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MELT OIL COOLING PROCESS FOR THE PRODUCTION

OF UREA BASED COMPOUND FERTILISERS

By

 Akic Hatakeyama
Mitsui Toatsu Chemicals Inc., Tokyo, Japan

Mitsui Toatsu Chemicals succeeded in the commercial pro-
duction of urea in 1937 and is now one of the largest -
producers of urea in Japan. In 1952, Mitsui Toatsu
began the large scale manufacture of urea-based compound:
fertilisers. It is well known that the production of
urea-based compound fertiliser by the traditional method
Jis difficult and expensive.. The drying conditions are
especially critical and inefficient.

For this reason, in 1965, Mitsul Toatsu started funda-
mental studies to develop a new process to make urea--
based compound fertiliser. In the process, potash and
phosphate suspehsion in-the molten urea is prilled to
disperse droplets of a uniform size, which solidify in
the o0il cooling tank. Experiments were completed at a
‘pllot plant last year and a technical and economit
evaluation of the results has been carried out. This
report is based on the results of the experimental work
at the 0.5-ton-per-hour capaclty pilot plant.

PROCESS DESCRIPTION

Raw Materials

The materials initially required to produce urea=basded
compound fertiliser with the Melt 011 Cooling Process

are urea, monc-ammonium phosphate and potassium chloride
or ammonia, urea, phosphoric acid and potassium chloride.

The raw urea is weighed, melted at 135°¢C and pumped up
to the mixing tank. Mono-ammonium phosphate and potas~-
.sium chloride are also weighed, crushed and fed into
the mixing tank by a pneumatic conveyor, ' ‘

Heat must generally be supplied to prepare the slurry.
Mono-ammonium phosphate agd potassium chloride are dried
and pre~heated to k00-250"C in the pneumatic conveyors.
They are heated in separate chambers to prevent the
melting of mono-ammonium phosphate.

 Either 30 per cent'PEOS'or-Sulper cent 05 phosphoric
acid may be used as an inltial raw material. The acid



' 15 neutralized in.a preneutralizér into a slurry with

a molar ratic of approximately one. The resultant mono-
ammonium phosphate slurry is then concentrated in an
atmospheric-pressure falling film evaporator. Following
this, it is mixed with urea melt and potassium chloride
in the mixing tank. The resulting mix is finally con-
centrated until moisture content i1s reduced to 0.5

per cent.

Typical raw material formulations are shown in Table 1
and the flow sheet of the Melt 0il Cooling Process 1is
cshown in Figure 1.

TABLE 1
Formulation of Melt 0il Cooling Process

‘ . Product Grades (Kg/MT)
Raw materials 18.6-18.6-18.6 | T8 RTE O

Urea (46-0-0) 307 Co471
Mono=ammonium phosphate

(12-50-0) . 372 -
(12-53-0) - 529
Potassium chloride (0-0-60) 310 -
Filler (0-Q-0) 11 -
Total 1,000 1,000

———

The Mixing Tank

In the mixing tank, urea melt, mono-ammonium phosphate,
potassium chloride and & small amount of recycle fines
are treated to create a homogeneous suspension. The
most important function of the mixing tank is efficient
heat transfer. This is because the viscosity of the
suspension increases rapidly in a short time and a hard
heat-resistant layer of scale forms on the surface of
the heat transfer jacket. Mitsuil Toatsu has developed
special mixing and heating devices that eliminate these
problems,

For the slurry material to produce 18.6-18.6-18.6 grade
fertiliser, the maximum mixing retention time is limited
to four minutes and the optigum temperature of the sus-
pension is approximately 125°C, The relationship be-
tween the viscosity of slurry and mixing time 1s shown
in Figure 2.

Otherwise, suspension viscosity would increase too much
and cause great difficulty in the transportation and
dispersion of the slurry for prilling. Delicate mixing
is also important in order to prevent urea decomposition



and the condensation of mono=-ammonium phosphate into
polyphosphate. Special precautions are taken to pre-
vent clogging in the pump and transfer pipe when the
suspension is pumped from the mixing tank to the prilling
device. :

The Prilling Device

The prilling device is essential for the success of the
Melt 0il Cooling Process.

The highly viscous suspension must be dispersed into
droplets of a uniform size to increase the production
rate and reduce the recycle ratio. Conventional prilling
devices are of the nozzle-plate or the rotating-basket
type. Because fertiliser suspension is very viscous

and contains undissolved potassium chloride and ammonium
phosphate, traditional prilling methods could not process
the slurry satisfactorily. Clogging and scale formation
were frequent problems.

Therefore, Mitsui Toatsu developed a distinctively
different type of prilling device to obviate the dif-
ficulties formerly encountered. The new device reduces
the recycle ratio to 10 to 15 per cent and ensures
continuous operatlon over a long period of time.

Complete details on both our mixing tank and
device will be disclosed after patent protection is
established.

Cooling and 0il Separation

A low viscous oil was used at the pilot plant for cooling
purposes, The oil temperature was fixed s0 as to produce
spherical products of a uniform zize.

The cooling tank proved to be extremely efficient and
an oil depth of only one to two meters was sufficient
to coel and solidify a 5-millimeter diameter product.
This greatly enhances investment saving.

The cooled and solidified product is removed from the
bottom of the coeling tank (in ©il mixture form) and
sent into the centrifugal oil separator. Several types
of continuous centrifugal olil separator were tested

but it was found that none could prevent the crushing
of the spherical products.

It was, therefore, decided to employ a batch-type cent-
rifuge for o©il separation. With the centrifuge, rezi-
dual oil was reduced to 0.5 to 1.0 per cent and product
crushing was almost completely eliminated.



Such a problem is overcome by using the Melt Air Cooling
process. But the selection of the most suitable cooling
process will depend on investment costs, climatic con-
ditions, and product characteristics.

Screening and Recycle Fine Treatment

After oil separation, the finishing steps leading to the
final product do not differ remarkably from those in

the more conventional processes. Some 10 to 15 per cent
of over- or under-sized products are returned to the
mixing tank for reprocessing. Screened products are
conditioned with diatomaceous earth to preclude caking
during storage. Since the separated oil from the centri-
fuge contains a small amount of fertiliser materials,
these materials are separated in the settling tank and
are returned to the mixing tank.

MELT OIL COQLING PROCESS CHARACTERISTICS

Investment Costs

A case study has been made to determine the profitability
of our new process. The savings were between 20 and 30
per cent when compared with investment necessary for
ordinary processes. The savings are possible because

the preocess renders unnecessary the use of certain ex-
pensive equipment, e.g., granulators, rotary dryers,
rotary coolers, and additional associated accessories.
Other advantages of the process include the compactness
of plant and the minimization of dust and noise
pellution.

Product Grade

In this process, solid materials such as phosphate and
potash are mixed with molten urea. Therefore, it re-
guires more than 250 kg. of urea to produce one ton of
the final product. However, the urea content is ex-
pected to be reduced in future as a result of process
improvement.

Limitations in regard to raw materials include (i) the
use of materials with a high dissociation pressure,

such as diammonium phosphate; (ii) the use of materials
with a high water content; and (iii) the use of alkaline
raw materials.

At the same time, the use of such above-mentioned raw
materials in the process is very limited, Nevertheless,
high P»05 content grades and low N content grades are
difficult to produce. But it is possible to manufac-
ture several basic fertiliser grades. We have succeeded



in producing the following: 18.6-18.6-18.6, 18-21-17,
28-28-0 and 23-0-32, ‘

Product variety will be increased by bulk blending with
grarnular diammonium phosphate or other granular ferti-
liser products.

Granulation Yield

Granulation yield for a +5 to -16 mesh product is around
85 per cent. This means that the recycle ratioc is
equivalent to 17.7 per cent to one ton of product.

There is no segregation of the plant nutrients during
mixing and dispersing. And the final product has a
homogenecus structure. For these reasons, only a small
level of overformulation is required to guarantee product
quality.

Product Physical Properties

The superior physical properties of the product pro-
duced by the Melt 0il1 Cooling Process 1s the strongest
point in its favour. The free moisture content ranges
between 0.5 and 0.8 per cent and is considerably lower
than that of products manufactured by conventional
processes, A typical example of the product is shown in
Figure 3. This low moisture content prevents caking
and moisture absorption from the atmosphere. It also
contributes to the high crush resistance of the product.

The appearance of the product is smooth and lustrous -
like a pearl. The fertiliser is free flowing and suit-
able for use with application machinery in the field.
The residual oil subseguent to the centrifugal separator
process is less than 1.0 per cent. To date, the oil

has shown no harmful effects on crops or soil structure.

CONCLUSION

The Mitsul Toatsu Melt 0il1 Cooling Process is suitable
for the production of compound fertiliser with a high
urea content. Plant investment is lower and the opera-
tion of the process is easily controlled.

Mitsui Toatsu is experienced in the Melt Air Cooling
Process in the production of urea prill incorporated
with herbicides such as Pentachlerophenol or Nitrophenyl
chlorophenyl ether. We have also produced NK fertiliser
by our Melt Air Cooling Process.

Qur company now seeks new opportunities in urea-based
compound fertilisers through the newly developed Melt
0il Ceooling Process.



DISCUSSION

PROFESSOR J. ANDO (Chuo University, Japan): Mr.
Akio Hatakeyama of Mitsui Toatsu Chemicals Inc., the
author of this paper, is unfortunately unable to be here
and, in the absenrce of another company r9presentat1ve,

I have been asked to present the paper.

Mitsui Toatsu Chemicals started production of urea
based NPK fertilisers in 1952 and now there are many
Japanese companies who produce NPK fertilisers based on
urea, In a year, more than 100,000 tons of urea are
used to produce NPK compound fertilisers in Japan. All
these companies use a pugmill or TVA type ammoniator-
granulator rotary drum or a pan granulator for granulation,
But, as you know, there is a problem in drying to low
moilsture content to ensure good physical properties. It
is gquite easy to decrease the moisture content to 0-1%
but caking may ensue, For this reason Mitsui Toatsu
recently developed the new process of melt oil
cooling, ‘I know that, in many European countries, this
0il cooling process has been developed and used for
various purposes, We know also that, at TVA, melt oil
cooling for urea ammonium polyphosphate was demonstrated
Some years ago. The main characteristic of the Mitsui
Toatsu process is the treatment of highly viscous slurry
which contains urea, ammonium phosphate and potash to.
make it prill. This means of prilling and mixing, is a -
very important point of the Mitsui Toatsu process.

NOTE: Slides were shown during the presentation.

Slide 1 - A general view of the pilot plant for the
melt oil cooling process which Mitsuil Toatsu.
developed in Japan; it produces 500 kg/hour
of product either 18.6 - 18.6 - 1B,6 or
28 « 28 - 0, At the top it a ¢yclone, in
the middlie, a mixing tank and below is an
oil tank for cooling.

8lide 2 - The switch panel,
Slide 3 - The urea melter.
5lide 4 ~ A mixing tank. In it are molten urea and

pre-heated ammonium phosphate, powder or
slurry, and pre-heated potassium chloride
powder all mixed.

Its size 1s 0.7 m in diameter and 1 m in
height.

Slide & - The viscosity of the 18.6 - 18.6 - 18.6
mixture based on urea and mono-ammcmium0
phosphate and potassium echloride at 125°C,
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As you see it is just over 2000 cps
at first but after about 4 min. it goes

up markedly. This means that beoth
mixing and prilling should be done
within 4 min. For the 28 - 28 - 0 which

does not contaln potash the viscosity is
rather low.

This blg tank is the oil tank whlch cools
the prill,

The centrifuge.  Mitsui Toatsu have
several types of centrifuge and have
found that, if they use the continuous
centrifuge, some of the prills are broken
and none of the continuous centrifuges
were satisfactory, They now use the
batch type centrifuge.

This round vessel is an oil settling tank.

The NPK grade 18.6 - 18.6 - 18.8. The

.size of the granules is between 3 mm and

1.5 mm., - They are very round and
therefore satisfactory.

This is another grade, 28 - 28 - 0, also
w1th very good looklng prills,

Another Mitsui Toatsu plant which is
actually producing prills based on urea.
Most of the time, they make special

grades such as 20 - 0 - 20 based on urea,
ammonium sulphate and potash: the mixture
is molten, sprayed and cooled by air.

This special type of product is used
mainly for the top dressing of rice.
Occasionally, they produce NPK fertilisers
based on urea in this prilling tower,

The grade is 20 - 1C - 20, The height
of this tower is 22 m in effective height
and they produce 200 tons/day of produect,
but when it is hot and humid in summer

22 m is not high enough to produce good
gquality 20 - 10 - 20 prills based on urea,
ammonium phosphate and potash. Therefore
Mitsui Toatsu think that oil prilling is
better for the production of NPK grade
fertilisers based on urea,

DR. P, KAASENBROOD (D,S.M.,, Netherlands). The

literature mentions several processes for the manufacture
of granular urea based compound fertilisers. These
include processes in which granulation of solid or



molten urea, together with solid MAP or a slurry of MAP
in water and (optionally) crushed potassium chloride,
takes place in a pugmill, a rotary drum or an ammoniator-
granulator, In these processes the granulation step

is followed by a drying and a cooling step. Drying is
costly, as it has to be done at relatively low
temperatures, due to the low softening temperatures of
Ur-P and Ur-P-K products.

Production of these compound fertilisers may become
more economic when a melt of ammonium polyphosphate is
used as a starting material, This is because the
production of polyphosphate, e.g. by concentrating and
ammoniating wet process phosphoric acid, is cheap
compared with drying of a granulated Upr-F-K product.

One drawback of this type of granulation however remains,
Due to the relatively low granulation efficiency of
pugmill and rotary drum, handling of large quantities of
solid material as recycle is necessary.

Improvement of the granulation efficlency may be
obtained by prilling, As regards the technique of
prilling in oil, I may refer to a few papers published
by TVA a few years ago.

Now a new oil prilling process, the MOC process, is
being introduced. In this process ammonium
orthophosphate containing Ur-P's and Ur-P-K's are
produced. To this end, a melt or a homogeneous
suspension of molten urea, mono-ammoniumphosphate and
potassium chloride 1s made by intimate mixing of the
three components in a special mixing tank,. The melts
or the suspensions are allowed to have high viscosities
as, in addition to the mix-tank, a special prilling
device has been developed, to obviate the difficulties
formerly encountered in prilling viscous liquids and
suspensions. ' .

Tt would seem that the merits of the MOC proceéss
lie precisely in the fact that it uses a new type of
mixing tank and prilling deviee, although I still.
wonder whether these will do away with all difficulties
that may crop up. One of these difficulties 1s caused
by the hydrolysis of urea. = Even when the starting
materials contain no free water, hydrolysis takes place
due to reaction of urea with the water content :
- of the MAP, Polyphosphate, ammonia-and carbon dioxide
are formed. The ammonia and polyphosphate remain in
solution, the carbon dioxide however forms finely
divided gas bubbles in the melf. Escaping of the gas
from the melt or suspension may happen with formation
of a foamy layer, especially when, as in the case of the
MOC process, the vecycle stream contains oil. On the
point of these problems and some other aspects
concerning technology and product quality I am very
glad to have the opportunity to put some questions to
Professor Ando who replaces Mr, Hatakeyama.



The first question refers to the statement on
page 2 of the paper: Delicate mlxlng {in the
mixing tank) is also important in order to

. prevent urea decomposition and the condensation.
of mono ammonium phosphate into polyphosphate.
How can mixing brevent the reaction between
urea. and MAFP, as this reaction takes place in
the liquid phase, and the consequence of mixing
1s the dlSSDlutlﬂn of MAP in the urea melt.

How can the statement on page 4 (limitations in
" regard to raw materials include the use of
materials with a high water content) be
‘reconciléed with the text on page 1.

Phosphorlc acid with 30% P may be used as an
initial raw material and tﬁe text on page 2
which holds. open the p0551b111ty to finmally

' concentrate the resulting mix until moisture

-content 18 reduced to 0.5 per cent.

Acccrdlng to the diagram the oil containing
recycle goes back to the mixing tank, which
as stated on page 2, is kept at approx1mately 125°¢.
- At this rather high temperature the oil will
quickly oxidise, unless special precautions
are taken. Oxidation has a strong reducing
effect on the interfacial surface tension
between the Upr-P-K melt and the oil in the
prilling vessel, and consequently tends to
deform the crystallizing liquid droplets.
Are any measures taken to prevent this?

- The paper does not mention formation of scale on
“the cooling surface, in-pipes and pumps of the

- ©0il.coeling circuit, though it is known that

- adducts between urea and oil may easily form
‘and preolpltate ‘

- Are there any ways in which scale formation and .
clogging in the o0il dircuilt can be prevented?

Do the results of prilling and mixing, and also
the physical properties of the end product not
- greatly depend on the purity of the raw
materials. Are there any special requirements
regarding these raw materials?

‘With respect to the .physical properties of the
produect, it is stated on page 5, that the low
moisture content prevents caking, though page 4
states that conditioning is necessary to preclude
caking during storage. How do these statements
fit in with each other? Can the prille be
handled in bulk without silo- setting, and ie ship~
tranﬁportatlon in bulk to the tropics possible?



Would long storage of some end products,
especially at temperatures higher than SDDC,
not give rise to disintegration, initiated
by double conversion between salts, (e.g.
between potassium chloride and monc ammonium
phosphate} which did not have enough time +o

attain equilibrium in the mixing tank.

It would be interesting to have some more
information about the gualities of the end
product. = For example could you give us the
urea and polyphosphate contents, the crushing
strength of the prills and the caking tendency
of a given compound.

PROFESSOR ANDO:

Delicate mixing is one of the most important steps
in the Melt 0il Cooling Process, especially to
produce NPK and NP compound fertiliser with high

‘PgOS content grades. Here delicate mixing means
the r

apid and homogeneous mixing of raw materials
and recycle materials. Generally raw materials
are fed in both liquid and solid forms and local
maldistribution of solid material causes the
difficulties in resultant slurry transportation
and also evenly distributed droplets formation.

But vigorous mechanical mixing promotes the
decomposition of urea and formation of condensed
phosphate, and too much mechanical mixing or long
mixing results in foamy slurry and also foamy end
products,

Therefopre delicate mixing should be gentle enough
to prevent foaming and scale formation with
minimum back mixing and minimum retention time
and also surface renewal function on the heat
transfer surface of the mixing tank.

The Melt 0il Cooling Process starting with wet
process phosphoric acid with 30 per cent PEOB
concentration ie incorporated with the
neutralizer and ammonium phosphate concentrator
prior to prilling.

‘There was insufficient presentation of this

process and we appreciate your attention te this
subject, We would like to provide further
explanation.

Wet process phosphoric acid is neutralized with
ammonia in the neutralizer and the resultant
monoammonium phosphate slurry is concentrated in



the first evaporator to intermediate moisture
content slurry and thenh mixed with urea and/or
potassium chloride for further concentration in.
the second evaporator to give final mixed slurry
with 0.5 per cent moisture content

The rest of the process is the same as that of
a conventional Process as shown in the simplified
flow sheet.

Recyele materlals golng back to the mixing tank
contain less than one per cent of oil and this
0il is not oxidized in the m%xlng tank even if
the . temperature i1s above 130°C at atmospheric
conditions,

The oil is also emulsified in the fresh feed
slurry material and is not separated to form
an 011 layer

We have carried out degradation tests of oil

‘mixed with fertiliger materials at high

temperature of 150°C and found no meaningful
oxidation at 120 to 130°¢C.

We have not thought about the strong reducing
effect on the interfacial surface tension
between the Ur-P-K melt and the oil in the
prilling vessel which you have kindly indicated.

We will investigate this subject further.

At the beginning of our pilot plant study, we had
been concerned about the formation of scale
material in the cooling surface and in piping
systems.

But after long-term operation, we dismantled the

‘equipment to study the scale formation and found

that only a small and very soft scale had formed
on the surface of cooling circuit.

This scale was not formed as a result of adducts
formation but was caused by a leak of water and
steam to the o0il system by improper operation and
equipment failure,

In regard to the raw material specification, most
of our study is based on the conventional

fertiliser intermedilates. Raw materials of specially

high purity are not used for the pilot plant,

A small amcunt of coolant oil remains on the

surface of the final product prills and the product

gives an oily touch for a while after the oil
separation at centrifuge,
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This residual oil penetrates the plastic film of
the fertiliser bag if the product is bagged
shortly after oil separation.

Moreover this oil can be harmful to the colouring
matter of bagging film in some cases, but by the
use of special types of colouring matter, oil
influence is minimised,

To prevent such phenomena, one to two per cent of
diatomeceous earth or talc coating is very
effective and by this conditioning caking problem
is also minimised.

We have made no extensive study on bulk storidge
in siles nor of bulk transportation especially

to the tropics, but the critical relative
humidity of Melt 0il Cooling Process products is
lower than that of urea and they contain a little
more moisture than fertiliser grade urea, More
stringent precautions should be taken for bulk
storage and transportation than those for urea.

7. The solid state double conversion between
potassium chloride and mono ammonium phosphate
will proceed even at 30°C, but its rate may be
very small and no countermeasure will be
necessary for practical purposes,

g8, The concentration of condensed phosphate in the
final products ranges from 20 to 25 per cent of
total phosphate.

The crushing strength of the prill is measured
from 4 to 7 kilogram per prill and no practical
caking was observed after six month storage under
30 bags stacking of 20 kilogram content bags.

MR. M. NOIRBENT. (Docks Industriels, France.)
What are the advantages of oil prilling as opposed to
air prilling? Are these advantages not eroded by the
difficulty of

a) oil separation
b) recycling of oil soaked microprills

I would like to have some explanations and details of
the pulverisation and the granulometry of the finished
product.

PROFESS0OR ANDO : I understand that Mitsui Toatsu
have ancther plant in which they make prills by air
cooling. The height of the tower iz 22 m and in most
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cases this is not high enough to make good NPK ‘
fertilisers based on urea, It will work well when it
is very cold and dry bhut in Japan, the weather is often
hot and humid and it does not work well, Therefore,
it depends on the weather. In European countries when
it is very dry and less humid and temperature is low,
air coeling in a prilling tower might be more
economical than oil prilling, but in Japan, for NPK,
Mitsui Teatsu congider o0il cooling to be more
economical than prilling in a very high tower.

The other question is on the form of atomizer.
This is a patent of Mitsul, which treats highly viscous
slurry and is quite different from the cconventional
type of atomizer for prilling, It is not a spray
bucket type or prilling cup such as TVA uses but
something quite different. Mitsui did not provide me
with details,

The following questions and answers were the
subject of correspondence after the Conference:

MR, T. KOTLAREVSKY, (Etablissements Gardinier,
France.) May I please know:

1. The type of pump used for prilling.

2. Whether.you have tried to add PFA.

3., What quality of oil is used and its degradation.
4, The rate of recyeling, |

5. How control is exercised over NPK grade (with
recyeling)?

ANSWERS received from MITSUT TOATSU Ine,, Japan,

1. The type of prilling pump,

The essential points for the prilling pump are
accurate flow rate control, enough discharge
pressure and resistant to the cavitation due to
the gas evolution during pumping. -

We have tested five types of prilling pump and
found three out of five unszuitable and two
satisfactory.

The details of this type of pump are proprietary
and we cannot vrelease further details at this
stage.



‘The addition of ammonium polyphosphate.

About 20 to 25 per cent of the phosphate is
converted into condensed phosphate even 1f the
product is manufactured by supplying ortho-
phosphate. ‘ '

. The viscosity of the melt slurry will be

increased by adding ammonium polyphosphate as

- a raw material.

We have noticed that too much condensed phosphate
formation in the products caused super cooling of
the slurry in the oil cooling vessel and longer
retention time was essential for solidification
in the vessel. We expect the amount of

ammonium polyphosphate to be limited to a certain
range., ‘ ‘

The quality of oil and its degradation.

Less than one per cent of oil is retained on
the surface of the final products.

The operating temperature of the oil in the
Melt 0il Cooling Process is relatively low; no
meaningful oxidation was observed.

A small amount of oil is discarded with condensed
water and foreign matter which 1s removed
regularly from the system,

The recyecling rate.

As mentioned in the paper, the amount of recycle
matepial is less than 20 per cent if the size
distribution of the product is limited to & to
20 screen mesh,

The method of control of the NFPK grade.

Product grade is controlled mainly by adjusting
the feed flow rate of raw materials. The
segregation of plant nutrients in the products
due to the prill size is very small if compared
with the conventional solid mixing granulation

. process. control of product grade with

recycling is almost negligible.
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Figure 3. Typical example of the Melt Dil Cooling
Process product



Figure 4. Pilot Plant of the Melt Qil Cooling Frocess (0.5 MT/H)



Figure 5. Semi-Commergial Plant af the Melt Oil Cooling



