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SAEPA 1 PLANT (GABES) TA/86/10

History of a continuous improvement increasing the capa-
city from 1000 t/d4 te 2000 t/d

M.L. RAHOUI, SAEPA, Tunisia

INTRODUCTION

The development of the SAEPA 1 DAP plant at GABES has
been exemplary in tuo ways :

1. The users, to whom an already existing manufacturing
plant with its merits and shortcomings was handed over in
1980, have been able to master its shortcomings, exploit
its merits and increase its production capacity by 20%
gradually over lLess than three years. This improvement
phase s described in the first chapter of this article.

2, Two companies, SAEPA and AZF, have been able to coella-
borate effectively in making the most of the new process
developed by AZF : the process employing two tubular re-

actors.

This collaboratien took place in two stages: the first in
1983, which consisted in installing a tubular reactor in
the dryer, and the sscond, currently in progress, witl
lead to the installation of a tubular reactor in the
granulateor and to the replacement of a part of the gas-
scrubbing eguyipment. Chapters 2 and 3 of this article
deal with these Last two stages.

1. COMMISSIONING OF THE PLANT AND IMPROVEMENTS

The DAP plLant built at SAEPA factory 1 at Gabes was de-
signed by Heurtey Industries for the manufacture of
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granulated DAP 18-46-0 and 16-48~0 according to the TVA
process (Frgure 1),

This unit which started up in 1979 consists of
3 preneutralizer of capacity : 75 m3
a granutator 4 3.8 m, L = 8 n
a dryer A4 m, L =230n
a sifting bank
a scrubbing section consisting of :

a scrubber for the preneutralizer gases Granivore type

a scrubber for the granulator gases Granivore type
two scrubbers for the dryer gases Airmix type
4 scrubber for cleansing Airmix type

an ammonia reservoir of capacity 320 ¢t
2 DAP reservoir of capacity 45,000 ¢

1.1 Description of the plant at start-up

The operating parameters initially chosen were as follows:
N/P ratio of the slurry = 1,40 - 1,45

slurry density = 15Q0 - 1520
slurry temperature = 115 - 118%

recycling rate 6
The specific consumptions resulting fram this choice
of parameters are as follows :

naturai gas : 9.2 Nmo

electrical energy : 35 kWh

Problems encounterasd

a) Operating parameters

Right from start, a rapid and frequent clogging of the’
granulator due to 8 bad choice of operating parameters
(mainly the density and the molar ratioc of the slurry)
was noticed and this has slowed down the productien and
the Level of activity considerably,
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b) Clogging of the slurry sprayers
Right from the beginning, the frequent tlogging of the

slurry sprayers has led to reductions im the aperating
level and to untimely steppages of the unit.

¢) Scrubbing
The rapid and freguent clogging of the acid sprayers of
the granulator and preneutralizer gas s¢rubbing towers

were responsible for freguent and Long-term stoppages.

1.2 Increasing the operating Level of the plant

SAEPA has introduced the modifications required for al-
leviating the problems mentioned above.

a) Lhoice of operating parameters

Taking into account the high humidity of the slurry, it
was considered useful to increase the density of the
slurry to 1550 in order to shift the Liguid phase : saolid
phase ratie in the right direction.

This enabled a Lower recycling rate to be achieved, thus
tfacilitating an increase in production.

Simultaneously with the Lowering of the water content of
the slurry, it proved necessary to increase the molar
ratio N/P of the slurry to 1.50 in order to minimize the
quantity of water evaporated in the granulater. Thus,
increasing the density and the molar ratio Led to operat-
ing at a slurry temperature of 120%.

b)) Medification of the slurry spravers

Fallowing the frequent c¢clogging of the slurry sprayers,
it was decided to raduce their number to 3 {(originally
&), and consequentty, to change from 2 15 mm toa a 30 nm
diameter. ‘

At a raesgult, the injection of ammonia into the granulator
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was modified in order to provide the ammonia required for
the slurry {madification of the number aof infectors,
pasitioning, diameter of the injection orifices, direc-
tion of the jet and the height of the granulation bed}.

c) Scrubbing

The installation of sprayers of a model diffarent from

the original, with solid cone for the gas secrubber of the
granulator and hollow cone for the gas scrubber of the
preneutralizer, resolved effectively the problem of block-
age of the spraying ramps. Nevertheless, the scrubbing
yield remained well below the targets fixed.

1.3 Increase of production capacity

The new operating parameters and the various modifica~-
tions introduced enabled the production of the plant to
be increased from 1,000 to 1,200 t/day.

1.4 Specific consumptions after the modificatians

The specific consumptions of the unit were improved as
follows :
gas consumptiaen : 7.5 Nm° instead of 9.2 Nm>
electrical energy
consumption : 31.5 kWh instead of 35 kwh

€. FIRST TRANSFORMATION OF THE PLANT BY THE INSTALLATION
OF AN AZF TUBULAR REACTOR IN THE DRYER TUBE (Figure 2)

The improvement in the performance of the original plant
as described above was significant after twe years of
operation and it seemed difficult to improve the perform-
ance further with the existing process.

Being aware of the existence of a new process which em=
ploys two tubular reactors developed by the company AZF
(formerly GESA - Géndrals des Engrais), SAEPA has
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examined, with this company, the possibility of achieving
3 new break-through in the performance of the plant by
using this procass.

ALF, who already had a Long induystrial experience with
their process in their own plants for the manufacture of
NPK (AZF only rarely producing DAP) and who knew from
pilot-scale praductions that their process was perfectly
suited for the DAP production, were interested by this
industrial experiment.

An agreement was concluded between SAEPA and AZF far im-
plementing only a part of the process, that which would

bring about the most sigmificant improvement in the per=
formance of the plant with the minimum of investment and
without interruption of operations.

This consisted simply in the installation of an AZF tubu-
Lar reactor at the inlet of the dryer tube,

This tubular reactor, supplied with concentrated phospho-
ri¢ acid and with Liquid ammonia (the ammoniation ratio
N/P being fixed at a value of between 1 and 1.1), prae-
duces an ammonium phosphate siurry at approximateiy
160°C, which, as soon as it Leaves the reactor nozzle,
separates into superheated steam and into moncammaenium
phosphate particles which crystallize rapidly in the air
stream passing through the dryer.

This system has two advantages

a. The heat of neutralization of phosphoric acid with

ammonia is entirely available in the dryer.

b. The monocammonium phosphate particles formed in the
dryer are weill suited for fixing an additional amount of
ammonia in the granulator witheut significant interfer=

ence with the gas-scrubbing operation,
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2.1 Start=-up of the modifisd plant

The installation of the tybular reactor at the dryer in-
let could be carried out without difficulty although the
position of the chute in the middle of the sheath of hot

air coming from the cambustion chamber was not fdeal.

The top of the tubular reactor stands in the open on a
platform, the reacter body passes through the hot air
sheath and runs along the chute ending substantially in
the axis of the dryer tuba.

The rest of the plant was not modified and the management
of the plant remained unchanged.

When the tubular reactor was put inte operation for the
first time, a problem related to the unit design of the
shovelling of the dryer was noticed, 1iIn fact, a faw
metres from the dryer inlet, the size of the shovels was
enlarged, choking the free section inside the dryer just
at the point where the jet Leaving the tubuylar reactor
spreads out. The original hammering of the dryer not be-
ing operational in this zone, this caused the monoammonium
phosphate particles to stick to the shavels.

The problem was solved easily by installing a new, simple
and efficient hammering system and by cutting out a blank
along the first six metres of the spirals in order to re-
duce the height thereof, a precise centering of the tubuy-
Lar reactor being a prerequisite fer its proper function-

ing.

2.2 Testg of guarantee

Tests of qguarantee were carried out over 3 days in

April 83 and the results obtained were as follows ¢
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Capacity
Dates Hours of Production in 24 h Ilncrease in

aperatign tfd capacity due
ta T.R, t/d

23/4 24 1,637
24/ 4 22 1,640 492
an average
2574 24 1,680
4,957 1,676 (+#43X)

On 28/4, outside the test period, the increase in capa-
city was 576 t/d (+49%),

Consumptian of heating gas

Puring the 3 days of the test of guarantee, the gas con-

3.ft DPAP. The consumption without the

sumption was 3,12 Nm
tubular reactor was 4 Nmsft. Therefoare, there is a 48%

saving.

The operators of the plant Learned very quickly how to
use the tubultar reactor and they themselves introduced
some modifications thereto.

In addition to this first modification phase of the plant,
it was necessary to increase the size of the fluidized-
bed cooler two-fold as it could not absorb the additional
7T0% capacity created since the commissioning of the plant
in 1979.

Z.END OF THE REMODELLING OF THE PLANT, INSTALLATION OF
AN AZF TUBULAR REACTOR IN THE GRANULATOR - REPLACEMENT
OF A PART QF THE GAS-SCRUBBING SYSTEM (Figure 3)

The capacity of the SAEPA 1 DAP plant as used at present,
appears to be close to the maximum possible capacity.
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In fact, it would appear that it exceeds the tapacities of
most of the DAP plants of caomparable size around the worlid.

However, one of the characteristics of this plant is un-
satisfactory : the ammonia yield. Despite the improve-=
ments introduced to the initial gas-scrubbing edquipment

by the SAEPA operators, its efficiency still remains aver-
age. Additionally, the release of ynfixed ammonia coming
from the granulator, and perhaps maihLy from the pre-
ngutralizer, is c¢onsiderable.

ALL these factors contribute te the fact that the ammonia
yield of the DAP plant hardly exceeds 4%, which 135 quite
unsatisfactory, considering the fact that the gas~-scrybh~-
bing equipment was not modified when the plLant capacity
was increased from 1,000 to 1,200 t/d.

Following this observation, a second stage of collabora-
tion between SAEPA and AZF was initiated,

The AZF angineers often talk about the 3rd reactar of
their two-tubular-reactor process. This rafers to the
gas-gcrubbing system that they developsd and perfected a
few years ago, in order to solve problems similar to those
occurring at SAEPA 1 today.

Following a detailed study of the possibilities for im-
provement, jointly carried out by the two companies, a pro-
gramme was recently finalized for a new project which would
enable maximum efficiency to be achieved at minimum cost.

It was decided to make the following changes :

1. Installation of a tubular reactor in the granulator’
2. Installation of the AZF special ammonia=injectian ramp
in the granulator,

Provisienal mainteanance of the preneutralizer so as not
to take any risks (AZF would have preferred to omit it)
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3. Replacement of the existing preneutralizer and granu-
Lator gas-écrubbing equipment with a umit congisting of

a Venturi scrubber, a separator and a cyclone column.

This new equipment, designed for treating the gases Leaving
the granulator equipped with the tubular reactaer, may also
treat the gases originating from the preneutratizer if it
is decided to keep it in operation.

The main targets of this new project are as follows

Guaranteed Cxpected
performance performance
Capacity 1,450 t/d 2,000 t/d
NH3 yield of
the grapulatian
section 7% 98%

Other secondary improvements of the plant relating to the
internal cleansing of the plant and the cooling of the
final product which was originally designed to handle
1,000 t/d, will also be jointly studied.

As the results appear promising, the two companies are

keen to see this new project implemented quickly.
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TA/B86/10 SAEPA 1 plant (Cabes). Histery of a continuous improvement

increasing the capacity from L0000 t/d to 2000 t/d by M.L.
Rahouil, SAEFPA, lunisia

DISCUSSIUN : (Rapporteurs Messrs A. Constantinidis, SICNG, Greece &

L]

V. Bizzotto, NSM, Netherlanas)
Mr D.w., LEYSHGN, Jacobs Engineering, USA

We Dbelleve the requirement o ammoniate in the granulator
agquiticonal MaP made in the daryer ovarloads the ammoniating
capability of the granulator leading to excesasive NH3 slip. in
the DAP process tne granulater is in fact the bottleneck
gquipment and compared to the conventicnal DAP proceas, you are
expecting almost 50% more ammmoniation to take place there., Can
you give us any further detalls on the special sparger you are
using to accomplish this ammoniation?

The introducticn of the pipe reactor in the dryer did not raise
any problem for the ammoniation of the additional MAP in the
circulation loop and there was no noticeable disturbance., The
absorption of aomonia in the granulator 1ias probably made sasier
by the nature of the powder product as well as by rubtber lining
of the granulator and an increased diameter of the ammonia
nezzles.

Mr M. BARLOY, SCPA, France

Fage 9 you indicate guaranteed and axpected performances fopr
samponia of 9% and 97%. Is it not the reveraed

These figures snoula be changed, the guaranteed performance is
974 and the expected one 98%.

Mr P,T., LAMMI, Kemira Oy, Finland

On page 6 you are saying that the eriginal hammering was replaced
by a new, aimple ana efficient ona; could you please describe the
new hammering system?

The new hammering system is a mechanical one whersas the old one
was pneumatical. The o¢perational principle i3s3 as followa: the
hammering piston is lifted by a rod driven by an slectric motor
ana then released at the top position. The weight of the piston
and the dropping height determine the hammering power to be
chosen.

Mr k. CODINA, S.A. Cros, Spain

Loncerning the teats daescribed under 2.2 of the paper, I would
lLike to know:

l. wnat was the total aclid circulation at the granulator outlet
(t/hr)

2. 0Of the total amount of P205 entering the plant, what
percentage goes to gas scrubbing of the dryer and what N/P molar
ratio was obtalned in those liquidsa?
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A - 1. The total circulation of solids leaving the granulator is
about 3 to 1, that is 200 t/ha for a proguction of about 58&
t/hr. -

2. 28% of the total amount of P205 entering the plant go to the
aryer scrubbar., The molar ratios of the aifferent scrubbings

are;
aeruboing acia Serubbing aeid - 3erubbing acid
gas from the dryer gaa from the granulator gas from the
‘ ‘preneutralizer
N/P 0.4 to 0.6 ‘ 0.4 to 0.6 0.6 to 0.85
Cutput 13540 1530~1600 1400=1450

& « Mr M. SEDIEY, SCPA/FEC Znginearing, France

When the reactor was first started, some difficulties led AZF to
cut the lifting blaaes in the first part of the dryer. Did you
cut these blades and change the position of the pipe reactor?

A - We had asome difficulties when starting the pipe reactor, in
particular owing to the acaling of the blades. In the firat stage
wWe mace a slight cut in the bladea of the aryer along the first 6
metras. We also relccated the pipe reactor at the drysr inlet
with a resulting centesring, which completaely aclved the problsem
of sealing. ‘ ‘ ‘



