\J

International
Fertilizer Industry

Association

IFA Technical Conference

Edmonton, Canada
12-15 September 1988

International Fertilizer Industry Association - Secretariat: 28 rue Marbeuf - 75008 Paris - France
Tel. +33 153 93 05 00 - Fax +33 1 53 93 05 45/47 - ifa@fertilizer.org - www fertilizer.org



TA/88/4

THE USE OF (N-F) S50LID RAW MATERIALS IN THE
FRODUCTION OF COMFOUND NFEK FERTILIZERS

N, LOUIZOS
Hellenic Chemical Preoducts & Fertilizers Co.,
Atheng, Greece,.

A INTRODUCTION

It is almost a fact that the cheapesat fertilizer intermediate
materials (zuch az DAPF) are produced either in placez whare
local remources (phozphate rock, sulfur etc.) are available aor
where classical advantagez of the economiez of scals could be
exploited,

This haz led fertilizer producersa who cannot benefit through
aither of the above, to develop alternative wave to reduce
their production cost.

Typical example. ia the aituation in the United States where
small producers use simple bulk blending facilities of sgolid
raw materials to satisfy the needs of local markets.

Although this attitude im not widely accepted in Europe or
alzewhare due to various reasons, it is s&till pomaible to
~produce reasonably cheap conventional fertilizers by optimiz-
ing mixing of raw materials liguid and solid.

Thig pregantation refars to the experience of the Hellenic
Chemnical products & Ferilizers Co. in the uase of asolid raw
materials such a® ammonium sulfate, urea, DAP etc., in the
production of compound fertilizerw, either within a conven-—
ticonal plant or a within compacted fertilizer production unit,

%uJHE HELLENIC CHEMICAL PRODUCTS & FERTILIZERS CO.

The Hellenic Chemical Products & Fertilizera Co. (HCPF] 18 the
oldest Fertilizer Company in Greace, founded in 1909, with
main activities in the mining and chemical sgector ingluding
apart from fertilizer=, acids, pesticidea, flat glams and
chemical products, as well as lead and zink sulphides and
pyYrite, ‘

The annual production of NPK fertilizeras ig ca,700,000 metric
tonneg moat of which cover needs of the local Greek market
which i= of the order of 2,000,000 mt per yvear. The main fer-—
"tilizer grades produced are 16-20-0, 20-10-0, 11-15-15,
0-20-0, 24-12-0, 14~14-14 etc, The raw materials usged are
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imported anhydrous ammonia, sulphuric acid (produced from
pyrites and sulphur), weak phosphoric acid 28% (produced from
North African phosphate Rock), or imported atrong acid 54%,
potassjum sulphate and various N or NP s=olid raw materials
guch as urea, ammonium sulphates, MAP/DAP etc.

The preduction of NPK fertilizers is effacted in twoe conven-
tional granulation plants equipped with pipe croma reactors as

well as a new compacting plant which replaced an exiating old
granulation plant.

Although relative prices of fertilizer raw materials vary con-
siderably with time, it is ea=y to compare production va, im-
portation cost for intermediate raw materials much as ammonium
sulfate, DAP etc. and therefore decide if for a certain pariod
of time it is cheaper te import than produce these inter—
mediates, In such a cass, which is quite common for most of
the time in the case of HCPF, one has to calculate the amount
of these raw materials which can be used to minimize produc-
tion cost. which at the same time doss not affect quality of
granulation and rate of production.

In order to fulfill the last two conditions one has to take
into consideration two main factors which are : the water con-
tent of the feed raw materiala 1liguid and molid, and the
amount of heat liberated during the neutralization of phos-
phoric and sulphuric acid by ammonia in the pipe reactor and
the granulator in general.

These two factor= may be combined in a single number which we
shall call

Granulation Predictakility PFactor (GP?).

The physical meaning of this parameter iz the amount of
process heat available for evaporation of the water content of
tha feed materials.

Experience, after repeated tests and measurements, shows that
if the GPF is glightly higher than the minimum heat required
to evaporate the water (which theoretically is ca. 600 Kcal/Kg
water) tha whole guantity of water in the feed material will
be evaporated and therefore the 80 . called melt granhulation
will take place, provided that the gquantity of water vapour is
fully removed by the air sacked from the granulator.
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In that case the rasults are excallent granulation {(normal
gized round granules) and minimum fuel consumption in the
drvear.

If the GPF iz much higher than the above mentioned critical
value, granulation is poor (dusty =mall size granule=z) due to
lack of sufficient water bridges,

If the GPF ia much lower than 600 Keal/Ky, again granulation
ig poor (overgranulation) due to the presence of axcessive
amounta of ligquid water in the mixture coming out of the
granulator.

That means, that for a given fertilizer grade, and =set of raw
materiala, the maximum allowable gquantity of the =solid raw
materiale (ammonium sulphate, DAP etc.) to replace psynthesis
of these intermediatez by reaction, and give the lowesat pos-
gible production comst, ¢an be determined by the guantitative
combination of raw materiale that satisfies the required value
of GPF,

Thug the GPF can be uged to optimize fertilizer production by
determining that specific raw material combination which cor-
regponde to the minimum coat and a good granule.

Morcever it c¢an be used to predict granulation compatibility
of any given set of raw materialz, especially when new fer-—
tilizer gradea are to be produced, which enables the operator
to avoid unneseszsary troubles during start-ups such az clog-
ging, gouping ete., or wasts product and/or time to reach atep
by atep the final operating conditions.

HCPF made extenaive use of the above process design tool to
determine optimun operating conditions when ewitehing from the
uge of weak (28%) to atrong (34%) phoaphoric acid in the
production of NPK fertilizerg. 1In this case, gince the amount
of water in the feed raw materials decreases the GPF value i=a
increasing, therefore, in ¢rder to obtain the optimum GPF
valus, it i=m pom=ible to increase the percentage of =molid in-
termediates (ammonium sulfate, or DAP) in the mixture.

4. COMPACTION : AN ALIERNATIVE WAY TO PRODUCE FERTILIZER
GRANULES .

The machanism of formation of fertilizer granules in c¢onven—
tional granulation is due to water bridges which contain the
liguid phase of the fertilizer intermediate materiala ammonium
sulfate and ammonium phogphate. This corresponds to the
granulation phase, followed by the drying =tep where-by water,
is, evaporated and the liquid bridges are transformed to solid
cry2talline =alt bridges.



4 -4

From the energy point of view this can be considered as a
luxurious way of binding particles.

As an alternative to this, compaction ¢of solid particles may

be conmidered. In this case the binding force iz due te Wan
der Waals forces ‘developed by properly pressing the raw
materials. The granular product resulting after proper size

reduction and clasmification does not have the perfect round
shape of conventicnal fertilizers, but it combines several ad-
vantages which make it quite appealling.

The most important thing is of course that by thism technology
one can have the advantages that bulk blending plants offer
(i.e. expleoitation of various combinations of the cheapest raw
materials prevailing each time in the market, with minimum in-
stallation cost charges) without having at the same time the
agroncmic problems that these blendg might create due to
sagreggation.

Specitic energy consumption per tonne of product is also lower
than in conventional granulation plants, since in the case of
compaction there are no drying or ammonia avaporation heat
reguirements.

Moroever, am the only pollutant present in the off-gases, is
readily controlled dust, in contrast with clas=ical fertilizer
production units where the presence of fluorine and ammonia
require the uae of complicated gas scrubbing eystems which end
up with waste water effluents which have to be properly
treated in a waste water treatment plant. one realizes= how
competitive and flexible a compaction unit becomes especially
within hoatile environments such as the ocne, the Hellenic
Chamical Products and Fertilizers Plant is facing, being lo-
cated just nearby a highly populated area.

Among other advantages of a compacting plant one =mhould alsc
mention the flexibility of switching from one product to
another without considerable loss of material, and alse the
reduction of material losses (i.e. increased yield) which be-
comes particularly important in cases where use of valuable
raw materials such as micronutrient =alts is involved.

Of course, compaction of fertilizers does also present dif-
ficultiea and problemms which should be taken into account. The
mogt important of them ims the physical condition of the
product. This does not refer to the ca=ze of caking which is a
Phenomenon that may equally well take place either in conven-
tional or compacted fertilizers if anti-caking treatment is
not effected. It mainly rafers to the hardness (or strength)
of granules which might Dbe lower than that of conventional
fertilizers for certain combinations of raw materials which of
course ghould be avoided.
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Ancther drawback of a compacting plant iz that the zize of the
compactor (which i= the heart of the plant) ia not at the mo-
ment commercially available for production rates higher than
400 tpd which is relatively small compared to existing conven-
tional kingsize planta.

Considering all the above, HCPF decided to replace one of its
existing conventional granulation plants by a compacting plant
having a capacity of 400 tpd.

The new plant cost about US.$.3,000,000 and is working since
early 1987,
The flowaheet of this plant iz shown in Fig.l.

Az axpected a lot of effort was necessary to obtain physically
acceptable product (eapecially regarding strength of granules,
a property measured by the dust formed by handling the
granulezg) but as time pamses experience is building up.

It took for example mome time to realize that DAP based for-
mulations give much better (stronger) products than MAF Dbasad
oneg, It was alsc verified that granule strength increases as
the sgzize increases which mean= that =creen gizes should be
properly 2elected to zend lower than Zmm product back for com—
paction.

On the other hand the use of certain binding materiala which
might improre the physical propertles of the product iz under
consideration.

2 CONCLUDLOND

The partial use of intermediate solid raw materials in the
production of fertilizera c¢an be a powerful tool of coat
reduction provided that good granulation conditions c¢an be
maintained.

Thi=s, in the case of = conventional granulation plant can be
effacted by the use of a semi—empirical parameter the Granula-
tion Predictability Factor (GPF! which depends on the water
and heat balance of the system under consideration, and for
that reason can reagonably well describe the behaviour of
the system as far as granulation ia concerned. U=me of the GPF,
after having estaplished itz critical value corresponding to
good granulation which im ca. 600 Keal/Kg of water content of
raw materiala, can lead to the choise of the lowest cost for-
mulation. ‘
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For the case of compacted fertilizers it is difficult to es-
tablish an analogous simple tool to predict the conditions for
good granulation, therefore one has to rely more on expariance
as far as combination of raw materiala and wvarious physical
Properties of them are concerned, in order to establish good
granulation ¢onditions, Still compaction iz an alternative
way to produce cheap fertilizers having the advantages of big
conventional plants but not having the disadvantages of bulk
blending products,

Regarding the economic criteria which will be used to compare
aynthesis va importation of =olid intermediates, it should be
stressed that they can vary widely from one place to another,
as they do not only involve the cost of the raw materials and
intermediates themselves, but also production gomts and
various other local factors,
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Fig. 1

Compatted Fertilizers Granulation Plant
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TABLE 1

—— — ————

Granulation Predictability Factor (GPFJ
for variocu= fertilizer formulations,

—— A o ———— — — —

| Fertilizer ! Phos Acid !Kga Solid AM.SUL! GPE !
' Grade ! Strength ! ‘Keal/Kg water!
- : % | TONNE FERTIL ! E
| 20-10-0 ! 28 | 0 ! ises !
| 20-10-0 ! 28 : 500 : 672 |
é 11-15-15 é 28 i 0 i 528 !
| 11-15-18 28 E 200 : 271 |
| 11-18-15 ! 42 ! 0 : 1169 |
© 11-15-15 | 42 E 200 ; 618 E
TABLE 2

— i A sl e e

Typical formulations of conventional fertilizers with partial
uze of solid raw materials vs, compacted fertilizers

L A P e e —— — — ———— —————— —————— — — —

RAW MATERIALS

! ]
iFertilizer ! e e b b e e e e e e e e e !
! ! Kg/T FERTILIZER ’
' Grads ! e e e e e e '
! ! ANH. !UREA!AMMON.!SULF.ACID!PHOS.ACID!DAP !POTAS.!INERT!
! 'AMMDNIA' {SULF. ! 100% ! 28% ! \SULF. ! !
! ! ! =1 ! -! el Fommmss '
'16—20—0/CV : 151 ' - ¢ 170 ! 286 ! 729 ! - 1 - ! 63 !

! ———] ! -1 b P———— .
'16 -20-0/CP ! - b—- b 382 ! - ! - ‘444 | - L1755 !
______ [ [P i I RS S |
'11 15- 15/CV' 134 ' - | - ! 274 ! 547 ! - } 300 ! 45 !
__________________ | e e g | i —— ! R i —_—— ] ——_—— 1
'11 15- 15/CP' - b= 239 ! - H - {333 | 300 ! 129 !
—————————————————— P -1=- e el R B Rttt
'24—12 -0/CV ! 123 1207 ' 200 ! 266 ! 437 | - | - o=
___________ I e e e e e ! RSNV | [ —— I i !
'24—12 =0/CP ! - 1152 ' 382 ! - ! - 1266 | - o=

CV = conventional granulation product,
CP = gompacted product.



TABLE 3

Phymical Properties of Compacted va., Conventional
Fertilizers

e ol e A4 S S A AL P TR VRl T ke ol — — — ——— — — ——

EFertilizar iCrughing! Abrasion | Moisture! Caking !

111-15-15/CP! 3.3
] |

! Grade !Btrangth!Resistance!'Holding !Tendency!
! ! Kg ! % ! Capy % | Ke !
t - VO [ ! {
116-20-0/CV ! 4.1 | 1.4 ! 2.5 ! - ]
] ] i 1 I l
116-20-0/CP ! 2.8 | 3.2 ! 2.5 ! .4 !
i i i ! I 1
111-15-15/CV! 2.3 | 3.9 ! 6.8 ! 0.9 !
] i I ] 1 ]

! 2.8 { 2.9 ! 1.2 !

' ' ! !

—— — [—

CV = conventional granulation product.
CP = compacted product.

TABLE 4

Streangth of cbmpucted Fertilizer Granules vs.Size
(Abragion Resistance %)

iFertilizer Screen 8size mn

: i
! Grade i - !
! ! +4 ! + 3 ! + 2 ! +1 !
! ! ! ! = e |
! 11-15-13 ! 6.8 ! 9.6 ! 22.0 ! 33.9 !
! ! ! ! ! '
! 11-15-15 | 0.9 ! 1.8 ! 2.4 ! 8.7 !
1 | | 1 ! [
! 14~14~-14 ! 2.8 ! 3.6 ! 5.8 ! 9.2 !
1 | b | ! 1
! 20-10-0 ! 1.6 ! 2.7 | 3.2 ! 8.9 !
! ' ! ! ! !
! 24-12-0 | 1.0 ! 1.5 ! 2.4 ! 6.5 !
! ! ! d ! !




4 - 10

TA/88/4 The use of N-P soiid raw materials in the production of
compound NPK fertilizers by N. Louizos, Hellenic Chemical
Products & Fartilizers Co., Greecsa.

DISCUSSION (Rapporteur P.H. Moscham, Esso Chemical, Canada)
Mr. T. KOIRUMAKI (Kemira Oy, Finland).

Why are compactors not available for production rates higher +than 400
tpd, and have you made any development to improve the shape of +the
product, other than the polishing drum ?

Well, as far as the size of the plant is concernad, we could not find
any compactor above this slze on the market. | do not know why. Perhaps
this is for historical reasons, but this is the biggest size that we
could get, at least for fertilizer use. For the improvement of the
shapa of the product, we do have the pelishing drum, as you mentioned,
and we know that there is already developed technology for producing
spherical granules, but we have not used this technology so far.

Mr. K. GOVINDARAJAN (Southern Petrochemical Industries Corp., India).

Can you indicate whethar the concept of GPF (granulation predictability
factor) is applicable to DAP production in a pipe reactor 7 If so,
what 1s your experlence with DAP production ?

Unfortunately, we do not produce DAP, so | do not have any exparience
of that or the concept of GPF in this case. But we can calculate this
and see what results we would get,

Mr. J.D. CRERAR (Norsk Hydro Fertilizers, UK},

Can you explain why DAP is superior to MAP for compacted fertillzers,
what size range of feed is used and have you used Minlphos 7 -

2/ Also, have you any comments on the merit of powder MAP compared
with DAF for conventional granulation ?

1/ The first question concerning the use of MAP compared with DAP for
compacted fertilizer is related to the second question about tha size
range of the fead we use. The DAP we use is granular DAP, whilst the
MAP is not granular, so | suppose this is the reason why we get better
product. We have used powdered MAP, but not Miniphos.

2/ On your second question, regarding the use of the same materials
in conventional granulation, we have used these materials, but we did
not see any difference apart from the difference in cost.

Mr. F. KANGASTALQ (Kemira Oy, Finland),

Could you use the granulation predictability factor in NPK process
contral, and what if the water content of the raw materials is varying
over short periods 7 o

Wae are not using the GPF for process control. As explained previously,
we are mainly using the concept of the GPF when we are going to switch
from one formula to another, or from one raw material +o another, but
this is made only once, and after this we do not monitor the GFF
continuously. Of course, this is something which could be done, but
wa



have found that [t 1s not necessary. We try to keep morse or less stable
conditlons during production. Naw, if the water content of +he raw
materials varias in short perieds, than it is 1ikaly to vary, say minus
or more 1%4. The GPF is not sensitive to this level of variation.

Mr. F. CARVALHO (SAPEC, Portugal?l.

You refer to some economic aspects in the introduction to your paper.
According to your experience, do you have any jdea about the comparative
production costs of a conventicnal granulation plant and & compaction
plant 7

Actually, | think the answer is in the l!ast paragraph of my paper,
where | stated that, regarding the economic criteria, it should be
stressed that costs can vary widely from one place to another, as they
de not only invelve the costs of the raw materials and intermediates,
but also production costs and other local factors. So the answer refers
to our case, and it is very difficult to translate i+ to other cases.
Anyway, the production cost of a compaction plant, according to our
exparience, is less +than +the production cost of a conventional
granulation plant. | would indicate a difference of the order of 5-
10 dollar/ton. This includes the raw material costs.

Mr. G. KONGSHAUG (Norsk Hydro, Norwayl.

As far as | understand, the granulation predictability factor (GPF)
is a number indicating the energy balance for a given temperature and
recycle ratio. In other words, a point on the granulation curve., Does
this mean +thest you *fry to operate the plant at constant capacity,
granulation temperatures and recycle ratio, independent of raw materials
and product grades ?

Agaln, | think the answer is similar to the previous question about

the varijation in the moisture, and | think the GPF is not very sensitive
to the changes +that you refer to here. | would say that this should
be used only as a general guide when we have large changes in the
production mode, but we do not use it for process confrol, or in the
casas mantioned in your question.

Mr, P. ORPHANIDES (Duetag, France).
‘n Table 4, vyou show the abrasion resistance of the product 11-15-15,
which differs considerably. What is the explanation for these large

differences in abrasion resistance 7

This is an extreme case, which | included in the table +o show a very
big variation. We have two different cases in the table, one is a normal

. case for 11-15-15, and the other is an extreme case to show that there

is variation according to the screen size of the granuies.
Dr. S.K. MUKHERJEE (KRIBHCO, India)}.

1/ What has been your experience of onstream time of the compacting
units ?

2/ What are the constituents of N-FP-K in vour compacted product 7

N R
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3/ Have vyou used urea and ammonium phosphate for the compacted
granulation process, either for commerclal or even faor experimental
runs 7

4/ What has been the experience of the caking properties of the compacted
fertitizars ?

1/ Regarding the operating time of the compacting plant, the plant
has been working since last ysar, and 1 cannot say that we have any
particular problems compared to the conventional plants that we operate.
We have more or less the same downtime for the compacting plant as
for a conventional plant.

2/ From an agronomic point of view, we have checked that the results
that we get, using the compacted fertilizers, are the same as The results
from conventional fertilizer. Alse, the analysis of the granules shows
that, more or less, you have the same constituents in either case.
Of course, this depends on the method of mixing of the solid products
and part of the equipment we have in the compaction plant is actually
used to effect proper mixing of the raw materials. The mix that is
fed to the compactor is properly mixed, so there is no possibility
of segregation as we have with bulk blends.

3/ Regarding the use of urea and ammonium sulphate, we do use these
products, and so far have produced fertilizer containing up to 15%
urea, although | do not foresee difficulties in going further, The
same applies to ammonium phosphates.

4/ The caking properties of the compacted fertilizers are the same,
although this depends on the granule size. We try to have a very specific
granule size product from the compaction plant. The compacted granules
are strictly between 3-4 mm size, so that we do not have the small
granules that would help caking. If the anticaking treatment |s the
same as with conventional granulation plants, there is no problem with
caking of compacted fertilizer.

Mr. R. HUTCHINS (Texasgulf Inc., USA).

In estimating the GPF, would you use the total water content In your
feed materials, or just the free water content which would not include
the bound water in, say, the phosphoric acid molecule or in the gypsum
melecule 7

We use the free water and do not include the bound water.

Dr. 5.K. MUKHER.JEE (KRIBHCO, !India),

tn  the compacted process, did you have any experience of using
nitrophosphates (from nitric acid decomposition of phosphate rock)
with other constituents in making compacted fertilizers 7

Mo we do not have such axperience.

Mr. P. ORPHANIDES {(Duetag, France).

You mentioned that, in the comparison of a spherical granule produced

NN SN A



