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Thls paper will be presented at the Tcohnical Meetings in
Paria on September 25th and 27th, 1951. It must not be ubliehed
_prior to that date and, in eny caes, it wuat not bw published
without the pormisseion of the muthor.

NOTES ON THE MANUFACTURE OF FERTILISERS BY NITRIC
SOLUBILISATION OF PHOSPHATES,

by Y, Martin. (Cie. de Saint-Gobain).

Tho principle of solubllimatlion of phoaﬁggta by nitric
aold, alono or in oonjunction with other aoclde, is well known
and hae already recoivaed industrial appllcation for o conaldar-
able time, ospocially in Francao.

Howaver, only with the second world wer and tho resullting
shortego of sulphur haa the appliocation of this principle beocomo
s nocosaity for us and has lod tc studics and practiocl appli-
eaticn in tho caso of the majority of the important Franc£
nonufacturere,as gshown by tho eppoarance on the markot of In-
cronsding tommagos of conpound fertiliscra, whorc tho phoaphate,
‘elther in ite ontircty or in pert, hos becn solubilipod by
nitric nolid.

. I% must, howovor, not be cssumcd that this practiond
appliontion has boean arrived ot in o sinple nmanner, Thoso who
hnva witnoasod tho yaeara of study and toll know full well tho
diffieulticr encountorod end tho dangor for a neophyte in undor-

. ostlunting thori. Thoy know agually woll, by thoe siuple procoss
d of axanining the produets on tho narkot, that not cll monu-
feoturcra havo arrived at the aano lovel of inprovouent in thoir
proceas olthor boceusc thoey did not follow the aomc roed and,
. by golng a different wey, they have emrrived at e differont ro-
ault,or booausde, nlthouzh foing tho sanc way, thay were not
nble to go o for ns other sclentlate proceo&ing in the aauo
direction.

The diffiocultles to overcome nre encounterold from one end
of the nmenufocturlng eyele to the other: losa in nltrogen,
frothing, corrosion, Botting, baliwe~ of neiaturo, roveraion,
Ermlﬂﬂ%:‘.on, atorngo, ote.; thoso ara Oidy toatmlael A1Pfi-
cwltlos. Tm ndditlon, the nocessity of matieiytr - the nultiple
requiretionts ol cropes heo strossed Loro partloularly « -+-iwof
thoso difficultica =nd at tho tino it would boe ilmpossiblo to adt,
that ¢l11 nanufacturcrs have been nble be froo thonselves frou
taechnlenl linditeobions 47 opder renddly 0 antisfy agricultural
nooeds.

On tho controry, by oxsnining ccrtoin foruuloe 1t can ba
acon that thoy worg conoolved by concunbrating te o groater
\ extent on avoiding cortein tochnicenl linitotione, a8 yot in-
porfoctly masterod, than on sntisfying the actunl nceds of
auatinora. Evsrybvody 1a fully aworee of Bhd cxtant of vupital
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outlay necesgltnatcel by the construecion of works far coipound -
Tertiligeras in addition, 4t is inportamt 44 liaft oneta cholce

in the knowledge of the tochnlenl posaibilities and the requirg-
menet af the customers, Witrlc aogubiliﬂation is not, 1n feot,

o universol zonecen;y 10 1t rosults in a oort.in aaving in aul-
phuwrio redd, 1t Jdeoa not always lowd to the noat concentretsd
fortilisors, tuv swtisfacatory cymilibric or to the lowcst narnu-
footburing avate,

We proposo to reviow the vorious tachnioal proconsos avail-
“able and to dofinu bhon as elaply ne peesible fron thHo cheoondeel
point of viuw, glving o rapld survoey of tho spparetus regulred.
Wo lutend strissing,in creh coso, boath-the coapuaition and tha
erode of phoophatos thoy produce. Equaelly, wa uroposa to show
{or veech fornula snd toohnienl oropsas tho rate of utilisetion
of nitrio aeld, i.u., the porocntass of. the nitria acld cotually
wsod for the lrcekdn down of the phosphote. It oan, as =
aetter of foot, be atated thet thoe inturost of o proocess fron
the pbint of viow of sovin: sulplurie aeid 18 all, tho sreator,
thoe hizher tho rate of Wtilisatlon of nitric acid for bracking
down thoe phosphnte, and one can ask onoself whother,in thouo
oxs0a where the rhto of ubtilisation of nitr¥ie acid 1w low, tho
hroocas is worth while, and whether the eimple ncnufaooture, such
23 thot of suporphoaphcs ¢, armmoniuwn nitrate and conpound fortll.-
laurg, which rosults in low oanufooturing gonts, doos not roiain
8 aortain intorost,at loast from the importent angle of cowt .
prico, .

1% goos without Boying that our peper will only dunl with
tho processes whioh hevo hoon proved by severel yoorg of in-
custricl appliention. '

In order to ainplify our popor, wo propose to divide tho
difforont procossea into two comprohonsive catogorless zclid
phose end liquid phaso procossos., The firet results in producta
wnore the phoaphorio peid is osepontlally wotor-solublo, tho
Bacond lending very cfton to producte whoro the phosphoric acid
19 in » nitrato—ﬂgiubla fora. : '

A. 3011d pheso n AT _ cosultins in fortlliisors
UL Y@ oLUble LOT L

(1) Purely nitric solubilisetion.

In this field, pride of place nust without doubt be sivon
t¢ the Lonza proceos which, to our knowlasdge, is tho only Lro-
2088 in tho world whore o purely nitric attnok results directly,
without concententitn or drying, in o grenulated compaund of 1o-
peooablo guality. ' .

Tho chamistry of tha'prouoaa 1s vary siuplce nnd onn bo
suined up In tho reaotion:

P205 + 3.8 00 + 2.8 HNO3- 1.4 Ca (HO3) 2 + CaHy(P04)2

Tho concuntration of nitrie roil 18 enlewlatod in such a
oennor thot tho nitrate of lire fornod crystrnlllaos with-loos

thnn thpea oloculog of wator.

The baslo fortiliscr obiained 18 n grenulated biuary, son-
tedning 7.5 altrie nitrogen wnd 14 of Ppls scluble in watcor
(15 #oluble In eitratae). It ;eea witheut seying that the soie
inetallations nllow sf producing o granulated tornery, tho nost
currant foruule boing 6 - 12 - H.

In this gruncna tho gnving in HESO4, a8 ocnpared wltn the
cnennfoeture of nuserphiosphato, is cbviously 1009, soeing that . r
nitrle neid fs purcly oad Ainrly ecoplacidn~ sulphurie neid. In
tho zave way, the rate of utilisation of nitric neid for. ihc
brocking down of bBho pheaahai. , 28 dofined shovo, d1a 1004,
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The Lonza process heos haeen worklng on an induatrial scale
Tor moere than 20 yenrd; 1t hag been improved all the tlwme., In
ity present form, the croduocstion of a tyviowl unit attains 100 ;
tons per dey: an iloporteny developuent of thisg prooasg appearsa
to be certaln in thoso countriea where the zuortago of sul-
phurle gaceld »Hrevalls and where the criterion of ageiailabillity
i3 water ocolubllity.

(2) Mixed sulphurig-nitrio noluybilisation.

pseelng that the procsgsed In thils fleld form the subjceot of
a pepor by Mr, A. Constant of the 3td. des Uzines Dior, wo do
not propode to expntlatc on the corresponding technical aspeote,
but would conlino oursclvos to reoalllng that

(a) thoss procosscs and tho corrgaponding products dorive
g benoflt from o far~roachlng lndustrial wnd
coumecrceicl applicnticon;

(b) the proccssea have the advantage of bolng appliod
In giuplo dnetalleotlons of the typae of cortaln supor-
phoaphave works s

(¢} tho rote of ulilisation of thoe nitrle pcid omployed
. roproacnts o 100% soving of eulphurio acld and about
65% co compared with the manufacture of superphozpheto.

B. Liguid phrso mrnufoceturing procase resulting in fortilioers

whoro the Pa0s 15 Hednly in the forad Boluble iil GLixito
: Ol Pmnonlc. :

All tho procogsoes Lolonging to tho socond eatogoxy ondenvour
to obtedn in sonc woy or othor, aftor tho attook by thoe ncid, an
nold alurry whoro tho rotio aaiublc Cel 1a, ot thoe mest, cgual

solubla Pol
to 2, or a slurry containing ot tho mos% ag nany nltrat o of
lime noloculos e mono-coleium phosphato noloculsa.

This wlurry is thon trontod with ammonia in zuech o pmannor e
to obtnin tho followlng roootion:

(2) Ca(WO3)p + Calig(PO4)p + 2 MH3 = 2 CaHPO, + 2NINO3.

A3 in tThe fvrogoing procesa, thoe choauistry of tho obove
procasscs ioplion a vory defilnitc ratio of tho gradod of nitrogen

2 and Po05 of the corrogpondlng besic fortilisors.
1 of nltric nitrogon - 2 of Pp05 1in tho Lonzae procceesa
. L of nitric nitrogon - 4 of PpOs dn tho Constant precosa

end, 1o this instence, nccording to rocetion (2), 14 of nitrio
nitrogon cnd 14 of nuloninesl nitrogon to 142 of P05 would oequal
approxinately
l nitric nifrogon gto 10 of P-05
and 1l nanoniacal nitrogon 2

Thig stotonont 1z ioporteant: 4s wo hovoe snlroady nontionod
ot tho boginning of thiz paper, tho connorceinl and tochnloal
neaeaaitias load to £ devistion frow the equilibvrium, correspond-
ing to ronction (2) and, congoguontly, to a oconaidsrablo ro-
duction in the ratc of utilisation of nltric necid.

The rotio soluble CoQ  _ o 45 Shtpdined b
TRBTE Fons T 1 obte j" |
. - aclubiliention of o portion of tho phoasphote of lime in tho
forn of sulphatc of line by adding sulphurio acld to nitrle reoid,

- by oenriching tho alurry in Pols throuzh tho nddition of phos-

. Phorie aqld to nitrle ncid,
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— by Llupovoerishing tho slurry by saeparating.-e considarabls .
portion of tho nitretc of line formod during the atteck of
thoe phosphate with nitrie acld. '
Hance we dlstinguish the following procoessos:

(a) Sulphuric-nitric solubilisation
Procosscy,

Gonerslly apeaking, tho folldWing roeactions take pleos in
thoee proccsszon: :

(3) Pp0s5 . 3.8 Ce0 + 1.8 HoS04 + PHNO3=OaH4(F04) 2+Ca(N03) 2
, + 1.8 Ca30z end

(4) CHH4(PD4)2+Ca(ND3)2+l.B 0aS04 + 2 NH3=2 CaﬂgQé + 2 N, NCj

+ 1 04
which is nothing olsc but roemotion () offsctod ina%ha pregonoo
of sulphate of line,

All the nitric acid usued 1¢ finslly found in the fori of
matloniunm nitrote, and 1t 18 poasible 0 gay thot thoess processcs
‘allow,in thoe neln, of the indirect production of di-calciun
phosrhato by the actlon on thoe phosphat o of holf the guantity
of aeld of that uwsed for the wenufzcture of superphoarhata.
Indirsetly the following reaction is obtoincd: .

(5) Ca3(P04) + Hp304 = Cn304 + 2 CaHPO4

and it 1s knowh that by diroct aotlon of sulphurlc acid in
sualler quantlitlos one does not obatin di-calolua phoaphetce, but
a mixture of nono-caloilun and tri-celciun phospheto.

The dntorcet in the processes of sulphuric-nitrie aclubil-
isation lics 1n the naln in tho saving of sulphuric acid, whon
solubillislng phesphnte, anounting to about 50%,as conparod
wilth the nanufocturce of suporphosphet a. This. figuwro has boomn
confilrned by an industrial applloation of sovorsl yenre' duration,
during which the consumpticn of sulphuric meld per 100 kge of
solubillaod P205 hes attained 105 kg es ageinst 210 in thoe
nanufacturae of fortilisors with tho gaile N end P205 contoent,
bezad on suporphosphata, '

This cconony oxplaing tho dovelopacent of thla procoss poth
in Prenos and in Gornany., :

It 18, howevaor, advisablc not to losc sight of the fact thntdl
& #8aving of H2304 13 one thing end thet tha production of &
. fertiliscr at o low production cuet 1s snothor. .

In the compounds, regulsrly placod on the market, the
ucgnomy 1e H2504 only roprosents in foct about 4% of the selling
prico,

It will bu roalised that, if thoe difficultics of this
Taochnileal procees wero not all solved by the oconstint ondoavour
to lower produoticn costs, tho boneflit to be darived froom such
& progoess -would bhe purely nonlnal.

This would be tho case with an lnstallation involving a
coneiderable capitel expondlture or a heavy naintenance cost
aven 1f it wore simplificd by installing standardised apperatus.
This would slao be tho. erse with installnticng whoro, glven the
difficul¥ies of realising veaotion (2) (difficulties of intro-
ducing onnonin dnto ths slurries, which thickons to o considor-
able cxtont as rnd whon thoe precipitation of di-czleiun phoa -
phata coours) o portion of P205 would rovert, whilst another
would not ba troansformed ond would romaln in the form of =onoe

~alciun phosphieta, il
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This would -finally be the caso wlth inatelietidéne where the
saving in sulphurlic aoid would be offsel by eXpoenses in connection
with power (onergy for agitation in perticular) or with fuel in
the cm@e whoro the hent,liberated by the resctions, would be in-
offlolently utilieed. this laettor polnt 18 of par%icular inport—
ancce. The proaesscs in guestion load, 1n fact to a sinultanooud
production of di-caleolun phospheto ané srmonius nitrate, whereby
the ontirc nitrlo nold used 13 trensformed into nitroate. In
vrder to attnin the sdvantegas of nanufacturing di-calciun phod-
phata, it 18 not o question of conecoentrating on tho uenufacture
of azmoniun nitrato under condltlons inferdor to thoso in 1n-
stallations now rognrdsd as typileal modols and worki:g smoothly.
Theso roal Aifficultios heve oponod up & woy for a teochniquo,
brought ebout by oxperience,end worklng to tho antiyfootlon of
tho ougtomors, whore the bonofit of the sulphurlc nitrio solub-
11isntion 18 not purely nomlnal. We propose to givo & frirly
sxmct iden of the importont reduction in caplital outlay, plant
and oroduction ccst of our process by indiocting that wo wero
eble to npply it to works for the granulation of conpound fertil-
isors on the basis of superphospheto of the etendard type,
wlthout ony alteration of bulldlngs, without roduotlon 1n pro-
duction oepncity ond with o highor contont in nitrogen end P205 .

Tho connogi tions of fortilisors, regwlarly nanufaotured by
sulphuric and nitrio solubilisetion, ranged from 12 - 8 - 20 to
10.— 10 - 17, this lettor formule ocorresponding to 1Ll.5 - 11.5 =
. 11.5 1n bolencod fortilisers, Wo menufacture regularly a
10 - 16 - 15 fertiliser. In this fortiliser, tha ratioPﬂU

AN
18 dofinitely higher then thet which correaponds to rocotion (2).
Teking into mooount the sulphuric ceid usod, which nust be ro-
gnrdod oo teklng a moat netive part in the ﬁraaking own of tTha
ghDEPh&tG, 1t ie powsible to say that in thie fertilisar only
6% of the nltrlo ecid used. contributed to the broaklng down
of -the phoaphata.

A higher rate of use would inply = nitrogen content lower
than that of P205 end difficultisa ocourring during manufactura.
It goes without Saying that the P205 cuntont con be ndjusted by
tho eddition of phoaphntic fortiliscrs,such as manoniun phoaphoto
snd di-caleiun phosphate for exanple.

On the other hand, tho coupounds of the type 12 - 8 - 20,
whoro tho proportion %F = 1.5 inatead of 1, acan boe Ooro rondily
. ) L I.IE 5 ' - .
' praducod, «but corrospond. to a retoe of utilisation of niltric acld
gtill leas than 24%. .

A3 to tho coneoentration of tho fertilisers obtalnad, tha
balanoed formula 11.5 = 11.5 -~ 11.5 leomds to a galn cf 4.5
fortillser unlte as conmparcd with the formula 10 - 10 - 10,
obtnined on tho baso of superphesphoto. o

Suunierising, it mey be eald thet sulphuric-nitric solubll-
iention which we havo applicd 1n our Installoations arnite the
ornufacture in ono eingle works of: phosphnto - HNO3 36 AB -
HoS0460 AB - K01 , a fortiliser of the gronulatec type 10 - 10 - 15
with lower nenufecturing costs and bettor production than in
works gpooinlising in eumoniun nitrate end in suporphespheta,
and with e saving in sulrhurlo acid of 50%.

On the other hand, ono camnot oxpeot from pulphurie nitric
solubilisetion thet which it cennot offer, particulerly clthor
o high ratae of utilisatlon of nitrle smcid,or vary goncant ratod
fortil%aerﬁ, or o varioed scale of egullibria of fertiliser
clazanta.

This induced us to atudy end to apply
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(b) Phoaphorio-nitriec solubilisation

. . pracessaeg
Goner:" Ly spoaking, the followin: remctions are cbizined in

thedgs pro-ceoog:

(6) P205 3.8 CaO+1.8 B3P04+3 .8 HIO3cL .S Ca(N03) 2+1.9Call4(FO4) 2
(7) 1.9Ce(N03)2 + 1.9CaH,(P04)2 + 1.9NH3= 3,BWH4NO3+3.80aHPO4,
which 18 nothing olsae but reaotion (2).

All the niltric geid wied 1g obtainsd in the end 1n tho for
of comonlum nitrate, and 1t can beo sald that all those prucesaes,
gonerally spoaking, pormlt the indirgot production of di~celeilun
phioaphote by tho action on the phosphate of a gquantidy of acid,
onoe gquarter of that wied in the nanufecturea of triple supoerphoa-
phate eni, indilractly, the followlngs ronotion is obtalned:

(9) Ca3(P04}p + H3yFO4 = 3 CnHPO4,

whilet the typical reasoction in the nanufecture of triple super
ia ag followo:
(10) Cey(P04)p + 4 H3PO4 = 3 Callg(POs) 2.

On the oceagion of tho preceding Congrasa, we had shown ﬁii
rogress made in the manufecture of phosphorice acld and hope

ave oontributed to the elinination of some of the unfavourable
projudiees in regerd to thile naenufecturec.

At the sene tine Mr. Norderzren hng shown, and quito rightly
8o, that the oanufecturc of triple super, in taking into account
thoe oaving nede by tho production of ocnoentreated fertilisers,
rernlta the delivery of a lower priced Fe05 unit than thet in
ordinary super.

On teking into account thet with the sane guantity of phos-
horie acid 1% is possible to treat four tines as nuaeh phosphst o
¥y tranaforaing 1% into dieslieiun phoaphata, tho lnportences of

the proecssos for broeking down with phosphorie end nitric aclds
13 obvious.

Fromn tho point of view of oceononising sulphuric acild, tha
processct ars cxeotly in the aano catemgory ee the prooessce Tor
the breaking down with sulphurlc and nitrio meilda. 42 a nott
of fact, cven if the production of phosphoric neid is taken iﬁi.-
cceount, tho oonsuapiion of Hp3C4 por 100 kgs of sclubilisoed <
P205 1a not grester, owlng to the feot thet cortein lnpurities
of The phoaphate in the prosenca of phosphoric acld are notb
attocked. It poes without agring that, in the caso whero phos-.
phorde meld 13 obtained by thoermic treatnent, the saving in
gulphurie acld would eoounmt to 100%.

Fron tho point of view of utilising nitric sold, the pro-
cagacs of phosphorie-nitric nttack make it posaible tc obtain
oquilibxda N ~ P20s5, for richer in 205, which results 1n o
botter use of nittrice acld - for oxmoplo twice as hish in the
conpound 10 - 15 = 20 than in tho conpound 11 - 9 -~ 20 - obtained
by sulphurdo-nitrie solubdliaantion.

As to the Typo of fertiliser which eon bo obtalnad, tho
phosphorde-nitrie solubilisetion has the rdventace of o grestor
olasticity than the sulphurio-nitric solubilisation , ea 1t
widona tho renge of the letter 1n an adventagevus mannor, By
way of cxeuple, gtarting with tho equilibrium N/PoOs =
correcspondling fo 10 - 10 - 17 sulphuric-niiric ac uéilisation,
ono pesges to 12 - 12 - 20 ( tho former German Nitrophoska)
phospnorle-nitrie sclubllisantion, end 1t is posogible with our 7
tockniquo to incroeasce tho Fp05 oontent without diffioulty to
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10 = 15 w 20 vie 12 - 15 ~ 18 for exauple, not to speak of the
conpounds which we have retained.

A1l theae conpounds contaln gbout 45 fertiliser units per
100 kgs of fertiliser, as agalnst 30 for oconpounds, besed on
puperphogphate and 3% for those, ohtedned with sulphuric-nitrio
golubilisetion. As witn the 45% super, 1t cean bse seen what
aoononiese aan bo effocted fron the polnt of view of storage aroa,
naripulation cogt, troneport and bagglng. In addition, 1t has 10
be noted that all the conpomnds indicated ocan be lncroascd,as
Ter as snoniw: phosphate content is concerned, by increasing
tho quantity of phosphorle neld used, which hes tho advantage,
not only of obteining nore concentreted fertilisers, but, abovo
£ll, of obtaining a higher contont in anmoniacal N than 1n
nitrie nitrogen, which is not without interest as far es autunn
18 conocrnad.

For tho breeking down of phosphate and 1ta treatment with
aamonle we heve boen abls to construct an apporatus which pornite
both the sulphuric-nitrie and phosphordo-nitrle sclubillsation
or the nixed sulphuric-phosphoric sclupilisation., The correspond-
ing elsgticity of the nenufecturing unit allows of gsatiafying,
a0 to spenk, on denand, sl) the reguirencents of the custonera.

According to the terns oflthis puper it renaina for ue %o

. oy o fow words mbout the prooess of nitrle etteck followaed by &
separation of ons portlon of the nitrate of +ihe anc ol the treat-

nent or the nothor liguor with snnonls.

Tho procaessces hnve alresdy been applied regularly in Frence
prior to the war and have sincs develoved in Bolgium cnd Hollend,
Thoy leed proctiecally to the wane compounds ag the phospheric-
nitrio eolubilisetion. The forpwle 20 - 20 regulerly produced
reaults, as o matter of fact, after the saddition of potash in
the 12 - 12 - 20 fertildiser, of which we gpoke previously.

of lime with 13 of nitrogeon, contalning 3,to 4 of ¥p05,
which 1s perhaps sonmewhat difficult to assc commereinliy. On
the whole, the average concentration of fertllisera obtalnod duee
net oxeoeed 30 to 33 fertiliser units. ZThis 18 not ot all sur-
prising; pure nitric sclubilisation cennct result in aoncentreted
fortiliasra, geelng thot it produces, of neccssity, fertilisera
which ars richar in nitrlo nitrogen %han in ernoniaccl nltrogen,
' ané that the nitrio eold containe only 22% of nitrogen, whilet
annonile contelna 824 of nitrogen.

In tho same way ons obtains sbout 2/3 ;é "fatzi” nitrate

Althoush theoe procoasga wse only nitrie coid, only one
portion of fhe latter helps to bresk down the phosphete, tho
othor belns regponsiblo for tho formstlon of armeniun nitrate dn
the conpound fertiliser obtained. It follews, therofors, that
the rats of utilisgation of tho nitriec acld, as defined by us, i1s
of the ordar of 6@%b

To conclude let wy revicew on broad lines our survay:

~ Two procassss incorporating tho purely nitrio attack, one with

- separation of nitrnte of lime wnd resulting in PQOB being 1n
the forn of di-coleiun phosphate, the other without soporatlon
of nitrnto of line, resulting in water-solublo Pp05.

- Proceasecs of nixed solubilisetion, sulphurdo-nitrio vr phos-
phoric-nitrio; the sulphuric-nitric solubilisatlon should, In
our opinlon, only be considered as the first stoga, the od-
ventagea of phosphaorie-nitric solubillsatien belpg niuch aregter.

Ha who eaye “"Phosphoric-nitric ecid" ssya phoaphoric aecid.
The menufocture of phoa horie moid is after all only the ulfinave
atacce of the sulphurie acld - phosphate rocction. Wo trust that
oUr papor has nu% proctly excccdad the range.of guoeeticna which
intarast the nnnvfacturcers of suporphosphate.

LY Y S,



