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Abstract—The influence of impurities in phosphoric acid on the granulometery of the produced DAP was experimen-
tally investigated in a petrochemical plant. It was found that DAP granulometery can be substantially improved as the
total concentration of aluminum and iron oxides in the phosphoric acid is increased up to 2.2+0.1 wt%. A correlation
was proposed for predicting the DAP granulometery in terms of total concentrations percef@efH@0;) in the
phosphoric acid.
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INTRODUCTION ing the granulator should be in the size range of 1-4 mm; otherwise
the process variables, namely temperature, acid density and recycle
Di-ammonium Phosphate (DAP) is one of the best chemical fer+atio, should be changed properly [Didier Eng. GmbH, 1988]. Since
tilizers used individually or in combination with other fertilizers or controlling the granulation circuit at steady state is difficult, any
soil nutrients. It is usually produced through reaction of wet phos-change in these variables should be in the range of permitted design
phoric acid with ammonia in a pipe or tank reactor followed by thevalues.
granulation process [Becker, 1989]. When a pipe reactor is used the It should be noted that the required phosphoric acid for DAP pro-
slurry moisture is lower as compared to the tank reactor. Thereforduction is usually provided by acidulation of phosphate rock (wet
less water is flowing through the process which results in reducingprocess) in the phosphoric acid unit. Since the levels of impurities
the dimension and cost of required equipment [Didier Eng. GmbH,in different phosphate rocks are not the same, the produced phos-
1988]. Effect of impurities on the DAP granulation by using a pipe phoric acid will also contain different amounts of these impurities.
reactor followed by a drum granulator based on the TVA designThe concentrations of these species may have a strong effect on
(Fig. 1) is the subject of this study. granulometery of the product. In some cases, too fine or too coarse
The reaction between ammonia and phosphoric acid in the readAP granules far from the optimum range of 1-4 mm are obtained
tor leads to MAP (mono ammonium phosphate) or DAP depend{ZareNezhad, 2001].

ing on the N/P ratio. The overall reactions can be written as: Effects of temperature and moisture content on DAP granulation
were previously investigated [Adetayo et al., 1993; Ennis et al., 1990].

HsPO,+NH, = NH,H,PO, @ Although the influence of impurities such as iron, aluminum and
NH,H,PO,+NH, > (NH,),HPO, @) magnesium on the phosphoric acid viscosity and DAP composition

have been evaluated [Becker, 1989; Handley, 1984], but the effects
When the ratio of N/P is greater than unity, the produced MAPof impurities on the DAP granulometery are not presented in the
in the first reaction is converted to DAP in the second one. Sincditerature. Therefore a series of experimental investigations is car-
both reactions are highly exothermic, DAP is commercially pro- ried out to determine the influence of impurities in plant scale. The
duced in two consecutive steps, which results in lowering the slurnparameter Z(=1/C.V) is used to express the granulation quality of
viscosity and reducing the loss of ammonia. In the first step, phosthe produced DAP. The coefficient of variations (C.V) of granules
phoric acid with 40 to 42 wt% of®; is introduced through the reac- (around the mean size) in a collected sample at the granulator out-
tor and after reacting with ammonia, the precipitated product withlet can be written as:
N/P of about 1.3-1.4 is carried to the granulator drum. The second
step is then completed by injection of further ammonia into the drum
keeping the N/P of the granulated product at about 1.8-2. Recycledhere L., is the weight mean size defined as:
seed granules are fed to the granulation drum. Produced slurry in L.=S (Lw) @
the pipe reactor is sprayed onto the seed granules, and granule growth ™" Y
occurs. Granules leaving the granulator are first dried and then screewhere L represents the average diameter of the granules collected
ed to separate out the product size. between the sieves i and i+1, in the size intervl L., and in
Generally, 70 to 80 weight percent of the produced DAP leav-weight fraction wdefined as (kL,.,)/2. As the granule sizes in
an assembly become more uniform, the C.V gets smaller. In this
To whom correspondence should be addressed. study the parameter Z(=1/C.V) is more convenient to use, since
E-mail: zarenezhad@yahoo.com a higher Z value implies more uniform granules and hence a better

C.V=[¥ (L —Loyw]l’ L, [N
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Fig. 1. Process flow diagram for production of granular DAP.

granulation quality. EXPERIMENTAL SECTION

PRELIMINARY STUDIES All required chemicals were provided from Merck, Ltd. The purity
of AlL,O, and FgO, powders was about 99.5 and 99.7% with mean
Three set of experiments were initially carried out in a DAP plantparticle sizes of aboutpin and 2.5um, respectively. A series of
at similar operating conditions [ZareNezhad, 2001]. The analysisxperiments were carried out in the DAP plant of Razi Petrochem-
of phosphoric acids, namely A, B and C, produced from digestionical Complex of Iran at similar operating conditions. The level of
of three different phosphate rocks in sulfuric acid is given in Table Limpurities was the only changing variable. The pipe reactor was
When acid A is used, the size range of produced DAP granules i2.5 m long with ID of 27 cm. The slurry at the reactor outlet was
mostly within 1-3 mm, whereas for type C acid, too coarse gran-conducted to a drum granulator (ID=4 m, Length=8 m) with 4%
ules are produced which overloads the crushers resulting in too finslope and rotational speed of 6 RPM. Run R1 was done with low
particles in the recycle stream. Regarding the granulometery of thgquality phosphoric acid (Acid C in Table 1). Other runs were per-
product, the quality of the acid of type B is better than type C butformed by adding different amounts of@J, FeO, and Suspend-
not as good as type A. According to Table 1, as the phosphoric acithg solids (gypsum and inerts similar to the real case) to this acid
changes from type C to A, the C.V of the DAP granules reducegacid C) to observe any subsequent change in the DAP granulome-
significantly from 159.3% to 24.6%. It is quite clear that the main tery. The mixed acid was then pumped toward the reactor inlet.
difference between the three analyses is the weight percent of sus- At steady state condition, three 10’@amples were taken from
pended solid, AD, and FgO, in the phosphoric acid solution. There- the reactor exit and transferred quickly to the filtration equipment.
fore, a series of experiments is performed in real scale to find ouThe solid particles collected on the (R filter paper were kept
the effect of these three species on the DAP granulometery. in an electrical oven at 3Q for 24 hours. The obtained dried par-
ticles were then used for particle size analysis by a Coulter counter
(Model Multisizer Il) [Coulter Electronics Ltd., 1988]. The col-
Table 1. Analysis of three types of phosphoric acid produced by  lected solution samples were analyzed for determination of N/P by
acidulation of different phosphate rocks and the corre-  pH titration using 0.5 N sulfuric acid and 0.5 N sodium hydroxide.
sponding C.V% of produced DAP granules The atomic spectrophotometer was used to determine the different

ltem Acid A (Wt%) Acid B (wt%) Acid C (wt%) chemical compounds in the solution samples [Jeffery et al., 1989].
PO, 5050 5214 5129 Also 2Ikg of cp}l)r%duced DAP %ranulgsv was cgllecteo! at c’;hs grgngla—
et 2600 2630 2710 tor c|>utlet'an the corre'spont I‘T’ﬁ V was betermlnc}le y §|eV|ntg;|
Susp.solid  0.881 0473 030 Cliiin are summarized in Table 2,
cr 0.015 0.013 0.012 '

Fe0, 1.250 0.580 0.120 RESULTS AND DISCUSSION

Al,O, 0.981 0.714 0.200

F 0.640 0.610 0.630 Chemical analysis of the solid and solution phases [Arthur, 1990;
Ca0 0.090 0.083 0.104 Jeffery, 1989] indicates that as the reaction of ammonia with phos-
MgO 0.610 0.570 0.552 phoric proceeds, XD, and F¢D, participate in the reaction and pro-
C.V.% 24.62 45.87 159.3 duce aluminum and iron compounds such as AIBEO, NHAI
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Table 2. Ranges of species concentrations in different runs

rate of ammonium phosphates in the reactor.

RuUNS FeO, Wi%  ALO,, wt%  Susp. Solid, wt% The effect of acid impurities on the total particle concentrations
of the slurry at the reactor outlet is shown in Figs. 2 and 3. In this
R1-R6 0.12 02-12 032 figures the number of particles per kilogram of slurry is plotted against
R7-R12 0.37 0.2-1.2 0.32 the weight percent of AD; at different Fg€D, and suspending solid
R13-R18 0.62 0.2-1.2 0.32 concentrations. In Fig. 3, the resulting DAP granulation quality ex-
R19-R24 0.87 0.2-1.2 0.32 pressed as Z(=1/C.V) is plotted versus wt% ¢DAIFeO; in mixed
R25-R30 1.12 0.2-1.2 0.32 phosphoric acid.
R31-R36 137 0.2-1.2 0.32 Three different runs, namely R2, R9 and R30, are shown in Fig.
R37-R42 112 0.2-1.2 0.62 2. Itis clear that increasing the,®) concentration from 0.4 to 1.2
R43-R48 112 0.2-1.2 0.92 wit% and FgO, concentration from 0.12 to 1.12 wt% results in a
R49-R54 112 0.2-1.2 1.22 62 percent decrease in particle number concentration from #.5x10
(in R2) to 1.7x18 particles/kg of slurry (in R30). It can be con-

5 o cluded that increasing the aluminum and iron oxides in the phos-
S.Solid = 0.32 | ® Fe,0,=012 | phoric acid solution decreases the rate of ammonium phosphates
egR2 1 v Fe0,=0.37 | nucleation; thus the number of fine particles entering the granulator

T | & Fes=062 | is reduced. This in turn may inhibit the rate of excessive agglomer-
- 4- v Re i . ;eéglf d_=1(.)1922i ation, and thus more uniform DAP granules with low C.V (high
2 el YL B L s.Solid = 122 Z) are produced as shown in Fig. 3. Conversely, the generation of
g e B n— a large number of fine particles due to deficiency gdfdnd FgO,
2 3 fes o w8 in the reactor may speed up the adhesion and coalescence of the
“g * e VW DAP granules in the granulator, and thus large amounts of weak big
- e BRRETRP lumps of the product are obtained. When these lumps pass through
© . Fe,0,=1.12 -I;;:-%_ the crushers a large amount of dust and fine particles in the recycle
i stream is produced, which leads to serious operational problems
and reduces the production rate.
According to Fig. 3, increasing the,8L+Fg0; concentration
1 N B B m I . from 0.4 to 2.3 wt% results in a 62% reduction in the number of

-
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Fig. 2. Effect of impurities on the number
duced at the reactor outlet.
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generated particles at the reactor exit slurry and a 80% reduction
in C.V (4-fold increase in Z) of produced DAP granules. As shown
in Fig. 2 the effect of suspending solid entering the reactor on the
product particle concentration at the reactor outlet and granulome-
tery of the produced DAP is negligible. According to Fig. 3 there
is always a direct correspondence between reduction of fine parti-
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Fig. 3. Comparison of the effects of impurities on the number of

fine particles at the reactor outlet and granulation quality

of produced DAP.
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(HPQ),, FePQ. 2HO and NHFe(HPQ), in addition to the ammo-

nium phosphate particles. These together with the suspending soligisg. 4. Effects of concentrations of aluminum and iron oxides on
entering the reactor may have considerable effect on the nucleation the size distributions of granular DAP.
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B ¢ m e e e e e S s s Based on experimental measurements, a correlation was found
= Experiments between the total concentrations ofG\FeO; in the phosphoric

— Fitted Line (Eq. 1) e acid entering the pipe reactor and DAP granulometery as shown in
Eq. (3) and Fig. 5. In order to enhance the granulation quality with-
out operational difficulty, the total concentration of aluminum and
ferric oxides in the phosphoric acid entering the reactor should be
increased up to 2.2+0.1 wt%. This is an interesting result which
can be used for improvement of the operational condition of DAP
plants having a PFD similar to Fig. 1. Applying this to the DAP
plant of Razi petrochemical complex in Iran resulted in an 80% de-
crease in C.V of the produced DAP granules and 65% increase in
production rate.

Z, granulation quality

ACKNOWLEDGMENTS

0 T T T 7 i | T 7 i T Y I
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28

Wi% of (A,O, + Fe,0,)in the acid solution The research opportunity provided by National Petrochemical

Company (NPC) of Iran is highly appreciated. The author would

Fig. 5. Comparison of the measured DAP granulometery with Eq. jike to express his gratitude to Prof. P. Becker for his suggestions
(1) at different total concentrations of aluminum and iron during the experiments.

oxides.
NOMENCLATURE
effects of AJO, and FgO, concentrations on the ammonium phos-
phates nucleation rate in the reactor, which in turn influencse th&=1/(C.V): granulation quality [-]

granulometery of the produced DAP in the granulator. C.V=0/L,,: coefficient of variation [-]
Fig. 4 shows that by increasing the@#FeQO, concentration ¢ : variance [m]
in the acid from 0.6 to 2.3 wt%, C.V of the produced DAP granulesi : Sieve number [-]

reduced from 112% to 25%, such that more uniform DAP gran-L;  : average size of granules between sieve i and i+1 [m]
ules are obtained. When the summation of aluminum and iron oxidé&,, : mean size of DAP granules collected with n sieves [m]

concentrations in the phosphoric acid is about 2.3 wt%, about 80% : number of sieves [-]
of produced DAP granules are in the size range of 1-3 mm withw;, : weight fraction of granules between sieves i and i+1 [-]
C.V of about 25% which is quite desirable. C :AlLO,+Feg0,in the mixed acid [kg(kg acid) 100]
For the wide range of 0.4<A),+Fg0,<2.3 Wt%, the measured
DAP granulation quality can be correlated as: REFERENCES
Z=(2+0.01)G-(0.3+0.02) ®)

Adetayo, A., Lister, J. D. and Desai, M., “The Effect of Process Param-
where C is the total weight percent of@¢+FegO; in the mixed eters on Drum Granulation of Fertilizers with Broad Size Distribu-
phosphoric acid entering the pipe reactor and Z is the granulation tions; Chem. Eng. Sci48, 3951 (1993).
quality (=1/C.V) of the produced DAP measured at the granulatorArthur, W., “Physical Chemistry of Surfaceg} Bdition, Wiley, New
outlet. York (1990).

Values of the parameters were determined by linear regressioBecker, P., “Phosphates and Phosphoric Acid;’ Dekker Publishers, New
analysis of 34 data points. Eg. (3) as shown in Fig. 5 is well repre- York (1989).
sented. The standard error in parameter estimates was determin€dulter Electronics Ltd., “Coulter Counter Operating Manual; England
at 95% confidence interval. (1988).

According to Figs. 3 and 5, when the concentration gbAd Didier Engineering GmbH, “Start Up and Operation Manual of DAP
Fe O, in the acid is out of the range of 0.4-2.3 wt%, there is no sig- Plant; Germany (1988).
nificant effect on the number of fine particles at the reactor outletEnnis, B. J., Li, J., Tardos, G. I. and Pfeffer, R., “The Influence of Vis-
and granulometery of produced DAP. The results obtained in this cosity on the Strength of an Axially Strained Pendular Liquid
study suggest that the reactive precipitation process in the reactor Bridge; Chem. Eng. Sgi45, 3071 (1990).
plays an important role in the subsequent DAP granulation pro<Jeffery, G. H., Basset, J., Mendham, J. and Denney, R. C., “Vogel's Text-
cess. Close examination of the results reveals that when the total book of Quantitative Chemical Analysis; Fifth Edition, Longman
concentration of AD,+Fg0O; in the mixed phosphoric acid is grad- Group, UK Ltd. (1989).
ually increased to 2.2+0.1 wt%, the amount of lumps at the granuHandley, M. M., “Effects of Impurities on Production of DAP; Pro-
lator outlet and the DAP fine volume in the recycle stream decreased ceedings of the IFA Technical Conference, Paris, Frarg@y.
such that the C.V of the produced granules in the size range of ZZareNezhad, B., “Increasing the DAP Production Capacity by Control-
4 mm decreased to about 25%, which is quite desirable. ling the Level of Impurities; Technical Report, National Petrochemi-

cal Company, Tehran, Iran (2001).
CONCLUSIONS
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