
Pyrite
residwes v 0,63 - -
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An estimated calculation of processing costs, without
those of sulphur-carrying raw materials, of 1 ton of 100~-pex~
cent sulphuric acid at a production capacity of 1,100 tons

per 24 hours is as follows:

Cost Unit Costs
conponents price
Pyrite Sulphur

Rleotric power 1 4/x%h 1,20 0,50
Thermal energy 18/¢ 0,20 0,15
water 1 g/ou.nm. 0,80 0,45
Direct labour 2.5 S/man

hour 1,50 0,20
Amortisation
(1074 of '
expenditures) 3,90 1,40

Other costs
(ropaire, over~

heads of the
factory, etc.) 3,10 1,12
Total gross
processing costs 10,70 3,08
Crediting:
stean 1M/ «1,0 «1,10
pyrite
residves 3.5 /¢ -2, 20 -

M

fotal nGt processing
coste vsp 7,% Uspa,m

W




Irrespective of a slow process of liquidating out-of~-date
pyrite-based plants in a number of countries and replacing
them by new plants based on sulpbur, there is an economieo
poseibility to change the existing pyrite furnaces into ;;
brimstons facilities.

Such modifications wmay be arranged under an overhaul
programme, The time required for such modifications amounts
from 7 to 28 days. The question of changing pyrite furnaces
should be of interest to the countries which exploit poor
deposits of pyrites thet must next be enriched.

Pfaking this opportunity, I nwould like to mention that
the Polish enterprise Polimex-Cekop" has wrorked out a
number of projecto resarding the changingover of sulphurie-
-acid factopiee fron pyrites into sulphur. Worthy of
stressing is the frct that the existing equipment up to
almost 98 per cont. rewains unchanged. Such a modification
is particularly edvanirgecus in the light of the above-
-mentioned comparisons regaruing the use of nuterials and

the costs of acid production.

The aforeseid enterprise is aleso engaged in the deliveries
of oomplete industrial plants and equipment for sulphurio-acid
factories as well as in their modernization.by introducing |

up-to-date technical achisvements. Foland delivers sulphurie- i

-acid factories o7 a capacity ranging from 50,000 to 300,000
and even 500,000 tons of 100 psroent 3280‘ per Jear.
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The factories of Polish make eonsist of the following
equipment ;

- storing and filtering facilities for lump and liquid
sulphur which are luppliod'accordm; to the buyer’s request,

- production installation to be used acecording to the choosen
method, e.g. a simple cornversion with the standard
absorption facilities or that of double conversion and

reabsorption,

- storing and transport facilities for sulphuric acid.

The enterprise "FPolimex-Cekop" delivers sulphuric-acid
factories for various starting raw materials, i.e. pyrites,
80lid and liquid sulphur, smelter gases and cake. The
aforementioned enterprise also furnishes produotion techno-
logy and know-how facilities. It is alseo engaged in staff
training both on the spot and in Foland.

Poland has s0 far delivered 17 factories of sulphuric
acid to various couws sies and at present she is executing
e few further orders including a sulphuric-acid factory
to bde ereoted in Duisburg in the German Pederal Republic.

The factory’s capacity »ill be 300,000 tons of sulphburie
acid a year.

Eaving & large production of sulphur and being the second

exporter im terms of volums, Foland offers hey possibilities
ard readiness to all developing countries interested in the
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oomplete factories of sulpburic soid or in having their
faotories modernized. At the request of buyers and ocustomers,

sulphur deliveries are guarantesd as well.

In summing up, it could be averred that the expected {
inoreass in demand for sulphur is fully ocovered by production \
possivilities and deliveries at prices thal guarantee &
remunerative development of the production of sulphuric

acid and phosphatic fertilisers based on brimstone.

The situation in individual geographical regions in

the world may, of course, shape in a somewhat different way
and this question would require tfurther studies and
slaborations.
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