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STUDY OF THE CONSTITUTION OF TERMARY FERTILISERS

OBTAINED BY THE REACTIDN OF AN AMMONIUM SULPHATE

SOLUTION WITH NATURAL CALCIUM PHOSPHATE IN THE
PRESEMCE OF A POTASSIUM SALT ‘

By A. Baghin (Cempagnie Bordelsise
des Produits Chimiques, France )

ThiS‘pépEI is a summary of the results of my research cerried

out over the past ten yeafs ang directed togwarda the determination
of the composition of some of aur ternary fartilisérs which ars
produced by rescting phosphate rock, mixed with a potassium =alt,
with a hot salt solutiun'cunsistiﬁg of a solution of ammonium
sulphate in sulphuric acid or in a mixture of sulphuric and
phosphoric acids. | .

Simple chemi¢al =snalysis can do no more than detect ions.
Selective extraction by means af suitable sulueﬁts makes it
ﬁussible to determine the nature of certain salts prasent,‘but-'
this procedurs, =although carried out with all due pre:autiuns,
gave nu‘absnlute assurance of the-pra-éxistance, before the
solvent treatment, of the salts thus determined in the fertilisers.
Mareaver, the scope of the method was Tairly limited. Hewever,
the partial results thus obtained were confirmed by x-ray diffraction
diagrams. We made.extensive use of this technigue, firstly using
- the Debye Scherrer method, with photogrsphic recording, and then,
subsequently, using a diffractometer - technlque ﬁith‘graphical
recording of the scanning aof the spectrum by Geiger‘:nuntar.

We studied the egquilibris eof =211 the groups of salts likely
to be found in our fertilisers, using both chemical analy=is and
spectral Analysie by x-ray diffraction, ‘

It was thus pussible to detect cmnstltuants of these complex
mixtures and determine campounds which chemical methods =lone
would never have revealed.

1t was possible to identify all the rays of certain salts
or combinations nf”them, although some of these rays were found
to be system:+tically displaﬁed te the 1laft or right, causing us
to. =zuspect the presence of solid uuthimns; which we then reconsztituted

and studied, This aspect will be discussed later.



The salt splutions.

The salt solutioms consisted gehefally of a sdlutiun af ammonium
sulphate in‘sulpHuri: acid, The amount of ammnnium sulphate aha the
concentration of the free sulphuric acid obvipbusly vaiies‘acénrding
to the fErtlllSBI ta be manufactured,

We 1nveatlgdted the leluwlng ternary aystem' NH40OH, H2504, HED
We drew termnary diasgrams of the mixture, with respect to its moleculcr
and imnic.cnmpusitiun; 503 (NH4)2 0, H2O0., Thus it seemed much moTe
-convenient to draw these diagrams with the fullnwing conatituents!:
NH3, H2504, H20, expressed as per cent by weight of the mixturs, since
pur faetories usually expre=sed the composition of their salt selutions
in terms of these three components. ' |

These equilibria have been studied by others long before us, and
wg re-gmbarked on thié work solely to idemtif %the sﬂl;d phases and
their domains of existence, '
| The following kngwn compounds were isolated in this way:

Am2504
Am2504, HAmSD4
HAmS04 ,
 HABS04, H2504

We established hoth their chemicallanalysis and their diffraction
spectra.

Furthermore, as certain of our fsrtlllser productign processes
anDlVPd the reaction of salt solutions with a mixture af phnsphate
rock and sulphate of potash, we slso drew diagrams of the equilibrium
k2504, HESDA; HED, at various temperétures, demonatraﬁing‘the presence
of potassium salts similsr to the ammonium salt= mentianed abeE.

Diagrsm No. 1 represents the equilibrium of the system:

NH3, H2504, RB2D, at 25°C.

heven domains of existenee cam be observed iﬁ respect of pure
salts or binmary mixtures of these salts,

At higher temperatures these domains are obviously depressed
towards the base, the bomogeneous liquid zmﬁe becoming incressingly
important. The eguilibrium st erdinary temperstures is the only DnE
censiderxed in this paper, for, éfta: all, the object of our interest

is the fertiliser after it has cooled to these ordinary tempsratures.
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In fact, auﬁe calciuﬁ carhnnataa‘persist for a relatively long time
and the evalution of CO2 tanda.tn cauﬁelthe'maas to expand (céuaing
it "to rise" =3 our works say). This tskee place when the product
is already beginning.to set, snd even continues in the fertiliser
after cooling.,

Tt should he‘pninted out, moreover, that during superphosphate
.fprndgﬂtionnthe1caigidm‘flanide isg mdstly reacted, whilst in '
the case of & sglt-énxutinn reaction, the hydrofluoric acid is
scareely disﬁléned at all. Thiélfeéture is very marked when the
galt sulutiuﬁ'is‘in zone i, or when ammonis saturates at leasf
half the sulphuric acid.

In additinn; thEsE solutions do not attack potassium chloride,
which, in the case of certain fertilisers, is mixed with the phosphate
rock befors the reaction. | .

The curves. sstablishsd by Nunn and Dee show that thé free
sulphuric aeid diesappears in less than oné hour. The second phase,
comprising the attsck produced by the liberated H3PD4,.then continues
at a decreasing rate, the maximum smount of Frae-phnéphuric acid
coinciding witﬁ the disappaarsﬁca af the sulphuric aﬁida

In thelcase of a reaction with a8 salt =olution, the first
stage of the reaction is faster at the start, becauge a very hat
solution is uéad; the ampunt of free sulphurie scid decreases very
rapidly, but the reagtion slows down when the phosphoric stage is
reached. '

Wa dia'in fact observe that the reaction accurs in two stéges,
a5 in the case of superphesphate. There is no direct reaction, as
some authors claim, between the phosphate rock and the acid ammonium
sulphate. The salt solution acts in this case as a sulphuric solution
of ammanium sulphate, The formation snd svolution of phosphoric
acid can he easjly followed by means of acetone extraction of samples
taken in the course of the reaction.

The Formation of Ammonium Phosphate

' I%'nna follows the progress af the free phusphuric acid, one
notes that it dissppears less rapidly at the start than in the case
. of superphosphate, but that it takes less tatal time to disappear.
This can be Bxpiained by.thé‘furmatinn of ammonium phosphate, which

eliminates the monoealeium phosphate as soon as it is formed, According



Depending on the fertiliser formulation to be produced, our salt
solutions fall into either zone 3 or zaone 4. This might lesd ore to
think that, if the resction is incomplete and if any,salt“snlutibn
remaing, once the fortiliser has cgoled to ordinary temperstures. one
pught to find either the acid salt HAmS04, Am25C4, in respect of: -
solutions in zone 3, or the =scid salt HAmSO4 im respect 'of thoze in
zonz 4, these sslts comprising the measured acidity mf‘thega Fertilisers.
| In fact, these salis cannot and have never been detected in our
fertilisers. |

Naturslly, the residuzl salt solution would not have. the same
composition as it bad before the reaction, because the three Enﬁpnnents
do not remain im the same Tatio ane to angther. There is & big laoss
of water, and the. sulphuric scid disappmmrs very quigkly, so that if any
sslt solution does remain, the point on the diagram representing its
composition would not be in the =ame- zone a5 at the start of the re-
action but would have moved towards the zone of néutralpsulphata. |

We shall =see later that other reactions take pleace remdering it most
unlikely that thess acid sulphates might be found in:qur_Feftiliaers,
even 1f they had been ncecidentally blocked. |

The x=-ray diffrﬂctiuﬁ diagrames have in fact never shdwn,fhe gharacter—
istic rays of the sslts, aven in‘akceptinnally geid fertidisers, . This
scidity is thus due to other salts,-ﬁhichxﬁe‘éhall‘study later,

The phosphste reaction

Although the resction betwsen sulphuric meid and phosphats Teck in
the monufacture of superphosphate hss been thorpughly studisd and many
times described, the reaction with & salt. solution has not been the
subject of muck w.rk as for as we khow. In the. cage of the sulphuric
acid resction, for example, Nunn znd Dre have setablished curves of
variation of H2504 =and H39D4;:55.well”ﬂﬂ”thoﬁﬂ of water =zoluble, citrate
soluble and insnlﬁble P205, as a function of time. It is intéresting to
compare these curves with those we have es::blished invrespect of the
reaction with a salt solution, T R I

Without entering into detaidyr we should like to summarise. the main
points, . |

Apatites comtoin varying amounts of calcium carhonate. . One might
think that this would disappear entirely very .sszly im. the reaction.

Ce




o the following reaction:

Am2504 + Ca (H2PD4)2 = CaSD4 + 2H2AwPO4

whereas in superphosphate one has the gquilibrium reaction:

. Ca (H2PD4) 2{::# H3PO4 + HEaFm

(L)

‘This allows a free phnsphurlc acidity to persist for a reldtlvply
long time, and it can be extracted with a soluent, In the
case of cur fertilisers, it is not pussible to extract free
acid, even after a relatively short time, |
The reaction resulting in mgnpammonium phusbhats ia complete

if the =alt solution is so rich in ammania that there w1ll be in

_the finished fertiliser at least two parts N for one part

aoluble P205, so that the waight ratio is:

Nitrogen 1

5

Phosphoric Anhydride _
where the available P205 is in water spluble form as mono-
ammonium phosphate. Acceprding to our theory, there should be -
no manocalcium phnsphaté in these fertilisers. This is, in
fact, demonstrated by selective solvent analysis and, incnﬁtest—‘
ably, by x-ray diffraection analysis, an example of which is
found  in diagxam No. 2, |

The spectrum of a random sample of this fartiliaer claarly
shows the characteristic rays of ammonium phosphate - both the
strong rays situated at 16736, 23745, and 3340, as well as the
weaker rays. Nane of the characteristic rays‘uf either mono-
galcium phosphate pr dicalcium phosphate are apparent, Eﬁén the
most intense rays of these fwn compounds, i.e. those found
respectively at 7730 and 11 36{1}

Thi= i= true for all our fertilisers manufagtured from
salt solutions, and we have been abis‘tu confirm that, in these

fertilisers, g1l the water sg;gblﬁ P03 is in the form of mono-

ammonium phosphate.

Diagram No. 2a clsarly =hou this.
Free Ehnsghurlc acid.

Unlike suparphnsphaté, our fertilisers do not contain free
phosphoric acid. The reason for this is explaoined sbove. Never-

theless, ecertain products do have 2 certain acidity which can

In order to include all the diagrams of the pure szlts an
the same flgure, we have had to cut off the mzin peaks in
certain cases. ‘
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be titrat=d with methyl orangr, but which cannot be oxtracted with
# uolvent like scetone or ethyl formats, This is -xplained below,

Sulphp=phosphate

it ié wl i knowﬁ thﬁt rractions continue within superphosphate
for some time and thﬁt.there is é'gradual increase inltha soluble
P205 cnhtent- thls curing is due to the qlnw action of the free
.phnsphurlc acid on thE trlcalc1um phnsphnte.

In our fEItlllGEIq, on . the DthEI hand pa;ticularly with
regord to certain furmulatlnns, thi- continued evolution is not
obeerved, Yet if one determines the acidity of these fertilisers,
it is Fﬁund to be faifly strong, pArticularly, for example, if the
reaction hss been accidentally blocked, Despite this acidity,
reactions in the fertiliser ars e:ther non- @x19tent or negllglble
or at least much less than 1n quperphoqphnte.

As mEHtlDHEd above, thls acidity, unllke that of superphosphate,
zannot be axtractad by mBaﬁh DF a saluent such a= acetone or ethyl
formate,. ThlE EuggEEtE_thﬁt:thls‘r651dual acidity consists, in fact,
of acid‘salts. anturRlly, we might SUppOsE th;t‘thssa'saits are.
the aecid éulphatés mentioned ébuva, but, as we have seen, their
proRencs 1s Qery unlikely since the sulphuriec acid disappears very.
rapidly, leaving practicaslly no free acid except phosphoric peid
after 30 minﬁtés.j But a cnrtaln nmuunt Df Ammanium sulphate remains,

Fur in our 'FE'.I"I:J.l:Lseru the ratln'

thsghurlc anhgdrlde
Nitrogen

is wlways less than 5, This gives rise to an excess of ammanium
sulphate in-relation to the amount neEcesgary for thé formation of
ammonium phosphate. - Ill | |

Similarly, there is also potassium éulphata.

Do these two neutral salts combine with the phnsphurit acid?
We think they do. :They give rise to acid salts,

We studied the. squilibria: H3P04 - Syngenites, and noted what
seemed to us to be certain EanallES.‘lWEPDbEEIUEd th %, /n this
case, certain m1xed acld salts were T. rmed.

We studied the systems: o

Am2504 ~ H3PD4 ™ . H2O
nnd  K2504 - H3PDA - Hz0'
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We determined the'snlqhility of these salts st various

" temperstures and for Qériuus acid‘Euﬁ:anfratiuns, and, in certain
zones, we were surprised to isolate salts which, in‘spite of
being washed with an apprupfiate sulvéat‘tu free them from
impragnatad agid, showed firstly alstrﬁng acidity with matﬁyl
erange and, sgcondly, an equal acidity with phénnl phthalein,
just as if the phoephoric acid had been‘retained within‘thaae
salts, | |

One might imagine them to be.a combination of the neutz. L
szlts and the phaosphoric Hcid,corraépnnding to the formula;

M2504, H3PD4 (M being the alkaline metal),

However, after studying these salis, we preferred tul
describe them by analogy with other acid salts, by means of the
‘Furmula: HM 504, H2M PO4, =nd we called them sulpho-phesphates,

The strong acidity determined with methyl arange car:qépunds
to the first term.

The wesk acidity determined with phenol bhtaléin Enrreapnnda
to the sscond term. ' l

These =alts are definitely compounds and not mixtures,

‘Their diffrzction spectrum is very different from that of the

two salts: HM 504 and HZMP04, taken sepsrately, and also from:
those of the neutral salts, as is shown in Diagram Nn.‘3.

These compounds are probebly identical to those that Herndt
Meppen eﬁ:nuntered, without identifying them,;and which he
reported in hié paper to ISMA in SEptEmber, 1955, when he stated
that "these abnormal salts have an acidity which gannot hbe
extracted by means of splvents", altHuugh in this gase calcium
salts seem to be involwved, which we have not been able to obtain,
‘at least in the form stated abaove, |

Ore form of calcium Sulphuphnuphate‘was characterised by
HALLE, but it is different from our compounds and is the neutral
salt: HCAPOD4, CaS04, 4 W20,

The existence of this latter sslt is possible (and its spectrum
Mas been characterieesd), but wé have not been able to prepare

the salt: Ca (H2PO4)2, Ca (MS04)2.
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K

Potassium and ammanium BulpthhDSphdtes :an bE prnpnrei
very easily by grinding the qulphﬁtﬁ% in 55% phndphorac acld fnr
axomple, and then centrifuging and wushing' w;th ”cetunr. '

The formation of these salts is Exnthermlc nnd W hHVP mpaaured
the amount of leEEUldI heat given mff. ' o

Wi shall not describe all the work done on théée‘cﬁmpﬁands.

We Dhall metely give th édlubilif& curve and, EHé'equilihria.at
22°C for the potassium and ammonium salts (Disgrsms Nos, 4 and §),

Havortimg nob to ‘the nhosphats rbﬂ:t;nn, We mEn+JDnPd how
qU1:kly the sulphuric acid dmmmppuqrﬁ, ]rijng 1 phnsphurla medium,
L wvoporation o intonse, o yrry concontri b cld is obtained,
The full nulphophasphate zone §5 very quickly rea&hed and any
utnppagﬁ of the roaction by cooling or LHER of w*t:r will 1nev1tahly
lead Lo Hulphuphnephatp depositian, '

Grsph Na, é shnwn-thﬁlvuriatiuﬁ of water ond citraste soluble
207 hﬁd P205 in the Torm o frue HIPD4 (sxpressed as percent of
tutol P205) ag A funetian of the‘reé:tiﬁh time for phosphate rock
and ane of our szlt solutions,

After two hours, the fre .. ‘ohoric mcidity remains virtunlly
constant, whilst solubilisatian graduﬁiiy continues, Thisz is
bectgsn the mhss still contsins s cartéin amnunt‘uf watef suffial o
for the EIyStdlll“Ed ﬂulphmphmqphate to hydruqun, thus g;ving risg
to free ac1d which disaoppears in reactlun with the pho-ahate rock
and deutruys the Equlllbrlum. Thas thc reactlnn EUHtlﬁUPS for as
long zs there is sufficient water. _ ‘ '

After sixteen hours, 10% water wss added. THélsulﬁthHDSphatE
then became totally hyr01  'y and a:ﬁarked increase im Ehelﬂmnunt
of water-and citrete-soluble P205 was noted, This was . to
the sharp incresse in the smount of HaP(4, libersted by the hydro-
lysis of thp GulphUphUthHtH.

Tf we study the variation of the p01nt af QOmpD“ltJDn of the
salt splution on the trlﬁngulﬁr dlagrﬂm ND. 4, we ses that after
the first few moments, when the H3:D4 leﬁppEdrS. we AN determlne
the Emmpoﬁitiﬁn of the salt °n1utlnn s follows.

It is reproscnted by the point S of the coordonnabes:



AinHE04 a8.7
H3PD4 18,4
H20 : i

We r»re,of course, cnnsiﬂering anly the salt solution.

If, dt this moment, we were to cool the maas to EEUE, we
should obviously obtain = crystallization of = mixtqre nf
sulphsts ond sulphophosphateo.

But we are, im fact, still operatinmg in the zone of
hnmﬁgenunus liquid, The resctiom cwentinues, ~nd H3IPD4 disappenrs
as it rescts with the phosphete rock, The diagrammetic point
of composition is displaced towards M, but =s = ﬁertain amount
of water evaporates simultanecusly, this point is in fact
displaced inta the zane MSN. The more water Qe'lnsa, the greater
wili be the tendency to remain in the zome of the sulphate-
sulphnphusphate mixture, -And, as 7 result, there will inevitably
remain some sulphophosphate, cﬁnstituting A residual acidity in
the fertiltiser, If water iz added, howsver, acid will be
liberated and this scid will resct with the phosphate rack,
causing the point of composition to move into the zone of neutral
sulphata.

Finally, we might cnﬁaider,whether the sulphate of potash
added to the phosphate roeck before the reaption reacts with the
phosphoric acid. ‘

We vighrously stirred potassium sulphate of 'varied psrticle
sizes into a phesphorie salt =olution (that at point 5) at 1007z,
After cooling, we examined the x~ray diffraction spectrum of the
solid phase, Obviously, we revealed the presence of ammonium sul-
phophosphate, but not the ceorresponding potassium salt.

‘However, the spectrum of potassium sulphate was in fact present,
but its rays were displaced towards thé right, imdieating the
inclusion of a larger ion in the lattiua,fchara:tgriatic of =
solid selution of (KAm}E S04, We shall refer tolthis later,

To conclude the distuﬂsiﬁn of the sulphophesphates, we should

mention that our products are regulated in such = way as to avoid
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thr presence of these acid salts, which are normally only foond
in very swali quantitiss in our Fertiliéers.
Synagenites

We shall now consider the main comstituent of our fertilisers:
SyngeﬁitES. From the very start of our work omn the difffa:tiun
spectra, we were surprised not to find the characteristic rays
of pntassiﬁm sﬁlphatE? nor, for that matter, those of ammonium
sulphate . (the excess over énd above the amnunt necessarj fur‘the
farmation af amﬁdnfum‘ﬁhnsphate), nor even, Finnlly; those of
the thydfite or semi-hydrate forms of calcium sulphate such-aa;
for exzmple, gypsum, or ar found in superphosphate. In fact, we
found very different rays. We then thought of syngenites, And we
prepared these compoun:d-, which have been well known for a long
time. They can be very easily obtained with an exothermic reactian
by stirring gypsum inm A solutiom pf an =lkaline sulphate.

We shall not dwell an the work rarried out on this subject,
which covers the samé ground as much older work, by Ditte in
p=rticulsr,’

We determined the spéctra of the syngenites:

C=504, K2504, H20O

Ca504, Am2504, H20
and these of the ‘bi- and penta-celcium syngenites. It was them.
ency to identify them in all our fertilisefs.

Here again, howsver, the rays were found to be displaced by
camparison” with those of the pure compounds, amd this indicatéd
that tha‘cémpuunds in our fertilisers were present in a state of
=0lid solution.

WE'éhnuld, incidanfally}'ihdicate that these =alts stabilise
the alkeline sulphate to a certain extent, in the sense that in
A mixed fertiliser containing nnly‘pntaasium‘nr ammonium sulphate,
without calgium sulphate, these salts obey their solubility law
and will be very quickly leeched by rain, producing concentrated
solutions of these salts,

On the other hand, if these sulphates are incorporated in
the form of syngenites, they will produce only solutions in ‘equi-

librium with these complexes, i.e.:
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- @ solution of about 3% potassium sulphats for potrssic
eynqenite, - | l
- 2 solution of zbout 35% ammoniom sulphate for ammoniazcal
syngenitr . .
and less-still if these syﬁgenites are in solid solutiaon.
- The syngenites in our fertilisers thus zct as fixing agents
fur the nitrogen ond potassium,
The spectrs in diagram No. 2b clenrly show the presence
of these compounds in the fertiliser anmnlysed, =nd it can be
seen that the spzctrum of the ammonium syngenite is clearly dis-

plnced towsrds the left,

Solid Solutigns

Sgme of our fertilisers are manufactured by reacting the
salt solution with & mixture of phosphate rock and potassium
chloride, The followimg equilibrium reaction can +thus be
anti:ipatea: AmZ S04 + EZTﬁ?.ﬁ}QﬁDd + 2 AmCl
The poor éalubility pf K2504 causes it to proceed mﬁinly in the
direction of left to right,

- We studied this reaction =nd found that 75 to a0% prDEEEdEdl
in this direction in pur fertiliser=z, However, this reaction |
tokes place only when there is an exerss of ammonium sulphate.
over and'ahnve whtt is needed, in the first plnes, for the
formation of ammonium phosphate; and the amount of éulphate foxmed
depends, moreover, on the proportions of ammonium sulphate and
potassium chloride. The egquilibrium Am2504, KC1 wne aleo studied
in a phosphoric acid medium,

In this medium, practically no HL1 is displaced.

S5alt solutipns which are low im nmitrodgem can displace a
very little HCl at the start of the reaction, when there is atill
free sylphuric zcid. But solutions containing a2t least equi-
moléculsr guantities of Am2504 and H2504 or H3PD4 do not react
‘with the chinfide, whatever their concentration or temperature,
at least in our manufacturing canditions,

In this work Dn‘thE formation of potassium sulphate we
observed = continupus displacemsnt of the rays of this sulphate,

characteristic of solid solutions. We had already previously
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noted; during = study on the preparation of potassium sulphate from
gypsum, the secondary reaction of which was the double decompasition
of Am2504/KC1, that the potassium sulphate gbtqined wa5 nlways con-
taminated by ommonium sulphste, despite fairly intensive washing, |
It is very difficult to extract with water this Ammonium éulpﬁate
in sal;d solution, and we were able to establiﬁh‘that‘thefsuldbility
of the ammonium sulphste thus "dissolved" in thE pnta$$iHm.§plphate
was much less.thap for ammonium sulphate taﬁaﬁlsaparéﬁsly nrleven
when simply mixed with potassium sulphate, _

The displacement of the rAys of the diffraction spactfﬁ enable
us to analyse the composition of these solid solutions.. Graph Nu..
7 shows the displacement of rays towards the left for a series of

smlid =olutions,. .

(Aml_xKx)E 304, where x 4£:1
and where x is varied and the composition detsrmined by chemical
analysis, .

This,displacement towards the‘lﬁft is. predictable, since the
potassium ion is smaller than the ammenium ion whose pla:é it comes
to occupy.

Only & small section of the spectrum (the first three rays)
was seanned, in order to amplify this zone and make the displacement
uf the ray nors spparent.

The Végard relstion is very distinct in this case. This
relation permits the determination of & solid solution as = function
aof the reticular distance of the reflecting plane. In our example,
the reticular distances were calculated for the third ray from the
follawing: ‘ . '
2dsin.B = ;l lhere ;k = 1.54 R‘(lina Kﬁl of copper) -

This was dome for the pure salts K2504 and Am2504 and for each solid
solution (Nos, l\ﬁp.? measured for the third ray where the StEpS.aIE
more legible) and these values are =hown as ordinates Qn'Efapﬁan. 8.
The abgcissae are constituted by the moleculsr composition.of. the
z0lid solutions ex minwd (Nos, 1 - 7)., It may be hntgd‘thﬂt:all the
points are an the'linemjﬂining k2504 to Am2504, Thgs‘the composition
af » solid solution can be-determined with good accuracy..

I do not wish fo claim that it is easier to analyse the com-
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position of a solid snlution in thislwny than to do it by chemigsl)
analysis in the simple csse with wh~h we are :nncefnéd, where
we have only the two commen cotions and one :qﬁmthaniun. How-
ever, this methad is very valuable in the case where one has
other snion=s, as in ﬁQr Feftilisers‘Which comprise = complex
mixtuie nf sevgral galts.. Chami:ml nnalyaiﬁ would be absalutely
ingapable of differahtinting the enmbima%iuns and still less the
divieion of ions in solid solutionm.

 THese particular solid salutions, (K&m)2 504 er {AmK)2 S04
ars epcountersd only in come of our fertilisers, but in almost
zll of them we find salid syngenitelanlutiqns. This is elewnrly
indicated on disgrsm No. 2b, whigh shows a shift to the left
of the rays of the =mmonium :yngahitﬂ;‘ indicating that K
ions have faken the place of Am dons.

Oefore discussimg these mixed salts, we should point out
that one cam also find solid solutions of sulphaphasphates, but
only in very smail ameumts in our fertilisers.
59lid solution of Svmgenites ”

The ecaleium sulphate formed in superphosphate remains mainly

As anhydrite, We have seen above that, im our fertilisers, this
thydrite.is converted imto syngemite, and, Einnelpmtaséium And
ammonium cylphates wre present, s solid solutiom of syngenitcs
is formed. Depemding on which fertiliser is congerned, ome can
abtain = symgemite (KAm) or (AmK};

Fhe displacement of thé rays enabled us to discever the
presence of these syngenites in‘nurlfertilisersm‘andlthe megsure-
ment of this displacement is the only way of determining their
compasition, sirce a chemical amelysis of the fertiliser would
give omly the tofal smoumt of K and Am ians without indicating
the combinstion inm which they are arranged.

As in the case @f solid solutigmz of (AmK )2 SDA, we are
able to determine the comporition af thecse syngeniteé from the
displacement of the rnyé observed hy x-ray diffrﬁctiun. For
example, wo con determine the cnmpnﬁition‘nf the syngenite
present in the fertiliser deseribed ir d° aram No. 2b, It is

& syngenite containing 35% by weight of Am2 504 and 13% of K2504,
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with the formula:

Ca504, (Amy, THKD 25)2, 504, H20,

Other Emnstltuents

Some of our fertlllsers are made w1th pnt5351um chlnrlde 1nstead

P

of potassium sulphate, and as we have sEen, - tha rea:tlmn lE as fnllnws'

2KCL +. !\mZSDd m KESU& + Arn Cl

- a rEEthnn dlmnst :npplete 1n the dlrectlnp pf_;eft tu rlght

In addltlun tu the cnnst;tuents alraady ﬁéﬁgguned the spectrum
of thase fertilisers ;ﬂdlcate; thm cha;acte;;stx;_rayshof Zmmanium .
chlorhydrate,  As these fertilisers contain cnnsiderabiy‘mnre nitrogen
and potash tham is necessary to satisfy tHe formation df‘anmnnium
phosphate and syngénita, s0lid smplutions uf'kAm sulﬁhsfa are found.
These salts are well c¢haracterised in the diégrams of these fertil-
:LEDI.‘-:- . . .

Diagram No., 9 is that nf.a 10-12-14 fertiliser, The lower
disgram is that of the same fertiliser washed im alcghol, which
eliminates AmCl. .. o . . I‘

Ammonium nitrate is added‘in ﬁertaiﬁlprnductsltaﬁd thisxélsn
praduces the fopllowing double aquilibriuﬁ decompuéitiﬂn With'KEl:

AMND3 + KC1gm——==—=p KNO3 + Am C1
Potas=ziym nitrate is, in fact, found to be present, and this re-
action proceeds to 80% completion if‘fhara is an excess of KC1,

In order to observe certein constituents presenmt in aonly small
gusntities it is often necéssary to make a first diagram of tHe
sample and then a swecond after treatment with a,éeiectiye gsolvent
which Elimiﬁates one.or several salts, in order to concentrate the
minoxr components. ”‘ - | |

Finally, was qhould mantlon that our fertlllEErs Guntaln 5 to
10% apatite snd 1 to 2% unraactad calcium carbonate. .

WE need not mentlnn “the minor cnnqtltuants nr1g1nat1ng frum
tho raw materials lnvoluad or certain slements added deliberately
during manufacturs. . | o - | .

The canstltuents WE have mentluned are thuae wh1ch are fuund
in a nurmally reacted Fertlllsar, 1.e. 1n a Fertlllaer whara 2l1]
the rEaCtanS have reached th91r Flndl Hqu1llbr1um. .,‘.

It may happen, huwever that this flnal eqU111br1um is not

rEachEd at the time of hagglng ThEh, 2= the reactions cuntlnue;
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“hardening takes place due tu-crystallisatinn. This ceking may
also be due to varlatluns in humldlty or temperature,lbut thara
is also another cause which ‘has ngt been adequatEly Emphaslsed
pressure,  If a fertiliser, ‘which A-rmzlly does no? cnks, is
stored in bags piled in stacké'ahﬁvé a certain height, it can
ceke very sirongly as = result of rTeactions and :ryat;lliéafiﬂn
prumnfed by the joint efFEct hf'humidity.and pregsurs. We know
that it is = fa:t that certaln reactions’ are promoted by pIESEuIE.
We were able to makae solid: sGlutions in this way.
Tc conmclude, the following =re the main :unstltupnts Df

tWU mf ,our fertilisers:

1 - 8 -5 %
Free HéD ' 3
.1
HoAm PO, | . | 13
Ca 5D4 33.5 —
Amz 504 . 2575 T ?
E KE SDd : ‘ 9.3
HED of crystallisation . 4.4
Apatite - 6
6. =12 - 14 '
Free HED 2
| HEAm F'D4 . 156.2
" Ca SDd 16.3 =
K, 50 16.3
2 4 :
Z | Amy50, 3 37.70
74 2 :
' H,0 nf crystallisation - 2% |
E - s
ﬁx Pllm2 Sl:l.‘1 10.8 4.9
.E’qu: K2504 4.1 ]
o T
-
Am C1 La
K ND . 6.5

Apstite 5.5



5 - 16

This completes our aecount of the constitution of our
fertilisers. (ur purpose was to show what were their main‘an;
stituents, and we apologise for any qmiasiunﬁ or lack of p?ecisiun.
We wished to show how we ertablished the presence of cértaiﬁ.mixed
gnlts and to deseribe the methods which allowed us to define their
composition, We have hsd to summarise allarge part of our work,

We should like to emphaéise, that, owing to their initial
psssage through a homogeneous liguid phass, our fertilisers con-
twirm salts or complexes which cannet be found in simple mixed
fertilisers. The mere cantact of the constituents with sach
ather in the latter does not snable the ultimats equilibria to

bhe aehieved.
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DISCUSSION
Mr., A, BEGHIN (France) : The péper I am now presenting is

a kind ef digest of a lengthy study,undertakén several years ago in
order to determine the cnnstitﬁtinn of our complex fertilisers.
Whilet the great majority of compound fertilisers still consisted

of mixtures, my company had for some time developed the production

af complex fertilisers by the chemical combination of the various
constituents, By this I mean that our products paes through a
homageneous semi-liquid phase which allows processes of double
decomppsition to =schieve their‘Final Bquilihria.. Our agroromists
had, for their part, observed from the very outset of their crop
experiments the great effectiveness of our compound . fertilisers in
comparison with mixed fertilisers of the same grade. Since we then |
geared nur‘prnpaganda to the slogan "Fertilisers cbtained by chemical
combination of the constituents", we had to base this slogan on
'iérefutable proofe. This was the pretext for this study. We were
able, for example, to confirm and‘nute on gur labels that all the

soluble PED was combined with ammonis in the form of mono-ammonium

phosphate, ’
‘During this work, ! discovered the existence of dﬁuble aalts,
to certain of which, the sulphe-phosphates for example, I was un-
able to find anmy allusion in the literature.
In this summary I have tried to express mysElfjas clearly
as possible and I am ready to clérify any points which might seem

obscure to certain delegates at this meeting.

Dr, K.C. SCHEEL {Germany) : Mr. Beghin's paper relates to

ternary fertilisers apparently produced Ey 8 process described hy
Mr. Dondin in his paper "Manufacture on a Kuhlménn tonveyor of
ternary fertilisers based on supserphesphate”, wﬁich he presented to
the ISMA Technical Conference in Stockholm in 1959, According tao
this process, sulphuric acid iz ammoniated CaniHUDUEly to a certain
degree in & column; ground phosphate rnck,lnr a mixture of ground
rock andlpnfash, is acidulated by this acid in exactly the same

WBQ as is done in the production of ordinary superphosphats. The
chief‘advantagé of this process seams te be that equipment uéedlfnr

the prnductinn of single suparphdsphate can be adapted at very low
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capital cost to the manuféctUIa of binary or farnary fertilisers.
Apart from this, the additiemal uniformity obtained im these products,
compared with the mixtures prepared ffDm superphosphate, may be of
sdditional importance. The main disadvantage of the proceas, pointed
out during the diacussion of the paper in Stockholm, is that only
relatively low grades cen be produced. Mr. Dondir mentionsd a

Formula 5-8-10 as his main product, whereas Mr. Beghin describes
farmulas of T-B-5 and l0-12-14. The latter one seems to be produced
by additional use “f ammonium nitrate.

Mr. Beghin gives us in his paper a profound amalysis of
the reactions involved in the productian of these fertilisers and
of the constitution of the finished praoducts. For this purpose he
makes use of X-ray diffraction analysis. Especially remarkable SEEMS
to me his method of determining the composition of solid solutions
by measuring the displacement of certain lines aof the diffraction
patterns,

The sulfophosphates which Mr, Beghin found as a by~
product gf his research and which pcﬁur at an intermediate stéga af
the resction seem to have beep well-known compounds in former times.
The potassium sulfophosphate was first described by a Frenchman
called Jacquelain in Ann. Chim, Phy. 70,317 (1B39). In a publication
by Meyer in Zeitschrifi angew. Chemie, 18,1389 {(1905), the first:
technical production of the sulfophosphates by reacting potassium
sulphate and ammonium sulphate with high grade phosphoric acid is
reported to have been effected in Germany in 1886, 0One of the plants
mentionnd by Meyer was at Vienenburg and now belongs to our company
{Guano-Werke A.G.) and is still in production. These sulfeophosphates

produced in former times conteined 25 % P_0O_ and 10.5 % nitrogen, )

or 24 % F205 and 27 % KED. They were Speii:lly produced for exﬁort
purposes, for example to the former Dutch East Indies.

The main constituents found by Mz, Beghin in the
finishad‘prnductﬁ are monoammonium phosphate, formed by reaction
between monpcalcium phesphate and ammonium sulphate, and diFféant
types ot syngenites, which originmate from co-crystallisation of
calcium sulphate with ammoriium, sulphate and potazasium sulphate

combined with one mole of water per mole of sulphate. The formatian

of these syngenites seems to be instrumental in causing ;ﬁking of-




5 =21

the fertilisere in storsge. I should therefore like to .ask
Mr:‘Eeghin whether the formatien of these syngenites is particularly
‘characteristic of the process first reFofted by Dondin; or whether
they are also respnnsiblelfnr the well-known caking of the old.
superphosphate mixtures with ammnniqm‘sulphate. Has Mr, Beghin
analysed these mixtures also by his metheds 7
. Mz, BEGHIN e 1 should like to thank Dr. Scheel for the
information hs has jus£ provided., I was unaware of any work
previous to that which I earried out fifteen years ago. . But my
contribution - and this is what I think had never previously been
done - was tg determine the domains of existence of these salts.
ﬁefure replying to the guestions put by Or. Scheel, I should
like to glarify one point which has given rise to confusion., Our
products are of two kimds. For our low grade fertilisers we use &
process similar to that used for superphosphates, We make a salt
solutiom by dissaolving ammonia in sulphuric acid. This solution is
then agitated with the other raw wmaterisls, and the slurry is poured
ihfn a den, For our high grade fertilisers, however, we have a
continuaus process with a tower as described by Dr. Scheel, inta
which we feed sulphuric and phosphoric acid. We partiaslly neutra-
lise this mixture of scids by means aof ammonia. It is this solution
which is poured on to the mixture of the other constituente in a small
mixer of the Kuhlmann type, aqd the reaction eontinues on convEyOr
belts, at the termination of which a supplementary ammoniation is
carried out with gaseous ammonia. The granulation stage then
fulluws, and the whole process is continuous. We are now embarking
on the study of still more hlghly concentrated fertilisers,

In reply to Dr. Scheel's sscond gquestien, I should 51mply like
to say that I have not anslysed mixed fertilisers for the presence
of syngenites; but I have tried to determine compounds of this
material in gur Phosamos, resulting from a douhle ﬂecnmpnsitinna
I was unsble to find these cowmpounds in ecertain mixed fertlllsers,
because these fertilisers do not pass through a liguid phase
permitting ion exchange, For example, if we mix ammonium nitrate
with potassium chloride, it ié said fhat potassium nitrate is formed.

This is partly true, but if one wants.a more complets reaction which
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will schisve a final equilibrium, one must have a homogensous . ligquid

phase such ass applies to our own fertilisers. For syhgenitaﬁ, this

certainly does not aﬁply. In our fertilisers, cgalcium sulphate forms
syngenites ~ solid solutions of ammoniscal and potassic syngenites -
when it begins to crystallise. These reactions certainly occur te a
certain Exfent in mixed fertilisers, but ih a very incomplete manner,
and I do net think that these selts are the cause of caking in mixed

fertilisers,




