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p P PRODUCTION BY S On

By E.0. NOGUEIRA, J, M, REGIFE wnd C, GONZALES
(ESPINDESA - UNION EXPLDSIVOS RIO TINTO S.A. SPAIN)

INJRODURTION

Moropotaseium nhoesphats ehows peculiar characteristice as A fertilicer
matarial, The high plant food contente that can be schieved by com-
hdning in the same moleculm twa of the threm mainm plant nutrimnts,
phoapherws ond potamsium, ars svident. S5ince this preduct does not
contain any chlorinm. it i= specimlly well suited for application on
tobacco, potetoms, or any crop that may be gengitive to chlorine,

In additian, it is convenimnt to point out thusm characteristics of
monupateseium phosphate thmt make it very attrective as an interme-
dimts rmaw mmatemrial faor various applicetiens.;

1. The high water solubility allowe the production of liquid
tartilirare with s high potesmium and. phosphorus contaent,

2. The ahility to be ammonimted, in additien to ites high water solu-
bility, mekse 1t of gremt intarest in the granpulation of high
analyais NPK fartilizera,

3., The ability to undmrge thermal dehydretion brings about the forma-
tion of vserious high grede potassium phasphate polymers of wvary-
ing maolybility.

4, The axcellent behaviour rmgarding phomphorus and potamsium uptshks
hy cropa in agronomic sfudims. maker it an excellent fertilizar
material,



Mathodes aof pruducing monopotessium phosphate for the fsrtilirzer
induetry have baen investigatmed over many years and those given
in the litarature may be clessified into thres main groups as
follows ;

. Procmgama baged upon the direct nsutralizaticon of wst phomphoric
acid with & msolution of potageium hydrexide or poteseium carbaorats
(1). Thim type of process is not econowically interssting dus to
the uem af high reaw meatariale,

2, FProcesses based upan the direct rmection of wet phospboric =acid
with KCl. Thmmm procmames require mxcess acid snd high temparmturms
to ramove the chlorine as hydrochloric acid, since the raaction is
negligible at relativaly low temperature, This high reaction tem-
peraturs rwsults in the final product being potossium metaphos-
phate (NPUa)n with poor watmr molubility characteristice., Moreover,
excage acid mwust be appropristmly neutralirzed with & potamsaium
alkali, All theee diffilculties have besn overcems in the IMI process
(2) by the clevar use of a hemting fluid and 100 % excess ocid
which leadm to a moluticn of monopotaesium phoephatms in phosphoric
mcid am the rmaction product.

3. Frocesees based on tha reaction of aulphuric acid, rock phoephata,
and potassaium bisulphate to yield a solution of monopotassaium phoo-
phate in phoaphoric acid and gypsum, the lattsr being sepsrated by
filtretion, following = tachnology aimilar to the production of wet
phusphoric acid. Proceamss of Goulding Fertilizer Ltd (3), Pernnzeil
Company (4}, and 5,A, Croe (5) ara reprasantative of this group,

Thim paper will try to describe a new process for the production of
monepotassium phosphate based upon the anien sxchange bhehaviour of the
alkyl amines, Devalopment of this process hms basn jointly undertmken
by UNION EXPLOSIVOS RIO TINTO and TECNICAS REUNIDAS S.A, through their
subsidiary cwmpany ESPINDESA, '

The main advantage of this new process im the direct production of a
granuler menopotassium phoaphate fres of any phoephoric acild cantemina-
tion which makes it epecielly suilitable ffor polymarization by thermal
dahydratian,

The variausm stagea of the process hawe bean devslopsd on tha labaratory
acalms and & pilat plant for proceee demangtration will be ecected in
the wvmary near future,



2. PROGESS FUNDAMENTALS

The Eupirndmea procmss is bmasd on the direct precipitation aof *HaRO,
in en organic phamse conmtituted by an alkyl amine, = modifimr, =nd
commarcial keromenm., Amines are ablr to oxhiract minmral acida to form
their corrmspunding saltms and are mxceallmpnt anion exchengers., It in
wall krnown that the sslsctivily of anien exchange abdlity aof

thaga amines im generally in the following ordmr

iherafore, PD4H2_ can be suhatituted Ly ClT but it is wlmost imposaible
to substifute directly C17 by PO,H,7 .

There aminps have the property that,whsn they coma into contact with
aqueous Aacld solution thersof, they combine well with wcid moleEcule
rontaingd In the aqueous acid solution to produce salte of the=e aminas,
For example, when aguimplar amine snd pheepharic wseid ere brought into
contact, manoamine phogphate ir formedq according to the following rewc-
tion g

If later thie orymnic phea=e contamining the monommine phosphate comea

into contect with apliad KC1, on aenjonic exchange taekeas place betwesn

PO Hz* nd C1% ions ny which the amine is transformed into amine chlorids
and the mpolid K1 .into HQPDdK which 12 the desired product, wsccording to
~hm reaction

——
HaNH. HEF’D4 + KC1 RqNH, C1 + KHEPDA e

In order ftp recycle thise orgenic phesas to pho=phoric mcid extraction, it
im necessory to convart the emine chloride into Tree amine, which iz
accomplished by limm treatment according to the following rmaction

4

— 2H3N+c9c1.2Hnl
— 2

Z

2 RgNH. C1 + Ca (DH)E

Thua, this process produces a high watar aoluble calcium chloride == =
aolid waate erey to disposs of,



d. PROCESS DESCRIPTION

The premsent procsas will be mor= eamily swxplained with refersnce to
the accompanying flow-shmet given in figurs 1.

3.1,

Mo mium pho tm preci

Commarcial wat phosphoric ecld is brought into contact with thme
ragenerAated orqganic phase containing frae amine in & conventional
agitatmd rmactor in order to sxtrmct the phosphoric sacid inlo tra
organic phasms remulting in moncamine phesphata, The mein giat of
this operation is to form & unigue liquid phase, In fact, the
compoaition of tha organic phasms must be sueh that the amount of
watar fad to thm mymtmem with the phosphoric acid doea not form a
peparate aqumeous phase, Thim has been echieved Jumst with one of
the tan alkyl amines {tested, and arly using & sulteble modifier,

The roaction bmtwsei tne monogamine phomphate contained :in tne
organic phase ano aolid KC1 is carrisd out countercurrently in
three stmgms, Each mtage includes @ mixer and a thickener, The
avarflow of sach thickenar constitutes the organic liquid feed to
tha maxt mixar and the =lurry underflew from each thickanar bhecomes
the molid feed to the previous mixer, The folid KC1 is fed to the
last mixer, The monopotegeiym phogphate product is removed fram the
underflow of the firet thickener,

This technique of multlple contacta in countercurrmnt i= m=mential
for oomplastimg the resaction,As smattmr of fact, there is an mquili-
brium between tnm molid and liquid phases in such & way that phose-
phate and chlorids corcentretions in the erganic phaee depend upon
the compeeition of the molid phmam, Thermfarms, sven though therm is=
an onhenged extraction of chlorides sgains=st phosphmtams, 8n Aacquili-
brium corncentration of phosphetes in the organic phese aAand chloridens
in the #solid phasa ia resched in & single contact. In other words,
aubatitutieon of phosphatme by chlorlides in the orgenic phase ia not
100 % =sccomplimbed in & single contact, eince ane cepnat help reach-
ing an equilibrium velus bet{wemn both phames, Typical analyaia of
beth phasas in the thrme stagmss are given inm tmble 1.



ADLE 1

Anmlyeis of golld and arganic phases

- p ¥ 7

Cl % PO % 50
12t stage =anlid {product) O.24 AT .6 .4
2nd n " De33 42,1 375
Jrd f M 25,30 9.35 81,2

£r  (g/1) PEDS {g/1) 30, {g/1)
Organic fesd . 48,2 3,40
st ztmge organic 1.6 23,4 2.90
2nd " " 21,0 G2 1.50
ird n n 24.4 0.6 0,05

The PK product from this process has an averags anelysis of [-48-31

{N—PED -KED), although analyeia am high mms 0-50-30 have been achirvoil.
Chluriga content can be made am low am one wishas dependinn upon the
numbar of steges in countercurtent and the amins concentrelion in Lhe
orgenic phese, Howevsr, three etages are enough to obtain a product
containing leee than 0.50 % chlorine, as may bs noticad in table 1,

By chooming suitable conditions under which the PK precipitatiorn
reaction in the organile phass is carried out, one cen obtain the
product in grenular form with & =aize dimtribution rather unifarm
ranging from ! to 3 mm, Thi= famturs of the precess is of owvarriding
importance from an sconomic point of viaw, gince this ic the anly way
to decrmaae conaidecably the amount of orgenic material carried away in
the molid product.

The impuritimg af the wat phoephoric acid are distributed betwean
the PK product {impurities of inorganic type such am sulphate=, iron
aluminium etc.) and the organic phame (soluble impuritims of organic

type)s



The efficiency of tha resction is 9845 % for P.O0_ and highar than
99 % far K.D, feeding to the mystmm a slight exc8ss of phosphor.c
acid above stoichiomatry with respect to chlorides and a =still
higher axcwas of frwe amine, about 10 % Thua, a product with "o
chlgride and no free phesphoric scid is obtwined,

J.2. AMing regenurgtion

The overflow of the last stage thickener is the "apeant" orgaric
phanm containing practicelly all the aminme in form of chloride
salt, This liquid peeses to a speclael mixer where 1t 1a brought
into ceantact with slaked lime. The resulting slurry ir smni To

a thickanemr where a completmly clear argenic ligyid cantaining
mare than 95 % of the amine in its frea form i@ maparated in the
overflow and sent back to the firet precipifation satage mixrr,
Thickmnar underflow cantsine the =molid residus consisting mairmly
ocf calcium chloride, mxcems lime, and dismolved impuritims of
phoaephoric acid which are inasclublized whan the madium pH chenges
to alkalinity,

Thera again, the conditianms undmsr which the ramction is performed
arg vaIy impartant in arder to obtein & solid reeidus with good
filtreation characterletica to decremse the organilc materis! corcy
away,

J3.J. Selvant recovery

The two solids Imaving the reaction aystem : PK praduct and residue,
mven aftmr thair filtration, carry away & conmiderable amount of
organic phase renging from S to B % by weight. In order to mmke this
process aconomicel, 1t 18 esbesclutely necewssury to recover mll this
organic materiml, Thus, filter cukes arm mlurrimd in a cheap hydro-
carban solvent to remove the organic matorial and, after Lwo atagms
of washing and filtration, a molid cmke practically free of orgmnic
impurity i=s obtminmd., The filtrate is & solution aof organic phese

in the =msolvant uaed,

Tmking into account thm phys=sicml charscterimtics of the solid pro-
ducts, washing efficiencies nigher than 98 % can be achis=ved in
this operation, go that amine losses ars kapt belaw 0.07 % of the
FK product.




4.

4 - 7

The selvent uemd for solid weshing 18 separstad from the orgenic
phage by distillation from the filtration llguorm, The organin
phass ic recovered at the bottom of the celumn.

Jed, Wagts digppgal

Wanhead s@lid regidue ia digaolved in a small water =tream for which
nma watmr can be usad if availablm, Mest of the re=aidum i=s watar
=0luble mxcmpt the msmall amount of unrsectmd lime and the hydro-
carbon mglvant carry wway, The lattmr iz sapurated in 8 conventionsl
sattlar and the egueou= sglution is finelly sent to a gravity API
settler or to a Tlotetion unit where Zts hydrocerban contani is low-
arad down to leas then 100 ppm, In thie way, the mgueous solulion

of calcium chloride may be dimcharged Linto the sea end & significant
part of the solvent ie recovered and recycled back te the wushing
gmctian,

PRELIMINARY COST ESTIMATION

An mmtimmte of thm muxilisry matmrimls und utilitles necessery to produce
one metric ton of monopotasmsium pho=phmte by this process lmade to the
followirg coetas for the actuml conditions wt Huslve, Spein

Capacity 50,000 MT/year of PEDS
Chemicals POATeTT

Utilitiamnm Tezd

Laboux 150

Capitel cost * BTDD

Total cost $ 28.51/MT of PK (0-48-31)

* This figurs includme smortizatlon intearest, maintenance and overhmada.
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RBISCUSSION

M NOGUE IRA asgi ; into, Spain)

Let ma stort Ly making clesr that what T em going to way ie ® cifiseguernce

of & repearch progremmy =t a laboratory eeale wng that we by no mmens preisnd
to lave the krow-how of & comwercial process for FE prodiction. The mein
advantage of this novel process is the direct productien of a granular
moncpotassium phosphate 0-4B8-31 free of any phosphoric mcid contmminmetion,
Hamicmlly the process consists im ths direct pracipitation of monopotassium
phosphate inm the body of an orgenic solution constituted by a commercial secan-
dmry amirme, nammly ambeclite {A~2 from Rohm and Heaas and a modifimr, & commar-
cinl keromanm,

15t slide, Finm potassium chloride snd wet procees phoephoric acid Are
brought into contact with the organic melution conteining the omina and
reaction n®! takes place by which monopotasaium phasphats is formed
oracipitating in thm orgmnic phaae, Freme amine io transformed intc amina chlori-
de, In order to reduce the orgenic sclution, it is abasolutely necessary ta
ragenarate the amine; thim con be accomplished by = treatment with lime
accardlng to the reaction n?2., Although reaction n®l looks gquits simple =t
first glwnce, there are at leaest 2 mmthodse for provoking such a rmaction
producing quite different reeults indeed : one method may be described by
remactions n°3 and 4, Thus when the amine and phoaphoric scid are brought
toogether, monoamine phosphata 1s formed sccording to reaction nt3, IF this
organlc goluticn contmiming the moroamine phogphate comas into contwmct with
sclid potassium chlorida later on an anionic exchange betwemn phogphate
ions and chloride icna takese plece sccording to rmmctlion n®4. The monoamines
phoaphate is tranaformed intoc amine chlaride and aplid potesaium chloride
into monopoteasium phosphate. This methad and reection n®4 are based uporn
the very weli known fact thet in general the order of preferance af the
womkly haglc amines for various monovelert anians follows the seguence shown
in the elide. If resction n®! is performed irto the reactiornm n®3 and 4, a
fine powdsr of monopotaseium phosphate is obtained at tha fimel product.
Another methcd of cerrying out reaction n®t may be describsd by rmsactiona
N9 and 6, Remction 5 showm the mguilibrium reeched whan solid potasaium
chlorida 1s slurried in an aguesum =alution of phosphoric acid; of course
this reaction is nmgligibie &t room tempmraturm. If potasmium chloride im
mixad with wet phorphoric acid and the rasulting Rlurry dlspersed into the
organic phamse conteining the amine, reaction n®6 takes place by which
hydrochlorie acid is axtracted into the organic phaee to form amire chloridms,
Conaegquently the rasaction n®5 procemds to the right and precipitation of
monopotmseium phosphate occurs, If reaction n°! is cerried out in thig way,
rather aphmaricm}l grmnulas of monopotaseium phosphate ere obtalned ma the
final product,

Next slida, It shows @ simulated reprsssptation af m mingle droplet of tha
aqueoua nlurry of potsseium chloride in phosphorie mcdd into thme body of
orgenic phaas a3 m conmaguencs of the induced disparsion, Appmrently smsveral
phenomane mre involved : firet hydrochleric acld extraction through the
aqueous orgeanic inter phess resglting in the formation af amine chlaride



into the continuous organmic phasm; =mcondly the diesolutian of potamalum
chloride in the mgumcus phases through the =olid mquecus inter phames resulting
ir a growing of potummium ions coneentration in the agueous droplat, and
finally the precipitation of monopotassium phosphate in thm whole body of

the agueous droplet, when its solubility product ls exceedsd.

Next slide shows o picture of the pracipitetion reactor taken at the begin-
ning of contect betwsen the =gueous =lurry and the organlc phree.

Naxt glide showe another picture of the same reactor taken 5 minutws leter,
You can ame how the elurry droplets which werm not viamiblm mt the bueginning
become quite aspparmnt when the monopotamaium plosphats heas juet precipitated
into the body of the egumous droplets=, By chooming =uiteble conditionm under
which the FPK prercipitation im carried out, one can obtmin the chlorida in =
granular shape with & rather uniform sire distribution with particle =nires
within thm rmangm of 1 to 3 mm as cen be pmmn in thm naxt mlide, This picture
im of overridimg importance from an aconomical visw point since, In this

way, the organic entrainament of the solid ehloride ie conmidarably depress=ad,
Tha amount of weter fed to the system plays an important role im the complete-
rnemas of the rmection. In fact i1f there is m ghortmge of water the precipita-
tion of monopctamssium phoaphats happarn= toc =moon physicaelly breakling the
hydrochlorie acid axtraction by the organic phass, On the contraty, if thera
is too much water the =molubility of monopotaseium phoephate preventa preci-
pltatlon,

TIhe next eslidme mhows s plot of thm hydrochloric acid eaxtrection by the
orgenic pheass varmums the parcentsge of weater for 4@ glven set of atirring
conditions, Obviouamly, it can hs noticed thet s minimum parcentage of water
ia reaquired to reach equilibrium. The minimum amount of water in turn depends
upon the mstirring conditione which determine the droplet size snd thersfore
the mizm of PK granulmg. Mormover for a given droplet size dietrlbution,

an incrssss in water concentration increas=es the hydrochloric acid extractiaon
rate and delmays the PK preacipitetion and the chemicel equillibrium will bwe
ramched only when the hydrochloric acid sxtrection tekes place before the

FK praclpitetion,

Nmxt glidms mhowa m simplificatiorn of the procsmas diagrem which has been
mptabiiahmd only ae a bamia for preliminery sconomicel evelustlon enc later
or has been induced for pilot plent design, I want to draw your atimntian
to the technigue of multiple contact 1n countercurrant betwesen the solid
ard the organic phases which lg eesentisl for thm complatenmsms of the
renction. Am a mattmr of fact thers im an eguilibrium batwaen thae solid and
organic pheses in much & way that phoepheate and chlorlde concentraticne in
the orqanilc solution depend wpon the composition af the molid phase, Tharefore
mvmn though therm im an intenas mxtraction of chloridee ageimt pheaphates,
aquilibrium councentrationm are rsached in a single contact, In other worda
subatitution of phosphate by chlorides in the organic phaes im not 100 %
accompliehed in & single stags,



Next mlide shows & Lyplcal analysis of both phases in m countercurrent

symtam of 3 atages, It can be assumad that prodest chlorlde content may becoms
um low ms whibhad depending ypon the number of etages and the amine concentra-
tion, Tha reageneration of the apemt organdc msolution obteining the amine
chlarlde ig accompliahmd by contacting it with glaked 1imm in a =peciml

mixer, After molid/liquid separetion, a clemr organic liquid 1s obtained
containing mors than 95% of frea memine which is suitable for recycling and

g =0lid residus constituted mainly by celclum cblorilde.

Next =lidm =shows thet the sfflciency of the reganeration depends on the
amount of water fed to the remmcticon msywtem, Sco before contacting the spent
orgenic with lime an adjustsment of the water content of the organic phese up
toc 4% im required in order to cbtain 95% of amine regenaration. Higher
percentagms of water to improve yislds impalr the physical conditiore of the
solid rmmidum. Tha regenerstion must bes pecformad et a temparaturs above

15°C in order to get good yimlds uolng only a mlight excees of llme abova

the gtamchiometry, less than 10%, I have 1little tc add to the information
givarn im the temt concerning solvent rmcovery and waste diaposal,

Finelly some comments about sconomics, Mgxt gldds shows the results of a
preliminary coot estimete= to produce onm metric teom of monopotassdium
phogphmete by this proceas et Huelve. Thils evaluation wes prepered only to
have m femling about procese economica, Im this way we were able to learn
which pointe differ for the rememrch work,

The mdvantagea of potamsium phosphete ss a fertiliser wmeteriel has ettracted
the intersat of thes fertiliser industry for a number of ymare and thia

intereat is shown by the efforte made in recent years in potsssium phosphate
proceaa developmant, We have had papers describing methode of production st the
pamt two ISMA Technlcal Memtings,

Because of the technicel and sconomle difficultdies in productlion of thie
plugive materisl, manufactura on a large scals has besn Tather delayad, There
are migna now, howsver, that potasaium phosphates ere sbout to becoma svaila-
ble am & production matmrial, The Pennzoll Company in California, I undexs-
tand, are now on the point of production, and my company hes & plant at the
design stages which we hope will be cparstianal in 1976, The tachnologiles
uswed, howsver, arsm very differmnt from that detamilsd in the paper read hare
this afterncon, which ia movel snd slegent and we will bs interseted to
f5llow its davelopmant through the pilot plsnt and manutacturirc stages.

The suthors .arm a littls reticisnt in giving us details of operation of ths
process, A lat of the information ig no doubt proprimtary but it would be

af intermat to know m little about the amine used, ite nmturs, avallability
and cost, the conditiona, temperaturss, preaaursa, materisls of constructlon
pre all important in helping ue to form an opirion on the practicality of the
proceas in large =cale aperation.



I would lika tu draw the authors attantion to & putent filed in the U.5.A,
in 1971 wnd puglished by the British Peatent Office B.P. 1361799 in July of
thina ymar to the Occldental Petroleum Corporation, in which a eimiler
technolagy 1s used for the purificetion of phaspharic acid. Here the amine
ummd is 3 water immiscihble primary fatty aminme, in a hydrocarbon =solvant
mand the modifier ueed is & water immimscible alcohol, The smine solvent
gyatam ia contucted with phusphoric acid in = two phase gystAm AN RuUTpri-
aingly the amine aclvent system exitrscts all the impuritims=, orgamic mend
inorgmenic, cmtionic and anicnic from the crude phosphoric mcid, The amine
is regenerated by contuct with an mlkali chloride And & base A 1in the
proceae undmr discussion here. The amine doas not in thim case remct with
the phomphoric acid. The maln differsnce in techrnique appmars to bm in tha
mtrength of the acid uamsd. In the Dccidental procems there is msn upper
strength limit of J10% P_0_ whereas fhe authora seem to ume concentrutied
aclid and in & ane pheasm =ystmm, Thmt tha mechanism =should be sc differsnt
depending on the acid concentratlon is in itoelf remarkesble,

There are & number of gquestions T =hould like to put to the authaore but
I mugt 1limit tham to & statutory three.

T In view of the possibility of absorption of {impurities Into the crganic
madium have the author= obmerved a build up in the racycle system or do
wll the impurities in the acid and potesh fipally Appmar in the product ?
Wherm doms thea water introduced with thm mcid lemve the syetam 7

2. Is there g limitation or the strength of acid used 7 Is 1t necessary to
uae clarified acid aAnd 1s fertiliser grade potash adeguete ?

3. How do the costs of ma ton af product compare with the costs of an
equivelent ouentity of triple superphosphate and sulphate of potash.?

May I offer my congratulatione to the msuthars and wimh them well in the
devmlopmmnt and esxploitation of the procees.

M GUET

In order tc angwer Mr. THOMPSON'g comments, I wlll try to sxtend our informa-
tion on thm process, Rmgarding procems conditicnx let um say that precipitm-
tion remaction is sxpothesrmic whiles regenarmtion on the contrary le endothermic.
Tha heat belance becomes positive and a atamcy stage 1is remched 1n which a
tempgrature gradliant is eetsbliehad renging for 45 to 50% in the firet pre-
cipitmtion stmge to 35 tc 407 in the regmmnmrstion one, The procemss shouold
then bm considersd ms ppsrating =t room tempsrature, Opmrsting preseure ls

of course atmoepherlc since eguilpment le opening to the atmompherms. Concer-
ning conetruction materisls mild gtmel can be wuged in moat of the sguipment
but rminforcad plaastlcs are suitable too. As you can remlirm ml]l thess
fmaturmm mmkm thms procamm of = relatively low investment, Although 1 could
not get = copy of the patent mentionsd by Mr, THOMPSON just in time for

thim meeting, I have to disegree with My, THOMPSCON's statemant that mxtrac-
tion machanism im diffmrmnt depmnding an the acid concentrationy what heppens
is that the organic to =gueous phase ratilo and the amlne caoncentratilon 1n
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the organic solotion might be kept low in order to avald phospharic acid
extraction. It 1s nnt o question of machamniem but of stomchiomatry. Adjumting
the mmine ftc phosphoric acid molar retio, one can sxtract all the impuritims
more acid than phosphoric acld mnd of coursm all the acoluble organic impuri-
tieay those to my knowledge ars the main impurlties in crude phosphoric acid,
The reason for an upper sirength limit of 309 PED might be duel : firet the
artian mous law s playing ites rcle wmnd = limigatiun of acid otrangth im
required to deprese phosphoric extractlon end conusequantly P_O0_ lossms,
Sacondly 8 two pheom aystem requirma acceptable phaAoe diaangggumnnt chatacterlia-
tice but can he & hard tavk with morm comcmmtrated phosphoric acid mainly

dues to Its hlgh vizecosity., In our proceem we readuce high conceantretion of
phoaphorlc Acdd mainly to prevent the agumous=s third pheaae after contacting.

Ragmarding the statutory 3 gusstions they looked to ma if they were ectuslly
6. Impurlties 1 wa have not obsmrved any bulld up of impuritimse in cur contil-
nuous ayatem at the bernch ascele facility, Tha inorganic impuritise do =mppeer
in the firnmal product, The organic molyble impuritims frem phosphoric acid
becoma dLnsoluble in the regensration stage and sre removed with the calcium
chleride aclid residus., Neverthelsms this precipitete makes things more
difficult in the further treatment af the solid residue, Watmr wilth the acid
leaves thm aystem about 50% with s P¥ product and 50% with the spent organic
solution, mppermntly dimmolving the aminm chloride, Wm haeve obtainmd moiature
contant of the PK product ranging from 8 to 12% depending upon granulsting
condition=, Am to thm ptrength therm will be no acdd strength limitstion

gt all sinem onm can always mxtract phomphoric acid with an amine counter-
currently ro mmttar which strength of aclid 1m vemd, What happens ia that

in aorder to abtein simultanmous granulstion weter conternt must bm kept bmlow
certain value. Thesms maks us to prafar sn acid concentration of sbout 45%
P_O_.

£ 5

Rew materiele ¢ commerciel wat phoephoric acid can bme umed and fartilimsr grade
potaah 1s& quite adesquate. Obvious reagone do not ellow me to discloss any
information corcerning m procedure that we are developling to dmprove tha
process, namely & preconditioning of the phoaphoric ecid rew metmrials.

Economice, Flnally I must mpologlze for not being able to give an ammwsr to
the lamt guestlon. Howaver let me may that in my opinlon r good comparieon
only will bm made considaring that moncpotazamiym phosphate ia produced in a
complex plant cormtituted by = convantional wet phoaphoric acid plant in

the monopotassium phosphates plant am the tail mnd of the complax, but msven
though monopotmssium phosphetm has mxtre-advantsges ae an intermedlate ferti-
limwr mmtarial that are very difficult to trenmslats in thome coat figurea,

Mry DAVIS (T.V,Ae, Ua5.A,)

In the USA we arms quitm intmrmeted in potassium phosphates for production
of clesar liquid fertilimers, I wondered 1f the authors had done any work
in production of clear liquids particularly those that might contein poly-
phosphetes and if =0 what mources of acld were mveluymted and what wera the
product storags qualitima.



Mr, NOGUEIRA

Wo have not made ony work im this respact yet.

Mp, DRFCHSEL (Fmrnzoil Chamical Inc,, U.5,A4,)

I toc wieh to concur with the Goulding group wy congratulstions on this

rather uniqua and mlegant process. I did heve some guestlon= Iindtially befora

I remd the pepmr mand I think thomm have bmmn completmly rmsolvmd, I do went

to meke onm point and parhaps the muthor could commant an thiam, I thimk in
many respects this proceas comperes to the mo called Knudsen process, the

ion sxchange process, In many waye this is 8 liquid/liquid dion axchange process.
I think both of the processes have merlts and perhapr some digadvantages

and ona thing that ] would like to bring up 13 In the present world situation
where we face m very smverms apmargy crieis, we have mls0o = vary smymrs maigrial
shortage,the price of chloyine and caustic aocda for exemple have gone almoet
out of =might, In this imatmnce we take off hmlf the potaseium chloride mole-
cule, the chlcoride wapect of it, Thi= is the by-product of the system, It Is

@ calclum chloride aolution mng iw simply flu=hed inta the ocesn and T sm
wondmring whether under any circummstances wa can permit tg aimply aliminatm

e valuabls by-product like this much chlorine in =uch & naw process,

Mr, NOGUE IRA

With respect to the firet gqummtion I thimk that there is =omm aimilmrity
betwaen our process and the process mantionmd by you, 1 think there are

2 maln differances, The flret cne 1s thet proceces 15 & catlanlc mxchange
procemmm and the smecond diffmrance in my apinion 1is that wa mrm using =

liquid liguid syetem or m liquid solid mystem using liguid exchenge resine
and thay ares uszlng solid resins, I think the possibllity to make this process
operating continuously 18 eamimr 1n thig way than in a =plid liguild ayatsam.
Regarding mnvironmental problemg of the waste digpomsal I have pome commeanta
to make with rmapect to some rmamarch work we ars at premamnt doing and this
is regerding regenearstion of thes argamic aslution, We krnow that this ims the
weak polnt of the procmes, Regmrding rmgensratiorn of the organic seolution

we mre working on mn Ides thet may decresse productlon cost, a hlgh tmmpmarature
hydrolyaia of thma amina chlpride. In this trmatment the gpent organic
molution containing the aminms chloride ims mixed with water amd the mixturs

1s held st high temperature for m certein pmriod of +time, Thim causes the
hydrolyais af the emine chloride in the arganic phama and the migraticn of
the free hydrochloric scld to the squecus pheee, The two phases are seperated
by hmating and thm aqueous phaase can be concentratmd to obtain hydrochloric
acid by-product,

M P A m

I would 1ike to know if any axcemsm of phomphoric mcid used im mot lost in
ths form of caleium phosphets during the aminms regenaration sand what mxcemss
phosphoric acid he= to be usad to reach s 96.5% efficiency.



Mr. NOGUEIRA

I think the gueation 1s rTelated to the yleld of Pij and inm the text cf the
paper there 1s a yield of 98.5% of 0. and this 13 0f courss when the calcium
chloride im precipitated, But there iz & posaibility to cecover this P O. value,
that i3 & liguid/liquid wweshing of the spent organdic solution containing the
amins chloride and there is & smerll amount of monoamins phosphate with =
paturated solution of sodium chloride, In this way wa gmt thes P_0_ losses Intao
the solution and thern aftsrwerds we can precipitate the P 0O_ wifth lima. If you
wiah you cen sepsrate the precipitation of calcium phuaphﬂtu from that of
cwleium chloride but either way losses are only 1,5% PEDS in ordmr to get

this nice product.

Mr, KNUDSEN (Supmrfom, Depmack)

I think thm main difference betwesn the process we use and the procmsp presen-
tmd hmrm 1= on the mconomic =idas becmuse you hava to remove firet tho calcium
from the rock 4in the form of celcium sulphate Aand afforwarde you add celcium
hydroxide to remaves tha chloridme, Why nat use the celcium from the rock to
reamove the chloride dirmectly in 2 cmtion axchengm procme==, I dontt know if
thi=m im = guestion rmmlly, It im rather & commmnt, ‘



