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EVALUATION OF PRODUCTION FLEXIBILITY AND
COSTS BY NPK PILOT PLANT EXPERIMENTATION

F. Cocquio and G. Venturino
Enichem Agricoltura, Italy

1. INTRODUCTION

The general fertilizer productlon routes have now been standardized and it seems unlikely
that any particularly innovative technology will emerge in this fleid. Consequently the
companies Involved that have pilot plants use them te Improve exlsting processes from both
the economical and technological point of view. From the technological point of view
attempts are being made to improve process recoverles and to make emisslons comply with
the ecological laws that are becoming progressively more stringent. From the polnt of view of
gavings, cheaper raw materlals and more economicel formulations are belng tested. The pllot
plants are also used to produce large samples of new products for both quality and
agronomic tests. Pilot plants exist In various sizes, from the semi Industrial to that of the
laboratory. Considering the two extremes of the range it can be sald that seml-industrial pllot
plants supply very reliable slements for the realization of larger plants and allow thorough
studies to be made of Innovative technologles. They are however at least as expensive to
construct, malntain and operate as an Industrial plant. On the other hand small pllot plants
on the laboratory scale do not supply sufficlently valld scallng up criterla but they have the
advantage of costing less and requiring lower operatlon costs.

EnlChem Agricoltura was formed by the merging of two companies and therefore the
processes used are based on different technologles. In fact two plants carry out phosphate
rock attack with sulphuric, phosphoric and nitric acid while another does not attack the
phosphate rock but feeds phosphoric acld. Also the granulation techonologles vary from plant
to plant: ‘

- Drum granulator
- Spherodizers
- Spouted bed

This permits not only great flexibility In obialning many dlfferent grades of fertilizer but also
leads to greater complications on the production level. It Is therefore more Important for
EnlChem than for other producers with more standardized technologies to use the pllot plant
before carrying out Industrial trials. For these reasons we decided to build a pllot plant with
a continuous cycle on laboratory scale. After flve years of operatlon of this plant (even If in a
discontinuous manner) it can be concluded that the cholce was economically justified and
several mlllion dollars have been saved on the Indusirial plant.

2. PILOT PLANT BESCRIPTION - . e e

The plant was completed In 1987 and cost, in {ts final version, half a milllon dollara. Tt 1=
normally kept in operation 16 hours a day for two shifts with two people per shift. Normal
running conditions are attained in about three hours and It takes three hours In the evening
for the shut down and the cleaning operatlons. Therefore It ean run continuously for a total
of about ten hours per day with the production capacity of 20 to 50 kg/h. The hold up of the
plant is about 50 to 60 kg dependIng an the production eycle used.

It is composed of a llquld sectlon for the production of:
- slurry for NPK

- melted urea from prilled urea.
- 90% ammonium nitrate from ammonia and nltric aetd.
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An approximate flow sheet of the liquld eycle 15 glven In Flgure 1.
Basleally 1t is constltuted by four reactors in serles for the phosphate rock attack
neutralization with ammenia and dissolution of the potash salts.

Furthermore it is equilpped with feeders for liquid and solid raw materials and gaseous
ammonls. The volume of each reactor is about 30 liters and Its stirring power I8 about 0.5 kw.

With minor modIfications to the salt cycle granulation can take place with all the
technologles now belng uged In the industrial plant.

The varlous components of the plant are described In Figures 2,3 ,4 and 6.

Desplte the very compact lay-out, the small pleces of equipment (0.6 m diameter the
granulator, 3.5 m long the drier) lose a considerable amount of heat and therefore the plant
has been fitted with a secondary fan that feeds hot alr Into the equipment to minimize
thermal dlsperslon.

The granulator can be modifled in Its internals to obtaln the “falling curtain® necessary for
granulating urea. The drler can functlon both as a drier and as a spherodizer with ne
partlcular modification.

It Is extremely simple to change from one technology to another and |t takes only a few
hours to carry out the modifications.

3. WORK CARRIED OUT IN THE PILOT PLANT

3.1 Production of fertizers from nitric acid attack of the phonphnte rock with a higher
contant of water soluble P 0

In the plants with a spouted bed or spherodizer cycle the slurry Is always neutralized to the
pH of the finlshed product due to the Impossibility of neutrallzing In solid phase.

Furthermore, [t must contaln all the salts of the finished product since raw materiala cannot
be fed durlng the granulation phase,

With these conditions it can be difflcult to obtain high values of the fractlon of the water
soluble F205 If certain operating criterla are not respected, particularly:

- H+/Ca0 and 504!C30 ratlo In the attack phase,
- number of neutralization stages to control the slurry viscosity,
- control of the Impurities in the raw materials.

Normally, during-the phosphate- rock: attack; ~subhate--lons- are-added -te--precipltate the
calclum ag ealcium sulphate In order to ralse the water soluble P,0, content In the final
product.

The normal temperature of the attack s about 60°C to avold the distillation of nitric acld.

At thls temperature, using ammonlum sulphate or potassium sulphate as the source of 50 =,
the calelum precipitates as dihydrate caleiurn sulphate. By neutralizing with ammeonla bolllng
temperatures are reached, the sulphate of calclum blhydrate is no longer stable and turns
Into hemlhydrate sulphate of calefum with another crystalline habltus that puts the calclum
lonk into solution again.

It 1z therefore necessary to carry out the neutralization in two stages:
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- a sufficlently acidic stage whose conditions do not cause the calclum phosphate to
precipitate because of an absence of HPQ, = long. In this step the calclum precipltates
agaln es hemihydrate stable phase.

- A more neutral stage in which the ammonia reacts with the water soluble PZOE to
produce only ammonium phosphates.

If. on the other hand, neutralizatlon occurs In the presence of dlhydrate calcium sulphate
insoluble P,0, can form. Furthermore ammonium sulphate forms glving double salts with the
ammonium nltrate (sulfonitrates) Increasing the caking tendency of the finished product. The
study of the crystalline phases, through the separation of the precipltates in each reactor,
and the successive chemical and X-ray analyses were carrled out in the pllot plant operating
contlnucusly. All the plant sections were operated to control alse the quality of the finished
product and a formulation was found with a desired percentage of water soluble P,0, (sea
Table 1 for the compound 15.15.18).

3.2 Development of low pH formuliation

The lowering of the pH In products to imit ammenia losses In the driers has been a common
tendency In all the plants over the past few years..

Fertllizers with a N/P,0,>1 ratio are rich In ammonfum nitrate and this predominant salt
makes the solubility of their slurry insensitive to pH variatlons.

For those products with a low N/P 05 ratlo (1/3 as for example, In compound 8.24.24) where
it'’s not posslble to feed ammonlum nitrate thls operation proved more difficult since the
solubility of the ammonium phosphates is sensitive to the pH (Figure 8) and, conseguently,
the pH of the slurry eannot be chosen freely.

An attempt in the plant to gradually decrease the granulation pH from the previous value of
5.8 to the velue of minimum ammonla losses did not glve positive results because of the
Instability of recycle size. The avallabllity of the pllot plent allowed conslderable variations to
be carried out on the formulatlon without the problems of producing tons of sub-standard
product.

In thiz way It was possible to determine the optimum granulating conditions which were
found to be very different from those normally used, as can be geen In Table 2.

With the product ¢htained In the pllot plant It was also possible to carry out tests to find an
antleaking agent resisting the acidity of the substrate.

3.3 Use of the granular MAP as Intermediate

A gtudy carrled out In the pllot plant which had considerable Immediate economieal
consequences was that on the use of the granular MAP on the spherodizer plants.

This raw material-very-interesting from- the- econendeal -point of vlew, was used directly in
the industrial plant substituting more expensive phosphoric acld. An immediate drop In the
water goluble PO, was noticed which could not be explained by the chemical characterlstics
of the MAP uué. bl‘ha slurry characteristics in the pllot plants test procution of 15.15.186 with
granular MAP are shown in Table 3.

Varlous hypotheses were tested In the pliot plant without the production of thousands of
tons of sub-stendard product. The reason for the drop In water scluble F2D as found to be
the imperfect dizsolution of the granular MAP which was fed In the nau%rnllzntlon stage
whose llquid phase was consequently poor in phosphate jons. The problem was solved by
introducing the granuiar MAP directly In the attack phase to allow Itz complete dissolution
and attein & correct Ca0/F,0, ratlo.
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3.4 Granular potassium sulphate

The possibllity of producing granular potassium sulphate in the complex fertilizer plant of
Priolo was studled In the pilot plant.

Normally granular potessium sulphate {s obtained through the compacting on rollers of very
fine powders.

In this way a granulation iz obtained even If the physical- mechanical characteristics of the
products are poor.

Since this process cannot be transferred to the existing plants 1t was declded that the
equipment would be adapted to sccomodates the material.

It is known that the potasslum sulphate is only slightly soluble in H20 and It s therefore
Impossible to make solutions sufficiently concentrated to granulate properly.

A process weas therefore developed which, while not being exactly optimum, nevertheless
allowed the objective to be reached without any particular expenditure.

In particular, the production of potassium sulphate suspension was developed In such a way
a8 to obtaln homogeneous slurry with a high content of suspended salts. A bentonite of
national orlgin which maintains the salt in suspension even with a water content of only 30%
was used. The slurry thus obtained was granulated In a drum with a classical granulation
cycle and additlonal potassium sulphate was fed directly into the solid In order to ralse the
production rate.

The mechanical resistance of the flnlshed product depends strictly on the resldual humldity
of the granules. At less than 1.5% humldity the resulting product of the pilot plant was of the
same quality as that of the commercially avallable product.

Because of productlon exigencles the K,0 concentratlon must be limited to 47%.

The operating parameters are {llustrated In Table 4.
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Table 1

Slurry charscieristice ip the pllot Pleat

taak prodoctios of 15.18.15. with spharodiser.

Artark ricwt Bzl Bot s
Parasetars Paits ard Ol Trwtral. |Bwstrel. Mlaimy
precipitatioo| resctor |oeactor reactor
Tempsraburs - & ni 116 S0
- - 2.5 &.3 5.2
mol st ure
met bl arte el 27 23.7 1.5 o
Dxy basln
sompcalilon
B 1TRCCE
Sommnrart | aeZ W 1 L] T.0 10.6 11.1 10.2
Eltrle L] A.B T 7.3 5.8
Totml 1] 16.§ 17.7 0% 15.%
o]
Ratar ealwble L] 2.3 w3 17.9 12.-%
cltrake L] 2.4 1.4 oI ) 15.2
Inscloble 1 0.1 0.1 0.3 0.3
zm L] - - - 15.2
Cd L1 .1 .2 8.1 .4
j ) L3 11.0 11.9 1.7 a4
I IavF Sompoe])
tign
| I ) 2HO4 L] -] u] 1) B.B
mEHAHIPo4 L] o 18.5% in.n u]
Ca S0+ 1 2 AT L] 1.6 39.7 4.8 0.2
Casod s HUD L) 313.4 -} =} =)
i) 2504 L] g Q Q =]
mHACL L] o o u] 0.0
(K, NEH pEHIPO4 L} o =] o 22.9
| = uk] L] u] a =} 227
EL1 L] -} o] o 1.1

Table 21 Cosparlecsa of oparating parssskora
betwesn low pd and high pi 8.24.34.

Parasatars tnite Low pll valoes| High pH walwss

Froductlon rute tiday S0 960

Aow materlale

“ial 5/t 71.5% 1.9
EMO3 Eg/it 102.0 7L.6
sorocco rock Xaft 129.8 121.7
P25 from HIPO4 Xg/t 2D0.6 203.2

2 504 Egit o 7.2
ECl gt 197 197
Finlewad erodoct

] - 4.0 £

N pmmcnlaecal % 5.8 6.5

N mitric L] 1.2 1.5
wvater saluble F205 L 1 18.0 8.0
citric | grai ] 1 4.0 24.0
20 L 4.0 4.0
Zlurcy

msoisture 11 15.0 4.0
pH - z.5 .%
Grargletion

recy=la rats t/h 160 200
product soistoce % 1.9 to 1.2 3.5 to 4.0
pH - 1.5 to 4.0 5.8 ko E.2
temparatore C 95 100
Drying

alr temperature -C 50 Mo
product molsturs L] 1.0 1.5
product temperaturs -C 9% 100
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Table 3. Slurry characteriatice in the pilot plant
teat producticon of 15.15.15. with graualar MAP,

Table 4

Opsratinmg parssatecs during grasalar K264 proxtuction

Yaluas for the

Farxostars Onit
* fimal slurry
Pry bapie compogition

HITROOQEN

Pemrnlacal w 10.3
Hitric bw 4.8
Total L 1% 15.1
PIOS

Hater soluble L 17 10.7

Citric L 1" 13.7

Inaoluble i 2.1
| o] e 15.4
Cald A &.4
S A 9.6

E_Ioave compositiog

[(HH4 } ZHPO4 T 0
HH1H2 P04 L 1) n]
CaStH+] f2E2C w o]
(K, MH4)1 250442 (K, MH4 80| W 2p.0
HHCL L1, 1B.1
[ X, WH4  H2PO4 Tw 12.86
[ 4-ek| W 14.8
EC] LY 1.9

Paromwtare Snits Taloces

EROOCTION EATR

of tha plant E3/h 17
BEACTCR OHE

bentonita Egit 40
water K3/t 4C0
Tewperature C 49
Parmarmnce Ly nin 120
EEACTOR TRQ

X2 sod Eg/E 700
158 2504 solution

from stack abatemant Eg/fkE 150
Tewparature “C 8o
ParmarsErics b i win an
FINAL STIERY

leture oW LL!
Viscoalty cP 0
Shear limit dyme/fcm 15
CGRNSLATOR

K2 S0 g/t 20
Recycle ratio w i ]
Boistore ¥ 5.
Temperaturs “C &0
DETIPG

Alr temperaturs ~C 250
Produckt temperatuce *c &0
Froduct molsturs L r N




Bdlid raw muwrial

Fig. 1

llllllllllll

llllll




Fig. 4 : talling curtain




Fig. 6 + spouted bed
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BOLUBILITY OF THE AMMONIUM PHOSPHATER
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