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TECHNICAL MEETINGS 1951.

Paper No, 6. CONFIDENTIAL

This paper will be presented et the Technicel Meetings in
Paris on September 25th and 27th, 1851. It must not be published
prior to that date end, 1n =zny cesa, 1% muzt not be publiched
without the permisaion of the author.

4 REMEDY FOR THE WORLD SHORTAGE OF GULFHUR

by M. Meesenet. (Potneee & Engrnis Chimiques).

Summazry

Thie paper discuseesg the French experience during and silnce
World War II in the fiold of cconomiging Sulphuric Acid for
Fertiliser Production.

EVOLUTION OF WORLD MARKET FOR SULPHUR.

The average conpumption of bBulphur throughout the world for
the perlod 193% - 1939 wae sbout 8 million long tons,of which
4,350,000 tons from pyrites, 2,175,000 from Amcrican crude
sulphur ond the bralance from other socurcces. In 1%50 the world
gonsumed about 11,500,000 tons of sulphur, i.e., an lncrcoge of
some 40% in ten yemrs.

It can bc assumcd thot somo 75% of tho world consumption of
sulphur in all forme is for the production of sulphuric acid and
that some 3% to 40% of thc world sulphur consumption is in fact
uzed to manufacture suporphosphate end sulphate of ammonie.
Fartiliser production continues to expand and the following
catimndo for the U.S.A. 1z glven:

( in thouspnd tbne)

Avoraga ! Estimnted 1 Estimated Anticlpnted
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In Prence the "Flen" authoritles stoted in 1947 that 1t wos
expoctod thnt the consumption of soluble phosphorde acid from raw
phoasphates would risc from 191,800 tons in 1946 ~ 47 to 560,000
tone nt the cnd of thce "Plan".
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It vould accm thet for the 0.L.CL.E. countrice nnd the U.H, ..
rieno sulphur roguiscnonts caw dneronedng of 4T rote of o million
tona noyosr, :
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The culphur shordege 1a alrendy voente, and 1t does rot noem
Posglible that the increnoing reods can be met ot the currend pricc
loval, ond 1t 1s dmporative to study mosns of ceonomlsing sulphurdce
reld in the production of lertiliszers,

French caporicnee in 1940-45 gon be ptudiad with oovan Loge
since, durdng that perlod, her shovtoge wos ©ven noro acutc thon
the praecnt weorld shoertome.

IT. Mk YEBECH SHORTAGE OF SULLHUR DUNING THL L1939-45 WAk,

5

Aulphur dmports foll to practieclly nothling Jurdng the wor
yoore ond aulpturdie neld wazs producoed sololy from French pyriles
and cxlaeling atocks,  Thoe production Cisares wora o vollows:
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1938 ;1911 P19 D 1943 Poo1944
§ e R i = —
424,000 152,000 ¢ 1zz,000 ' 114,000 : 51,000

Tho entlire chemicnl indugtry wre olffcceiod ond,capoeelnlly wo,
the production of suporphoophate and sulphoto of amwoniog oxprcased
in loosg of N,production of sulphatoe of ammondn wao:

1938~

39 1 1939-700 1940-417 16422420 1942443 ¢ 1943-44 | 1944-1Y

'

! ]

83,119 : €5,561: 37,1205 25,597 i pr,032 22,966 ¢ 11,144

end, cxprossed dn tons of PEO5’ production of aupcrphoasphate wosd

@3 o3 oo P ager b o1oaz o193 D 1944
175,000% 177,000 :69,000 § 40,500 : 7,800 « 3,500 : nothing

111,

It con be ecid thot im 1944, the £ifth wor yoear, theac
indusirica woroe dowl,

FREECH EFFORT SIICD TLE STARE OF 1HE 3939-15 WALL

Every olfort was mode to ceonopisc cedid and to Jevolop the
relovively poor natilonsl rozourcees of sulphur and pyriles cnd to
uoo other raw mntevicls, ond whol were the resul te?

A)  EFFORTS 10 INCREASE THE EFRODUCTION 0F SULTIUL,

It 21d not preve preciicnble cubstanticlly to inercose the
1939 figure of pyritos oxtruetion (86,000 tnnng and indoed che
average Lor Lha wor yeors woeo only cbout 87,000 tons (tona of
aulniur).

Blonde depooits cre limited »21d cxtrecticoin could only be
incrensced from 40 {ons of gsulplur in 19386 to 3,500 dono 1in 1947,
nnd fincdly, 7,500 tons in 19%0,

Notive sulpbur le olmost non-cxistent, but the Norbonne deposlt
woe cxploited,~nd production from this sourco lg only cupoesed o
roceh o Jevol of gomo 20,000 turs ol cul kmr for tho yoor 16051-52,

Regovery of goscy only brings in somo 2,500 Tousg per onnun
Tor 1949 ~nd 1950,

Gypoum ouly produccd sowe 5,000 tono of sulphur in 159 ~nd
10,000 tong in 1950, Howover, gzypzun ¢n nlao be usod for tho
Jirect production of sulyhoto of ~mmenin ond reploged some 17,000
tona of sulpbur per ronum in 1938 and oo much oo 26,000 loprs Ln
1949,

Fronch rogquiroemoents of sulpkbur in all forma mmount to somc
750,000 tons per nnnum to-dny.

B) ECQUOMITS O Sul.cilin TF FERTILISER FiODUCTION,

In 1938, out of o tolnl French consumption of 572,000 lonso,
306,000 tong ol sulphur were ugced to prodves fertiliscrs, of whieh
190,000 %ong for pheoaphnallic lortiliscrs, 90,000 long for sulpheto
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of ommonic, 7,000 tone for sulphote of potash ond 21,000 tons Ior
sulphnte of rmmonin Sddrcet from gypawn.

The followlng plrn.chows whot hnppens to sulbhur in

fortiliacra:

Principal
cripln

: . Loenl Sulphur  Sulphur Hy — Sulphur froun
gitifigfgl culphur fron from procuet nrhycdrite
ffomhthé e pyrlteos Dblounde gulpluar e
pub-a01l. ﬂhﬂx“wmf“xx ,ff“fff .ﬂfffﬂﬁﬁi:’f

.m-\% e a—‘::'_'__._'_“_‘__,d.f-""'"‘d F’_f
N M Tl :
\?ulphuric ucid\
l " "H_'_""'—-___ -__ N
’_,/ - %"""‘---.,._____

Fertilicer
Froduction of phoaphoto
in tho pro-
duction of

Splunilisntion

=)

roduction of
Sulohate of
Ammonin

[ S ,
Production of
Sulpheto of lodosh
ond dl=cololam
phoaphnto

j
gulphnote of
lime .
Frincipel Suiphnto Sulphnte of Bulphite of limo
reretion of of limo 1imo 1le formed i formed in
sulphur in tho in tho in the acil the =011
aclil, aoll.
hihhhh
H‘-H"""--.__‘__. -
End of BU. T }
gulphur eyclo &
in tho coil
L. e it —
If appliod to Germany, the dircet tromtmont of mognesium sl
phate with muriaote of potroh for the production of sulphatu eof
potash must be addod fo this plnn, ¥

)

Vhen producing supoerphoaphotce or triplo super.

THJ. PART FLAYED BY SULFHUR_IN THIS CIRCUIL,

tho oul-

phurie acid hos the offeet of fixing s culphote of limo thot

portion of limo,

conteined in the row phoaphoto,

moloculo yor meleculce of P“OB'

Thua the cearbonato

of lime contincd in

which oxceceds ono

=
[

th: rock ond 2/3

of the limo,whichk is in tho form of tri-cclelum phosphato, oro
fixed ns sulphate and thore romcdns 1Lho nenocclodlwn phoophnto,

tho ;0

contont of which 1a

golublo 1n woetor.

Thils dnvelves in

2
Froned %he congunpticen ot 2.3 tona of 100% sulphuric celld per teon
of molubilisod PDO5, i.c., npproximately 0.8% tons of sulphur.

In thc production ¢f sulvhatu of rmwonin tho technicenl
rola of the sulphurie reid 1g siwply to suppert tho nitrogen.
thia invelvea 3.5 tons of 100% sulphuric ocld to 1 ton of M., f.oo.,

1, 3% tona of sulphur.

L
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D)  DICALCIUM TROSPHAIE.

Fino1ly, in procducing sulphnive of potneh, the sulphurice
ncid fraos hydrochlorie acid, which cmn be wacd o produce di-
cnleivm phosphatos  Phus, in this cuso, tho sulphuric neid bos in
Pt o double vac.  Thig product has boen monufactiurcd in Froanec
nnd Delglum Tor some 20 yoore and gives rilac to aomo 30,000 tong
per crnnunm of TL0- in the form of procipliantold di-cnlelum phosphr.ta,
goluble in bns%c)cihrmtc of cmmonin.  This must be conoidored ~n
officiont Tertiliacy ol this Iret ds o fundiwentel bosls for con-
gieering thoe problon of sulpliur ceconory. '

E) ROCANT WVOLUTION IN QOHE US), OF PERVILISIRS,

The thoeorctienl objeets of producding o soluble P,O0. feotil-
lscr and of produclng nitrogen in o form rogudedng loos hu?phuric
reld then oulpheto of rmacnin could net bo otteinoed withoeut o
noetural cvelution in the techpigque of wedng fortilicers nnd of tho
regquirenonts of ogricnltura. Mha followling fisurcs ghow tho ovel-
utlor of nitrogon conaumption 1n Fronec.

PRINCH CONSUNLYION OF MITROGEN (in thousand tons)

* L e }

Sulvhnte of ° Armoniun CSocivm ' Complex !
Armonio Conitrales nitrate, 0 fortiliacrs Totol

‘ ‘nicrate :

: of lime ;

. oothors f

1938-39; 83 C 32 : 103 - : 218
1939-40" 66 : 35 : 76 ! - 3 177

L L N N A b‘ul ; :: f ::;
1948-49; 57 . 100 . 68 c 23 245
1949-50. 61 : a7 : 68 : od . DAG

It will bo scen Lhol o reduction in Lhe uwso off sulphuric
neid has boun obtoined, whilst the uoe of nitrogenous fertiliscrs
hee inerensed. Ag ropords soluble PoO., thoe teidoncey towsrdy cor-
pound fortilisors holpe to molo 14 pbHadiblo to procducs ndiditionsl
ouantitics of Tortlllsers, requiring less aulphurlc acid,

Exprcescd dn terma of N-T,0--K,0 enl in thousonds ol fona,
tho production of compeund tfortiliBefa Quvelopod bolore tho wor ng

Follows:
Yenrdy ; : :
NYoTILEZe ¢ 1G36=37 s 1937-38 : 193839
Trom 19728-29 - : :
to 1935-36 :
" D —
72 * 198 : 242 : 2gD
10 % T : 28 o f 31 %

The plan, drawn up in 1947 end 1918 by tho Compound
Fortildsor Sub-Commianicn of the "Plen" forcezues thet 56% of [froenob
fortilisors will ultinntcly be dn the Torm of conpounds. 1In Froneo
N conpounds, produeced by cowmbination ralher than by mixing of
rortiliscrs, rro 2lso cnlled "Complox Foretiliacra™.
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Sinca 1938/39 the proportion of N usod in "Complex Ferfii-
locra" hee gtondily incronac) ond in 1516/49 aeccounts for chout
12, 2% ofr the totnl N, consumc” in Frencee, The quantitiss of F,0
rnd KO0, consmed in the forn of "Complex Fertillsers®, hrvao felio@ud
the efime oroorcooion,  Thir aregress iz however Just the stort of
onow industry, now beings act uy, the cgquipping of whiech wno daloyed

by tho war uwntil 1948,

DIV ELOIMENTES PROVIDET FOR JN_THE PLAN:

The development of tho procuclion of compoutds hes boon
mentionod above. The foilowing bnble shows the troansforneation which
s to toke ploce in the type of nitrosoncus forlilisors 1o bo usod.

PRODUCTION CAPACIIY OF NITROCENOUS FARTITTSG vORS

Sulphote of  Amecndum Complox Sodlun

Sl HIn nitratos IFertilisors nitrato Vrrious Total
& nitrate
of lioe

- . ] 1 + . .
* * » N H

szgz%ty P28 % ¢ 35 R 5 11,5 % v 4.5 % : 3.5 % & 100 %

: . ; . -
H i b b :
Anticipated : : : 1
capoolty ITur: : : H ¢ :
nehlevonent T s - 8 PR : .
of "Ilpop" u 21, 5% Co32.5 4 co28.8 % . 13.86 % ° 3.7 % : 1004
t t 3 %
Voriction : f : f :
of por - 1=23 % . 0% +150 % ¢ -43,5 % 0 %
onthgos ; :
QO BT P 1 N i L

The rhosphatic fertiliscer industry iuv cxpocted 4o bto trong-
formod in accordrinice with the Toellowing trblas

PHOSFHATIC TERTILISERS ( in pocreentoge, not inelucing
Broaice Slopm and ground pheaphaotog )

Superrhosphato flﬁr@eipitutmdf Corploex f Totnl
and Triplo Td~caledtim: v Fertilisera®
: Supar ;Bhosphnte . :
3 ' : .
Conaunntion s | H :
1916/47 . 91 % L 4.5 % t 4,5 ¢ : 100 %
H P — N R
e ; Crwsetty) |
TR A T H ) (:-5 i ) dé‘ H ﬁ; ' 3 et
for achicvo- : 48 . 2 : 50 7 : 10 7
nont of "TFlan" !

It enn be saen thnt, 1n splte of the ptugnntt period of
the wor yoara, lhere 1s ~ contirunl progrosa towerds tho wsco of
compound fortiliscrs, ~nd that ke nroportion of cuonplex Tertilioors
lo rrpldly dnero~aing since the cend of tho wrr.
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IV. EOW THCHNICAT EVOLUTION FCARDS COMDLEX FERTILISKRS TENDS
TO_SOLVE THE SULTHUR  PRCELTM,

A) PRACTICAL DEFINITION OF COMFLEX FERTILIS:RS:

In Franco o "“comploX fertilicor" norne any Tertililsor
contnining the three clemonta, obtainced dircetly by chenmlend
roanction rrom thoe besle raw notordals, such ce roek phosphneg,
gasoous ammonlin, nitriec acild, alwso wulphurio acid nand aylvinitc,
chloride or aulnhate of potesgh.

sinco 1920, the technloue of manufooturce has been the
obJeet of considorablo roscrreh, particularly in Germany, but 14
wag really only o few yeorsg boafore the last war that cortain typeo
ol proocme, rolwtively eimple and of practienl mpplicotion, wora
chozan. '

B). IHE TWO FRINCITAL CYCLEES.

Withouwtl ondecavourdng e cover nll the pregoveace dovelopod,
1t con bo stnted thot most of thozo belong to two principnl closaca,
nemoly:— the troeptoeont of reock phosphiite by nitric neid without tho
. uze of culphuric =ecid.

Tho oxcoss lince from the rock phosphate 18 separatod in
the Torm of nitrate of lipe cnd onc obtring, after scturction by
ranonia and the addition of potash salt, 4dwo products 1.) Complox
Fertiliser ond 2.) Nitrate of Linme, ss o by_product, We will call
this typa of proeccse tho nilric ecycle.

The second class of proccss filxoo tho exceos 1lino in tho
bheephote in the form of sulphate of line with the usce of o lindted
quantity of sulphurdc ceid. Onc ther obtoine, after oddition ¢t o
potagh ealt, the conplex feortilisor without any by-procuct.  Tho
aulrinric sl docan Lloy UThe opewt o bhia vepsdion oithet s el
ot 1n the form of o owals, such as sulpnate of ammonin or sulphato
of potnah,

We will eall this sccond typo ¢f procoess tho "sulpho-
nitrie cvelo™,

. The firet cyclo ovedlds the uso of suluburic ceid nand the
fortliliscre obininod contoin approxinntcely ogual cuantitico of
nitrogen and phosphoric oeid, so that the qurntity of soluble plos-
phorlic ncid obtelnod 1a in proporticon to the quantity of nitrogon
cvaelloablo to the manufacturor.

Proctlenlly sponking, in the sulpho=-nitric eoycle ona obinins
cbout L kg of aoluble phoaphorie neld for 1 kg of nitrogon ond 1 ke
of sulphuric neild. ‘The phosphuric ncld 18 obtnined in thoe form of
dd~crleium phoaphote and gives nn econony of norc then 50% in the
sulphurie zcid, which wopld bo roguig to solubilise the D.0p in
making superphoanhata. (Lxret ceonony: 1,3 _ o ?

—_—tme e~ = 56,50 %
2

( 3

In tha nitric eyelc ono frequently finde 2/3 of the
nitrogen 1n the conplex fertiliser and 1/3 1in the by-produect nitrate
of line.

In bLoth eyclee the flxotion of the nitrogoen dooo not
rcguire sulphuric acld. '

Frono the pelnt of vigw of occonony it isv intercetlng Lo
congider whothor tho reducticrn in consumption of sulphurdie acld
of nwore thon %0%, obtrinod 1n the sulphoe-nitric eyole Tor the
aolublliantlon ol the P,0- is sufficiont, 1in viow of the eulphur
shertnge, ond Lo eumparg 1t in this connoetitn with the annlicetion
of the nitrlie eycelo. '
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The nitrogen production 1n Freneco g 200,000 tono I, mrd
the production of soluble phosaplorie acid 1s 250,000 hone, vhich
congunca 2l2,500 tons of sulohur (250,000 x 0,85 = 212,500), OF
the nitrogen produced, 60,000 t1ma rre fixed in tho Torm of sul-
photo of nmments, conowtring 80,000 4ung of sulphur.

{60,000 x 1,3} = 79,800), The totel consuwnplion of sulrphur for
these two fertiliscrs dis thorctoro 292,500 tons,

The gonernl appliention of the sulpho-nitric cyole would
produco 200,000 torns of soluble pheaphoria acid, consunmlng 74,000
tona of oulphur, go that thera would remedn to be rroducad 50,000
tors of soluble phosyheorde cid 1r thoe forn of subcrphoarhato, con-
suriing 472,500 tons of sulplhur., The “roduction of sulphote of
armwnis would have dlenpponred sinee the wholce of the nilrogon pro-
cuctien wne 1n tho forr of complex fortilioerm.  The tot-1 culploar
consunption would be 74,000 + 42,500 = 116,500 tons, instend of
with the ol wmcthod, 292,500 tong.  The totol ceoreny would bo
176,000 tons of sulphur or nboud 60% of the Tormor conpunption, It
wonld, furthoriore, be noicossary to produce 100,000 tona of nitrogon
in tho forn of nitric acld, whioh woull cppear o bo wilihin the
preacnt productlon enpicity.

]
If the nitrie eyele woa appliod fully, 1t would lead 1o .
the following rcaulta:

Of the 200,000 tona of nltrogen about 2/3 4.o. 132,000
tona would be found in the form of conplex fortilicors rnd the root
nbout 68,000 tons in the form of nitrete of line. To tha 132,000
tons of N in conplex fertililaers woull corrospond 132,000 tons of
goluble phosphoric acid, produced without tho use of sulphuric neld,
It woull, thorcforc, bo nocczonty to continuc to nenufrcturc in the
forn of suporphesphatar 250 - 132 = 118,000 tons »f scluble phoo-
phorle aeidd, consunidng 100,300 toms of eulphur, Thoe snving in
sulphur wouid thon bo 192,200 tone out of 292,500 tons or 659 ot
tho former consunpticn. éonpnrcd wlth tho sulpho-nitrie eycele, the
rdéitionnl ceonemy for the nitrie eyela would corrcspond to oniy
16,200 tong, 1.a., sbout 5% of tho quantity of sulphur uscd 1n the
old woy,

It con be acon that by applylng cithor of thomo oyelos to
the full, comelcornble, and nn approxinately egual cconery, in
gulphur would bo nalo. .

This theoretierl notc shows elearly the dmportones of the
cffort to bo node and the regelting ceerony im sulphur, which could
be mado by the developmont in Prence of the mommfreturs of conplox
Tertilisacra,

o regords the choleo to be wede belween the two eyelos,
this ceponds upon Lhe wishoa of tho fornor nnd particulerly upon
tho dealrabllity of producing o consldorable cunntity of nitric
of lirmg, and nrlgo upon tho preacnt coudprent of the fortiliser worka.

Furthorners, this cholce rust be influcnecd by tho
clupliclty of the apparatus nnd workihg oconditions, tho qu-lity
pnd final stnbility of the produets obilcined ond the noed for
clnaticlty in rmnufrneture Lo ornble tho Torwmleos of lhoe fortllilsora
to be vorded ot will.

CAN FRENCH KAPRRIENCE CONTRIBUYT 10 REDUCING UHE TANGHR FOR THE
WORLD IN TIE  SHORTAGE OF SULTDHUR?

In ordor to reducoe this danger in the world, 1t must be ,
raduccd in the United Stateo, which alone repruscnts norc thnn H0%
ot tho world Tortiligor morket and whoro fdochnienl nkill 1ia ao

It hne been noted thot tho consw:ption ol conpound
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fertildocrs 1o ropidly ervewing in Fronce, both g rogords cotunl
vilue anc expressced op Dorgenoego of forlbiliscr conswintion
(34.5% to dnto), :

- It hno, Howover, toon metad Lhet dn the rroduction of cor-
pounc fortilisors, corplex ferelliecrs e developing very
roepidly nod nre resulting in o consddernble anving 1n the usoe of
sulphure  Gonorolly, theeo conplox fertiliscrs covtedin on cnoelly
soluble T,0L dn tho forn of o 2d-eoleldwt phosphrte, which hng
DRCUIlcnthgrtiliaim¢ rropertlos.

In tho United Stntes 1ho gltuntlion 1e very difforcut;
prectically GO0 of fertiliecrs ars now congwied in the forn of
conpounds, but Little or 1o conplex fortiliser io mndo 1n thia
country.

L Turthor innortunt Ciffceronce botweoen Proneh ond Anorienn
prownats 1 thet thoe rotio ol seluble .00 obd nitrogon Lls aboud
2 in tho Unitod Stetes to 1 in Francao. © 7

If  thoroefore, with the objeet of oconmiaing sulrhurice
redd and euliphur, the Unltee Stotes deeidcd to tend townrds tlho
nanuincture of complox fertilisvrs, it would be noocsawory Jhek

0oneens o) producing fevtilisoro, contoining on the averngse two
. unite Df'PPUS or wmere te one unit of nitrogen, sheuwld bo found.

“he work done in IFPrancc shows thnt thiso object con cnsily
he nttnined by cddiug,cs o Lourth element Inte the nonulacturing
cvelo,  qrmonloted aupoerpvhoanhote or (l-colelun phogphote,

The fmturc dovelopnoenl of conplex fertilisors in the world
repoars Lo be only poagdble ns o orosult of industrelsl 1indsow,
airilar to thnt which nsgisted the Faruench developument in this
fi0ld.

The #ix pripcelpol Prench preduccrs of cormplex fortitiloord
ore olther rweng the loergeat nanufuceturcers of supoerpheaphnta orp
di-calediun phoophntce, or elsu, orcgiong the principel produccrs
off crmendn.

Thoa works for tho producticn of conplex fertilisors hatve
bocen get ur ol thor in o)ld jphoephintic fortiliesor works, which

clrendy proscoaood sulphurie neld pleants,or colse In forner nl-
. trogon worlks, which poososaet nitrle nedd plrnts. The 1iow-
shoota of the rrw nedlcerinls hindled depend wpyon thise dniticl
chodeo of thoe Loceation of the worke. '

In the firet crsc, 1t hos boen nocosssry to conatruot
nlongsico of the aupeirploeyhoto or Jdleenledw: phosphinte works,
o nitrde eid plant. How rotoerdinls birought fo the works ~ro
pyritea, rock ; hoaphole, chlordide or aulplnte of wotrab pod
=ronio in torde eoro.

In tho zcecond cose, row nwlcricls brousht Lo thoe worlos
cre reck phearbnte, cehloeride or sulpboto of notesh end, 17
necossery, sulyhurde oeid ant, if 1t 1o Jdeedirsd e inerecso tho
rhosphorice acld content of the complex foriiliscrs, olther
cationiotced supcrpaosphnte or di-celelwt phosphotc.

It ling beun shown nhove how the thecretlenl Tull npoills
cotion ofithe sulpho-nitrde eyele to the production of complox
Tortillsors onn, 1in bhe cose of Frence, leod 1o conslacrible
aconony in tho weae of suliphur,

Assurdng new o country, which conouncs o willion tona of
nitrogen, of which 200,000 tonz in Lthe forn of by-product aul-
phete of crmonin and 200,000 tong 1n thoe form of sulphnte of
mmonin, profuced by aynthosis, end which concunce 14 nidlion
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tong of poluble P,0. ns ordincry superphogphate, aseuning furthor-
norae thot 1ito nit?ic acld works are eapablc of producling 400,000
tong of nitrogen in the form of nitric vold, the present con-
suiuption of tulphur Tor fertiliecrs let

400,000 x 1.33 = 532,000
1,500,000 x 0.85 = 1,275,000

i. e, 1,807,000 tono of sulphur.

With the applilention of the swlphownitrie cyele 1t would
ba nacozaory tc retaln tho by-product sulphete of aomonile which
la coocntisl, There would then ronain HOO 000 tone of nitrogon
which would golubilise 800,000 tons of T,0p of tho 13 nillicn
tong to be produced.  Tho ennaunﬂtion of” sglphur wonld theon
bacone :
Sulphur for by-produet gul.of arm, 200,000 x 1, 33= 266,000
Sulphur for solubilising rhoephote BOU 000 x O, 37= 296,000

+ TOO 000 % 0, 85= 595,000

- - ———

Total 1,157,000

The tetal a*vinL woudd lhurotulc be: .
1,807,000 - 1,157,000 = 650,000 tons or 37% o

A giniler ecnloulnticn would show that the poncrnl appli-
crtlon of the nitrie oyolec would loed to a saving of 719,000 tone
of sulphur or 39%, but with at lcost 266,000 tona of nitrm‘un
in tho forn of nitrote of line.

It 12 noet ncecoscry to nala this theorstienl atudy tc show
thot oreh tince cn industrinl developnent pormlite of roplooing o
tonnage of cormpound fertiliscrs by kA tonnoge of conplex fertilisors,
contriniry the sue guoantity ot fertilising clerents, on 11—
portoant seving of sulphuriec neld de cchicved.

The high proportlen 1n any given country of coopound fortll-
isors, os conporod with oo totnl tomnage sold, would appeny to be
oo fretor facilitatding the dovelopnent of conplex fertiliscrs, ond
censaguently n considernblce soving in the sudlphur consunption.

This 1a o fundnpontal foct which will probobly ennblo the
principal cbstacles to be overcone noro snaily in ecrinin countr
1ike the 1. 8. 4A. theon in Franec, thesc obatreles being in pencrol
noro duce to humnan noture than to tochhuienl or ceoncnienl foetora,

A eongiderable prrt of the ncecessnryy ovolution hos clrecdy
baon started, since ngriculture le used to consuning conpound
fertiliscre and 1ndustry knowae how To produce cuch fertlligars
by modern nothoda, invelving on cconory in tho uec of sulnhur.

Clogcr cooperantion betwoen cuporphosphnte nenufreturcers
who produce compound nnd nitropen fertiliacrs will focilitote this
Nrocosg,.

In concluaion, 1T tho ncute shortage of oalphur fron whioh
Frrnco suffercd in the pericd 1939 to 1945 wna onc of fthe nodn
cousca of technienl progreos in this ficid, there oppocra to bo
no obetoclo to tho applicontion of this progress oilsowhore in tho
warld,

The ruthor belicves that surorphosphote ond ooronin pro-—
ducceres are mrioarily intcrceted in tho developient of LhOQU now
rncthods ond thot it is up to then to tocke cdventrngo of 1hon, and
that producord as woll ns [arners will bonofdd by obtenining tho
quantlities of fortilieor requircd in tho degired form,

Tho author bellevoes Tfurthernare thoat the adopticn of pro- ‘
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comges olrecdy 1in beins on Toll dndustrisl senle willl onve »
muibor of veors by uvelddiy; the nceessity of long prelininery
WOTk.

Pacoed with the seriouoncss of the presoent oupply poslvion
should vne not Lo-dny conplote the tine-liwncurgd phraoe by
goying "time dg nenoy am! aulphur®,



