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MANUFACTURE ON A KUHIMANN CONVEYOR OF TIERNARY
FERTILISERS BASED ON SUPERPHOSPHATE

by P. DONDIN
Etablissements Kuhlmann

This manufacture appears ag the logical extension of
that of superphosphate. Tt may be envisaged most simply as the
incorperation of salts of Tertilising elenents with super-
phosphate while still on the conveyor. But attempts to do this
have not turned out successfully, partly due to lack of homogeniety
of the fertiliser so produced and partly by reason of the delaying
of the reaction consequent on the addition of salts To the hot

~+gyperphosphate.

Phe essential idea which has permitted the development
of the process is the putting together of all the constituents at
the mixing (kneading) stage, as in the case of superphosphate.

The conditions required for this continuocus manufacture,
which gives 2 gquick set in the fertiliser, are very different from
those which are suitable for batch manufacture in dens, '

They have enabled the preparation of a fertiliser of
almost perfect honogeniety with a substantlal economy of
sulphuric acid. The characteristics of this fertiliser are
sufficiently similar to those of superphosphate t0 enable the
conveyor installation and the associated plant %o manufacture
either product without modification.

The materials primarily empoywd the mutual combinations
of which have so far been investigated, are :

Sulphuric Acid

Phosphates, Moroccen 70 and 75% and Tunisian 65%
Liguid ammonis

Muriate of potash

Sulphates of ammonia and potassium
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The complexity of the chemical reactions possible
under these conditions implies necesgarily a choice of
formulas, but it soon becoues apparent that there exista only
one truly chemical restriction liniting the equilibrium betwsen
Tthe fertiliser eleuwents: the avoidance of the evolution of
hydrochloric acid when employing potassium chloride as the
source for potash,

On the other hand, the necessity of obtaining a solid
fertiliger within a relatively short time (between 10 and 20
ninutes) leads to tae iaposition of very precise physico-
chemical characteristics on the raw materials, which in turn
deternine the conduct >f manufacture and the choice of certain
formulae in preference to others which are similar but nore
difficult to wmanufacture.

All possible combinations of thesc products have not
yet bocen tried, either because they are not agrononically
attractive (low content of one of the clements) or because
technical considerations and the agricultural economy of the
area of distribution of such fertilisers, have not juatified
thelr appearance. :

It can be said, however, that the process has been
tested for formulae giving grades 1/ 2/ 2 and 2/2/ 1
with a total of soluble fertiliser elements lying between
20 and 25%,

PRINCIPLE OF THE PROCESS.

For more than 10 years fertilisers of similar type have
been manufactured by a batch procesgs, by mixing charges of a
nixture of ground phosgphate and muriste of potash with
sulphuric acid partially saturated wilh ammonia,

. The problem was to retain the advantage of this
process (direct utilisation of liquid ammoaia to form sulphate
of . ammonia in situ from the acid of the mixwure, and the
prelininary mixing of the =alid constituents) while coping with
the quick set on a superphosphate conveyor and continuous mixing
of all the consiituenta,

The result was obtained

1). by controlling the fineness of the solid mixture
- at 1ts optimum value for a quick set,

2).. by continuous manufacture of the ammoniated acid
in a packed column and by regulating its
coneentration and teuperature.

The following observations are to be made :

. The attack of a s0lid mixture containing muriate of
potash was cffected without evolubion of hydrochloric acid while
the first acidity of the sulphuric acid remained saturated in
the ammoniated acid cmployed. It is undesirable for HC1 gas to
be produced as this occurs at the mixer gtage and consequently
leads to corrosion, :

The attack of the phosphate rack by the sscond acidity
(ammonium bisulphate) can be extended to about 85% of the total
water-goluble PEO . The decompogition of the fluorine salts
of the phosphaté Es very slight.

The ammonium bisulphate dees not behave as a mixture
of equal parts of sulpburic acid and neutral sulphate during
the attack of the phosphate. A variable proportion of the
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- blsulphate reacts according to the theoretical reaction:
(1.) 3 NH,HS0, + Ca(P0,), —> 3 Cas0, + (NII¢)2HPO4 + NH,H, PO,

The inportance of this recaction in relatisn to the main overall
reaction @

(2,) * MH,HSO, + Cay(PO,), — CaH,(PO,), + 2 CaS0, + 2(NH,),80,

is deternined by the ratio between the available free azcid in
the form of bisulphatc and the total P20 of the phosphate.

If they arc presert in the proportions réquired for an attack
similar to that normally sought in a superphosphate, reaction (1)
apparently does not occur.

IT there is =z deficicncy of free acid in relation to
the P 05, reaction (1) occurs to make good up 1o almost one third
of th%e deficiency,

The practical conclusions resulting from these
chservations are as follows

If onc cnoploys the muriate ag the source of potash, one
must allow at least 50% for the nitrogen (expressed as N,)
relative to the water and citrate soluble P205 (expreese@ a9
PEOS) in the desircd formula.

For the same degree of golubilisation of P,0. & saving
of 5 to 15% sulphuric acid ig achieved compared with #n
identical formula produced by nixing superphosphate and salts,

lastly, in order to be complete, we must mentiocn that
if potash is introduccd as the nuriate, there is a double
decomposition between the ammonium sulphate.

such are the bagic facts., Their intcrpretation enables
ug to employ diffcrcent phosphate.rocks or to replace part of
the amionia by sulphate of amnonia mixed with other solid
constituents, or else to introduce the potash as sulphate.

CONTROL OF RAW MATERIALS FOR T MANUFACTURE OF FERTILISERS
UN THi CONVEYQOR

The control arrangements aim to obtain crystallisation
of the caleium sulphate in the form of arhydrite, at the latcst
Within 20 ninutes of the fertiliser leaving the mixer.

The factors affecting this phenosmenon arc many and
difficult to distinguish clearly by reason of their inter-reaction
and also beceause of the peculiar nature of the phenomena of
crystallisation which will sometimes maintain & crystalline form
outside the normal zone of stability either through inertia or
previous sceding,

CONDITIONS REQUIRED FOR THE AMMONIATED ACID.

The most important is temperature, which is tied to the
actual temperature of the reaction. Four tempcrature zonezs may
be diztinguished, « of which two are favourable and two unfavourable.

First, there exists & temperature threshold below which
the rate of attack is too slow. The temperature of the
ammoniated acid nust enable this threshold to be exceeded. For
this reason, when starting ¥py especially in winter, it is
necegsary to use an acid 15°C above the normal process
tenperature.
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In gencral, for tornary fertilisers, the operating
tenperature nust rise in broportim toc the reguired nitrogen
content. It iz thus fartunat. that the properties of the
auoniated acid arc such Bhet, with the samc content of
water, it will erystallise at a tenperature which rises with
increaging nitrogen content,

Subseguently, we reach a temperature where the attack
18 too rapid whieh caugces the product to harden while 8till in
the aixcr and rigks blocking it This temporature, like the
first, is influeneed by the fincness f the s0Hd mix - the finer
the grind, the lower thg tenperature. 1t lies about 200,
above the working tenperature, thus deliniting the fipst vgeful
getting zone for tho furtiliser.

If the tenperature of tho amnonisted scid ig still
further inereased, we reseh s Zome in which no get 0CCUrS
(that is, nat in less than 8 ~ 16 hours).

Lxperienee shows that we then gaet simultancously
a slowing of the attack and very slow erystallisation of the
vletlents in very coopact Porm. If the fertilig er is artificially
cooled it erystallisas very well, but there remaing a large
amaunt of amaoniwug bisulphate which is no longer reuactive, and
the solubilisation of the P?05 is very poor,

lastly, we nave bcen able, in S0me cases to show a8 second
sotbing zone at a high touperature (above 135 C) where the
aumoniated acid ig cliployed at boiling point, but its
practical intorest is slightin view of the attendant difficulties.

The secona important fuctor in using the ammoniated
acid {apart from the nitrogen/S0, ratis, whioh depends on ths
required formula) is its wator c%ntent.

o muet not stress this too ouch, for in practice
1t is a Ffactor that We cannot vary too freely. Too much water
lowers the concentration of the fertilis er and too little
makes the handling of +the ammoniated acid imprsgible: it becones
too viscous ang crystslliseas too guickly in the zonc of the
diagran of the ternary systen H,50 /NH3/H 0 which ewmbraces the
normal awnmoniated acidg, It h&g %cen obEorved however, that
a4 satisfactory set QeCurs only bLotween two water contents
af the annonisted acid and these linits vary according to the
particular fertilisar which is being zanufactured,
GONDITIONS TO BX FULFILLED FOR SOLID MIXTURES

The Phosphate rock ang the salts here pl&y guite different
roles, For the rock the rule is the same as for Superphogphates:
the finer the grind, the quicker the set and, therefore, in
theory, the better the reaction goes, although risk of blocking
the mixer ig likely if the fineness 1s exceasive.

In general, it can be taken that grinding to 2 residue
of 18% >n a mesh of 0.08 t/m and 8% rosiduc on a mesh of 0,16
B/ ensures good Tlexibility of operation in relation to the
other variablcs,

The behaviour of the 8921t8 in the reactiom is not
What one might CXpeet from their usual physical properties: the
sulphates do not give a better set than the mariate of potash -
rather the reverse,

In principle, to cnsure a honogencous nixture, we try
to dotain the salts at the sane finenesns as the rphosphate, and
in goneral, the fineness of the aalts 2150 appears to contribute
to the set of the fertiliser on the conveyor, but ta a much
legser oxtent than the phosphate,
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We have n2t nad any trouble fron the anti-caking
agents (stearates) used at lcss than 1 part per 1,000 in
auriate 2 potash to pgrevent its caking,

QFERATION OF THZ PROCZHES

Preparation of the asomonisted acid.

Amnoniated acid is produced continucusly in o lead-
lined counter-current column, the acid entering at the top and
the aumoniz at the basc,

To dissipate the cxgoess ca%ariea, which would norwally
lead 0 o teuperaturce of 1307to 160°C for the ammoniated acid, the
acid lcaving the c¢Hrlumn is coled and part is rocycled to stabilise
the flow.

It has not previously heen possible to find & physieal
nethod of controlliing the strength of the ammoniated acid, which
c¢ould be ugced to control the speration asutomatically.

The control of the concentration of the three materiaole:
free acid, amaoniaz and water, is effcetcd by chenical neans and
onee the working conditions arc astablished, control of nanufacture
s effeeted by adjusting the anmonia feed, wmeasured aftor the
atop valve, %o the tenperature of the acid leaving the column.
Periodic chocks »f the strength are then nmade to verify the
constancy »f the other variables.

For o conveyor producing 20 tohs ner hour of Supel -
pnosphate, which produces 15 tons temary Fortiliser per hour,
two ameoniating ¢olurms cach of 4,5 netres high and 1.1 nedres
diayetoer are necessary.

It appeory that one restricing ¢lement in the process
is the need tn control the lemperature of the amnoniated acid
botween 1bs production ard its utilisation, to avoid risk of
crystallisation. There oust be a buffer gtock of ammoniated
acid in a lank, and it is neccssary 1o absorb this cntirely
gach tiumc nsnufacture ieg gtopped, for this gold crystallises,
according to its strength, between 40 and 70°C.

Studies ars procceding to work out a process allowing
us to dispense with the buffer stock of ammoniated acid.

The fizxetion of the amnonia is practically 100%, a0
that the cffluent lcaving the colunns is composed o water vapouz,
voided dirset to the atmosphere.

Proparation of the s0lid aixture

Usually the solid product is preparcd in an antomatic
weighing and nixing machine , ground in a pendulun nill and
transported pacunntically to the conveyor manufascturing plant.

in rclation 4o the preparation of ground roack for
cuperphosphate, the only particular prints which differ are
the prelininary nixing and the Finer grind. The most usual
nixtures are of two constituents: phosphate rock snd ruriate
»f potash.

in
It nilght be advantagesus to mix after grinding/the casc
of ternary uixtures, =

Mogifications o the actual conveyor nanufacturing plant

The only real nmodification is to the nixer paddle
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which hag been adapted for fertiTiser manufacture.
" Other wodilications are nerely adjustnents. fitting suizgolg
gears 1o thoe control of the gauge aﬂd,W81legg machine (edjusgtinen

of fe@ﬂﬁ)unﬂ regulating of the spood of thoe conveyor to obtain
the spfinunm retention tine,

The conveyor foed can deliver from 8 to 15 tons
fertiliser per four,

R&SULTS OBTAINED

The forxtiliscer lecaving the conveyor has s froc acidity
betwaeen 3 and 5% and & noisturc comtont of 8 to0 11%.

Its appearance is sinilar %7 shat of 2 superphosphate
vade fron the same lype oF rock ag that used in this fertilizer,
but with a higher proportion of amll lunps: i fues, 1
»8 10t 80 much powdered o cub up by the digintegrator.

Maturing in heaps requires 3 to 4 weeks, i.c. double
that reguired for a supemosphate, During this time its fﬁ;e
acldity falls about 2 +o 2.:and 1t moisture content 2 to 3%

Itz bohaviour in the hear 1s about egusl t5 that of
Sosuperphosphate nanufactured by the 51d bhaten type den, that
1o it in hard sriough o require the use of o aichanical type
shraper, while superphosphate wade on tho conveynr ¢an be recovercd
Iron the heaps, slaply by acans of on automatic shovel,

Uts norfeetly houvgencous appearance is an snpreciable
azdventagze, not only for the powdered Erade mt nlse, and above all,
Tor zranmulation: there is no noed - scracn the foertilisar
Curing granulation.

During the thres years during which this proccss has
tuen cuployed, the installotion for nanufacture on the aonvoyor
in question has produced about 60,000 tons of Tertilisel, neinly
ol the fornulas

> parts nitrogen Lrom arcioniun sulphatc (in the form.
of suphatc, phosphate and chloride)

10 partas total FoOuy of which & parts are FJater and
4 citrates soluble.
10 parts soluble potash from the mariate (in the fornm
of sulphate and chloride)
An exanple of the chenical an2lysig of such o Tertilizer
is givens

Wator P?O5 Nitrogen Potash
H,0 [ freoc waler 'woter = citratel Total N2 KEO

soluble zoluble

As manufacturca
(24 hours) 8.9 1.7 7.0 Tod 16.9(5.1 | 10.1

As duspatched
4 weelss) T.4 j0.6 | 7.4 3.2 i 10.81¢5.1 | 10.3
An instgllation for dish granulation ig in course of
creevion to conplete the plant for nanufacture on a conveyor of
clther superphosphate or coupound fertilisers,

“rials have hesn nade on a pilot-plant at one-tenth scale
and rave enabled us to deternine the conditions under which ternary
Trrtilirers manufacturcd or the Conveyor may be granulated hy
this wrocesgs, like superphosphatae, innediately on leaving the
GoONveyor,



