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Sulphur,  one of the ''-»-•.nie  r"r rrr.teri :"->,   ippenrc in n-.turc  in qunntiti««  that czn 

'K' e^trnctcd +o meet the.   --cTvarcmc^trj  of industry  in  fr.il.    Thus,  er:opt  ii the   -ae©» 

in  "hir.h -:oi.ipulnor" recovery t'^-eR p' ice,  the volume of p-.lplvr ovtptit  md pred' etion 

is aetcrainof1 V dennnd   •"">r  thir»  r v   'vterinl. 

The pat ton of sulph^v co is'-jnptio". ludientes th~t sulphuric acid, chiefly employed 

in the production of fertilizers, .^wor'iB C0-;0 per cent. The remaining 10-20 per cent 

is u3ed by terti^o industry, c-.r^o-. disvlphidc, dye-stuffs industry, TiO?t cellulose,pa- 

por  industry,   tiro  induntr-' ot   . 

From the -\Vivc,  it   -prerr. thvt the "orld demnnd for sulphur depends --.por. the 

development of sulphvri"   \cid production xnà upon the dynamic© of phosphatic fertiliser 

production. 

The poroe;vtn«c nhnrc   of indivie'" il rnv materials on 'àich the '-»rid production of 

sulphuric  ncirt if; 'v.sc'   ir. :;t  prosit  ne follo-js: 

- pyri+ee 3r"  per cent 

- element'.1  sulphur dS per cent 

- other sulphur sourcec    20 per <--c;r': 

\J    The view rid opinions expressed in this paper are those of the author 
and do not -.ecosBnrily reflect the views of the secretariat of UH IDO. 
This document his '«en reproduced without  formal editing. 

id.71-6455 



1. Iftroave^c^jr 

âalphar lo au    it    w ©îd%nt ndAtraia %m®mm t# a«4 «©pliai 

by nankin*. Ov«r th->u»u»d ït«tt oí ita ««talef«*«* ta« latt«t 

**• bttn aeeo ¿anici '•»•• i»»«, ra» ««tarlai* 

At aarly io acsì 2,0ü0 yanra U.C. the Bifftiaa« •«•«' 

•alpha* for linea blatiohlr*~ and «©dioal ooapoanda. la 1Ü4 

an iaportaat «tant in tfct hlatory of aalpaar «ae ««raaa 

Pratoh'a hot-aatar palline proeaaa to citai« bri«« toat. It« 

'ininttrruptod *¿MQh has IBcl'á a inet that tiaa. 

ZA tha firfct half oc thia o tutor y tulphar Iteli MM of 

tht MìA pillala in obliaci induJtry «ad taa aaaatitla« oí 

«ulphiirio acid ^roJtf**td *f0o smipàur tra oso of tat at» our it 

ani attapinante» f >   tii place h-Id by individaal aoaatrla« 

on the liât oí »r^rl/ ehanieal poaara« 

*• toyl< Coa*& ntc%    f uulrhgT 

àlongaldo o.' tUe spanai «orla davtlopaaat at 

inoludinf that of chandealo, tu« iole of tal phot at 

for teat ran ¿jt«irl*l el* rt»d to inoraaaa» 

Tht raqöira-t.t iar fi-ft ntt by nativa (l.t.aiaaé) 

«aloha» and by tolphur- « rr;ii g ran »*tartala «a«* a« pyrita« 

anhydritt and gypausu Until tht 1920*a tha baaia raa aatarlalt 

for produoing aalphnrio aeid *«tre pyrltta (totathar alta 



> 



IM- <f   r • •  tv 

f. » n< 
.*    r 

•t     V 1 

i.l. 

U    h iL"!     T..1 

; -MMi !V>      /¿Vît !• 

It 

-tlu v  r :'t n tir   ;.i ¡ i    >r 

. •    >•. o*. i.-   -i! j .   •* n       r'i <     ' ' •• i'i :•   .; 

•:• '    r-   ' ;jl     . |. \  i   (,r*    i   -'ti   - •   '   "'    '     "i   i"'   M t 

-   ••   p-   -t.    ;f   vtí-t !.!"*) o-v      • !;< .i   o-    ; '•• 

ronpt ruote <'•    \nd    Mí-vi'.t.' <'   te-   .^.¡ñ'*''   rrf er;?:-t n,*  lito  :JV Iph'iri.'   and, 

prv.j>o .i1 T-¡     |   r*    if nf i ,v«'••* .t..   t   i .  f-iilpliiT1''   »aid  wíM   »ie   n ,-i nu.;1 an*1 

..wot. d   •vi   th»    busir   oí  .Vid1'1      =    <ii<    v,>'; •," tt n   1 . 

BoEod  '"v   th..    '. i"- r< ¡.i-' i''  -u;."* •'¡"t ;•';c,   s- i " i. • * i   •!   *" i -."pirc.-f  cnuvrinn'' the <M ir.umpt ion 

of Fí.'nh   r  an-í  +h<   ;\.F( t. "tive   u.-tnatt   u" :• -'ph., no  wii!  ^'if wpt i :• '   "i   industry, 

partir :]-ir '•nriEi:,cr',n^ !  'vi trií*   ri'''      t"  + a    i    ^  í' 
+
 '",' ^f ;• hoppln w    fert i : ir. n-,    '   i'ore- 

c.apt   for Hvlnhir  di-rv.ne   +i        ''.To ' • -.p,  Vf-u  p re r.c ìììV^ . 

The   •!. "t  p'.rt   of  '•he   p vi« :   co- r ii it; Tiaten < i r,   ""'-lovant  te   *he   morivi  reuouroi-p  of 

enirlmr   i' '•   r; l'«h- - -r.'irrví'!,'   r ,   rateri -, i ?.,   the   extraction   r.id  product inn,  trch-io ! o¡*y  of 

Buiphur,   ooet  ^'-tímate ;  rcutuntu^   with  tho;:o  oper i' i ''ii;  an  wo"l !    IR   a   forecu;t  of the 

pattern   >f ;íulph-T production   -p   ; •._•   I/'O. 

Xn the.  naorequent   *.  f     i- preBCti.ed: 

- i Vi;.im-,e  of r-rod   • ;i> -i  ard  conpnjnptinn of nul phi o" in ¡ill   forms and,    ifpinot 

th ;t  b~) ok, »round,   tfrn\  of » 1 orient" 1   rupìet^, 

- a review of wori.i  trad<   in r it;ine.it.-tl Bulpb-'r,  main produc-crn»   export quaMUien; 

-id .tiiivi  importer«»   p ;r^li ,acc  'xii; '"ü. n  into eonr.ide ration. 

Fi n ' .';/, %  trivi   of price,  prrinot ior.  -'ith  reBj, >-t   to olnmct'il   fnjiphur during th«' 

oor.i'ig doo-MÎt   is n^t'f rt:..,'.-n  on   'he   '^mo  of  thf.   tre-HUí  '<f pricr-K   for t. lernout-Vl   pulphui- 

over  fho po.ut  ?.'J vorirK,   a proh.'.t   p \',:'M   >t' n.ippi./ '-'^ dennnc;  écriai tioaed l\y w: :• 

consider  tío-i,   the  -ir po'"• ^tio :  "roMf.n, •; ;d  th-   'it;cef;;:it;,'  to d.t—Piilphurizc /fiK,   cvido 

oil -vid  industri-i1   fr.eB    v   i-." '"hi  i; to ".^oo-int. 

Aß .* p-T*. of the  ,'|öicri'   pro rmmmc  of  the Second  I .t-rre^ion-il   Fertilizer Cymponinn 

poiBod .'i^tinBt   the  'iorid  iXrti-ize ,• Pi'i-i-.tio-i,   the report devoten partienl-.r .it tor M on 

to the  d.velopim? no'-* rioe  -<nd tl-ir vvr• ¡ami: connected vith  'ho development uf 

phonphai i-, ff-r+i:iiwr.r i ¡d <strv -nd the prod ^ctior. of riuoh fertilize re  ii terms of Bulplmr 

prpp1'/   'id  dcinr.TÍ  in those  oo-ntrior. 

In   Un'   with hie vit'poi it  tl"i.'.  '•  -or Ld-widc  use  of o lomo, ta I  ssulphnr for the 

prodn.-tio , of Pn'ph'.rio  "•eid .-,.nd   the  inore-ific  of inKtai li+-i onß  for  Ruch production 

will   Bu'»8t-i: ti.'-.l'.v  decrease;   tli„  m-inuf-vrtn^in,? costs»   the .i-..thor in";i'dep  :: proposal   for 

p,'.VU(*R  j-irti^ipilio-,   ii  the    ^rld tri'k   i>i  f-lphur and  i;    the  export  of sulphuric 

.-id   iiiEt •   '-'tii-ni'      "rport   of cr, '.phuric  acid plante belongs.:   to  the   field in v;hioh 

ht " i n i;(( "i v» i".i. '\t.*r,'  npeoi i*.i.Z0B. 
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oasite) beoause brimstone whose production inltitated In tat 

United Statte by a method of underground melting by the end of 

the 19th oentury was still too dear to be used for making an 

inexpensive and SûCJ product. At that time also the natte 3Q2 

derived by roasting sulphide ores containing a non-ferrous metal 

base «as utilised. 

In the United States, a relatively rapid ohangeover into 

brimstone took plaoe and to-day the production of sulphurie 

acid based on that source accounts for 87 per cent there 

while Europe having rich deposits of pyrite continues to derive) 

a considerable portion of sulphuric acid from that raw. material, 

pyrite being a dominant ran material in suoh countries as the 

Soviet Union, Sweden, Norway, the German Federal Republic and 

Spain. The position of brimstone began to change and strengthen 

alongside 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 

fonts as a result of considerable quantities of sulphur reco- 

vered by desulphurizing sour gaa, thus reducing the cost of 

sulphur• 

Sulphur is used for quite a number of different purposes 

and therefore it is often taken as a conclusive index of In- 

dustrial activity. A preponderant part of sulphur serves as 

a chemical raw material to produce other articles and it 

seldom appears in a final product. 

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

80 per cent, on the average, ie earmarked for the production 

of sulphurio acid. 
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Xa teras of final  product©,   i\ *lw*lû b« av«ffed that ta« 

naia eoasuaer of aulphur  l* th« fer tilist?  lndu«try «hiea ta- 

kes '»p appr. ^0 pet ctnt. jf »ulphur»  ¿ut of «hloh 41 pet etat. 

beiag u««d for ta«  production of pn^sphatte  fertiliser«, tat 

aext oonsumera of eulphur are  the ?4eeo«e-fIbr«  industry 

(about 7 p«r cent.}»  the pulp-and-p«per Induetr* (appr. 5 Wf 

o«at.)t  pigatìiHi  (TICO   oroduetioa  Uppr. 5 par c«nt.)»   if3* 

and steal pickling ?  per cent.,  aoae  31  par etat, of sulphur 

baiag "*•<> for the production of other articles tuob ta plaat- 

protaoting agents,  rubber good«, explosives, «to. 

Th« development of eulphurlo acid industry, ihloh ia a 

result of aa ever-growing output of paoephatie fertilisers 

aad other branche« of industry that us« that seal-product,  ia 

the basic faotor which conditions the drivu aad TO lue» of 

eulphur demand. The respective analesla ahoae that there  la 

a oloaa correlation and interrelation between the production 

of sulphuric acid,  the production of phoephatio fertilisers 

aad the consumption of eulphur. 

Unfortunately,  the specialist litaratura is lacklag sta- 

tistical data relevant to the world conauaptioa of sulphur, 

only the narket-econooy countries   consumption figures baiag 

publiahed. The data in various materials available ars aot 

identical aad they often differ even to a considerable extent. 

However, to illustrate the order of magnitude regardlag 

consumption and the above mentioned close interdependences, 

the following data are given below : 



1. Owl4 W9êm%im öl mià&miQ •«*« (100* *f*>4> !• f0">0 

IMttlC   t » IMI MRP W   *HP        VW^^^ 

(JO*I«#   jtatinUttul ï«#twook» üBiUi itati©*«» IH!) 

f»t«l »000 t    51.110   4t.>t0    13-0*0   €7.740    73.140   76.500 

giNlfe r«tt I«   • 1,7 S»0 ftl tti       4tl 

TiM •***•§• rat« ibw»t 7.} Ht ••»* 

t. totu ptoé^u** of pto^pft-t^ fwtiiUMt u fyoo »toU 

• 1969} 

1040/40   1090/99    iW,' 
XOSI/09   IOH'07     /Of 

X5.076 

W W W 
ToUl »000 t 
. A                  6,054     7.5ÎO      13.045 16.100 17.206 17.466 

àvttf annual 
gretta rata la   ••         6,0           10,5 0,5 0«0       5,6     1,3 



S. WMU  •©»•••iti«»« ó?   |*C*t»il*U«   f«*UlMf J   »«  'ÖOO *»*tU 

Vi 

iw^ ivi/íi- i<*v  wy iiw àW %W 

total '0Ô0 % 5 ^    7 ^    ,, 93(.    11^ ^<v|i U#4U i7#m 

Vf 

f,7        U,i      9.)        tfl       *••       *i1 

a*f.gyu*l^uuc?£L,3-â.,*«l 

trota* itovtfe r*%* f##%tUfi« tht * st Ü *fö*i««tlö* sf a*l#*»- 

rlo MÜ asi tb# -«li ntta»—Mo« of pHeeoâmtit foftUlaota 

««M •©•« ?«M"^t!»:f  viw~ ***S.nr fit »*•!• WW - 

Iff?. It 1« etil* *^ «  Us: t    ^ C^-.wi noi l^i. if la tfc« f«f- 

.tlito* ttttor «I;««- *mïi alaw* «a « rmJ I »f âlfftf•*! 

élffUmitUt «né e> Air   *t«tw«»j «n ^t tflè-W pat la* 

to Uto áaoraaa«  '-   fra»*  *V * 

taalt- g!*^*» fc*s',r*i il Ar-f Slitto  flu aoaaiaaati«» «f 

la oli tt>%r: U t*. i infiw*t~ft«iWf •««tfltt •• Mil 

su ito traduit!**- of pv»'Vtî.u •••li' rr* io?l411*ori la taoat 

aaaatrlot, eai the rostrali' t trieur af tro*Ut H»* **t» *•* 

•mlpÉmr aeaawiatie , »r«u.i "or* <• ou*« 4-n taa baala of tat M* 

aoatalj aahltaatlor "8-ap,in?*\ ^ö * o* *>o jjio^aotiaa ©f 

•filftfettfit mdiû -Ar •* •» Vit4» oí t>i U.i1.  *trtl-itl«al ïtar« 



took and UM Montili) *§UtUo of  iuwatio«, orné most of 

pnoopaatie farUliMf» - oa UM fcaüo of tè« fâô Proouotioa 

Yoorfcook aa* UM üeaUa? mil« Um ef A^rioulturai StaUaUea). 

CoMiptlon of tttlpMif Miufl UM taoKcrotMi et tulpa«*!* 

tola «a« pnoapeatie fot «lllMre la ta*kat-aoûBOMj> couatrlaa 

Salatent ootMuaptioa 
la ail io.-a* 

»vupfiorlo Mia 
prometió« 

Phoaphatio 
fartllittr 
proáaatloa i 

fa** 
a.%. # IAMI ».t.     il 

M°4 

100 

• •t.     # 1 

?t0 

AMI 

*f§9 1*,? 100 52,5 100 

WO lT,i III #0,9 m 8,5 ni 
lüf 14*4 lêê 54,2 im 12,2 1?4 

WH** §»»5 its §5.4 m 15,0 Iff 

• ) »roYlaloaal teta 

a) ttou—It f**ta 1555/W, ItML'i&t 19*5/** ut 15#VB 

of 

tataro«*!** «fclaa N)latt mm IU«*tM**4 *f UM folloola« 

W»l« MI UM Nili of MtfUt oooaoM «oaatr la« : 
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DeTSlopasnt oí sulphur consumption in narkst-eoonony countries 

ini. t. S 

Sulphur in 
all forai 

inolading 
IMI 

Brimstone Pjrits-based 
sulphur 

Other sour ce s - 
based sulphur 

1963 24,4 14,1 6,3 4,0 

1966 25,7 15,0 6,4 4,3 

1967 26,3 15,4 6,5 4,4 

1968 27,4 16,0 7,0 4,3 

1969â) 28,3 16,6 7,3 4,4 

WO** 29,4 17,5 

• ) provisional tota 

%) estimated 

Sonroas; The British sulpha* Corp. «Sulphur«, Ros. 74/1968, 

80/1969, 86 and 87/1970, sad Statietieal Suppleaent 

Io. 1/1970. 

Like« Is* interesting »ould se the figures regarding the 

•Sili oonaunption of sulphur in all forms. In vies of the leek 

gf tne reinvent literature and data, thoss rsgarding the pro- 

«notion of sulphur io told «HI is taken into oonelderation la 

order to «aleniate the reepeetlve consumption Tolume. 

AssuaUag that 0.333 t. of sulphur is neoesaarr to get 

1 t. tí IglO^ (100*) and tant about 80 psr osnt. of sulphur 

la need for the produotion of sulphur io aeld, the folios ing 
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pioture «ill be obtained. 

World consumption of sulphur In all foras (estimate) 

Year«        1953   I960  1962  1965  1966  1967 

World consumption 13#071 20.097 22.121 28.225 30.799 32.075 
of sulphur in m.t. 

Bate of annual 
norld consumption  -     7,6  5,0   9,2   9,0  4,1 

in £ 

Averse annual rate abo^t 7T? ?•* o*nt. 

Proa the abovs-sirin juxtaposition, it appears that tarn 

growth of demand for sulphur increased, on the ayer age, by 

about 2 m. tons per year froia I960. 

3äie consumption ôy*x&mio3 of individual sulphur-carrying 

ran materials (mainly brimstone and pyrites) «a« substantially 

different as a result of changing market-trend patterns mad 

prices of both tuo rrw materials. Until the mid-60's the con- 

sumption of brinatone UPS increasing auoh more rapidly oompared 

with the detelopaent of pyrite consumption, fhe years 1965 - 

68 brought a ohange in thoe* tendencies e hi oh «ere an immediate 

outcome of the market-trend situation in the world sulphur 

market «here in the conditions of the sharp demand preponde- 

rance over supply of ^r imo torn and its extremely high prim« 

the productive oapaoitioe of pyrite industry sere inoreased 

and the growth of consumption of sulphur obtained from pyrites 

«as augmented. 
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It aas in 1968 that as a result of an increased export 

of sulphur from Poland and the Canadian sulphur recovered 

fro« natural gas a ne« stage in the market-trend situation 

«as initiated, which situation is described by a majority of 

specialists as a structural predominance of supply over de- 

mand and «hlch situation has axisted till no«. The situation 

«a« and oontinues to be a reason for changes in the structure 

of ocnaumption in favour of a substantial increase in the 

Bhare of brimstone. 

3. fPTM g*o*«tion o* Sulphur 

a) World sulphur resources 

Solphox resouroee in the world ara enoraou« and oan oovar 

demand for that ran material in the foreseeable future* Sul- 

phur oo our s in the Barth" s crust in the amount of about 0.06 

par oont. in the for» of native sulphur, sulphides and sul- 

phatee. AU these forma arc of a practical industrial importano« 

if they ooour in such quantities and conditions that make their 

economi o exploitation possible. Despite the fact that the 

biggest sulphur renouroes are in ooal, anhydrite, gypsum and 

aea «atar, it is not rcouperated from any of those producta 

exoept anhydrite and gypsum, in snail quantities though. 
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W.tlmAtfû I loxunur W  4M*  -XS 

Area Petro- 
leum 

Natural 
gas 

Native 
ore 

Dome Sulfide Pyrites 
ores 

Total 

U.S.A. 30 25 100 100 25 25 505 

Canada 5 100 - - 25 25 155 

Mexico 5 - - 50 10 5 70 

Central 
and Latin 
Amerlea 

50 «• 100 - 50 50 250 

Wettern 
Borope - 25 5 - 5 25 60 

Beetern 
Europe 20 20 100 i» 100 150 390 

Hear Bast 
and Southern 540 
Aeia 

500 200 - 5 50 1095 

Far East and 
South-Eaet  10 
Aeia 

10 50 - 20 20 110 

Afrioo 5 . - - 20 20 45 

Oceania - a» - - 5 5 10 

So tal 445 680 555 150 265 575 2470 

Data aocording to U.S. sourees* 

It seems that the above-mentioned resources of sulphur 

may he considered as quite sell diagnosed and often proved» 

hut in the oass of native and dorn« sulphur and that from pf- 

ritss it should bs assumed; eoo or ding to a vary rough eetima- 

tion, that they are three times as big. Prom tlie oommeroial 

visspolnt, ths most important rasouross of sulphur ars in 
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Canada nitJa her ICO u. tons Gulphu? ttom gaii,  Poland, there 

sulphur deposit* uic estimated at eoa« 100 A. tone»  Iraq «ita 

estimated reserves ¡?oeountlnj for 200 w. tan« of sulphur, 

and the Near Eaax where oulpnur  ie ottaiaamle fro« cae and 

petroleum. 

lì) World production yi sulphur 

Let us first quota the daca i egardin« «orla sulphur 

production exoe*pwcd from tho Statistioti Tearlook, United 

Hatiosa, 1969t  in „housaná metrie tona. 

1953     I960       1962       1965       19**       19*7 

Sulphur from »,ni 
pyrites 5^ÜJ 

Bramatone 5491 

Sulphur 
recovered as    723 
a by-product 

9447 

7790 

2958 

9582      10159       9710     10521 

8318 9664  10806  10570 

4287   6142   6233   6*16 

Total  11595 20195 22187   25965  26757  27807 

Average 
annual growth - 
rate in i 

10,5   4,9 5,7 3,0 3,9 

She average annual growth rata 7*7 par cent. 

It should be centi or.ad9 however, that tne data puellened 

by the Statistical Yearbook cover only briaetone and amiate 

obtained fron pyrites and they do not inelude the eulphur 

produced In considerarlo quantities fron other eouroee aa 

smelter gaeea, ate. 
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fat quti.tUW    obtained t'toa othtr tourot« art íiirly 

tig and r«<_ch «boat If» r«* "-»ni. of the total production of 

aulphtti.  Tli* ¿titilli ¿ttlpl.ur Corp.  «otlaatic the qutntititt 

•I 5.9 ».tot»« la 1957, 6ö n. tona ta 1968 ana 6.7 a. toa« la 

if 69, rttptativiXy.ac«  IATJMUI tfcat during ta« 1967-69 »trio* 

cht «orlé piO'!ttot!.-n of s 1\•»••.• la ull forws «at at follo««: 

«Hili proür.dt««:' **,.• r.clpV? ìJ* ali  foras In thoutand toat 

15^7 1963 1969 

it lattea« 17.901 19.007 21.083                            ) 

\*rltt 10. >« 10.815 11.063 

J ¿aar forre 5.C5D 6.321 6.671                           1 

total ¿4 -237 S6.943 38.807 

ia^ulla«. 

* »trai ivo vi T.243 7.496 7.768 

:-.«', era Bur opt 7.44f ••377 9.220 

.*9la 2.798 2.940 3.194 

>* Ji A .jtrioe ?J,94S M.3Ä4 i4 .m 
nU*rl |*tt?le« 1.977 1.783 1.806 

?o»th Arar loa tot 171 192 

4ffloa S4t ili 944 

Officia IJ7 112 199 

OilMìt« (Caiiw, »e? ; * 
KotMt Oabt) 96S 1.057 1.089 

It oanml4 In   iotrù thrt tht a mtt asaaal roto of 
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duo ti on growth In sulphur in «11 foras amounted to 7*7 per 

oent. over SOB« 15 past years, whereas the dynamics of that 

growth for sulphur from pyrites «as 6.5 per cent., and that 

of brimstone was 12.9 per oent. Over the past 3 years those 

proportions deepened as a result of an ever-growing produotion 

of Canadian sulphur recuperated from gas. 

fhe development of vor Id sulphur produotion, especially 

that of brinatone, was not so unifora as the average annual 

growth index. The production of sulphur through a number of 

years was not unifora and showed certain, often quits oon- 

siderable deviations which point was olosely oonneoted with 

the «zisting demand and the aooonpanying mariet-trend si* 

tua t loa. 

Sulphur is produced by about 50 countries out of whioh 

40 countries produos brlaaton* : among the latter's biggsst 

produoero in the world axe the united States, Canada, Poland, 

maxloo and franse, whose participation is as follows : 

U.S.A.                    * 41 per oent. 

Canada                   - 18 per oent. 

Foland                   - e p#r oent. 

Meilso                    - 3 psr oent« 

m 8 p«s oent. 

total 84 psr oent. 

eififjlLsX, 
the sosta of eulphur produotion vary to a eoneiderablo 
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extant. The very big différencies dspsrd upon the source tad 

the production process employed, production conditions and 

« number of other factors. According to sons specialists, 

the estimated production costs of 1 ton of sulphur ars as 

folions ; 

Praeoh: los cost - ß 10 

medium cost . $ 15 

nigh cost - ß 23 

Sous gas: natural gas • ß 15 
rafinerías - |20 

•flMBBpSsePfr v^Pflfe     ^Hpsew M - 1 18 

Pyrites • - ß 35 

Gypsum: - ß 35 

Utility stack gas : - ß 43 

Other native ¡ - ß 35 

4. aalBhar Demand and SUPPI» Till 1970 

Orar the past twenty years the situation of supply and 

demand faoed a series of numerous cyclic fluctuations and 

Mings union, according to eons source«, acre sonsthing lift* 

a "seesaw" or a "sinusoid". When looking baoksards. it is 

rather diffioult to reoolleot a period free fron short- or 

OTsrsupply• 

Let us briefly outline that historical period« 

Since 1913 the United States bacana the leading produoer 

and have held that prima position ever since« In 1948/4V ds- 
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•and for sulphur exceeded production possibilities and in 

1950 a shortage appeared* That first shook to the industrial 

world «as followed by sales restrictions and an increased 

production of sulphuric acid from pyrites. 

In 1954 Msxioo began to produoe sulphur by the Praeoh 

method, but the period 1953-56 «as featured by short supplies 

with higher pricee, fro« 1957 to 1962, for a change, supplies 

with weak prices «ere 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 unexpectedly 

and lasted till 1967. The period of oversuppy in 1957-61 

ooinoided with the beginning of gas-based sulphur production 

in Prance in 1957 and that in Poland in 1961. The second pe- 

riod of oversupply, whioh started in 1968 and has lasted till 

to-day, is, on 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 

to the world market, but - on the other - it is mainly a re- 

sult of a parallel considerable decrease in production rats 

and the consumption of phosphatic fertilisers, the chief 
facte 

consumer of sulphur, uhi oh brought about the respective re- 

percussions and a deeper market disequilibrium. The year 1967, 

la which the world supply of sulphur balanced demand, was a 

momentum which initiated a new period of so far unnoted pre- 

ponderance of supply, accompanying rapid prioe reductions and 

some producers'piling up stocks. 
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According to 8oat specialists, by tilt end of 1967 sulpha* 

stooks in market-economy countries aooounted for 3»6 n. tons, 

going up to 5.1 •. tona in 1968, 7.2 a. ton« in 1969, and 

coming to 8.8 a. tona by the end of 1970. 

That nei situation in the norId market of eulphur did not 

influence the trends of production development in the save «my. 

In Canada, despite disadvantageous overproduction effeote 

on a eorld scale for producers and increased stooks, the out- 

put of the "fatal" sulphur enjoyed a further inoreaee. It «a« 

connected «ith a rapidly and steadily increasing output of gas 

«hieh, like other power rae materials, is highly required, its 

production bringing sulphur as a necessary by-product. The 

same refers to brimstone reouperated 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 minea aere oloeed (in 1969 and till the end of July 1970 

eix eulphur mines «ere olosed ac o or ding to the European Eco- 

nomie Ne«e of the 7th august, 1970), as a result of «hich the 

production of brimstone in 1969 «aa 8.7 m. tons oompared «ith 

that in 1968 «hen it acoounted for 8.9 m. tone. 

In the remeUning principal sulphur-producing oountries, 

i.e. Mexioo and France, ohangee in sulphur production «ere 

relatively insignificant. In Mexioo and Prance, that production 
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«aa maintained at the Uvei of «bout 1.7 •. tons. 

A strong growth took place in Poland'a productloi of 

brimstone, accounting for a o a e 1,316 thousand toni la 1966, 

1,942 thousand toce íL 1969 aad 2,684 thoueand toa« in 1970« 

Tomi large supply of brimstone is the «or Id market over 

the reoant yearn and ita very ID« prie«« alao brought about 

etructural changea in ita favour. It la a «all knoan faet 

that thâ plana of putting in motion an Antwerp eulphurio eeid 

faotory by the Weat-German Bayer combine «ere ohanged and 

tnat in the end its production «aa baaed on sulphur, and not 

on pyrite previously contemplated, duoh a tendency ie observ- 

ed in the German Federal Republic union up to no« uaee sub- 

stantial quantitiee of pyrites, in Italy, eto. The facta 

prove that there if a oonvlotion that the preeent situation 

of the excess of supply over demand and the resulting loa 

level of brimstone prices are of a atable and lasting nature 

and that it la profitable to base production on that ram 

material «ithout any risk to ita euooessive shortage in the 

future. 

The second characteristic feature of the our rent 

la the faot of growing demand for and consumption of sulphur 

in the liquid form« Its ohlaf consumers are the United Stata« 

of Amerloa and Western Europe including Belgium, the United 

Kingdom, Eire, the German Federal Repubiio and France. 

It la eatlasted that in 1969 and 1970 thoee oountriee 

import of liquid sulphur «aa aa folio«« : 



T 

?59,OO0 t 551,000 t 

429,000 t 409,000 t 

380,000 t 490*000 t 

79,000 % 94,000 t 

140,000 t 190,000 % 

1,287,000 t 1,436,000 « 

- IS - 

19*9 19?0 

Belfltai 

HolUttd 

Unitei Ilngdao) 

Hit 

Situi Puerai lepabllo 

total 

•felefe figurée aooount for IOM 43 per oeat. of Strop«'a Im- 

part M4 for about 16 par etat, of tfea total torli laeort. 

It tea at tut banning of tfea 1950'• that emlpfeur 1A 

«fee QU. tai Sta taa of Asar loa aaa transportad la tfea aolii 

atata «fella at preeeat alaoat all eulpfeur pr oduoei by tfea 

Praeefe aatfeoi la aaat la tfea liquid atata by rallaaj taakeare, 

bargee ani aaa taakara. Tha ünltad dtatee began tfea Ir 1leali 

emlpfeai ovareeae treaeport la 1964 «feas 2 a pao tally ooaetroat- 

ei taakara «ara goaaleeloaei for opérâtloa. At preeeat llqali 

emlpfeur le daliverei to European o i. ianta by Aaerleaa, frattali, 

Halloa* and, reoantly, Pollali euppliere. Liquid aulpfear heatei 

up duxInf tranaportation la daltvarad to apaolal taralaala 

tfeat oaa «tor« a fa« acore of thouaend tone kept la liqeli 

foni la tfea porta near the buyer a'   final deetinatioae. Seaa 

taralaala have eo far be&a ine ta 11 ad la ID t tardea (Mollaai), 

(Great tritala), Rouen (fraaee) aad Dublin (lire). 

Proa tfee taralaale, eulpfeur la naît delirerai to tfea 

bayera' faotorlaa by bargee of a reepeotlvely lover dreugfet 

through o ana la and rivera or by motor taakoara by Und. 
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liquid «ttlpfeur Is | 1.3-?/t aere eipeaelfe taaa tao 

lamp OM, but - on the «hai« - it it sort edvtatageoue tod 

eoapoaeet«« by far  tht ellgtiti; hifber prie«. The tdftnttfoe 

of uelag liquid oui pour i oc lud« leoour cotti, disonargt ooete 

(euetoaarllj tcoouoting for ß ü.70-l,ü/t la tao osa« of loas 

eulpaur), duat loot» oootaaintUon and aeltlaf oottt. 

te» ¿aar Iota firs Duval Corp. tupplitt oulphux ia tao 

Ite» fora froa the Onittd stotoo to Aatoerp «nor« too ealpaat 

la tuejeotee te a aoltla* proctto «ad io fintili éeliterei 

lai tee liquid fata to tho »»joro. 

At proatat no« toralaala aro unter ooaotruotioa la 

telala <ftaa»e)9 Botteréa» (Holltod) fot «a« Miao 

oai la ateo ai a Cat kaaoaeoter ia «teat Hítala)» 

teklag lato tooount tao foot that tao prrlte-beeeé 

ealpaar la tao total «orli prod not loa of eulpaar la ali foia» 

aoooaata for tbout 30 pot eoat. tad la tao «orld oiport fot 

atea* 25 por oont., it eeeae purpoooful to liait tao aaoljolo 

of trote oaljr to orla* tea» »àlea lo tao totolo ort loi« of 

oo»Id »apert. 

fa» folle« la« figaro» llluatroto tao «elaa» ef «orli 

a«ex »ae^Pa» «"oJPaanP   •* JoywoT • * 
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Uport of oriaotoao (in *000 tons) 

Countritt 1965 1966 1967 1968 1969 1970 
1 i 

COAOdO 1359 1269 16T7 1876 2132 2920 i 

O.S.A. 2666 2409 21?t 1576 1566 1330 
i 

MvllOO 1540 1490 1690 1336 1143 661 i 
f 

frcaeo 915 892 1010 1046 889 1130 ! 
•j 

folaai 235 2T2 406 963 144« 1773 j 

j^ior oooatrlto 217 31? 406 535 5S4 736 
Í 

total €950 6649 n&9 733i rrio 8150 
i 
i 
1 
1 

irttiii oniiaal 
gre« m roto 

la * 
• -4,1 9,9 0,3 5,8 5,0 

1 

Ì 

| 

flM ftbovo-iilvtft iota htm boon o or iti oat portly oa UM 

ooolo of ooa taforattlea toarooo mê taat of tao Br it loa 

¿alpha* Corp» 

Proa tao ooovfflToa flforto, it appoaro that Gaaaao, 

fslaaé, O.8.A., Prua«« aai Hoiloo toloaf *> *»• «*©«» ** •*&•* 

briottoot tiportort la tao o or H aai taat tot ir total oiport 

i,eoooKto for 91 por o tot. of tao proooat ovotoll oiport. 

tao ooot latoaolfo «rooto of oxport took plaoo la Oonoia, 

¿aiioo, ftaaoo aai «olaai toil« taat of tao Unito* ttatoo «ao 

ratHor atotit oioopt tao »tort 1965'67 oaoa tao Aaorlooa ti- 

part latrooooe. It it, hooovor, Caaaéa toot hot roakoi flrot 

la tao dynoalot of groo ta. Mor oiport luit lotti «Ita tao 
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quantity of 130,000 tont 11 y<«ar« ago developed ao surprisingly 

that Ctnadt it no« the biggest exporter of sulphur in the 

«orla, A titular vigour tas next shown by Poland thieh «at 

the teoond biggest «orId exporter in 1970.   It setas north 

not io lag that Poland's export of sulphur continues to develop. 

After quit« a rapid intensification of export folio« ing 

h«r beginning of production, Mexico substantially decreased 

Hat aiport after 3 y«ars «hloh fact ief no doubt, oonnected 

«ith the prêtent slowing do«n in the «orId aarket of sulphur. 

With s oat fluotuatione, Prance ha« aaintained her export« 

alaoat unohang«ably for a f«« year« at th« level of about 

1 a. tone. 

Xa th« «bov«-quot«d tabi«,  only fi?« «Min producer« and 

asportato of salphor ««rt aentioned although the liât is,  la 

fact, aueh long«r. Tha reaaining quantiti«« involved are, 

fcoaavav, «neh «aalltr and at pr«««nt they have no bearing 

«aataoaver apoa th« «i tua ti on of th« «ulphur aarket and upon 

aark«t trendt. To th« lattar exportare, b«long th« Soviet 

tftmlo* «hloh export« about 300/400 ton« of brlattone, Irta 

r*Uh 1« «aterine tao aerkat la an «v«r-intensiv« «ay, Bolivia, 

tfca eataaa Héoval R« pubi lo, «te. 

te illaotrata tao p«rotntag« «hare of th« five «mia as- 

pettava la tova* of tonaag« eulphur «sport« aad to évaluât« 

thai* «moat position, tao follo«lag tabla 1« quoted : 
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HPfMH.I 

Year U.S.A. Canada Mexico France Poland Total i 

1954 100 - - - - 100 

1955 90,0 - 10,0 a» - 100 

I960 50,0 3,6 34,7 11,7 - 100 

1965 39,8 20,2 22,9 13,6 3,5 100 

19T0 18,0 34,0 8,9 15,2 23t9 100 

The above-eientioned juxtaposition illustratas the svsr- 

ehanging participation of individual countries in sulphur 

export over the period under ravie«. The united Statea, ihioh 

«ere practically the only exporter in 1954, aovad to the third 

place of a or Id suppliera in 1970. Their plaoe «ae taken over 

by Canada. In analysing the export figures, ons should not 

disregard the fact that the United Statee and Pranoe are not 

only the exportera hut   also importera of sulphur and there- 

fore the net export of eaoh of then «as loser. In 1969» for 

exaaple, the united States imported 1,665,000 tons of sulphur 

fro» Mexico and Canada and in 1970 they imported 1,394,000 

toas. If this point sere taken into aooount, the percentage 

•hare of individual exporters in export «ould undergo a 

further change. 

while the export of sulphur is concentrated to a high 

degree sith the five main producers, demand for sulphur appaerà 

in almost all the remaining oountriee of the world. In 1969 

and 1970 ita blggeet importers sers the following oountriss: 

I 
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Country 1969 1970 

U.S.A. 1665 t. tona 1394 t. tona 

Graat Britain 757  • 916  • 

Astrali» 437  " 271  • 

Holland 588  • 409   * 

Frano« 270  • 356  » 

India 369  • 464   • 

Balgiua 263  • 351  • 

Cftohotlo-akia 265  • 281  • 

Garaan Padaral 
Bapublio 289  • 279  • 

Braail 196  • 282   • 

Itali 222  « MI   • 

8uoh oountrita aa la« Ztaland, Graaea9 Eira, Hungary, 

Tunaala, Austria, Cuna, Tha Bapublio of South Africa and 

Tainan inportad aulphur up to 100,000 - 200,000 tona a yaar. 

th« noat abtorptiYt aarkata for aulphur ara highly in* 

duatr lallt ad oountrlaa aa «aU aa aoaa da-aloping oaaa ihioh 

axtand thalr fartillaar induatritt to nttt tha «var-groaing 

nttda eonaaotad alth tha nutrition of thalr population, 

faatarn Buropa oontinuaa to ha a big aalling aarkat and ita 

ahara in tha total import in 1970 aooountad for about 40 par 

oant. That aarkat araa la aupplitd by Borth Amar loan oountrita 

(tha U.S.A. and Canada) aa «all aa by Maxloo and Poland, 

«hila tha Unitad Stataa aarkat'a auppliara ara only Canada 

and Mazioo. 
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An tooontUl rol» ia *»• giograpaiool diotrloatioa of 

Mito aortiti ii piojo* *J friigot roto« btioooo ***** ***•* 

alia,  iafloonu tuo profit opüt aad dirtoUoot of oiport. 

IH« ut« diffir «oeordiag to tot oio« of tao gito« lot. Ai 

tipo of «nip, port, loading one diaonorgiag rot««, MMOM 

tad Mr ktt tried« in tao fri life t aarktt. 

th« ranga of tao fr tight roto« dapaading fro« *«o of oto» 

•«id factor« 1§ *ory ©ig «nd it U dlffiottlt to eeasato Uta. 

aoaovot, ia fiw of tao foot taat tai fr tight ooata largali 

affoot tte rawliaat not (POB) prlo« ia «iporting oaoa a r«- 

latiToly ohaap MOO rao «atar lai a« «minant, it oaoao «orti 

«allo to giti ioao ficnroa oad to «not« avaraga guidlag «•%»• 

fot amia transport aailiagi. 

tat OM tranaport of otiaotoma ia taoaioad toao oa aiU 

lorld rotttii «oo ao folio«« ! 

19*6 19Ü 

U.S.A. (Ho«Uo - U.E.) Oeatiaoat lt9i Uff 

U.S.*. (Caaidâ - AttotrolU) Io« 
Zoaltad 54Î w 

Oarriagii batea«« Aaorloaa port« 1032 1050 

A« rogordi ta« pattira of oalpnat frtigbt toanagt IA ta« 

traap aarkat, « vast aajorlty, 1.«. «bout 92 por ooat. of 

toojMgt, ooTtrid «alpi bolo« 9,500 toa«, 5 ptr ooat. omrog 

9,500 - 15,000 toao,  2 ptr otnt. ootorod tao 15,000 - 25,000 

toa oaipi «od only about 1 ptr e «at. lncludad tao oaipo of 

OTor 25,000 tono. 
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thè avaraf« fral§at ritti le oarryln« tulphur In tilt 

lot« of »bout IO - 15 thousand tont ««ri «a foliota (ia U.S. 

$ par t f .i.o) : 
1969 1970 

O.S. 8alf - fattarn Eu»opt 6-8 7,50-10,0 

TtaaouYtr - Australi« 8-10 11,50-12,50 

fanoovv«* - lad It porta 11 - 14» 50 14,50 - 17,- 

Tmowir - Coatinantal porta 8-10 10,50-12,50 

Maas« - »att«ra E'-ropt 5,50 - 4,0 4,50 -   5,50 

9daa«k - ladia port« 12 - 14 15,-    - 17,- 

Qdaask - Ut «aditarraataa port« 5,50- 6,50 7,-    -   9,- 

tJ» tulphur »sportla* oouatrla« tituattd nttr tat 

paraaata aarkttt (Fr«not «Ad Poland 1A ralatioa to Itirop«, 

Caaada «ad Mtiloo la rtlttion to ta« Dnlttd Stattt) taka 

advaat««« of « «trtalA kind of » §to*raphloal r«At" ooapar«d 

«lth tao«« «hi©« hava to pa? «ort for tulphux transport. It 

thoald b« ttrtaaad that it «aa only  la tat ttooAd half of tat 

lut paar that fralfht rtttt t«rt tändln* dot Award t. 

Apart fro« that, tha dirt o t Ion aad •oluaa of «sport« 

ara Inf luteo«* «y «ota factor« aa sulphur fora« (liamp, «ra- 

«olatté «r liquid), otplttl linkt,   trtaty o auditions, tto. 

Sha trad« la brlaatoat «hoald at o ont i dar td a« a 

aubttaatial «aa b«««aaa 8,150,000 toat la 1970 tooountt4 for 

about 57 par o tat. tftlntt tha total «or Id quantity produotd, 

aad av«a for «boat 20 par otnt. ooaptrtd «ith tat total 

quantity of tulphur prodaotd la all foraa tad tat trada 
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turnover i« and fill he an important alenent in furnishing 

•any eountriea «hie* have not that ra* material o* have It 

only limitad quantitiae. 

Liquid aulphur daeerves attention because of it« ever- 

ponine trade tur novar. 

Deaplte a high dynamics of turnover in briastona in ths 

past yaa*st and, in turn, a very insignificant groath otar 

the Uat 3 years, it stsas that the rata o£ grosth in the 

fatate ttmde should »a sstiaated at a lavai of about 5 - 5*5 

par cent, par anna» on tna average* 

The aver-ohanging aituation with ragard to »apply and 

demand in the a or Id aulphur market aaa tna basic factor anion 

oonditlonad tna ahaping of pricaa of that rat aatarial. In tna 

eoaditlona of international sulphur market, an important rola 

ia play ad, aftar all, by the atocka of that raa matarial ahioh 

influanoa sometia.ee in a mitigating nay and over many months, 

tna acuta fluotuatlona of the supply and demand patterns. 

the jriodioal fluctuations of the prioea in the lorld 

•ulphur aarket ara illustrated by the tabla given baloa. 

World prioea par 1 ton of brinatone (JOB - in U.S.A. *) 

Tear  J/1 ton Iba* J/1 ton 

1954 30       1963      20 

1955 30       1964      20 
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1956 28 1965 24 

1957 27 1966 30 

1958 25 1967 39 

1959 24 1968 41 

I960 25 1969 37 

1961 22 1970 18 

1962 22 

The above-quoted prices are average (various deviations 

having aeen in the respective individual suppliers'quotations)» 

but they give SOM vi en point on the average level of prices 

in individual years and on their trends over a longer period 

of time. 

A lo« level of prioes in the world market appeared in 

the years 1961/64 because it nas a period of an intensified 

supply (Canada's entrance) and the producers* ever-growing 

•took« uhi oh amounted to 5 m. tons by the end of 1963* 

Beginning with 1965 the next yeare shoe a definite in- 

crease in prioes which fact «as a result of augmented demand 

for sulphur as during that psriod a rapid growth of produotivs 

oapaoities in sulphur io acid and a disbalance in the raw 

material ocoured. In the years 1950/1960» i.e. during a deca- 

de» the growth of sulphur io add productive oapaoities closed 

with the sum of about 23 m. tons. Almost the same grout h was 

reached during the years 1963/1967» i.e. within 4 years. 

That high level of prices» never experleneed before in 

the history of sulphur» reaohed ite peak in 1968 when the 
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price almost doubled compared with that in the previous period 

and reached the level of over fi 40/1 FOB. Although an excess 

of supply over demand appeared in 1968, it did not influença 

any reduotion in prioee for brinatone. For at that time all 

auxplu.es «ere earmarked to restore substantially reduced 

stocks of that ran material in the year e 1965 « 67. The effaots 

of overproduction «ith respeot to prices became e entibie but 

at the beginning of 1969 »hen some producers'  sulphur stocks 

approached the eo-oalled » reasonable level". That increase in 

prioee did, no doubt, reflect all features of a market-trend 

inoreaee. But as a reeult it encouraged produoere to inoreaee 

the production of sulphur as a vary remunerative item and, at 

the eame time, the price increase unnoted before undermined 

the economic aapects of the production of sulphuric acid and 

aoted dieoouragingly upon the buyere «ho etarted to turn their 

baok at the eo-oalled "«hiaey«  ran material and began to look 

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

toward pyrites. 

That eituatioa «hose signs started to beoone visible at 

the beginning of 1968 brought, in consequence, to a rapid 

breakdown in sulphur prieea which began to drop in a eharp way 

and reached their average level of i 16-20/t fOB in 1970, thue 

a lower level than that during the 1961/64 depreeeiom. Aa • 

reeult, the product beoams an unrivallsd source for the pre* 

duetion of sulphur derivativa«. 

Suppliera started to oomp-ete in a strong way in ordat ta 

find cutíate. On 27th September the "Chenioal teak* deeeribed 
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that competition as a «prie« *arM, and tha psriodioal "Sulphur" 

(Ho. 87 of 1970) informed that the prioee of Canadian Sulphur. 

FOB Vancouver, had fluctuated ni thin U.S. ß 15.5 - 17.5 ft 

ton« 

7. HVrîTTÎ VtM**' Suppl* *"* E*10«"**«1* foMmtt 
for 1971 - 1980 

Ih« previous ohaptere illustri ted the situation la the 

field of world produotion of sulphuric acid and phosphatio 

fertilisers whloh aeotors determined a definite demand for 

sulphur-oar r y in« ra« materials« next the production of sul- 

phur and ita supply, eorld trade in brimstone and prioe trends 

durine the period of over one decade. 

Such an approaoh gives some Idea on the relatione and 

conditions so far existing in the sulphur sector. On the 

basis of those facts and experisnot gained in the pa-et,  one 

could dra« certain cono lue ione,  s peo ule te a little and attempt 

to evaluate a long-term outlook for sulphur supply, demand 

mad   pries trends. 

It is rather diffioult to make for essate in gênerait «ad 

in the eass of sulphur in particular be o suss of the number 

of fsctors involved« 

I do not pretend to pre een ting a faultless eta tenant. 

As s ooneolation, 1st us reo o lis* the many srrors made by 

numerous epeoialiete, economists and institutes in not too 

distant past with regard to their calculations and foreemsts 

• 
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«t the tiome of overproduction «bio* amé euppoeed to leet for 

•apposed to last for ever. 

»«„rtaelc..,   thi topic of «ÚH»* if•!« !• !*•*••«••• 

.11 tu. -or. that aulphur U an portant r« material for tha 

production of tetUlMW anion, being t-nlojad lnfn.if.ly, 

•ay uph»»" productivity per hectare, thu. Ineremain« crop«, 

„id -J beeone . tool in the etruggle numi lorld hunger in 

May developing eonntriee ih.r. a part of population i. 

nuorienad on th. verge of .xi.t.no.. 

A. tUtmr "Mwn^M tPWtf tl 
It i. f.ll knoin that aulphur ia on. of tha baeio ran 

atterinle used in oh.nio.l induetry and in th. fut«. demand 

for aulphur till no doubt continu, to increase along.id. of 

an eipected rapid dava lop-ant of that industry. Hoeever, tha 

oon.uaption of aulphur  (in all fora.) haa been ahapinf mainly 

aocordlng to tha development in th. aulphurio acid production 

union,   in turn, had depended on the ua. and production of 

ehoaphmtie fartllla.ra. 

Logically enough,  in f or.oa.ting the develop*«* of 

sulphu* dtaand,  It «ill b. po.aibl. to rely mainly on tha 

predictable development of requirements and on the production 

development of phosphatio fertiliser s and sulphuric acid. 

It appaerà from the table quoted in the initial part of 

this paper that the production of phoephmtio fertilisera in 
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the world tent up in the period 1952/53 - 1968/69 from 

6,056,000 tons to 17,466,000 tons,  i.e.  oy lac  per  cent.,  but 

their production rate in indivi iual peiiods was not similar. 

While the years from 1964/65 to  1966/67 ahowed a very 

substantial gronth of production,  the next years from 1966/67 

to 1968/69 tiare marked by an insignificant increase of appr. 

3.5 per cent, per annum, which vsab considered to be almost 

a stagnation border. 

Over a long period of time, hon e ver, the average index 

of production nas about 3 per cent, per annum« 

Similar »aa the case of sulphuric acid «hose production 

between 1953 - 1967 increased from 31,370,000 tons to 

76,980,000 tons,  i.e. by 145 'fi at the average index growth 

per annum of about 7.5 per cent., the very Ion growth index 

of about 4 par cent* in 1967 not to be forgotten. 

In general, taking into account the fact that the in- 

dustries of fertilizers and sulphuric acid are the biggest 

consumers and knowing the average rate of growth, it would 

sean that it could be relatively easy to deduct the volume 

of sxpeoted sulphur consumption for that purpose as well as, 

in an indireot 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* 

tio fertliter production and that of sulphur 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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b..l»nlnc,  i... th. ,««. I960 - 1969 .lth r..p«t to -r*.* 

economy countries only* 

Dynamics o£ sulphur consumption and H2s04 and P¿05 

production In aarket-economy countries 

Million Growth in       Average ^^l 
ton« the period       rate of growth 

Sulphur 
consumption 
1960 - 1969 

Sulphurie aoid 
production 
1960 - 1969 

phoephateo 
fertilizer 
production 
1960-61, 1968/69 

17.8 - 28.3 

40.3 - 63.4 

3,5 - 13.8 

58.9 * 

57.3 i 

62.3 * 

5.3 * 

5.2 * 

5.5 i 

Fro» the above-mentioned table, it appear» that during 

the aforaaaia 9 yeare the average annual rate *as about 5-5.5 

per c«nt. It is obvious  that '~* growth of demand and the 

extent of rate of annual growth nay be and certainly will ha 

influenced alao by other factors which are impossible to be 

foreseen with strict accuracy. It ie a sell known fact, for 

example,  that the growth of annual rate of sulphur consumption 

in other Industries, apart fro» the fertilizer sector, is some- 

what lower, i.e. within appr. 5 P«r o«rt. The growth of eon- 

sumption in traditional markets is unknown* still less is 

known the volume of new sulphur applications whloh are now 

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

the sulphur surplus whloh is beooming visible there have been 
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triáis to apply sulphur  to ether ends tiiaii the  traditional 

one«,   for example dueh as  an additive  f:.r  asphalt,   ae  ueds 

for motoivuys or airport rurj«,< >P,  foi  iiíipiegnating t.\lep and 

slag blocks as «ell re in building,  tor  It appearo   that liquid 

sulphur sets better "ehan m£sonr,y mortar   (it might  be mentioned 

that this point ir interesting for  lot-cost housing in deve- 

loping oountries). 

Apart from ¿he production of fertilizers «hich are 

tradidional oonsumers,  sulphur should be employed on an 

tver-gro«ing scale in feeding plants to stimulate their grout h 

(especially in tropical end subtropical regions «hose soil is 

structurally short of sulphur). The shortage of sulphur is 

deepened by   che ouïrent increased use of nigh-percentage 

fertliaers nhich do not contain sulphur at all or contain it 

in small quantities. Sulphur is necessary for the production 

of fertlizere as vieil as for the soil direct. An increased 

use of sulphur in agriculture 4s badly needed. 

On the other hand,  there may appear some factors «hich 

«ill influence a decrease in sulphur consumption* e.g. in the 

production o£ tltaniua dioxide, where the existing sulphate 

process TIRS in some casea replaced by a chloride one «hloh 

is considered as more convenient. As a result of oertain 

changes in the produotion prooees, somewhat less sulphur per 

one ton of pulp and paper  is used in the pulp-and-paper 

industry. In some regions,  tïhers electric poner is cheap, it 

may happen that a tendency to eliminate sulphur in the pro- 

duotion of phosphoric acid «ill appear sporadically although 
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cheap sulphur expected over a long period of time will 

eliminate such caeea according to  the author. 

On the «hole,  it seema that it would be unrealistic to 

adopt the future consumption growth index at the rate of 

7-8 pox oent. and therefore an annual average index of 

5.5-6 per cent, should rather be adopted. 

The rate of growth  in the overall consumption of brimstone, 

pyrite and sulphur from other sources should also be fixed. 

The question of an alternate choice of those ran materials 

by the produoers of sulphuric acid is connected to a high 

degree with the price level of brimstone. In vien of a more 

convenient and econoaioal employment of brimstone for pro- 

duction purposes, which point till 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 estimatsd at abc it 7 per cent, in the market- 

•oonomy countries and at 10 per cent, in the centrally-planned- 

eoonomy countries in connection with a more intensive develop- 

ment of fertilizer production there while the growth of 

pyrites will be about 1 per cent, or less e a oh year. 

At such an assumption, the consumption of sulphur in the 

ysars 1971 - 1980 would be ae follows: 
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World demand for sulphur in 1971 - 1980 

World 
demand 
for 
sulphur 
in all 
foras 

including Total 
demand 
for 
sulphur 
in all 
forma in 
market- 

including 

tsar brim- 
stone 

pyrite other 
sources 

brim- 
atone 

pyrite other 
sources 

economy 
countries 

growth growth growth 
1 * 

growth 
5.5 * 

growth 
7* 

13,7 

growth 
1* 

7,6 1971 38,7 21,7 11,4 5,6 31,4 5,1 

1972 41,1 23,5 11,5 6,1 33,1 20,0 7,7 5,4 

1973 43,7 25,5 11,6 6,6 34,9 21,4 7,7 5,8 

1974 46,5 27,7 lit 7 7,1 36,8 22,9 7,8 6,1 

1975 49,4 29,9 11,8 7,7 38,8 24,5 7,9 6,4 

Ì976 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 7,4 

1979 63,5 41,5 12,2 9,8 48,0 32,1 8,2 7,7 

1980 67,7 45,0 12,3 10,4 50,6 34,3 8,3 7,8 

The above-quoted calculation made by mesne of a logically 

justified and common to all oountrlss growth Index of the 

consumption of sulphur as one of the basio raí mataríais ini oh 

assurs a dynamic development of chemical industry throughout 

ths world is also confirmad In a calculation bassd on the 

development forecast for ths industry of phosphatio fertilisers, 
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The production of  the above-mentioned fertiliser« exprese- 

ed in the pure KQ,- content amounted to : 

appr. 10.5 a», tons ir "V961/62 

17.5 m. tona in 1968/69 

18.8 m.  tons in 1969/70. 

M H 

H H 

Aooordlng to some,  frequently official forecasts and 

intentions,, the production should account for: 

•ppr. 32.5 m. tons in 1975t 

and      55.0 m. tone in 1965* 

It is expected that the most intensive increase «ill te 

achieved by the Soviet union and European socialist oountries 

(fro« 1.1 In 1961/62 and 3.5 in 1968/69 to 17.0 in 1980, appr. 

20 a. tons in 1985) and by Asian countries  (froa 0.7 in 1961/62 

and 1.7 in 1968/69 to 12.5 m.  tons in 1985). 

In evaluating the above-mentioned figures as over* 

optimlstio, one may, however, socept without any major error 

that in 1980 the world production of phosphatée fertilisers 

will reach the high of 35 m.  tons of PgO- which will mean a 

growth by 100 per cent, compared with that in 1968/69,  including 

about 14 m. tons in the European socialist oountries together 

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

If the production of HgSO. increases by the same per- 

centage it will account for appr. 160 a. tons by 1980 oompared 

with appr. 80 a. tons in 1968/69. 
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To secar« that production level, it will te ncoes.«, to 

have about 53.5 •. tona of sulohur. In accordance with the 

previous evaluation, the a*>un' of eulphur required for the 

production of eulphurio acid account« for about 8C per cent. 

of tfa« total uae of sulphur. In connection with the above, 

the eetimate of sulpha, needs in all forms and in terms of 

all direotiona in 198C, calculated on the basis of prospects 

for the development of phoaphstic fertilizer inauetry, «ill 

close with the figure of about 67 m. tons, thus almost 

identical aith that calculated on the generally adopted 

growth index of consumption of this ra„ material in the «rid. 

In summing up the question, it is expected that aorld 

demand for sulphur in all forms „ill account for about 49.4 m. 

ton. in 1975 and for 67.7 .. tona i„ i980, the structure of 

use to be changad in favour of brimstone and that from other 

•ouroea at the coat of pyritee. The percent share of brimstone 

"ill incraaaa from the preaent 56 per cent, to 66 par cent, in 

1980, ahile the share of pyrite „m drop from 30 per cent. 

*> 20 par cent. This a ill be connacted aith relatively low 

Price, for brimaton« and a reatructive action againat air 

pollution. 

Demand for aulphur ia covered by eulphur in various 

fora» and from various »ouroes. 
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The highest share  is held by elemental sulphur,  i.e. 

brimstone  (native sulphur,  PraBch sulphur and the sulphur 

obtained from natural gae and crude oil),   pyrites and smelter 

*ases  being tn*: next source«*. 

It seems 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 

pyrites will show an insignifioant growth to meet but the oun 

increase in demand in the countries which produce that ran 

material or that the production of pyrites may ahoi» a stagnant 

tendency in view of lower needs in importing countries. 

As 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 rigours and regulations regarding 

air pollution will be introduced in numerous countries in 

connection with that rapidly growing and vital point. At 

present enormous quantities of sulphur  (estimated at many 

million tons a year on the world scale) are emitted to the 

atmosphere,  over 60 per oent. 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 operationa 

may be estimated at 2-2.5 m. tons,  on an average, between 

1970 and 1975 up to about 8 m. tons and by some 2.5-3 m. tone 

up to about 11 m* tons  in the next years. 



- 39 - 

The oioBt aaaontial point is the estimation of perspectives 

in the development of brimstone production. 

There are numerous unknot a  pointa in this respect as 

«ell. To make it ehoit, the problem boil« do*n to c«o prioinal 

elemente, i.e. to the expected production volume uf the 

so-called «'fatal'» sulphur obtained fiom natural gas and crude 

oil and to the expected production volume of native sulphur 

and the Fraeoh-prooess oulphur, the question of the productive 

capacities held and that of the factual production to be 

conditioned by actual demand being distinguished. 

In connection with the big demand for gas as a source of 

Power, its production and the gro«th of sulphur thus recovered 

as a by-product mil be on the  increase. The growth of sulphur 

quantities mil, liaise, be brought about by the air pollution 

legislation and the necessity to loaer the sulphur content 

in crude oil and oils. It is estimated that the growth of 

sulphur from that source, i.e. oí the so-called "fatal" 

-ulphur mil augi^iv ty a.ou„ o.¿ m. tons by 1975 and by 

further 9.4 m. tons b, 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 mil be that in 

Canada and the Soviet union which are big producers of natural 

«". 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 i« rath« diffioult to 

foresee the volume of individual producer«' output «hloh i« 

quit« big and oan be bigger owing to large resource« and th« 

faot that a relatively short investment cyole by applying 

the underground »siting process may add to putting ne« 

capaoitie« into operation, but this volume of production i« 

determined by the balanoe betaeen consumption and the "fatal* 

sulphur. 

It ia ««tiaated, hotever, that in 1975 the pr«««nt 

production «ill b« aooompanied by that of eom« 2.5 m. ton»t 

and that some further 4 ». ton« «ill com« by 1990, thus 

bringing about 16.§ m. ton« in 1975 and 20.5 m. ton« by 1990. 

In summing up, it seems that the production in million 

toa« eould be a« folic««: 

1975 I960 

Br im« tone 

lyritee 

Oth«r eouro«« 

31,7 

about -2,0 

about 8,0 

about 45»1 

about 12,0 

about 11,0 

51,7 68,1 

c. imi ifffM mmm mi im 
Proa th« previous estimation regarding th« probable 

pattern between demand and supply,  it appear« that the ooming 

deoad« «ould have to face not only a full coverage but also 

a preponderant supply over demand. 
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In oonocqucnoe, increased »took« would, in turn, affect 

the price trends. In faot, che eituation la even not pro- 

Tailing as the POE prioee have dropped to the lev*l of 

$ 16-20/t, oa an average. 

In eoneidering the poeeibilities of ahapluf pries trends 

till 19SO, it should seen neeeesar? to take the follónin* flou 

of reasoning into account. 

It io a tact that demand for brinatone will be increasing 

»s a result of the envelopment in fertiliser« and other in- 

dustries that need thio raw material. At the ourrent supply 

figurée well exceeding demand and lot prices, the growth of 

nei produetivs capacities will be based aainlj on brlattone. 

Äs production of "fatal" aulphur will be paralel with that 

I*oitn or even higher. The »fatal»« sulphur will tend to 

influence price reductions beoauae of ite ooapuleoay character* 

in other words, deopite their existence, the production costa 

of this typo of sulphur could reasonably enough dsbit the sain 

produot, i.e. gaa. 

It is aleo obvious that the fatal sulphur is unable to 

•set full demand for sulphur and that ths produoers of mined 

sulphur or that obtained by an underground melting prooeea 

»•if ita definite production eoe ta. Thus, a furthsr drop in 

priese whioh are on the borderline of production costs would 

in ooneequenoo force those producero to limit or stop their 

prodaation, whioh notion would involve a shortage of sulphur 
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and inoreaaed prices. Bearing these aspects in nind, tt seems 

that a further declina In prices which have already reached 

their logeât level nould  oe ijnnoeeible. Neither should one 

expect too high prioeu *ua ai&u cyoxic ixuctuations similar 

to thoea in the toot,  ?or mr,  f«otor« such as the aforesaid 

air pollution legislation,   the «xistenoe of fatal sulphur, 

etc., qhich «er? of uo ¿euring in the paet, «ill be influential. 

Tfifcin« into ccnuideration the production coat» of sulphur, 

it ifeould rathar be expocied ¿hat over the coming decade only 

a nodeat. and moderate increase in sulphur prices could take 

place• 

It confi that the prioe ahould be « i thin the range of 

ß 38-22/1 FOB, on tb* tverage, depending on the quantity of 

th© reopeatifc lot, kiM cf culphur and export deatlaatioaau 

Ö. jfeagoala Asnmof aW**iolag the WJMTlf 4914 flfflltf tatti 

The countries that plan to develop their phoephatio 

fertilise production, end thoce *ith developing eooaomie» in 

partoulai?,  ere fàood by a quaation of basic importance, i »a« 

by the ohoice of tho oheapeet aethod of sulphur io aeid pro- 

duction. It is evident that wherever it ie not neosssary to 

o3ean metallurgical gaseo cosipuleorily or to continue the 

exploitation of pyrito deposito for soolal reasons, the only 

rational raethod of obtaiuins »ulphurio aaid noe is the pro- 



- 43 - 

duotIon oí aoid fron brísateme. The basic advantages to employ 

•ttlphnr instead of pyrites in producing HgSO^ are as follows ; 

• almost a threefold decrease in industrial maohinery tonnage 

at a high daily output* this la reflooted not only by 

lower oapital expenditure«* a shorter oonetruotion period 

•fid a «nailer seope of building and aeseably work, but also 

by lower exploitation eosts (amortisation ohargee, repairs» 

• over a twofold lower transport 01 raw materials to the 

factory and a possibility to store then practically at any 

place due to the aaall aase of the raw laaterial and the 

fast that no residue)« have to be removed, 

• a eons id er able improvement of sanitary conditions as 

sulphurie aoid installations do not produos dust oaused 

by pyrite« and residues« apart from that, the amount of 

funes harmful for tarn environment is much lower as a 

r««ult of this produotioa procese, 

- a substaat lai, at l«a«t a seveafü«, door ease in the number 

•f staff «hash point substantially deoreasss the prime 

•osta of produetioa and aooompanying inveetment ooets 

(soeial and housing faoilitiee, etc.), 

• a better Quality of aoid: the aoid produoed froa sulphur 1« 

almost ««aal to battery asid and the teohnioally purs on«, 

• «amy operation« in t«rms of technology proc««« and a poeei- 

billty of introduoing full automation, 

• a threefold lowor processing oost eoaparad with that to 

b« borne in the o«s« of pyrite«. 
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Tao aboTO-atatioaod advaatagoo aro proved by ooapariag 

tao folio* lag oolootod technical and oooaoaio iadiooo fox 

oulaaurie-aoid iaotallatioao bawd on sulphur and pyritoo la 

ft faotory «ita 1,100 ton« of 100-porooat Hg804 par 24 aooro 

(365,000 tono por yoar): 

Ito» Moaoaro 
«ait 

9alpaur-oarriiag 
raw aatorlal 

Batió 
4 î3 

pyrito 

5 

11,000 

tulphur 
99.96* 

S 

0.36 

1 2 

toat 

4 

4,000 1* Appara tua itight 

2. Inotollfttion cotti 
iaoladiag aattably ». * 14» 3 li 3 o.n 

3. Coatuaptioa 
iadiooo : 
Sulphur-oar ry iag 
roo «ottriait %/% 0,85 0,331 Of 4 
lltotrio pootr Ma/t lid 50 0,42 

taoraal taorgy 
la torso of otoaa V* 0,2 0,13 0,?3 
Ooallag and 
produotloa 
oaginooriag 
«ftfOf ou. a/t IO 41 0,34 

4« tabor of dir tot 
produotloa ttaff PVo oavaiow 112 U 0,13 

5. iaooat of 
oy-produoto 
OtOOJI V* 1,0 1,1 1,1 

iyrito 
roaldvoo v* Oí of - - 
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An estimated calculation of processine costs, without 

those of sulphur-carrying ran aaterials, of 1 ton of 100-per- 

cent sulphur io acid at a production capacity of 1,100 tons 

per 24 hours is as follows; 

Cost 
components 

Crediting : 
stesa 
pyrite 
residues 

Unit 
prioe 

Costs 

Pyrite 

1 fi/t -1,0 

3.5 fl/t -t»fO 

Sulphur 

Klee trio poser i ¿/wra 1,20 0,50 

Thermal energy ljl/t 0,20 0,15 

crater 1 /i/ou.m. 0,80 0,45 

Lireot labour 2«5 ß/mEMk 
hour 1.50 0,20 

Amortisation 
(10£ of 
expenditures) 5,90 1,40 

Other costs 
{repaire, over» 
heads of the 
factory, etc.) 3,10 1,12 

Total gross 
processing ooets 10, TO 3,M 

-1,10 

îotal nCt piooeesin« 
costs |  7,50     Uf # t,n 



/ 
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Irrespective of a sloi procse« of liquidating out-of-dat« 

pyrite-based plants in a number of countries and replaoins 

them by nei planta based on sulphur,  there ia an economia 

possibility to change the existing pyrite furnaces into 

brimstone facilities. 

Suoh modifications may be arranged under an overhaml 

programme. Ine time required for auch modifications amount» 

from 7 to 28 days. The question of changing pyrite fummo«« 

should be of intereot to the countries union exploit poor 

deposita of pyrites thct must next be enriohed. 

Taking this opportunity,  I nould like to mention that 

the Polish enterprise "Polinex-Cekop" has worked out a 

number of profeto regarding the changingover of sulphurio- 

-aoid factories fron pyriteo into sulphur. Worthy of 

stressing is the feet that the existing equipment up to 

almost 98 per oont. regains unohansed* Such a modifioatioa 

is particularly edven^rgecuo in the light of the above- 

-nentioned oomparisono regaraing the use of materials and 

the costs of acid production. 

The aforeseid enterpriae is also engaged in the dali*«ri«s 

of complete industrial plants and equipment for sulphurio-aoid 

factories as «ell aa in their modernization.by introducing 

up-to-date technical achievements. Poland déliter« sulphur i«- 

-aeid factories of a eapaoity ranging from 50,000 to 900,000 

and even 500,000 tons of 100 ptroent H2S04 per year. 
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Tb« factor i« • of Poliah make eonsist of the follow io« 

equipment: 

- storing and flit«ring faciliti»« fox loup and liquid 

•ulphux union ar« eupplied according to the buyer'a requeet, 

- prodaotion installation to be used acoording to the ohooaen 

method,  e.g. a simpls conversion «ith the standard 

absorption facilities or that of double conversion and 

reabsorption, 

- storing and transport facilities for sulphuric add. 

The enter pries M Folimex-Cekop" delivers sulphuric-acid 

factories for various starting ras material«,  i.e. pyrite«, 

solid and liquid sulphur, smelter gasee and cake. The 

aforementioned enterprise aleo furnishes production techno- 

logy and knos-hoii facilities. It is also engaged in staff 

training both on the spot and in Poland. 

Poland has so far delivered 17 faotorlea of sulphuric 

aeid to various coin, i lee and at present ehe is executing 

a fa* further orders including a sulphuric-acid factory 

to be erected in Duisburg in the German Federal Republic. 

The factory's oapacity «ill bs 300,000 tons of sulphur io 

•oid a year. 

Having a larga production of sulphur and being ths ««oond 

•sportar in toras of volume, Poland offers her possibilities 

•nd readiness to all developing oountrlee Interested in the 

i 
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oomplata faotoriaa of aulphuria iotd or la bafinf **•** 

faotoriaa aod.riii«ad. At tha raquaat of ta|«i and ouatonar«, 

aulpnur dalivariea «re guarantaad ft« »«11 • 

In auaainf up, it oould ba atarrad that tha aipaetad 

incita« tn danand for aulphur U fully oovarad by produotioa 

poaaibilitiaa and dallvwlaa at prioaa that guarantaa ft 

remunerati• datelopaant of the production of aulphuria 

acid and phoaphatio fartilUara baaad on brlmatona. 

The eituation in individuai gaographioal ragiona in 

tha world aay, of oouraa, ifaapa in a aoaiaahat diffamant «ay 

and thia quaatioa «ould raquira furtha* atudiaa and 

elaborations. 

it 






