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15T WORKING SESSION

TA/84/1 New developments in the dual pipe Teactor process by P.

A

Chinal & Y. Cotonea, CdF Chimie AZF, France (Rapportaur J.
Cariou, COFAZ SA, Ffrance}

Mr., H.G. JENNEKENS, UKF, Netherlands

Is it possible to by=pass the pre-neutraliser in DAP-production
aftar plant modification as propased by vou?

Yes, we cecan revamp a DAP plant with the use of a pipe reactor
without preneutraliser. We have adapted the internal equipment of
the granulatoer.

Would vyou 1indicate the ironm, aluminium and magnesium content of
the $2% P205 acid used in DAP manufacture and forecast, 1f actual
data not available, what DAP analysis you would expect for 522
P205 acid containing about 1.7% Pe203, 1.42Z Al203 and 0.8% MgQ.

Analysias of P205: (ex Togo) P205 : 49, A1203: 1.5, PFe203: 2.0,
Mg0O: 0.36 ; Analysis of product: 17.8 = 46.23.

What {3 the maximum capacity you would project for DAP in a
single train?

Mazimum eapacity: L00 t/h without any problem.

Mr. N. KOLMEIJER, Windmill Holland, Netherlands

Concerning application of a pipe reactor in the drier, I presune
there 13 a petantial danger of build-up by solidification of pipe
reactor-slurry on t'= wall of the drier. Does it occutr? Can vou
prevent it? Is there a certain minimum drier diametar?

L]
We don't meet problems of build-up in our dryers. We avoid it by
the use of classical hammers on the first part of the deyar.
Minimum drum dlameter 13 2.5 m.

Mr. X.L. PARKS* Agriﬂu, USA

Can you expand on rthe statement, “The problems of blacking
ancountered in the early industrial plants were quickly
overcoma”"? Whap ate a) pipe cleaniag methods, b) periods betwzen
claaning, ¢) nature of scale, d) influence of acid composition on
secaling rate, e) reasons for this improved operation?

Pipe cleaning method = by use of steam.
Mr. R. MONALDI, Fertimont SpA, Italy

The 1installation of the pipe reactor in the dryer has provoked
several questions during the IFA Confarence hald in Greece
centred almost on the problems connected with the production and
recyeling of the MAP dust in the DAP production.
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I should like to caonsider this under a differeant point of view.
The circulation in the dryer practically consists in thae blending
of products that have a different grade of ammoniation.

I should 1like to know what 1s the variation, possidbly 1in
statiastical terms, of the content of the N and of the P205 in the
finished product.

The maximum content of MAP in the final product 13 4% (several
analvsis).

Have you aver used the pipe reactor 4£n the ammoniation of the
slurry which comes from nitrie attack of the rock?

If .30, what are the operating problems during ammoniation?

The pipe reactor i3 not used in a nitric resction of phosphate,
but can neutralize HNO3I+H3IPO4 with NH3.

Mr. N. LOUIZQS, SBSAHPEC, Greece

What 13 the estimatad 1life of a opipe reactor especially when
sulphuric acid 15 wused? What 1s the optimum material of
construction? ‘

The life time of the reactor, especially with H2S504, is 2 vears.
Material of construction, stainless steel to produce MAP, and
teflon with H2504+H3P04.

Mr. E. SEUNA, Kemiva Oy, Finland

How do you wmeasure the sphericity of the granules? How do you
control the granulation when manufacturing different grades with

different granulating properties? How does the capaclity change
when producing different grades?

The sphericity is measured by ona test in which the zranules are
mada to alide on an inclined plana and the number of granules are
counted at the bottom.

Capacity range i3 of the same ordar as in conventional processas.

Mr. I.K. WATSON, UXF Fertilizers Ltd, United Kingdom

We also operate pipe reacter but in conjunction with a blunger.
We have alse noticed that a much higher moisture content {3
possible for products made with the pipe reactor, and in
particular 17-17~17 (aee page 1-9). Do the authors have an
opinion or knowledge to explainm this phenomencn?

AZF experience is that It 1is necessary to maintain a low humidity
to ensure good storage properties.

Additional questions put in writing

qQ -

Mr. K.J. BARNETT, Norsk Hydros Fertilizers Ltd, United Kingdom

Worsk Hydro Fertilizars expariasnce is that MAP is difficult to
ammouniate in the sollid phase. The situation must be esasier {f tha
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MAP produced in the dryér is finely divided. This goes against
afficient cyelone operation:’ '

l. Would Mr. Cotonea care to comment.

2. Is there any contrel over MAP particle size produced ULy the
dryer pipe reactor. What is the optimum mean particle size?

3. On the convertad SAEPA plant, how does dryer dust loading and
eyclone efficiency compare before and after tlie conversion?

.4 — The size of MAP crystals does not affect the efficiency of
ceyclones. When we ravamp a DAP plant, we chack the good running
conditions of wvalves of the cyclones.

For example in SAEPA, the content of dust in the scrubbing system
was not changed before and after the start-up of the pipe reactor
in the dryer.

Q = Mr. R. SCHGEMAKER, UKF, Netherlands

In one of your schemes you show the plpe Teactor at the outlet of
the granulatioa=drum. TIf this is a correct image, what function
has the granulator since the major part only serves for
transportation of the bulk of the reecycle plus the solid raw
naterials?

#A = Yes the pipe reactor is at the outlet of the granulation drum.
The slurry is sprayed down to¢ tha bottom of the drum. And the
afficiency of the granulator is the same as with a slurry systam.

Q@ = Mr. H. BOUCHENY, St& J. Boucheny et Cie, ¥rance

Why do you use a Venturi type scrubber? Is it because of the
problems associated with the plpe reactor or of the formation of
ammon'um nitrate mist in the dryer?

What is the loss of pressure 1in the Venturi scrubdber and 1its
efficiancy?

A - The Venturi scrubber ensures a good contact betweaen gas and
liquid and a good dust collaction.

TA/B4/2 Start=-up 1in the USSR of two of the world's thrae most
powerful NPE granular fertilizer plants by P. Chinal, CdF
Chimie AZF, France (Rapporteur J. Cariou, COFAZ SA, France)

Q - Mr. R. MONALDI, Fertimont SpA, Ttaly

Prom the tables 2 and 3 it is not easy to evaluate the quantity
of the NH3 that enters in the scrubber., I should like to kmow the
quantity of the NH3 thst escapes from the granulator.

A - When the plant is running in DAP the total amount of NH3 through
the scrubbing system 13 12% of the NH3 ian the product.
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Mr. L.K. RASMUSSEN, Superfos, Denmark

Which material is used to heat 62% HNQ3 te &0°C?

Normally with 56=~58% acid, 25/20 low carbon stainless steel. Na
experience with 627 acid, but it should not raise any difficulty.

Mr. J.D. CRERAR, Norsk Hydro Fertilizers Ltd, United Kingdom
Please give more details on how liquid effluent is avoided?:

Thae acid and the secrubber liquor discharged from the gas serubber
are introduced in the pipe reactor and the water i1is found as
steam in the drier and in the granulator.

Mr. G. BRUSASCO, Fertimont SpA, Italy

Considering a production capacity of the ammonfum nitrate plant
reported in ¢the wmaterial balance of table 1, a pressure reactor
with steam recovery can reduce te zaero the steam cansunption and
export 6-7 t/hr of pure steam at 6 bar. Why you have not
considared to introduce this energy saving in auch a huge planc?

Yes, but a lot of staam was available on the plant.

Mr. V. SCHUMACHER, BASF, Germany

Would you please give some mora technical details abeut the
"notoer driven amaonia distributors” and the "automatie
self-cleaning chuce™? ’

At the begianing a moblle chute was built in te aveid scaling on
the ammonia pipes in the granulator. Recently AZF developed a

chute which avoids internal bearings. It is driven by a shaft and
bears the pipe raactor.

Mr. N. ROLMEIJER, Windmill Helland, Netherlands
Is it more economic to achliave a very large production capacity,

28 in YUS55R, in one line, or In two lines with half the cazpacity
io parallal?

It would <take too long to discuss all the economiec parametars,
but Wwe favour more and more very big units (for instance in USSE
in the last 15 yearts). :

Mr. S. BOUCHERAT, SCPA, France

Doas the Very great langth of the drier (40 m) not result in tha
breaking of granules and the increasas of the racycle ratio?

No, numerous measurements were made in the AZF driers in the USSR
and on NPK plants, both conventional {slurry procesas) and with
pipe reactors.
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TA/34/3 The use of & prassura néutraliznr for slurry granulatcion by

D.M. Ivell & N.D. Ward, Norsk Hydro Fertilizers Ltd, United
Kingdom (Rapporteurs J. Cariou, COFAZ SA, France, and 35.
Swanstridm, Kemira Oy, Finland)

Mr. K.L. PARKS, Agrico, USA

What 13 the composition of the acid stream used! a).tu scrub the
reactor agd graaulator exit gasas and b) as the £final gas
scrubbing liquid (page 3, & 2 & 3 resp.)?

The scrubbing liquor {3 generally controlled at a mole ratio of
0.3 to 0.4:1., For DAP produecion, P205 conceuntration 1{Iin the
scrubbhing liquor would be 40-4537%.

Mr. K. BELL, ICI PLC, United Kingdom

Do vyou experience any choking problems at the 1liquid outlet
standpipe ot ammonlia falet point and if so how do you c¢lear the
chokea? Do you exparience any variatious in flow due to foaming
in the reactor?

There are certainly no significant problems with choking at
either the liquid outlet or the ammonia inlet. We do however have
automatic steam purges on all feed lines to and from the reactor.
The feeds and steam purges are activated by multiposition
awitches. On the odd ocecasion the ammonia flow or the soelution
outlet flow can begin to drop off due to zome small deposits.
Thaese deposits can be very easlly cleared by selection of the
appropriate steam purge for a few seconds. Tha plant would
continue to run during this eperation.

Mr. G. BRUSASCO, Fertimont SpA, Italy

When vyou use phosphoric acid high in impurity, have you problams
of building=-up {inaide the reactor? If yes, how do you operate?
What ia the frequency of the reactor claaning?

We have used sludge acid containing up to 13% solids In the
pressuvre reactor without suffering from builld-up problems or line
blockages. We never have to drain the reactor for cleauning
purposes,

Mr. N. LOUTIZOS, SAHPEC, Greace

What are the advantages/disadvantages of DTR compared to the pipe
reactor? Could vou ¢onvince a potential wuser Lo empley a DTR

rather than a pipe reactor? What are normal ammonia losses with
DTR?

We are happy to disgcuss the advantages of DTR compared te the
pipe reactor and will leave others to discuss any perceived
disadvantages.

The DTR has as 1its baais the same basie principle as a pipe
reaccor - that of operation at elavated pressure and temperature
to produca a low water ceéntent solution and henmce reduce recycla
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ratio and fuel consumptionm in the solids section of the process.
As with a pipe reactor agitation and slurry pumping are dispenaed
with.

The mailn difference between the DTR and a pipe reactor ralates to
the buffer ecapacity of around 20 minutes whieh the DTR has. This
enables changes 1in flow or composition of the feeds to be
smoothed out before the ammeuium phosphate is spravyed into the
granulator. 7This ensures that the conditicon of the ammonium.
phosphate solution - mole ratio, temperature and water content -
{3 c¢ounsistently wmaintained. Problems of blockages in the reactor
(wall documented for pipe reactors) or in downstream equipment
are avolded. A consistent slurry quality ensures that granulatien
is stable and easily controlied and results in minimum recyele
ratio and therefore maximum production rates.

The buffer capacity in the reactor, in combination with tha
efficient mixing afforded by the draught tuhe, enauras a highkly

efficienat reaction - ammonia loss closely approaches that due to
the ammonia vapour pressure.

The vapour in the reactor is easily controlled so as to maintain
slurry conditions of temperature and water content independent of
throughput. The reaction steam is disengaged from the slurry ian a
controlled manner prior to spraying in the granulator. In this
way the water and energy balance in the granulator is improved
and controlled and the moisture carrying burdean of the granulatoer
is draseically raduced.

In ‘summary, we beliaeve that the DTR combines the advantages
offered by pipe Treactors with the tradirional wvirtues of
conventional atmospheric reactlon procasses. We helieve that the
inherent problems with oplpe reactors are sufficiently serfious,
particularly for DAP production, t¢ couvince many potential users
to employ a DTR in prefarance, The new plant ia India and the

revamped plant, referred te ian the paper, are r cent examples af
this.

Mr. A. SARKKA, Kemira 0Oy, Finland

T .
Is a opressure neutraliser suitable for ammoniation of digestion
ligquor {(caleium nitrate, phosphoric and nitric aeid mixture)?

We have no direct experience of using the pressaura neutraliser
for ammoniaticon of nitrophosphate digestion liquer., We do have
experlence however of auwmoniarion of sulphuric/phosphoric acid
mixtures as well as ammonium nitrate/phosphoric acid mixtures. In
principle we see no oproblem with the wusze of the pressure
neutraliser for this duty. :

Mr. N. KOLMEIJER, Windmill Holland, Netherlands
Why do you limit the pressure in the reactor to L kg/cm2 g? If
you would go up in pressura the water content would be even lower

and recycle further raducad.

We have used pressures of up to 2.1 kg/cm2 g for cartaia MAP
based grades. The problem 18, in general however, one of ammonia
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vapour pressure. Whilst 1ncreasiﬁg presaure above 1 kg/cm2 g
cectainly allows us to reduce water contant, we can only do so by

increasing the temparature.

*

Q -~ Mr. J. LE PAGE, ICS, Senegal

Is the NH3 used in the pressure reactor and 1n the granulator in
liquid or gaseous form?

A - Liquid or gaseous ammonla c¢an and have been used in both the
reactor and the granulator. In general liquid ammonia 1s used in
the granulator whilst in the reactor the decision would depend on
acid strength: if acid of 48-49% or stronger is available for DAP
production then liquid ammonia 13 used.

Q - Mr. E. SEUNA, Kemira Oy, Finland

How do you start Lhe DTR? How long doces it take? What is the
minimum secrength of H3PD4 to have any advantage of a pressurized
neutralization? What i3 the difference of ammenia conteant In
off-gases between atmosphere and pressurized vaeaactor?

A — a) From cald the DTR 1is started by first filling the tube with
phosphoric acid. The acid is then ammoniated to the required
mole ratio depending on grade, Once this 1is accomplished
spraying canm begin and the reactoer put 1into continuous
operation. Start-up time dependa on reactor mole vatio and
charactaristics of the acid but around 45 minutes 1is typical.

Note however that during short shut-downs {which can be up to
saveral days) there is no need to empty the reactor. Shut-down
is automatic and the reacktor contents are maintainad at the
tequired tempervature and pressure by closing all ialet and
outlert wvalves., 5Small steam purges to - the ammonia and
phosphoric agcid lines can ba used 1f necegsary to compensate
for any leakage through the pressure control ~valve. Starting
from this situation {s achieved within five minutes.

b) Acid strength required depends on the grade being produced.
For DAP production 40-42% P205 acid can be used although to
take full advantage of pressure neutralisation 43=-44% 1is
preferred.

c) Rpactor ammonia losgs 1is only slightly in excess of that dua to
the vapour pressure of ammonia. Because the resctor operates
at some 25°C higher than a conventional atmespheric reactor
the ammonia partial pressure will be higher. One would expect
therefore that the DTR would lose 1 or 2Z more ammonia than an
atmospheric resctor when producing DAP., This of course assumes
that the atmospheric reactor and its agitator gives optimum
mixing efficiesncy. However after scrubbing to recover ammonia
the differances would not be detectable and therefore the
ovarall ammonia affliciency of the atmospheric and pressure
process would be the same, that is 99X.

Q - r. H.J. BOHTE, UKF, Netherlands

What {s the recycle tamperature ko the granulator in DAP
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producrion whenrn the recyéle ratio is 3.9:17?

Recycle and granulation temperatures can vary depending on the
layout of the plant. In the particular case referrad to in the
papar recycle temparature was around 60°C.

Mr. S.X. MUOKHERJEE, FAI, India

2) What 1 the experience of build-up of so0lids in pressure
neutralizer?

b) How often do vyou 'ueed te clean the neutralizer? How much
production time 13 loat dus to cleaniag?

a) We have used a wide vrange of - acids {an pressure reactor
inecluding sludge 4cid and have not exparianced build-up or
scaling problems within the reactor.

b) The reactor i3 only drained for long shet~downs (3ay in axcess
of 72 hours). The reactor 1s never drained for cleaning
purposes.

Mr. M. SIPILA, Kemira Oy, Finland

a) How much are the ammonia discharges leaviang the draught tube
reactor and the granuliatot to the ammonla scrubber and what is

the efficlency of this type of serubber?
b) Whar {a the amount af gassouy ammonia leaving the drier?
¢) What is the most preferable design of the rotary granulator?
d) Is it posaible to use a blunger in this particular case?

a) The ammonia losses from the pressure reactor, granulator and
drier depend on the grade of final product being produced.
Losses are greatest during DAP production.

b) We have found that losses from the reactor are only slightly
ln axcess of thoae duga to the ammonia vapour pressurae., In the
crse of DAP this (s usually just over 5% of the ammonia fed ko
tha reactor.

Losses from the granulator are of the order of 15% plus of tha
ammounia fed to the granulator.

Lossaes from the drier are of the order of 1=22 of the total
ammonia fed.

The vold tower scrubbers have an efficiancy of around %0%. The
gasas from the reactor and graunulator are scrubbed first in

the ammonia secrubber and then imn the gas scrubber thus
enguring an avarall ammonia aefficiency of 99%. :

b) The detailed dasign of the rectary granulator has bean
developed over many years by Norsk Hydro Fertilizars and its
predaecasgor Fisons Fert{lizers.
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For the produection of DAP or related grades the most salient
faatures of the design are: :

= ammoniuam phosaphate asclution {3 sprayed under prassura
through flood jet nozzles aonto the bed of reeyele solids.

= ammonia 1Is added wia an under-bed sparge pipe of special
design. .

1 4
- an outlet weir plate maintains a deep bed within the drum.

= the drum is air;swept to remove evaporated moisture, and
ammonia for recovery In the scrubber system.

~ flexible rubber panels are usad to keep the inslide aof the
drum frea froam buiid=-up.

c¢) It 13 possible to use a blunger ia combinarion with the DTR.
We prefer howaver to use a rotary granulator as this enables
recycle ratio to be minimised. :

As the prassgure i3 raleased through the spray nozzle to
atmospheric pressure gome flash evaporation takes place. The
heat generated from the ammoniation in the granulator causes
further evaporation. Efficient removal of evaporated watar
from the granulation device 1laproves the water balance and
thus minimises recyecle ratio. This is beat achiaved i{im an

air~-gwapt rorary granulator where a large surface area of
material iz presented.

dddicional questions put in writing
G — Mr. M. LAURENS, Krebs, Frauce
On the flowsheet of page 3=2, there are:

- a prescreening of fines before cooling: Why?
- a flulidized bed goolar. Is it not difficult to oparate this
equipment with a wide granule size range product?

A ~ The scheme in figure 1 shows the undersize and a propertion of
product sized mataerial recycled hoe., Oversize and the remalniang
product is cooled. This arrangement is consideraed the optimum for
absolute minimum vecycle ratio. It is however not essaential and,
for example, Dboth the new DAP plant for Hindustan Laver and tha
pressure reactor revamp, raferred to 1{in ths paper, feature a
total hot tecyele.

The object of the screening arrangement shown - {.a. hot fines,
cold ovargize ~ i3 to give the optimum recycle temperature for
minimum raecycle ratio. (You should note that the secondary flnes
gereening is a polishing screen ouly, the wvast majority “is
removed hoe).

A carefully designed fluldised bed cooler can <¢ope with a
cowbined product and oversize gstream. Large lumps are crushed by
4 ecrusner situated in the drier outlet hood. Some further
scalping 1Is carried out in the screen feeder teo remove any
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temaining lumps which then bypass the coolar.
Mr. J. DEMEY, CNO, Belgium

1. How do you countrol the laval?
¢-. How do you control the N-FP ratio?

l. The feeds to and from tha reactor are both uader flow contrel.
The level is allowad to float, to a limired extent, although
fluctuations are slow and small due to the buffer capacity of
the reactor. The reactor {s also fitted with a standpipe as a
simple back-up level control.

2. The HN=-P ratio 1Is controlled by making oaccasional fine
adlustments to the ammonia flow as a result of pariodic pH

meaasurements on samples from the raeactor. Once again
fluctuations are slow and small due to the reactors'buffar
capacicty.

Mr. M. BARLOY, OTP, Togo

Could you provide typical data for DAP productioan:
= P2Q5 concentration of the phosgacid

= Fual consumption?

Which 1% governing the recycle ratio (or the production rate for
2 glven plant); the amount of merchant product avallable in tha
dryer or the liquid phase absorption in the granulator?

In ay opinion, the percent af final product between 1 and 4 mm i3
aot represantative of the size distribution guality since most af
the product could be between 1 and 2 mm. It should he associatad
with the percent of products hetween 2 and 4. Do you agree?

For DAP production 43-44% P205 acid 1ls required to realise the

full benefit of pressure reaction. Fuel consumption is typically
3 kg/t.

For DAP production the liquid phase absorption im the granulater
governs vraecycle racio. For certain NPK grades which can be made
at very low recycle rvatios then the smount of product availahle
ex dryer could determine recycle ratio.

8ince generally recycle ratio is determined by 1ligquid phase
absorption rather than granulatlien efficieney, a very narrow size
range canrn easgily be ohtalned if required (e.g. 90-952 between 2
and 4 mm). The data reported on paga 7 came from diffarent places
where local regulations allowed product of 1 to 4 mm and L to 5

mm respectively. No real attempt was therefore mada to imprOVE an
the figures quoted.
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TAf34/4 Granulation of NPK conpound fertilizers at the new

fertilizer complex of INA-Petrokemilja, Yugoslavia hy J.A.
‘Ballsworth & W.F. Forteacue, Davy McKee, United Kiangdom, D.

Fresl, INA-Petrokemija, Yugosalavia (Rapporteur 3. Swanstrim,
Kamira Oy, Fianland)

Mr. J.H. MARKHAM, ICI PLC, United Kingdom

Do you anticipate increased wuse of triple superphosphate for
production of low nitrogen formulations and, 1f so, will
corrosion be a problem due to liberationm of hydrochloric acid
gas?

~ The major grades that are produced at the moment in Yugoslavia

tend to he high PX ptoducts with low nitrogen. These have bean
praduced c¢onalsteatly on the plant in the 18 monthas of operation
and we have also produced similar grades on other plaants for very
long parioeds. Clearly  there will be a prasence of HCl gases in
thase overhead gases but we have not experienced any significant
corrosion. This has bean firmly established over many years.

Mr. J. LE PAGE, ICS, Senegal
Why ia MAP from Tuniszsia used?

When the plant 'was 1initially scartaed up INA purchased some
granular TSP from Tunisia at a low price. This was partly because
the price was so beneficial and alse as material te the Inietial
dry ruas on the plant.

The transgit of MAP'aolution from the reactof to the tower 1is 1t
by pumping or by the pressgure of the reactor?

- It is a pressure reactor. It is of the type that I was describing

in a previous ,aper except that the r:actor has an agltator
because It {3 in fact an old design.,

The plastic curtain, is it located inside the <casing of the
tower?

There 1s no shall to the spray tower.,. The cuettaia s a
salf=-standing curtain which 1is just strapped to structural
steaelwork. 5o there i3 no so0lilid shell surrounding eor inside the

curtain.

Mr. G. CALIS, UKF, Netherlands

What 1s the water content of the MAP solution before spray
dryiag?

In the case of spraying to the MAP tower it 1s about 104 aund for
spraying into the graunulator it is 12-15%.

Mr. R. SCHOEMAKER, UXF, Netherlands

Your scrubbing scheme shows acld scrubbing for the cooler gasas
and water scrubbing for the dryer gases in which I expect to be
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more ammdénia than in the cooler zases, Is this correct and, {f
50, can you comment on 1¢?

The reason that we have acid scrubbing on the cooler gases is iIn
fact because the gases from the ammonla sgrubber are passing
through the cooler scrubber. Whenm we are operating on the so0lids
route there 13 no acid scrubbing of the cooler gases. It is only
because of the influence of the gases from the granulator that we
have a final acid wash in the coolar scrubber.

Mr. V. SCHUMACHER, BASF, Germany

What is the temperature aof the fines recycled from the fines
hopper?

- This depends a little on which product is baing made but it is

generally about 60=65°C, it can be up to 70 for cartain products.
It depends of course ¢to some extent on the drying temperature.
For the high urea compounds we are drying at a lover temperature
which ultimately affects the recycle.

Mr. M. MIYAMOTO, Nissan Chemical Industries, Japan

At & designed recycle ratio of 3.5:1 foar salurry route, what
specific consumption figure of uraea can the process accommodate?

We have produced products such as 26-13-0 and 27-27~0 which
contain about 40-43% urea. So this 1s a figure that we would
consider to be a reasonable maximum.

Why does hot fines recyecle to granulator assist {m lowering the
recyele ratio? Aund to what extent?

Geunerally for solids route products the higher the recyszsle
temperature the better, becauss this assists In the actual
granulation agglomeration process. For slurry route products
again high temperature 1s beneficial because 1t ilncreaases the
avaporation rate. But for slurry route products there Is a limite
and vreally the higher the granulator temperature tha higher the
ammonia losses, so it does depend to some extent on the products.
But in principle we screen {in two stagaes asg wmentioned keeping the
recycle temperature pretty high,.

In solid route case, how 1is <tha optioum pH achlieved to obtain
maximum product size granulation? ‘

This 13 done by fine adjustments of the granulator conditicns of
tha variouns liquid feeds and the acctual figure of pH L{g fixed
haged on experience. We generally aim for around about 6-6.2 in
the graunulator but this has to be adjusted a little ia practice,

depending on the grade of the MAP and the actual conditions.

Mr. P. ORPHANIDES, PFL, Greace

Size of granulator?

35ize of main drver?

S51ze of screens?

Formas of ammonia sparger?
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The granulator 1s 3.6 m in diameter and 7.6 m long.
The dryer is 4,2 m diameter and 36 u lang.

I do not remember the actual area of the screens but we had a
total of 6 screems on tha plant, & screens in the hot screening
system and 2 in the cold screening. ‘

The internal parts are similar to those found in any other plant.

Mr. 5.K. MUKHERJEE, FAIL, India

With aolid feed, what has heen the experience with the
homogenaeity of the finished product granules?

With any solids agglomeration process the raw materials are stuck
together in the' granule and so they do not have the product form
that you would get with a slurry route. In other words it iz not
an oaion skin type of granulation. But the properties are gaod,
the handling properties are good, storage is good, very litctle
caking. It {3 a procedure that we have used very widely and it 1is
parfectly satisfactory.

With urea gradea, what is the hardnesas of the granules (crushing
strength) with solid feed relative to similar formulas with urea
through slurry route?

We have not made much product at all by the slurry route
incorporating wuwrea on this plantc. In prineciple the hardness with
the slurry route product will be somewhat higher, by the scales
that we use probably about double the hardness.

TA/84/5 An improved process for the production of caleined North

Garolina phosphate rock by X.L. Parks, Agrico Chemical
Company, USA, H. Beisswenger, Lurgi GmbH, Germany & H.
Barner, Lurgi Coeporatfon, USA (Rapporteur §. Swanstrdm,
Kemira Oy, Finland)

Mr. B.X. JA.IN' FAI, India

Was calcination the only technoeconomic process route chosen and
tried for North Carolina rock?

Yes

What 1s the relative total energy consumption far single stage
and the two-stage calclning processas?

When using the same starting material and caleining to a fixed
final temperature, the energy differences are a function of heat
recovery. Therefore, the processing heat requirements are
idantical.
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Mr. M. BARLOY, Office= Togolais des Phosphates, Tago

What was the maln target of your calcecination: to produce a lighe
grean SPA, or othera?

Acid color was never a conasideration. The =ain ebjective was to
produce a c¢alecine that could be used to produce phosphoric acid
at a filter production rate and recovery level equivalent to
Maeraccan 70/72 BPL rock.

Have you produced SPA and what was the calor of the acid?
We have not produced 3PA. At 54Z P205 the acid 1s green.

Is 1t poasible to get a2 green acid when using ecoal as a fuel?

Yeg, 1t 1s.

What is the maximum value of organic carbon for getting a green
acid?

Filter aeid (28X P205) contains about 25 mng C per liter of acid
and 1is light green in ecolor.

What are the caosts of natural gas and coal ia the United States?

Natural gas prices vary from less than to more than twice :he
price of coal on a BTU basis. As gas cannot be used in the
proposad process due to the low operating temperature the
relative cost of gas L4 not pertinent.

Mr. D.W. LEYSHON, Jacobs Engineering, USA

Can the North Carolina reck be traated without calcination aund,
1f 3¢, what are the advantages to using calcined rock which
requires extra cost, assuming a grean acid is not required?

UJncalcined North Carolina rock can be processed into phosphoric
acid provided the phosphoric acid plant i{s capable of handling
the voluminous and atahle foaw (foam control reagents can do this
at a cost, if available) and the filter design is such that
insoluble and nou-dispersed organics can be prevented from
blinding the filter cake surface or filter media.

In the absence of such a plant capability, calecined rock 1s mora
compatible with existing facilitiss.

Fual costs for calecining are not appreciably higher thaa fuel
ctosts for drying and the savings f{n reduced foam control reagent
uge, transportation of a higher grade rock {70 BPL ws. 6& BPL)

and plant modifications are positive vs. uncalcined rock use at a
non-mine site.

Production rates may be higher with calcined rock which 1s also a
plus for calecining. :

The performance of the rock during acidulation is stated for a
ground rock. How much i{mprovement In gypsun filtrability is dae
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to grinding or, put another way, what is the effact of grinding?
Normally, North Carolina rock is treated as unground rock.

The main reason for using ground rock in the pilot scale tests
was to raduce IPA losses and to effect bettar sulfate control
when evaluating test caleines during the development of the

calcining process. As the producets fmproved in performance the
evaluation method was uot_changad-
i

We have recently conducted tests with unground rock and note a
very uniform performance. The IPA losaes are higher for unground

rock and we attribute much of this to the configuration and
limitations of our test reactor.

What {3 the oxidation-reduction potential during acidulatien of
the roc%? This 4is perhaps the best {indication of relactive
gcorrosion.

We routinely monitor the Fe(II) content of Wo. 1 filtrate during
acidulation runs. Due to the very uniform composition of N.C.
rock we can estimate ¢the Fe(Ill)/Fe(Il) ratio in the slurry by
simply titrating the FeIl and calculating the ratio which should
be above 0.9 and preferably above 1.0.

Dr. B8.K. BHATTACHARYA, FAI, India

Whét i3 the P205 efficiency in production of phospheric acid from
caleined N.C. rock?

Reaction and filtration lossaes in our test reactor are less than
3X for ground rock and less than 4.5X for unground rock.

What would be the overall aconouics of use of Norzrth Caroliuna rock
for phosacid production after calcination?

The ovarall economics of the use of ¥orth Carolina calcined rock
for producing phosphoric acid are as good as any other commouly
available rock scurce, and more favourable than many. Pilot plant
tests on this rock indicate racovery, filtratien rate, other
operating cost factors such as no defoamer wusage and high
reactivity without griandinz, as weall as the quality of Dboch
phosphorie acid and gypsum produced from 1t to be as good as the
better quality toeks now being mined. Although relacively high in
its sulfuric acid requirement compared to scme, it is comparable
in this respect to a great many, including Moroeccan rack.

Since the income of any particular producing plant depends on 1its
individual configuration and location, specifie overall economics

are anly relative, but our forecast shows North Carolima rock te
ba as competitive as any.

1f calecine ts done at plt-hkead what would the cost of calcined
rock be in relation to its recoverable P205?

The cost of caleinad North Carolina trock via the process we have
developed and described in this paper 13 aexpected te Dhe
competitive on a recoverable P205 basias far any conventional
phosphate fertilizeyr production.
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Mr. 3. ORMBERG, Norsk Hydro, Norway

As North Carolina <c¢ould be an important supplier of phosphate
rock in the future, 1t would be of interest to know 1f +{t is
pogsible to reduce the rather high cadmium content, for instance
by caleining at a higher temperature in the second step. For some

fertilizer processes the surface area and the filtration rate are
of less laportancea.

]
There 13 always the posasibility that a method can be developed to
raduce the cadmium content of HNorth Carolina rock and we have

some preliminary ilndications that this might be accomplished.

The use of a high temperature process such as used for Nauru rock

i3 not thought ¢to be practical as North Carolina rock has a
softening temperatura af abauc 775°C.

Your question defines an area for further development work.

Mr. K. BELL, ICI PLC, United Kingdom

Can you 1indicate whether the fluid bed cooler is a deep bed or
shallow Bed and deacribe the heat exchange intermals for cooling
water and gas preheating.

The caleinar gcoolar i3 g multi-chamberad shallow bed fluid bed
cooler. Fluidising air in the cooler is haated up, dedustad and

then 1arroducad a3 seccadary combustion ailr into the first-stage
furnace. : ‘

Primary combustion air for both CFB furnaces 1fa heated in
sepavate c¢oils 1mmersed ia the cooler's chambars. Coll alemants

are condtrucced of heat-resistant steel. The e¢ooler shell is
raefractory lined.

Process water for the beneficiation plaut 1s heatad in an
addicional separate casing on the cold end of the coaler.

Mr. K. DALY, Compagnie das Phosphates de Gafsa, Tunisia

Effect of the regidence time and tha temperature on the sgpecific
surface, size distributioun, the P04, Ca0 and Mg0 contents and the
rate of decarbonizatian.

The loss of specific surface and inorganic €(C02) is quite rapild
at the operating temperature. The elemantal analysis change from
uncaleined to calcined can be gcalculated from changes in LOT.

Minimum content of crganic matter at thermal equilibrium.

The total urganic‘matter, a3 C, in the final product is 0.10 to
0.12 wt.2.

Mr. P. BECKER, COFAZ S5A, France

What 1s the biggest wunit capacity vyou would be able to bueild
today? Calcined capacity.
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A~ If this plant 1is desigﬁed to operate and produce 150 at/h and
this for the moment seems to be a feszsible unict, we have not
raached the upper limit.

TA/B84/6 Effacts of impurities on production of diammonium phosphate
by H.M. HANDLEY, IM & C, USA (Rapporteur S. Swanstrém,
Kemira Oy, Fiunlaud)

Q9 - Mr. M. MIYAMOTO, Nissan Ghemic#l Industries, Japan

In tabla 1, do you have an gnalysis of sodium oxide Na20?
A = The hasaline acid contained 0.07%X Na20.
Q - Mr. K.L. PARKS, Agrico, USA

How 13 tha DAP moisture determined and were the samples ground or
unground?

A = The samples wete determined immediately wupon c¢atching them from
the test runs, they were unground samples.

Q - Mr. N. HUMMADI, Jordan Fertilizer Indusatry, Jordan

What 1= the water soluble P205 ia the firmal product (in % of
total)}?

A - It varled som=what on each test effort,

0 = What was the F content in the DAP produced, any limit of T in DAP
impoased by regulations in USA?

A - Thaere are no regulations on the amount of F “n DAP. The DAP
teported stolchiometrically to the product.

Q - Any foaming problems Iin the preneutralizer?

A - We had no foaming problems in the prenautralizer, in the scrubber
there ware some.

Q - Mr. M, BARLOY, Office Togolals des Phosphates, Toga

What 1s in your opinion the influence, {f any, of Al, Fe aud Mg
oul

- the plant output, related to the granulation rate

- the caking tendency in the bulk storaga.

A - My conecluslous are that each of these chemicals basically has
effect but on a molecular weight basis they are esseantially
aqual. I would expect from our taests omn the high MgzQ 'produet that
at some perceutage of Mg0 we would start having caking problems
with Ffinal product upon storage. However it is problably higher
than the MgQ we reached ian our tests.
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Mr. J.D. CRERAR, Norsk Hydre Fertilizers Ltd, United Kingdom

Hemihydrate process produces phosphorie acid with suech lowver
aluminium lavel than concantrated dihydrate process acid. Would
you speculate on the effect on DAP production using hemihydrate
acid?

I do net think I can sgpeculate oan that, I do not know enough
about the aeid, I have never run DAP from acid produced by the
hemi process. '

Mr. K. DALY, Compagnie des Phosphates de Gafsa, Tunisia

Do the 1impurities Fel03l , A1203 and Mgl have an influenece on the
particle size of the product coming out of the granulator?

Yes. Ia all cases with all che tast efforts we ran with all three
impurities, we had granulaticen problems all the time: I think we
golved probably the most aeffect on granulation of Mg0, next with
iron and least with aluminium.

Have you tested the effect on the rtecycle racta?

Bo. The idea was originalily to test a4 chemical, sa we tried to
maintaln constant plant effort all throughout.

Mr. Y. COTONEA, CdF Chimia AZF, France, Mr. G.H.M. CALIS, UKF,
Natharlands

Could you confirm that the viscosity of the slurry is better with
the high content of maguneszsium?

With the high magnesium runs we had lower viscosity than we did
with high aluminium aund high iron. But I did not put this on a
mole bagsis, so I am not sure that I ecan confirm that.

¥r. D. IVELL, Norsk Hydro Fertilizers Ltd, United Xingdam

In the high Al acid tests oo more ammonia was added ¢to tha
granulator than in the other tests. Could not nitrogen arade hava
been made atr the expensa of a little higher ammonifa loss in the
scrubber?

- No, we actually ran an  eXtra test ruuning much nore
atoichiomateie, trying £to get much meore ammonia into the

prenautralizer and we were unable to. We also overammoniatad the
granulator. No success.,

Mr. J.A. BENES, Uhde GmbH, Germany

Were you, as a result of the tests described here, able ta reducae

the citrate-insoluble P205 in DAP product from your naw plant ia
New Wales? If yes, how did you do 1it?

The main thing we found out whiech reinforced tha work we had done
was that the tesperature and the retention time ware the two
critical factors along with the fluorine levels, if you have
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control of-that in the preneutralizer. By reducing retention time
and holding temperatures a3 low a3 poasible you still keep the
flulidicy, we were able to reduce the CI's. ‘

Q - Mr. J.C. ABRABAMSE, UXF, Netherlands

Your tests wera carried out with magnesium fluosilicate and
magnesium sulfate. Did you notice an effect from silicates on
production and on product's properties?

A - No we did not. As to the runs that we repeated with magnesium
gulfata varsus the flussilicate, we did not see a great deal of
difference.

Q - Mr. P. BECKER, GCOFAZ 34, Frange

Do you have an explanation why aluminium reduces the granula's
povoaity?

A -1 do not have. I am sura it has to do with the viscosity and the
fact that we were really making a MAP along with the DAP with the
aluminfum runs.



2ND WORKING SESSION

"TA/84/7 Granular ures=-ammonium sulphatas - A new fluid bed
granulation produet by V. Bizzotto, NSM, Netherlands
{(Rapporteur N.D. Ward, Norsk Hydre Fertilizers Ltd, United
Kingdom)

Do you add formaldehyde or any compound made with formaldehyde to
granular urea or to granular urea=-ammonium sulfate? If so, could
you sState the amount per toua of each producc?

A = Several potential additives for UAS granulation have been
identified, bhoth organic and inorganic. The selectiom of their
amount is part of the sami~iadustrial evaluation aand therefore
confidential.

Formaldehyde is the standard patented additive for NSM
granulation of urea, although other additives have alse haan
patentead.

Q — Mr. B.¥K. JAIN, FAl, India

l. It i3 mentioned that there 13 lowar ammonia volatilization in
UAS (41-0-«0-55) than urea alone. How would this particular
aspacts compare with 5% sulphur coated urega?

2. The Dbiuret content 1is  stated to be “frozen™ as goon asg
sulphate is added to the urea solution. What exactly happens?
Is thera any explanation for this happening?

1. Is UAS hygroscepie such as to warrant coating for handling in
moist climate conditions? What 1s the gritigcal relativa
humidiey (CRH) of UAS?

A -~ 1., The presence of ammonium sulphate ensures a lower soll pH than
with atandard wurea. This in turnm results in lower amnonia
volatilization. Sulphur coated urea on the contrary does not
involve a chemical link but just a physical barrier for urea
dissolution. The elemental sulphur oxidizes only vary slowly
to sulphate, without instantaneous effect on soil pH.

2. The ammonium ion in ammounifum sulphate digplaces the
aquellibrium of the dimerization of urea to biuret, so that no
further incresse in biuret concentration is noted as soon as
both components are mixed as a solution/slurey.

3. UAS is neo exception to the rule that mixed salts are more
hygroscepie than their cowmponents. Therafore, a propristary
coating has been developad. The critical relative humidity of
UAS 1s aboutr 40% at 20°C.

Q = Mr. P. SUPPANEN, HKemira Oy, Finland

1. Is it necessary that AS {3 Fully soluble in urea solurion
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before granulatiom. Do AS crystals affect product qualicy?
What 13 the coating system used for UAS?

The aurthoer has mantiuned “large markat potential” for UAS.
Where are the markets? Do you get a price for sulphur?

What is the capacity flaxibilicy of NSM process?

A mixture containing 20% AS 18 not fully soluble. As
filustrated in figure 2, the eutectie solubilicy is 92 in a
waterfree melr, gradually increasing with the concentratioun of
solution water. Control of AS crystal growth i3 an important
process paramater.

The coating system for UAS {s based on a proprietary liguld
coating agent.

. The market potaential for UAS covers all sulphur deficient

aread whera urea is presently dominant. Initial sales areas of
the semi=-industrial production are 1listed on page 7=3. The
extra sulphur coantent 1Is used as a marketing argument for the
main urea component.

Thae capacity flexibility f£for UAS 1is identieal to that for
granular urea, from 20 to 120Z.

A.G. ROBERTS, ICI PLC, United Kingdom

it possible to produca produets of nitrogen coutent other than
N. 1If so what 13 the range of nitrogen concentrations which

have bean produced?

Tha
agr

BAS productiom 41-0-0-55 18 considered to be close Lo most
onomical requirements, when all sulphur is in sulphate form.

For higher levels of $, we feel that microsized elemental sulphur

sho

Mr.

1.

uld be used in the granulation mix.

D. IVELL, Norsk Hydro Fertilizers Ltd, United Kingdom

What pevcentage of material is greater than 4 mm in the streanm

from the fluid bed when producing average product size of 2.9
mm ?

How can fluid bed granulator aud cooler be designed to produce
different product sizes?

With 10X water in UAS slurry what 1is pta&uct moiszture?

Presently UAS {1s produced with size distribution similar o
standard bulk blendiang grade granular urea, where the
percentage greater than & mam i{s 57 for avarage product gize of
2-9 mn « .

In the size range covered by granular urea, only marginal
corrections of fluidization air flows are required and design
for largest size i3 therefore satisfactory. ‘
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b) Please give more datails about the Spray nozzlez in the
fluidised bed. How do they differ from NSM process?

a) There 1is no theoretical problem for granulating a NPK slurry.
Hot air must be used. Lab tests have proven it possible. But
gsome caking 1s likely toe  happen, wmainly with fertilizars
containing calcium sgulphate. We have not experimentad the
process long enough to have a clear opinion.

b} Spray nozzles are very simple and ifnexpensive. No air
addicion. We have been wusing “Lechler" or “8Spray Systam”
nozzles.

‘Mr. D. IVELL, Norsk Hydro Fertilizers Ltd, United Kingdon

For urea granulation, what percentage of material would be
between 2 and 4 =m in the product, when oparacing at a recyvele
rate hbetween 2,2-2.537

The percentage of material betweem 2 and 4 mm can be adjusted in
4 wvide range by modifying the operatiung conditions (e.g.: screan
cloth).

A3 recycle 1is needed for bed cooling no special effort was made
to increase the onsize product amocunt.

Typleal values ara:; 4 mm: 5%
2 to 4 mm: 35 to 55%
2 mm: 60 to 40

Mr. B.K. JAIN. FAI’ India

What is the essential differsence between Perlomatic process and
other fluidised bed granulation techniques? Has there bean any
necesasity felt 1In your process for the addition of formaldehyde
Lo improve the storage properties of urea granules and te reduce

dust formatcion? Comparative steam and power consumption figures
per toune of urea production may be given.

The essential differance betwen Perlonatic and other fluidisad
bad process 1s that:

~ there {3 no perforated plate to support the bhad
- there is only one spray nozzla,.

There i3 no nuecessity to add formaldehyde for the granulation
step 1tself (mo dust formation). But formaldehyde 13 needed to
lmprove the storage properties wheo a 98% slurry 1s spraved.

The steam consumption per ton of ursa is about 50 kg. This valuye

may vary according to the dedusting system (bags or washiag
tower).

The power consumption for the granulation step itself {3 abour 22
kwh per ton. Some power will be needed for the dedustiag scep;
depending on the process it Bay vary from 8 to 153 kwh/ten. The
total power consumption should then be betwasan 30 and 35 kwh/ton.
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Q ~ Mr. R. MONALDI, Fertimoab $pA, Italy

In your paper {t is stated that the perlomatic itself is 1.8 m
diameter and the rate of granulated urea is2 5 t/h coming from the
slurry with water content 1-2X., This production rate saems low
for a spouted bed thaving the above aize a3 the operating
conditious demonstrate.

In fact the amount of air, BOOO kg/t of produckt, is bigger than
in all other processes (NSM, MTC, TVA, Fertimont). The increase
of the water 1in the slurry, for example up to 5%, could give an
increase 1in production of about 40X; but that inctement, in
accordance with our experience, should give notable difficulcy in
the spouted bed during the drying up of the urea granules baecause
tha amount of air passing through the annulus is too small.

1 should like to know how you think to solve this problem.

A - The given value of 1.8 m rafers to the body of the Perlomatie,
not to the gone which iz the working fitem. The uppaer diameter of
the cone 15 about 0.9 m and the lower diameter about 0.2 m.

The amount of air (8000 kg/t) may vary widely depending on the
alr temperature at the Perlomatic Inlet, and at the coolar inlet.
It depends too on the tamperature of the urea after cooling and
the recycle rate. Values of 7000 kg/t could be reached.

The increase of watar Iin the sluery gives no difficulty at all in
the spouted bed with slurry coataining 3.5 to 4% water. Praoblems
arlse with the rasidual water content in the uraa granules, which
gives poor storage properties when tooe high (above 0.3%)
ragardless of the formaldehyde amount. It is clear that, in order
to work with a high water content, it will be necessary to
improve the spray nezzle operating conditions.

a) Crushing strength given in the paper is 0.38 kg/um2 for 4 = 2
mn. Is this correct?

b) Is the screaning of urea effective when operacing under
cenditioas of between 72-76% relative humidity?

A - 3) The crushing strength is normally 0.5 toe 0.7 %g/mae2 for 4 = 2
nmMm «

b) The screeniang of utea was made on a product at a tamparature
of about 50°C; wuunder our climatic conditions the relative
humidiety {s normally 55X to 65% and no special problem arose.
If the R.H. 15 higher (75-80%) some problems may happen if the
urea 1s not warm enocugh.
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TA/84/9 Experimentation on the use of urea-ammonium sulphate (UAS)

Q.-.

liquid fertilizer ian Kuwelt, by M.F. Abd El-Hamead,
Petrochemical Industries Company, Kuwelt {(Rapporteur N.D.

Ward, Nersk Hydre Fertilizers Ltd, United Kiungdom)

Mr. B.K. JAIN, FAI, India

Same results could possibly be achieved by balanced application
of urea and $SP. Has the economics of application of fertilizers
in varicus forms been worksed out and how does 1t compare with UAS
golution?

1. Table 1 shows the laboratory experiments to obtain a solution
wich the maximum nitregen contant (that is for transportation
Teasons) and the loweat solidification temperature to prevent
the solidification of the solution during winter time.

2. Solution =n® 4 (table 1) is the most suitable one according to
outr neada. '

3. We' could not fix the sulphate coatents and change tha ures
content of the solution, bacsause we de not know the behaviour
of the mixture aaod the vuraa {tself has very high
sclidification temperature as shown from curve n” 1, so wa
uged different conceuntrations of ammonium sulphate and urea
until we get table 1 and from which we get curve n® 2,

Mr. G.H.M. CALIS, UKF, Netherlands

In constructing figure 2, soluticnas with different (NH4)23504
contant have been used {see table 1), We belisve that only
solutions with the same sulphate centent should be compared. Can
you comment on that? In table 2, you compare NPE with NS
fartilizer. Conclusions based on this comparison could be
doubtful. Would it not be possibly bettar teo compare UAS with
straight N or NS fertilizar?

Mr. A. EL=-HOUARI, OCP, Morocco

For field trials, was 1(JA% wused alone or with the addition of
equivalent amounts of P205 and K20 contained in NPK fartilizars
usaed as references. If so, in which form were P205 and K20 added.
If not, are the results abtained not affected by the absance of
these two elemantsg?

The {(UA3) was compared agalinst NPK (12+12+17+2) for the
following:

a) The NPK (12+12+17+2) {s the most commonly used fertilizer in
Kuweit.

b} The comparison was only for the nitrogen and sulphur source,
so the NPK were wused according ¢to the normal methods of

agriculcure with the quantity regquired for aach plant.

For the (UAS) we used a dilute soclution containing ths 3ane
nitrogen %2 (12%) as the NPK for drip irrigation, the othervr
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alaments (P&K) were miked'¥With the'es4l with the same percent asg
they are found in the NPK, so0 as to make all the other factors
{except the nitrogen and sulphur ascurces) stable. =

Mr. C.H.M. VINKE, Windmill Holland, Netherlaunds

I have a question on distribution and storage. Can vou Iindicate
tha distanca bhatween the point of production and the point of
application of this fertilizer?

Qur factories arae very near to the  agricultural area Iin Kuweit,
the distance fg 5=10 km. We use, in our field scale experiments,
tanks to transport this solutiomn ¢to the agricultural area. The
solution 1is still only produced and used an an experimental
scale, Until now we have not produced it on a larvge scale.

Do vou have any idea of the maximum diastance you will be able to
cover by this method of fertilizer supply.

I think ve can transport if for any distance because we already
transfar ammonia solution from FKuweit ts the sutside world which
raquires more precautlions tham UAS solution.

TA/84/10 Prilling or granulation of urea = Some comparative criteria

Q_

af recently develaped granulation technologlies and improved
alr-prilling by F. Kars, Scamicarbon, Netherlands
(Rapporteur N.D. Ward, Norsk Hydro Fertilizers Ltd, United
Fingdom)

Mr. K. BELL, ICI PLC, United Kingdom

In your pilot=plant dust scrubbing trials which types of wet
scrubbers did vyou test and whieh gave the highest removal
efficliency?

Systam A: dynamie jet secrubber, developed by Stauwicarhon. Use i3
mada of a watarjet and the condensation effect of low pressure
steam. ‘

System B: Multex multiventuri dust collector, provided with
poelypropylene internals.

Mr. 5. OEMBERG, WNorsk Hydro, Norway

a) Your paper gives a datalled description of all recent urea

granulation processes, but not of your “apecial prilling
design of the eighties”.

Could vou please describe briefly the highlights of this new
prilling technique and could you also provide a list of
industrial references among the 150 towersgs preseantly in
oparation?

b) How is the extra investment of wuwearly one million US$, shown
In fig. 10, jusctified by additional equipment items?
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a) The rotating prilling bucket design was improved to narrcw the
size range of the product and subgsequently enabled us to
ingrease the average prill diameter which also depends: on
tower haight and/or the possibility to install an additional
cooler. This design was incorpoerated in some 20-235 towers. In
the mid seventies C.N.C. in Augusta (Ga), USA, requested us to
dasign a tower for apm average prill diameter of some 2.2 mm in
order to meet the bulkblenders' requirements. Aftar that
Stamicarben never recelved such a request, though 1ia some

priiling towers the average prill diameter is somewhat larger
than It used to be in the past.

b) The difference of nearly onme million US5$ between a prilliag
aystem for standard grade and coarse grade product i3 causged
by additionmal <tower height and/or an additiomal product
caolar.

Mr. S5.K. MUXHERJEE, FAI, India

What are the aspecial featuras of “"prilling” = if any = agailust
conventional Stamicarbon "prilling process” (direct prilling) on

which masy commercial plants have been built and with which we
are familiar?

In both cases direct alr prilling is used, however the opresent
rotating bucket design is {mproved {(re my answer to Mr. Ormberg's

.question): up to some 0,27 formaldehyde i3 used, seading 1is
‘applied to prevent subecooling of the droplers, the prill capacilty

per m2 crossactional tower area is iucreased, air valocities are
lncreased, the product tamperature exit tower and/or cooler is

decreased to some 50-60°C. In some plants dust abatement systems
are installed. ~

Mr. A. MARCHESI, ANIC SpA, Italy

In your paper and in your speech your clearly exposed the
advantages and disadvantages of each process and a definitive
choice betweean prills and granules cannot be made. I believe we
musdt glve tha wmarket what the market really neseds aund this is the

guestlon: What product do vou think the market will demand in the
near future?

The paper identifias some selection eriteria and v
recommendation 1s to use these g¢riteria in making a choica

between (Stamicarbon) prilling and granulation. Howevar, I also
strongly adviase to obtain the mest recent ianformariaon (may he
partly as guarantees) from the process licensors or from their
cantractors with respect to these criteria. Loecal conditions ate.
may have an Iimportant impact on e.g. lnvestment costs, on stream
time, etc... At the end che market demand will determine the
product which has to be produced in the plant aund I cannot
predict that market demand. As my personal ecpinion 1 expec: a
slowly increasing demand for coarse agricultural grade praduct
depending upon the demand for bulkblending and recognising that,
for wider spreading of the fertilizers, a large product size is
more attractive. I do net expect a strong market growth for feed
grade urea, foresty grade urea or super granulas,
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Dr. B.K. BHATTACHARYA, FAI, India

The coat advantage of some $ 4 per tonne for prilled urea (vs.
granulaced urea). Since agronomic tests show even a 10X
improvement in the efficilency of nitrogen uptake in actual field
application, granulated urea might yet be the angwer for the
future. Has the author any comments?

I have collectad some Ifnforwatiom on iIuprovement of naltrogen

efficiency of urea when used for wetland rice. I understand that
three posgaibilities exisc:

8. daep placement of urea
b. using a coated urea, such az auiphur coated urea (5CUT)
¢. using Iinhibitors.

a) Tests have been wmade with supergranules (e.q. IFDC) by placing

one supergranule some 10 c¢m in the 20il in between 4 rice
plants, and usually the nitrogen eafficiency wag found to
iwprove. Unfortunately supergranules are more expensive,
labour costs for deep placement are high and to obtain farmers
accaptance i3 a problem. Almost the same result was obtained
with deep placed urea prills which are cheaper but share the
other preblems with supergranulssz, Obviously the secret ia
deep placement. Though applicators for dJdeap placament of
supergranules and prills have been developed, they still seem
to be far from ideal.

b) With spread SCU tha same nitrogen efficiency ilmprovement was
obtalined. However again SCU is very expensive. It was hoped
that the oproduct costs could be reduced by coating larger
granules with less asulphur, but : 3] far only wmarginal
ilmnprovementa have been found.

¢) In many laboratories work i3 done on inhibitors, however te
the best of my knowledge so far without tremendous results. On

the other hand when an attractive inhihitor is found I expect
that 1t ecau be used for every particle size.

Mr. G. BRUSASCO, Fertimont SpA, Italy

Your paper concludes that prilliag requires the lowest
inveatments and yilelds product at the lowest operating and
maintenance cost.

a. Can you explain why the latest plants have been based mainly
an  granulationm and o0ld prilling plants arae coaoverted to
granulatioen? ‘

b. Have you tested the bulk-blending behaviour of the prilled
product coming out from the patented process in comparison
with granular products in order to compare the segregation
phecomenas?

a. I am only aware of one =non Stamicarbon -~ prilling plant in
Indonesia where, because of poor product quality, a TVA pan
granulator has heen {nsralled. I have also observed an
increasing demand for granulation in naw projects, though also
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~ prilling 1is atill requested,. I like to emphasize  that T
compared Stamicarbou prilling with granulation and not other
prilliag technologles.

b. CNC Augusta (Ga), USA sells 1Its coarse agricultural grade
product to US bulkblenders and segragation thas been found
neither 1in the blends nor duriang spreadiag in the field. As
loug ag the average particle diameters and size ranges of the
blending materials match, no segragation will occur (re table
4 and TVA studies).

Mr. D. IVELL, Norsk Hydre Fertilizers Ltd, United Kingdom

Doas powef consumptlion 1ia table 2 include dust abatement systenm
87 If not what would be the total kWh/tonne for air prilling?

Power consumption figures in table 2 1inelude dust abatement
system B.

Q - Mr. E. AASUM, Norsk Hydro, Norway

a. Page 14 refers ¢to a prilling tower alr exit temperature of
80°C., Is any plant opervating at this temperaturs level and, 1f
not, what considerations have to bae taken in design and
operation?

b. What would a resulting prilling tower height be for gstandard
agricultural grade?

¢. Gompared to your patent literature in table 6 you have reduced
the amount of air to almest 1/3. How is this reduction
nbtained? ‘

a. In our prilling tover design we limit curselves to max 80°C
exit air temperature and @ number of towers are operating at
this temperatute.

b. The tower height for staondard agricultural grade urea with
25%: {nlet air tempevature, B0°C exit air tempetrature and a
design praduct temperature of 50°C is about 30 m.

¢. The alr requirements 1o table 6 ave based on the above deslgn

data; it 4indicates thar we optimized our tower design quite
consideranly.

Mr. F. MOSTAD, Supra, Sweden
Pleasa clarify some figures in table 10.

a, Why 1s the steam consumption of the TVA evaporgtive drum
granulation procegs lover than the base case although it
starts from a highly concentrated melt (99% ~ ges table 9)
gimilar to the MT spouted bed process?

b. Why is ammonla=-evaporation charged to the N3SM gfanulation
procegs, while air drying is not required for this granulaction
procesgs?
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¢+ Has Btamicarbon establighed the Investment figures £for the
granulation processes through theoretlcal cost evaluation or
by feed back of effaective gonstruction costcs?

a. In the base case the urea melt {8 concentrated to 29.7%, for
TVA 99 15 sufficient. For 99.7% concentration a more
sophisticated vacuum system 1Is raquired 1in the avaporation
stepas, which i3 not raquired for 99% concentratiomn or lower.
It should further he recognized that the data in table 10 are
calculated for the Iintegrated situation, not oanly taking into
account feedstock concentration but also dust recycled as a
golucion.

b. We have not included air conditioning for NSM or athers. The
ammonlia is present in the feedstoeck. Though a low concentrated
feadstock (95% for NS5M) reduces the steam c¢consumption as
compared to feedstock concentrations of 992 ar higher,
unfortunately 1t <contalns aore ammonia than the more
concentrated feedstocks. This ammonia is assumed toe be lost
and not recovared in the scrubbing systams, which can hazdly
be expacted. At the cost of additional investments and
utilities the ammonia figure can be lowered, if desired.

c. Our investwment figures were estimated by DSEM's Estimating

Departaent and later correlated with the estimates made by an
engineering contractor.

Mr. K.L. PARKS, Agrico Chemical Company, USA

a. What abour fines and lumps? Surely there must be a way to
recover this material.

b. What 15 the influenge of the "sead particlas” stream on biuret
formation, 1.a. what 43 the bluret coantent of the product with
and without "seed particles”?

¢. Prilling towers have a bad reputation as dust generators. Can
you glve comparative results for your process vs prior
prilling tower dust emissions?

d. Can the positive effacts of formaldehyde, vrelatlive toa caking,
be ignored?

a, Ware blurat values calgulated or analytically determinad?

£f. Our experience, prior to 1975, regarding mailntenance and
gperation (bucket plugging, wall coatiang, dislodged chunks of
material falling to tower base, difficulty of rate change,
etcess) doas not coivncide with the author's observations. What
operational or design changes have been made to decrease these
old preblams? o |

4 - a, Very seldom a screening systam i3 inscalled after the tower.

As in most storage sheds, usually ascreeuing is installed ia
the reclaiming system from the storage before shipment, where
about 2X of the shipped capacity are recovered and dissaolved
when feagible in a wurea asolution bafore racyeling to the
evaporation unit.
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b, Seed particles do not affeect the biuret content of the
product.

¢+ Dust emissions from our prilling towers have been measured
also in the past and a figure of 1~1.5 %g/M.T. wurea was also
found.

d. Formaldehyde certainly has a positive affect relative to
caking, and I never ignovred that. The amount of formaldehyde
requirad 1s however depending oun tha shaping tachnology,
wolsture content of final’ product ete... For prills 0.2%
formaldehyde ia aufficient.

¢. Biuret formation depends upon liquid couposition and exposure
time at certain tamperatures. Bacause biuret formation in
granulation i3 considered to bhe negligible, we could parcly
calculate and determine the biuret contents taking into

account for instance the dust recycle from the shaping
flcilil:y -

£+ A8 far as I know Agrico does not operate a Stamicarban
prilling tower and therefore 1is raferring to difficulties

exparienced with another prilling technolegy. I ecan anly
discuss and comment our prilling technology.

Mr. T.3. HARIHARAN, Fercil, Abu Dhabi

Locatlions whare high ambient temperaturas aexist, which is
suitable in: prilling or granulation? ‘

Both for prilling and graaulatiom a high ambiesat air temperature
makes {t diffieult to reach a sufficiently low final preduct
temperature unless the final product $& cooled in a saparate

- eooler with conditioned air. I have aot compared the shaping

technologies for high ambient air temperatures, though the paper
offers the poasibility to calculate air requirements for high
ambient air temperatures etc... Offhand I do not anticipate that
I have to change my conclusions to the santrary.

Mr. T.?. HIGNETY, IFDC, USA

While you have emphasized lower cost 1t would be of gpecial
interest to astimate the increased value of high quality producet.
This may be more difficult in developing countries where there is
no free market. Farmers have only the cholce of using the Pl Y- R4
quality "Standard agriecultural grade” or nothing. In hot, humid
climates there has been wmuch difficulty with losses, and with
fine damp, caked material that is eilther uanusable, or difficult
to apread evenly. Have the authors tried ro estimate the value of
tha various producta?

The paper compares product characteristics of Stamicarbon prilis
with granules from certain granulation technologies., I am very
nuch aware that prills made by soma other technologias are
inferior to ours. We have bean consulted recantly by diffarant
produgers oan this problem, and possibly we can at least partly
correct their problems. I have tried to fi{ght the bad reputation
of prills, T have tried to supply informatiom oan outr prilled
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product, and I am certainrthat chig«produc: certainly canneot be
conaidered as "poor quality” standard agrieultural grade urea.

‘Q = Mr. BE. HOLTE, Norsk Hydro, Norway

On page 8 the author states that only TVA Fallen Curtain has.
produced Urea Supergranules (U3G).

Norask Hydre has since 1979=-80 supplied most of the USE utilized
in the research and testing done both by IFDC, IRRI and FAO. The
USG 1s produced 1in the NH-High Temperature pan granulation
proce*~. The recycle ratio i{in this process 1s about 3:1, not 7:1.

A = I am aware that Norak Hydro has produced supergranulaes ian their
pan granulator; howevar, I made it clear in the beginning which
processes I would compare and Norak Hydro was not part of that
list. Yes, I apologize for not having mentioned your ability to
make supervgranules. ‘

TA/84/11 Compacted fertilizers by A. Seixas, J.D. Ribeire Marcal &
J. Corrala, S5APEC, Portugal (Rapporteur N.D. Ward, Norsk
Hydre Fertilizers Ltd, Unitad Eiesgdom)

‘Q = Mr. M, BARLOY, Office Togolalis des Phogphates, Togo
4. Concerning the additiam of 83P to the formulation:

-+ What are the water and fresa P205 coutants of tha 38P?

« What is the curing time requested before SSP ig used?

= What 1{is the wmaximum amount whieh e¢an be addad 1im the
formylation?

b. What 1ia the maximum permissible wmoisture contant of the
compacted matarials and where is tha limit: compacter clozging
or qualicy of the finished product?

c. I3 natural moilsture evaporation signifiecant during manufacture
and can 1t be anhanced?

d. Can you indicate what would be, at present US § rate, the
relative investwent cost of a 20t/hr compaction wunit as

cemparad te a conventional granulation unit of the same
capacity using the same rav materials?

A - a. When 1t 13 proeduced, our SSP containa 10 H20 and 3~4% free
acidity, expressed as P205.

An  inerease 1in the curing time of 83P 1s favourabla to
compaction. Minimum time: 10 days. ‘

To obtain a sattsfactory cucput in t/kr, 10=-207 SSP are not
excacded.

b. Bince wa use a ﬁixture of raw materials, it 1is dmportant to
know the humidity of the mixture. The quality of the finished
product limics thae humidicy.

¢. Since the process invelves a high recycle rate, the
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teanperature of the product increases and the huaidity
decreasas.

d. The facilitiea describaed (10 t/hr) cost $§ 1 millien in 1980.

Dr. B.K. BHATTACHARYA, FAI, India

How do compacted NPK fertilizers compare with granulated products
in terms of uaifermity in composition, particle to particla?

In view of the successive operations of compaction, grindiung’ and
screening, and the high recycle rate, the particles produced in a

conventional granulation plant and im a coamapaction plant are
gimilar in their compositcion.

Mr. Y. COTONEA, CdF Chimie, France and Mr. P. ORPHANIDES, PFFI,
Greacea

Can you indicate the raw materials used 4in the production of
20=20=-201

To manufacture 20-20-20 we use potassium chloride (0-0-60),
ammonium phosphate (20+-530-0) and urea (46~0-0).

Mr. J.D. CRERAR, Norsk Hydro Pervrtilizers Ltd, United Kingdom

8. How wmuch dust becomes detached from finished granules during
handling, packaging and transport?

b. 1-1.5% moisture seems high for urea contalning Ffertilizers.
Please give experience of storage life and characteristics.

a. The finished product contains less than 1% of products balow 1
mm. We carried our abrasion tests on granular and compacted
products and the results were similar (0.5-1%).

b, The humidity of the finished product varies according to the
cemposition of the mixture. When we add urea to the mixture

before compaction, the humidity of the finlshed product is
bﬂlnw 1:-

Mr. M. HANDLEY, IM & C, USA

What is your experience with roll 1ife on NPX'a?

The rolls we use have a 1life time of about 8000 hrg, if we carry
out intermediace fillings.

Mr. N. KOLMEIJER, Windmill Holland, Netherlands
I presume it 12z necesmary to coat urea=-containing gransules to
preveat c¢aking in storage. Can it be done effectively bearing in

mind that the granules are far from apherical?

The finished product {8 coated 1in a drum “with antjcaking and
antidust agants.
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a, Did you try te compact powder MAP either alone or mixed? of
which origin?

h. How does it hahava?

¢. What is the maximum permissible moisture countent?

-1, We did not compact MAP alone, but mixed.

b-. We wusad Tunisian MAP. It has a good behaviour, although we had
dadusting problemas.

¢. The moisture content 1s about 2ZI.

Q - Mr. N. LOUIZOS, SAHPEC, Creece

4. What {3 max., urea percentage used and corresponding production
capacity?

b. What are limitations vragarding =size discribution of granules
i.e. a8 1t bettear Lo use the same size, or differsnt siza of
granules? ‘

c. How often is it nacessary to repair orv change the compacting
cylinders and could this be done in your own installation?

a. Tha amount of urea used depends on the nature of the mixture.
- 80 far we did not exceed 30Z%.

b. In the mixture to be compacted we «can use materials of
diffarent particle aize.

¢, The finished product contains 90% of product between 2 and 4
mm. The rolls of the compacter have a l1ife time of 8000 hra, 1if

there i3 an intermediate filliag.
Mr. A.G. ROBERTS, ICI PLC, United Kingdom

Could the author give more details of the "special-difficulties”
experienced with S3P?

Sincae SSP has important plaatieity properties, it raisaea
difficultias, We have tried ¢to compact S33P alonge and we
incorporate it in some fartilizers we praduca.

Mr. R. SCHOEMAKER, UKF, Netherlands

Have you got any experlences on the compagtion of urea-ammonium
sulphate aixtures, auch as the 41-0-0-5, as vaas nentioned by Mr.
Bizzotto in his prementation?

Is it necessary to crush urea before the compaction stage?

We do not grind urea before compaction.

S0 far we have not tried to compact mixzxturea of urea and ammonium
salphate to produce 41-0-0-5,
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TA/84/12 Simultaneous production of marchant grade calcium sulphate
and high strength phosphoric acid by A. DAVISTER & F.

THIRION, Prayon~Rupel, Belgium (Rapporteur E. Halte, Norsk
Hydro, Norway)

Q - Mr. J.C. ABRAHAMSE, UKF, Netherlands

Can you give information about cadmium distribution over thes acid
and calcium sulphate?

A — During the tests we concentrated on making high grade phosphoric
acld and c¢aleium sulphate and, although we monitored the
impurities in the producta, we do not so far have data on the
distribution of cadmium.

Q - Mr. K.L. PARKS, Agrico Chemical Company, USA

In table 2 4{a the paper giving values for the test with Kola/Bu
Craa blend you give an increase in the Fe203/P205 ratio from the
rock of 0.0087 to 0.0108 In the acid. Does this suggest aevere
corrosion?

A - We utilize stainless ateel in our test equipment and the correosion

analysis carried out on the test equipment indicates no corrosioan
wvhatsoaver.

Q - Mr. R. SMITH, Duetag, France

Could you advige further the wuses for the calcium sulphaze
produced by this process?

A - For upgrading of Ca sulphate, we hava already the Central Pravon
process. Virtually for all the production of Ca sulphate from that
particular process in our own plants, and at the
customerd'location 1in Sweden, Japan and Africaz, upgrading is done
for the production of products which are currently obtained from

- natural gypsum ia the production of £ ~hemihydrace. If we look i1ato
the results, we would find little diffarencea in the quality of
B-ITI~hemihydrate, whether it be phosphogypsum or natural gypsum.
We can also use it as cement retarder or as Ca supplier raw
material in the maoufacture of cemant clinker as is dona im some
countriasa, like for iustance South Africa. ‘

We Thave developed the PH3 Process because we wanted to have
concentrated acid, but we also wanted to retain this possibilicy
of upgrading Ca sulphate. Because of the mechanical proparties of
the .a~-henmihydrate, we have found new outlets. Introducing a
controlled proportion of II-anhydrite is even more {intearesting,
because Il-anhydrite does wnot need to be produced by high
temperature thermal treatument, as 1s done in plaster works. It Ia
presant io the c¢rystals and requires no drying energy. That way we
could, of course, replace certain production of plaster by

traditional means and also cament in term3z of gtrength and in
terms of material design. :
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Fillers and whatever you might have in mind will be another
market, ‘

Mr. K.L. PARKS, Agrico Chemical Coﬁpany, UsA
What results would you expect with Florida 68 BPL rock?

Does this processg reduce the radicactivity of the gypsum, L.a. the
radium content?

We have just completed a test of s3ix weeks on Florida rock. 1 deo
not have any electronic misecrocope preasentations and I do not have
the results with me, but I can tall you that with the Flerida
grade 70/72 BPL, we had 46% P205 acid obtained with yields of
abaut 992, The operating factor was Jjuat as good as with the
Morecco grade and the shape of the crystals was more or less
similar, so I can tell you that the grade for the Florida product
Wwas eamler to achieve than with the Morocco grade, whieh was
pretty good ian any case.

During the tests wa monltored a certain number of lugredienta.
Included 1in these i3 the moaitoring of radium, but the results of
thesde tests are just now under processiag.

Mr. J.D. CRERAR, Norsk Hydro Fartilizers Ltd, United Kingdom
The operating conditions given for the 2ad reaction stage are

18-23% P205 and for the 3erd stage 242 P205. Thus there can be
lictle recovery of P205 at the dihydrate separation. How difficult

i3 this aperation? Is 1t by-pasased ovn the pilot plant?

What I can gay is that the control of the quality of the final Ca
sulphate with OC-hemihydrate or the mixture of a=henihydrate and
anhydrite Il requires essentlially that we have a full rehydration
in the second phame and this is8 a must 5f tha process. Saparation
after the second stage is optionmal and has nothing to do with the
recovery of the chavacteristics of the products.

Mr. P. MORAILLON, CdF Chimie AZF, France

How c¢an you axplain the balanca of impurities in the phesphoric
acid and Ca sulphate that correspond ¢to it? We altogether find
only part of the metal impurities in the phosphate, for instance
822 of A1203 in the Xola/Casa grade or 50% Na20 in the Xola/Bu
Craa grade according to the figures given in table II.

When you have 80X Al203 balance when doing experimental work in a
pilot plant, it i3 not that bad. In return, it 1s pretty obvious
that 501 when you do a Na balance is something which Is woet righe.
It must be a mistake somewhere. By all aceounts, Na in the acld
will ultimately be of a slightly higher concentratioan by the time
full equilibrium {n the system has heen reached.

We have to realize that in a pilet plant, with a 20 kg F205/day
capaeiry, there 1g Ffrom a human poingt of view a maxiamum you can
do. We also have to produce series of samples and samples which {n
fact require additional purging. At the time of sampling oun liquid
products at a lahboeratory level, we can work on the product aa
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such, but, for reasons of averload, we do it away from the clear
liquid. Consequently, we might have precipitation. The sodium
might not he prasent in the ligquid phase. That 13 why vou have to
do it on the soli{ds rather than on the liquid.

Mr. M. GAURON, COFAZ S5A, France

In the Ca sulphate handliang seetion ITII a-anhydrite seems to be an
intetmediate between g~hemihydrate and II-anhydrite, but putting
vourself {in {intermediate conditions, you are going to get a
mixture of G-hemihydrate and Il-anhydrite. How can you acgcount for
the absence of the g=-hemihydrate III, if put this way?

The eryatalliization phase 1in the chemistry oparations is
sophisticacted.- A lot of literature has been published on this and
1 thiak thac things are changing pretty fast. So averybody has his
own ideas on the i1ssue, and - I would say that IIlI=-anhydrite is
oftan prasent. But in doing the analysis aud the X-ray diffraction
for determination, we cannot make the distinetion batwaan

g-hemihydrate and III-anhydrite as the spectrums are superimposed

on each other. When working out the product, you will have a lot
of JII~anhydritea present which will szcivate the satting times.

Mr. P. BAEKEN, Coppée SA, Belgium

On page 2 on the paper, you say that ome can resort ta silica,
which could ba added. Could you say more about this? That

particular thing 1is already patentad and ecovered., Plasase
elaborate. .

Adding s8ilica or the role played by various foreign matters
{impurities) preseut at variocus levels 1in the phosphate rocks
used, ‘Like organiecms, silica, alumina and many others have bean
hrought forward many years ago. In the baginning of the 60's,
recommandations were drafted on the use of these products.

As a matter of faect, later on (soma 20 vyesrs back) a very
interesting paper by Mr. Gilbert, USA, gava a lengthy description
of whieh role Is playad by a certain number af those impurities or

fareign wmatters aund what effect thay can have on the

crystallization behaviour of Ca sulphate and alse on the
transition from one form to another. As 2 matter of fact, as wa go
aloog, wa get to know how to make the most of the phencmenen and
Lo use 1t to maximum advantage.,

Mr. M. MIYAMOTO, Nisasaan Chemical Induastries, Japan

On figure 3, there 138 no outlet of filtrate from the dihydrate
sactlon. Where does it go?

Separation of dihydrata is an operatien which 15 2till optional as
shown on our flowsheet, But when we incorporate it, that does mnot
necessarily give any outlat because we have the possidilicy to
recycle.,
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Ansvwers to guesations in writing

Q-

Mr. J.D. CRERAR, Norsk Hydro Fertilizers Ltd, United Kingdom

The P205 recovery of 99-99.5% probably axcludes mechanical losses
from the filters. With three separation stages thiszs must he
significant. Can the authors quantify the overall racovaery for an
industrial plant?

Ganerally, ocur design includes oune closed cireuir for proceas and
cooling waters. In this case, the overall recovery is 99 to 99.5%
for an industrfal plant. The possible losses will be accidental.

Mr. M. GAURON, COFAZ SA, France

Since phosphorie acid contains less impurities than a dihydrate
free acid, the final hemihydrate will be more impurs., Please
comment.

The phosphates indicated in table Il contain little Na. Have you
tried phosphates with 3 higher Na=-conteunt? In that case, does the
hemihydrate contain more Fluorine?

No, the final hemihydrate is purer than with a dihydrate procesas,
becaugse 1impurities are dfssolved at this concentration. The
impurities are in the product acid.

Tes, we have trested the Casa phasphate rock 68-70 BPL. There is
a relation between Na and P content in solida; but values are
less than in a dihydrate process.

Mr. M, MIYAMOTO, Nissan chemical Industries, Japan

How do you pesitively ptoportionad a ~hemihydrate and
II-aohydrite in dihydrate hemlhydrate conversion atage, by
temperature otr by H2504 concentration therein?

Is it possible to make II-anhydrita free of hemihydrate?
Whac is the allocation of 98% H2504 into the three stagasg?
The concentration of II-anhydrite in hemihydrate and dihydrate

conversion stage is coutrolled by adjusting temparature, P2035 and
H2504 concentration in the liquid.

In the wet phosphoric acid processas Il~anhydrite {5 made from
hemihydrate and dihydrate conversion. There  are some free

II-anhydrite crystals in the produced solids.

The distribution of sulfuric scid introduced in tha thrae phases
of the process i3 ahout:

= hemihydrate attack sectian 502 257
= dihydrate conversion sectien 253 25%
- hemihydrate conversion secticn 25% -

=~ Il anhydrite conversion section - 50%
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Mr. M. BARLOY, Office Togolals des Phosphatez, Togo

Does the firat hemihydrate reactor include several compartments?

‘Does the process described have an economic advantaga 1f the
¢aleium gulfate 1a not procegsed? In particular, can you

‘#liminate the third stage?

The multicompartnented single tank coupled with the new low level
flash cooler organized to ensure separate contrel on the thrae
flows (through the tank, through the flash cooler and inside each

compartment) as well as to wminimize the powar rating by the use

of helicoidal pumps and carefully shaped agitators has now
reached full wmaturity and strength. It 18 of course one of the

main topics of the hemihydrate reaction togethar with the

digestion tank(s) in which the slurry is adjusted and stabilized
bafore filtration. '

If the gypsum %3 not processed, the third stage 1is of no intarest

axcept in case of dry handling to disposal, which is more ecasily
achieved when the process delivers a self drying mixture of

g-hemihydrate and II-anhydrite. But of course who can dao the
woskt can do the least and as a fall out of the PH3 procaess we
have developed a full range of hemihydrate processas named PH for
Prayon hemihydrate., These are eifither straight hemihydrate in one
stage (PH11l) or in two atages (PH12), or themidihydrate in two
stages (PH2). ' ;

Mr. ¥N.D. WARD, Norsk Hydro Fertilizers Ltd, Unitad Kingdom

Results are glven ‘only for the rock mixtures including

Kola-apatite. How does the plant perform on a sedimentary rock
alone?

Duriang the lecture, we have ghown results obtained with
commercial Khouribga rucks and indicated figures obtatined during
a run with gcommercial Florida rock. Both behaved perfectly well.
If our tests were started with Kola apatite containing rock

mixtures, «this 1s simply to adapt 1t ¢to our usual plant
feadstock.

Mr. T.J. THOONEN, URF, Netharlands

Can yau give figures in p-Curles/g over the different steps
(HH~-DH-HH) ?

Without special treatment the radicactivity £s the mame over the
different stages.

Mr. N. TURKI; STAPE, Tunisia

Do vyou add chemicals to prevent formation of dihydrates in the
firat crystallization? :

No, but it is necessary to adjust the conditions for hemihydrata
crystallization.
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TA/84/13 Energy consumption ia ammonia productien. Influance of
: extarnal conditions and key process parameters by Ib.
Dybkjaer, Haldor Topsoe, Denmark (Rappoerteur N.D. Ward,

Norak Hydro Fertilizers Ltd, United Kingdom)

"Q - Mr. B,.K. JAIN. FAI. India

It {3 meuntionsd that production of sufficient C02 for conversion
of all the NH3 to wuraa will require some additional anergy
consunption.

I suppose the endeavour should be to produce maximum CO2Z and
utilize this {in the production of urea even, if need be, by
importatiorn of additional XYH3 to consume all the C02. The
inecremental ursa productiom would perhaps offset the marginal
increase {n energy congumption whan 1t 1s apportioned to the
total uresa production. Your comments please.

A = The praoblem of production of C02 and the match betwean the CO02
and the ¥NH3 in the urea plant can be tackled in different ways.
The problam is oanly relevant when you have a2 rather elean natural
gas. If you run on naphta or heavy natural gas, the balanca
baetwaan H2 and C In tha feadsteek 18 such that sufficleant C0O2 is
produced automatically.

If you have dry NG or pure methane, as we have assumed, then it
i3 necasgary in some way to increase the production of CO2, 1f 1t
is not possibla in the  loeal econditions 1n which the plant is
built to coproduce NH3 and to export that out of the plant,.

It c¢can be done, as you can sae from some theoretical aquations
ineluded in the paper, in twg different ways: one 1s to add an
exceas of air to the sacondary reformer. In this way yvyou will
upset the balance batween the H2 and ¥2 in the synthesis gas and
you will thave fto spend energy and investment to take the excess
N2 out of the synthesais gas. But you will be able to achieve the
balance between NH3 and CO02. It cannot be done in this way
without additienal anargy consumptlan.

It can alao be done, and that 1s what we have assumed and
realized in plants built in various parts of the world, by
preducing an axcass of asyuthesls gas. This 13 done simply by
having a somewhat larger front end which produces sufficient CO2
for the conversion of the ammonia. The excess synthesls gas 1s
then taken out before the compression, fi.e. after the CO2
rewoval, and used as feed in the reformer. The axtra energy
consumption, by dolng it this way, 18 marginal. In such a case,
it doas not pay to 1Iinstall a purge gas recovery ualt, which is
installed to reduce the productioun of synthesis gas.

Q - Mr. M. SIVONEN, Xemira Oy, Finland

Is the steam/carbon ratio of 2.5 already used contianuously in any
conventianal ammonia plant? :

A - No, this steam/carbon ratio 13 not vyet used in any conventional
ammonia plant. Planta are under construction whare operation at
this ratio will be possible. HBut similar operation conditionszs are
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uged in conventional steam raforming plants for other
productions, auch as H2, where the <conditions {in the primary
reformers are very similar to what they are 1in an ammognia
reformer plant. Even lower steam to carbon ratios are used in
steam reformers producing oxo-synthesis gas or gas for other
purposes.

Mr. D. BANQUY, Foster Wheeler, France

Did you evaluate the effect o0f the synthesis pressure on the
overall investmant cost?

Yeé; we did. Tt 1is of course not a simple thing to do. We have
studied the effect of the gynthesis pressure. Since we found that
we could not by analyzing the energy consumption alone fiad any

optimum presaure, we gelected it on the basis of othaer eritaria,
like:

= Size and cost of equipment
- Reasonabls layout of the compressor sactlon
- Reasonable integration of the heat recovery system.

I would 1like to enphasize that we see no problem whatspever in
supplying a syathesifs 1loop at 200 atm or at 80 atm, as we have
the technology for {t and we are quite willing to do that. For
our own cowplete process scheme, we have found that a pressute of
approx. 140 atm is advantageous when we consider the investment
cost and the overall iategration of the energy aystem.

TA/84/14 What IC1's ammonla process does for low tonnage awmmonia

plants by J.C. Livingstone, ICIT PLC, United Kingdom
(Rapporteur N.D. Ward, Norsk Hydro Fertilizers Ltd, United
Kiangdom)

Q - Mr. 0., HANSEN, Haldor Topsoce, Denmark

In the paper you refer repeatedly to "conventional processzes™ and
claim e.g. a 20% reduction in overall capital agalunst such
procegsses., Please give the mailn features of the "conventional
process” used as a refsrence.

I thirk the point hare is that the conventional process usad for
comparison was in fact ag stated on the slide. I showed the last
plant that ICI designed. What we tried to do in this ezercise was
what ICT, with ICI's standards and ICI's approaches, would pay
for this sort of process as opposed to what it paid for 1ts last
process. 50 the basis for a conventional process was the last ICI

designed/built. The N° & ammonia plant {n Billingham was the
hﬂﬂiﬂi

Mr. J. SARLABOUS, CdF¥ Chimie AZF, Prance

At what time will the start=-up of the CIL unit with the ICI AMV
process be anticipated? Why such a dalay?
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The CIL plant at Courtright inm Ontarlo 4fa in fact the firsr with
this naw process to ba operated. Unfortunately, that plant was
dasignad to cater for the American fertillizer wmarket, but, as
that wmarket suffered badly in 1982/83, the Canadians decided to
slow down the project because it was no point im making ammonia
they could not sall. The plant {8 preseutly in the
precommissioning stage. The deminaralization units are being
precommissioned. The plant will first produce ammonia in July of
1985. Everythiag seems3 nov to be on program, the American ecounomy
{3 hopefully going in the right direction  and the plant will
proaduce ammonia.

Dr. S.X. MUKHERJEE, FAIL, India

What has been the longest continuous run in a commarcial plant on
the low pressure (683-75 atm) ammonia syuthesis catalyst?

The catalyst 13 perhaps one thing I did not elarify 1n <the
prasentation . One coustraint put on the designers on this
ptocess with ICI was that all the new steps Iin the process had teo
be proven. We do not like prototypas in ICI. We have suffered too
many times from prototypas. All must be oprovan 1ian one of our
plants somewhere in the world, before It goes into the new
process.

The 1low pressure syntheais catalyst, that is mentioned hara as
the major step forward im the new process, has now been operating
Just over 4-1/2 years in the N®° 1 ammonia plant in Billingham. 1
am happy to vreport that after 4-1/2 years, the activity of the
catalysr i3 still well above fnitial activity of our conventianal
catalyst at atart of life. So it is quite a dramatic step forward
in the performance of ammonia synthesis catalyst.

Mr. T.5. HARTHARAN, FERTIL, Abu Dhabl

Refer te page 14-6, firse §. How does H2/N2 ratio of 2.2 to 2.5:1
in the synthesis loop improve operability as a cercala ratio
still needs to be controllied to avoid operational upsets and
compressor performance problems? Could you pleaase alaborate.

The simulation of the low pressure synthesis loop has shown that
sengitivity to inerts {in the H2:N ratioc of 2.2.-21.5:1 is much,
much lasas than 1t i3 with a conventional plant. Whatr we have
simulated and ashown on the slides is that a 50% inerease in the
methane slipping i1nto the synthesis loop will almostc certailaly
shut dowu a moedern plaant, but will hardly affect this process.

The reason for this {3 cthat the actual conversion In this process
is less than in conventional processes., It 1is about 77X. What
iaproves the ovarall situvatiou Iis the fact that the H2 recovered
across the circulator without recompression goaes back into the
process with 90 odd percant., The plant now 13 much lass gsensicive
to effects of the upstream catalysts. In a modern process
something 1like 80X of tha methane that goes into tha synthesis
loop 13 contributed from the make gas catalysts and 20% from the
reforming section. What we have done with the AMV process iz to
completely reverse that, like 80 of the methane going finto the
synthesis loop is from the reforming section and only 207 from
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the make gas catalysts.

The sensitivity at low prassure to CH4 and N2 covcentratioa, as
can be demonstrated by real time simulation, is much less than in
conventional processes.

If you then 1look at the point that has been made in the extra
compreasion cost for trylng to improve the conversion, the

overall economica 1s wvery much ia favour of going for high CH4
slippage, high N2 and low pressure,

A/84/15 A new concept for ammonia production by P. Orphanidas & Ch.
Polychronides, PFL, Greace (Rapporteur J.E. Reynolds, (@race
W-Rli- & Cﬂ * USA)

Q - Mr. H, ALLYOT, TECHNIP, France

1. What are the references of the recovery boiler the reformer
gases of the Haldor Tapsoe/Nuove Pignone concept?

2. Why did you choose a different techunology for the bailer in
the syathesia loop?

A - 1, The raference list can be obtained from the IFA Sacractariat.

2. At the time of selection, BORSIG had the best referancas for 2
beiler for the gas pressure, temperature and compositicn
prevaliling in the synloap. However, wve believe that
Topsoa/Pignone could also be a valid solution.

Q -~ Mr. T.8. HARIHARAN, Fertil, Abu Dhabi

1. Who ia responsible for eangineering, congtruction and
commissioning?

2. What s the overall completion period af the projeck?

3. After introducing feed gas to the plant, within how many days
you expect ammonia productiaon?

4. What 1{s ¢the expected on stream capacity of reallzation for
firar year operation?

5+ Could you please give refarence of any other plaunt using P3A
process for hydrogen purification?

6. What type of adsorbent is used for PSA H2 purification, and
during operation what i3 the fraquency of regeneration cycla
change?

7. Waste heat boiler for reformed gas =« what pracavrliens have
been taken to avold tube fouling problem?

8. What type of training 1s forasean for operating and
maintenanece staff for Foxboro'a Spect: IV system?
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A - 1. KTI of Holland. Project 1s on "turn-key” basis.

Cea A€

2., 33 months.
3. Approximately 24 hours.

4. 330 days per year.

5. The reference list can be obtained from the IFA Secratariat.

6. For adsorbent type please ask Union Carbide Corporation. Full
cycle~time of each bed is 2 minutes.

7. He has supplied a very sophisticated water treatment based on
VGB 64 (for high pressure bollers) though steam pressurse 1a 45
bar.

8. Two-weaks opervrators training ecourse for 2 oprocess and 3

inatrumeat engineers and two weeks maintenance course (for 3
instrument engineers) at Foxboro educational eentre, Scest,

Holland.

TA/84/16 Energy saviung in urea and ammonium nitrats plants by G.
Brusasco, ®. Monaldi, G. Pagani & M. Sauntini, Fertimont
SpA, Italy (Rapporteur J.E. Reynolds, Grace W.R. & Co, U34)

Q - Mr. JI.D. CRERAR, Norsk Hydro Fertilizars Ltd, United EKingden

The ammouiunm aitrate granulation process shows that tha drier 1is
heated indiractly using steam. We use direct heating with natural

gas combustion. Would Fertimont do the same with a new plant
taday?

A - Porto Marghera plant has been designed using srteam at B8 bar for
heating the drying air at a maximum temperature of 160°C; at that
time the decision was connacted with safety reasons. With a new
plant, we consider important the energy saviung counected with the
use of the steam coming out from the AN reactoer as indicated in
the paper; neverthaless we consider feasible the use of natural
gas with the proper safety devices.

Q - Mr. P. CHINAL, CdF Chimie AZF, France

In figure 5 of your paper, 1t sesems that the scrubbing of the
mist out of the reacetor 1s done with a3 nitrate solution ar tha
same concentration as that of the reagtor. Ias it the case?

In this scrubber, do you introduce maka up nitrie acid? If =0,
how is it controlled? ‘

What is the operating pH of the reactor and of the scrubber?

4 = The washing of the vapours from the reactor operatas in two steps
ingside the columa CLO01l:
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- ia the firaet step AN soluticn at 15~257 asnd pH = 1 is
recirculated; :

-~ in the second step AN solution at 2«37 is recirculated.

Nitric acid is added with a pH control in the reactor and ian the
lower part of the column. The pH value in the reactor is 3.

qQ - Mr. Z.H. PAN, CNCCC, China

1. If H2S and H2 conteats Iin CO02 are about 10 mg/Nm3 and 0.8%
(vol.) respectively, 18 your special passivation techniqgue
still applicable and does the explosive atmosphere exist iIn
your new proceas? Tf 1t does, where? And how to aveid
axplosion?

2. What {8 the minimum Llocad at which tha new IDR section can
8till be operated?

3. What are the factors which iunfluence the performance of tha
2nd atrippear?

A = 1. H25 oust be reduced through an appropriate adsorbant to 1 ppa
maximum.
The content of 0.8% vol. H2 in the C02 may give the same
problems due to the prasence of 02. In our case we use two
types of passivation agents:

- the first omne is a liquid oxidizing agent in order to
protect the - strippers’surfaces. No problan for this
subatanca;

=~ the second one i3 air for passivating all the remaining
parts of the plant.

In order to avoeid any oparation nezr or in the explosion field
due the contemporary presence of 02, H2 and NH3, {(that can
ocgut during the 1{inart gas washing) we operate inm the H.P.
scrubber always 1n the presence of an ammonia excess) it means
cut of the explosion field. In the M.P. scrubbar we add
nitrogan before <the final washing of inert gas in order to

raduce thae H2 and 02 concentration below the infericr
flaommability limita.

2. The minimum operation load of the IDR plant {3 about 40-50% aof
the design flgures.

3+ The performances of the second strippar of the IDR process are
affacted mainly by:

— temperature of inlet solution that must not exceed 210°C. We
prefer to operate in the vange 200~-205%C;

- NE3/C02 ratio of the inlet solution. We operate quite well
when this ratio i3 equal or higher than 3.8-4 (by weight).

Q ~ Mr. P.A. XKARS, Stamicarbon, Netherlands

1. On page 2, 34 in the english version of the paper is stataed:
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"the ifinnovative aspact aof the process 13 the removal of excess
ammonia in the uraa solution mainly achieved through using
carbeon dioxide in the sastvipping operation”. I always believed
that we were the true inventors of the C02-stripping process
in whieh CQ2 at synthesls pressure Is used to remove exXcess
ammonia but alse non-gconverted carbamate from the urea
solution. Can some clarificaction be givan?

How de¢ you compare your oprocesa with Mitsul Toatsu's ACES
process? And i3 your process and/or your patent situation, 1if
you have any, not in conflict with M,T. patents or others?

Is# it correct that you have no commercial experience with the
dcheme a3 given in figure 2, such as:

- the ajector added to the carbamate condensor ‘

~ tha high pressure scrubber that raplaces the separator of
gchema 1

~ the heat exehange 1a the L.P. distillar

=~ the heat exchange in the vacuum system?

+« Is your anticipated steam figure based on full heat removal
with coeoling water in the ammonia recovery systam and

+ Is it the differsance between import and export steam, Lf
not, what 13 your ancicipated =xport steam figure?

Is it correct that your anticipated steam figure 1s based on a
plant with an electrical driven compressor, and do you agree
that rcthe energy plicture is completely different for a plaat
with cogaeneration in which tha compressor 1s steam driven?

Modern granulation technologies have lowered investments and
utility c¢costs In compariscn to earlier technologies by
reducing recycle ratios and air requirement by evaporation of
water. Can you explain to us why it is advantageous to move in
the opposite direction again?

Is your multiple curtain granulator, withowt water spray

nozzles, more or less i{identical ¢to TVA's falliug curtain
granulator?

The main innovative aspact of our process Iz the stripplag of
ammonia by C02 in a urea solution very rich ia free a2numonia,
without sigunificant chauge of the carbamate content In the
solution. In this way, it 1is possible to racycle Dbig
quantities of ammonla to the reactor directly in the H.P. i2op
and this permits to obtain very high conversion ian the reacsvor

and, in consequence, low anergy condumption.

This is completely different from the STAMICARBON procass, in
which mainly carbamate {3 stripped by C02., In che last version
of IDR process, our philosophy 1is to produce carbamate in the
stripper evaporating ammonia in order to cut the M.P. asteanm
congsumption. It {3 c¢lear that our process Iis completely
differant from STAMICARBON CC2 stripping process both from a
concaptual podiat of viaw and for the final results.
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2. Our process haa been patentad on Mav, 1977, that is bafore the
ACE3S MITSUI-TOYO Patent. In any ¢ase, our process 1s differsnt

from ACES proceas. In consequence, our patent situacion is
go0o0d.

3. We have commercial experience on:

- the ejector added to carbamata condenser. This ejector has
baen operating for 3 year Iin the S. Giuseppe di Cairo plant
wvith good resulcs.

— high pressure scrubbers are in operation at 80 bar in our
Ferrara factory and in several other plants.

No problem to operate at higher pragssure (for instance 200
bar).

~ The double effect technique between M,P. dist{ller aund I.P.
distiller has been operating in commercial acale since 1947
in our 5. Giuseppe di Cairo factory, in the conventional
urea plant.

~ The double affect technique between M.P. distiller and 1lst
vacuum distiller i3 1in commercizl gperation from June 1982
in the IDR plant of 8. Giuseppe di Cairo factory.

4. Our steam figures are overall NM.P. steam duty from sur side.

No imported LP steam 13 needad and no exported LP steam is
foregean.

5. The steam figures are procass figures and doa't takae into
account the possible driving with steam turbine of the CO2
compressoar. Foar this subject, please zge our article “IDR

technology cuts to a minimum the energy consumptioa 4in urea
plants™ - NITROGEN 145 Sept-0ct 1933,

6. Our <consumption filgures are on the same level as other
granulation processes. Presently our recycle ratioc is about 2
without affecting the product quality. Aecording ¢to our

epinion, advantages of our process are simplicity of operation
and low investment cost.

7. Partimont has experience in the curtain granulating drum since
fifties. In comparing our drum with the one of TVA we have
these diffarences:

- melt {s sprayed on two or more parallel curtains in order to
reduce Lthe drum volume, without affecting the quality of tha

product. In consequence, we have a very high length/diametar
ratio in the drum with ralevant low investmant cost;

- the erystallization heat is removed maiuly by cold recyele.
1 - Mr, L.K. RASMUSSEN, Superfos A/S, Denmark

Ahat 1is the amount of (NH4)2304 per ton in yoar 26% AN and whv do
you add AS?
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A - The maximum amount of (NH4)2804 1s 4 kg/t 26X AN. We add ammonium
sulphate 1n ordar to prevent the reaction baetwaen limestone and
nitric acild to form Ca(¥N03}2; thils resaction occurs mainly In the

scrubbing step with the limestone contained in the entrained
powders.

Q - Mr. N.D. WARD, Norsk Hydro Fertilizers Ltd, United Kiasgdom
The storage taemperature for 26% N ammonium nitrate of 70-75°C
geamg very high. It 1s surprising you have no caking in srtorvage.

Can you comment further particularly:

l. Storage timﬁ before bagging
2, Temperature at hagging?

A -~ The atorage ¢time bafore bagging variss between 1 and 5 months
depending on the shipment programs.

The bagging temparature 13 legs than 45°C in wiatar; sunmmertima
it can be sometimes more than 45°C.

Q ~ Mr. C. HOER, UKF, Netherlands
What {3 the bulk density of ammonium vate and urea granules?

A - - AN 28% bulk density is 0.8 t£/m3; real and apparent density are
respectively 1.86 and 1.49.

= granular usea bulk dengity 1s8 0.76 t/m3; real and apparent
density are respectively 1.32 and 1.26. :

Q - Me. P. DRPHAHIﬁES, PFl, Greece
What is the reecyele ratio in your granulation AN 26X proceas?

A - The recycle ra*io in the AN plant is in the range 2=3.

Q@ - Mr. G. CALIS, UKF, Netherlands
Do you expect any disadvantageous effects on product gquality of
ammonium nitrate, due o the TII to IV transition, occurring

during tranaportation and handliug?

A = No. We have tested the same resistanca to thermal shock iIn the
cacled products.

Q - Mr. J, MOELLER BIMEBAEK, Suparfos A/S, Denmark

What 1s the wmaximum acceptable particle size of limestaone fed to
the AN-graaulsator?

A - The limestone size is K0Z passing chrough a 400 mesh screen;
rather than ths slze, we consider the outside specific surface,
that is more than 3000 cm2/gz.

Q = Mr., D. IVELL, Norsk Hydro Fertilizers Ltd, United Kingdom

What is the concentration of ammonium nitrate in the granulation
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plant scrubber?
How i3 granulation controllad:

= by addition of steam?
- by control of on-silze material as recycla?

The concentration of damonium nittvate in the granulatien plant
scrubber 1s 50X by we.

Granulation parametars controllad are 'the recycle of on-aize
material and solution conesntration In order to keep in the fixad
range temperature, humidity and size of the granulated matevial.

TA/84/17 Recyela purge gas for‘additinnal ammonia production from an

existing ammonia plant by N.C. Brahma & 5.C. Mictal,
Shriram Fertilizers 4 Chemicals, India (Rapporteur J.E.
Reynolds, Grace W.R. & Co, USA) '
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TA/84/18 The BASF-ODDA NPK proceas by A.H. Durocher, L. Diehl & H.J.

*

Q: -

A -

Eisaen, BASF, Germany (Rapporteurs L.K. Rasmussen, Superfos
AS, Denmark & B. Persson, SUPRA AR, Sweden)

Mr. F. MOSTAD, SUPRA AB, Sweden

Why ars you changing £from tha sulphuric agid route to the
nitrophoaphate route in the Antwerp plant?:

Some arguments have already been given. Gypsum deposits are one
reason, but switching to the new BASF-0DDA technoelogy by
revamping an older plant anablaes fertlilizers to be produced with
lower variable manufacturing costs. As you can see from the
slide, the manufacturing costs are considerably higher uaing the
mixed acid route, until we reached the practical productiom limit
grade (3x16.7) with the 0Odda process. These are the main
economical reasgans.,

What are the main improvements io thias process compared to the
0ld Ludwigshafen planc?

- Integration 0f eaexperience {2 a4alse sometimes a4 change in

axperience and that 13 the raason why we switehed from
cantrifuges +to belt-filtar separation technology. Dua to

erosion/corroaion effects, centrifuges entail higher maintenance
costs than belt filters, thus increasing production costs.

Low emigsions ware alsgso attained, bur the main changes ware in
the separation steps - iasolubles and CNTH salt.

Mr. G. KONGSHAUG, Norsk Hydro, Norway

You iadicate In  your paper that 907 water-soluble P205 can bhe
achieved by the use of fractional filtrations and several cooling
stages,

What s the purpose of fractional filtration, and {s this systen
installed in any commercial plant?

By fractional separation we mean a two-3tep crystallization
procedure. Thera 1s a limit to crystallization of the NP slurry
in one step because a highly viscous solution 1s obtained which
causaes problems 1In the CNTH-separation sectian, That 1Is the
reason why, 1f we need a NPK grade with 85 to 90X water
solubliity, we have to recycle the mother lLiquar, obtainad {in a
firat separation step, to cool it to 3 lower temperature and to
reseparate calelum nitrate ballast, We have so far not installed
this second step in any of our plants.

What 13 the design value for water-scluble P205 in your new
Antwarp plant?

We designed the plant for values betwaen 35 and 85%, but there ia
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noz need - in general in Burope for water solubilities above 50 to
60% .

Mr. R. MONALDI, Fertimount SpA, Italy

Which type of neutralizers of the NP-acid are praefarrad and, 1f
the slurry evaporates, what 18 tha lowest pH before such an
operation?

The type of neutralizer depends on the graaulation procass usaed
in the plant, but in general we preferred loop meutralizers. In
fact, ¢this piece of equipment is a standard faeature, but the
optimization of the neutralizers varies from plant to plant.

Answering your question about the pH, it 1is 2-3.

Is the c¢oating operation carried out before, during or after
cooling?

There are only two possibilities: bhefore and during, bur not
aftar.

What are the main problems of the scrubbing tower where the NH3I
loases in the neutralization section are abasorbed with altric
aeid?

Problems are related to the pregsence of steam and high
temperatures (ahbout 95%°C): steam has to ba saparated from the
ammenia, which 1ia recaverad in standard ammonium nitrate

scrubbers.

Is this tower oa line with the equipament for the NOx gases whera
the NOx gases are absorbed and oxidized ian the 3soluticn
containing calcium carbonate?

No, the two units are noat on line,

Pearcant energy consumption in the different anits 1iIs reported in
figure 13. TIs 1t possible to know the absolute value as steam,
e#lectric powar, fuel gas and liquid ammonia par ton of 15.15.15.°7
Thera are a lot of standard answers to this question. Lat me gay
that absolute Elgures are difficult to give hecause anergy costs
change from plant to plant and that s why an answer to this
question is not simple.

Mr. J.D. CRERAR, Norsk Hydro Fertilizers Ltd, Unitad Kingdom

What is the minimum ratio of N:P205 in the final product from the
BASF/0dda process?

Minimum should be at the momant 0.65%5:1.
What i{s the waximum water soluble P205 proportion?

About 8535%.

What material is used for the filter c¢cloth for separation of
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caleiuvm nitrate?

We have tested all poasiblasg cloths, aud have Ffound that
polypropylene cloths are the most snpitablie onea. In fact tha
¢loth econstrucetion needs not be very complicated.

Mr. B.K. JAIN, FAI, India

What percentage iIincrease 1in operating coat 1s expected for
inereasing water soluble P205 from 60 to 8537

Batween 22=22=0 and 17-17-17. The difference should be 202.

Mr. N. KOLMEIJER, Windmill Holland, Wetherlands

The conversion of Ca-nicrate to C.A.N. requires £02., Are you
going to do this in Antwerp? And 1if so, where do you get the CO2
from?

It comes primarily from the ethylene oxide plant.
. Mr. E. AASUM, Norsk Hydro, Narway

In your paper vou describe that phosphate rocks with mere than
500 ppm of Cl are serious for corrosion and that the problea can
he regolved by appropriataea pretreatment. Do you mean a
pretreatment of tha rock itself or what other solutions could be
foreseen?

- The ward pretraatnent is indead not aexactly . defined.
Pratreatments are posgible, but very expengive £to say the laase.
The best pretreatment is to blend the phosphatas,.

How wmuch NOx and fluorine compounds are veleased to the air in
the waste gases without scrubbing with a solutian contalnlng
caleium carbonate?

Regarding the fluorine content, separation with a notrmal
scrubbing system - water scrubbing ~ gilves rates lass than 2 ppm
of fluorine and for NOx we do not exceed 100 ppm/e3 in any case.

Mr. P. MORAILLON, CdF Chipie AZF, France

To get a low CaQ/P205 ratio in the NP acid solution, lowar than
0.2 in weight, i3 it necessary to use more nitric acid than the

axcess of 12-18% required for a geood conversion of phosphate
rock? ‘

What matters here is the acid concentration and not the sxcess.
The excess of 12«18% 18 present at all times but what mattars at
lavels below 0.3 is that your acid should be thieck enough to
promote {ntensive crystallization; this 1is why we are using an
acid that is very close to 60% by weight.

Mr. 5.K. MUKHERJEE, FAI, India

How much production have BASF so far provided to markat with
water—-soluble P205 content of 70X and abave?
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- The production of such NPE grades is mainly for export and BASYF

i3 represented in almoat‘al%.marka;s.

Mr. M. 3IPILA, Kemira Oy, Finland

‘What particular method is preferred by BASF for removal and

washing of insolubles?

+ 8and removal alternatives depend to a great extent on the type of

phosphate you are processing. Kola phosphate does not need sand
removal; but cantrifuge separation 1s well suited when proceassing
68 Pebble phosphate.

- What 18 the typlcal grystal sizae distribution?

- C8D i3 not a hig problem and erystallization procedures do not

need to be very sophisticated in our process. Anyway, the avarage

etrydtal dliametar should noet be lower then 300 -um.

Mr. L.K. RASMUSSEN, Superfos AS, Denmark

On page 13 you mention cgoncentration of NP-slurry by means of
single—-stage svaporater. Can you tell us: ‘

= the pB of the slurrey?

Betwemn 2 and 3.

.‘the material used for the hqat exchanger?
Stainless steel n® 1.4541.

+ the maximum content of Cl allowed in the slurry?

50 ppm.

‘Mr. $. ORMBERG, Norsk Hydro, Norway

In washiag the Ca nitrate with calcium/ammonium nitrate solution
you have the risk of getting some NH4 ioms returnad to the
dissolution astage. Have you observed any connection between the
NH4-concentration and the filtrability of the Ca nitrate?

The question {is not televant because our AN-CN washing medium is

only a displacement wash and no appreciasble NH4 lons are returnaed
to the digestion stap.

After conversion of calcium nitrate to AN and C€aC03, vou
concentrate the 417 AN solution te 94-98%. Do vyou experiance
scaling in the evaporators?

Yes, we do and the evaporators have to be washed from rtime to
time with a special ¢leaning solution.

Mr. E. HOLTE, Norsk Hydro, Narway

In your 2500 tons per day going on stream in Antwerp in 85 what
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concentration of €02 will you use for <converting the caleium
nitrate? :

Concaentrations up to 100Z.
Mr. E. AASUM, Norsk Hydro, Norway

Norsk Hydro has in its CGlomfjord nitrophosphate plant heen
operating sinece 1955 without aoy eagquipment for asand removal.
Several differant phosphates have baen used, some with up to 6%
acid~insoluble material with size up to 250 micron. The calcium
nitrate 1Is filtered off with rotating filters. Would the author
comment on thig?

I would only observe that 1in this c¢ase nmailanteusnce costs for
pumpsa, lines, stirrers and the amount of ballast are certainly
higher than in our plants using for example phosphate contaiuning
up to 66X insolubles. Of course, using XKola phosphate, a plant can
be run for 30 years or more without any difficulty.

TA/84/19 Significant energy savings in the ODDA process by M.H.G.

Q

Q

Jennekens, Stamicarbon BV & G.H.M. Calis, DSM, Natherlands
{Rapporteurs L.K. Rasmussaen, Superfos AS, Denmark and B.
Persson, Supra AR, Swaden)

Mr. B.K. JAIN, FAI, India

In the New Stamfcarbou batch crystallization proceas the number
of cooling circults required are wore than for contlnuocus
process., While integration of the set of crystalliizevs in various
coonling cirevirs leads to enargy savings, the inatalled coscs of
aquipment may be thigher. Some idaa of the <relative cost of
production per toune P205 may be pgiven for the continuous and the
new batch process. .

The Engineering Department of DSH made an investment estimate of
the three wvariants of the process. It 1indigates that no
gignificant differences in investment flgures, and thus in fixed
costs af the product, wara naticed,.

In @y paper I have shown that congiderable snergy savings may he
realized, which of course diractly affect the variable costs of
the end product. Comparisen of the <coutinuous crystallization
process with the new bhatch evystallizatlion process sghows that the
total price of the eund product is 7 US3 per tou of P205 lower.

Mr. G. KONGSHAUG, Norsk Hydro, Norway

Do you find it correct Lo compare the new crystallization process
with existing conventlional processes when thia i3 only based on
Your own tests and your own undevstanding of the theory?

There are many differences iIn opinien as to numbars and
assumptlions in tables 2 and 3.
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o A e b
- Well, it 15 not our understanding of the theory but fundamental
cryatallization theory which we are refarring to. I think that,
by the twa exparimenta described in the paper, the validity of
this theory 1s demonstrataed clearly. Concerning the differences
you note, I would 1like to invita Norak Hydre te discusa
comparable figures axtensivaly on a lacter occasion. '

Mr. L.K. RASMUSSEN, Superfos AS, Danmark

How did you determine the erystal gize distribution?

The crystal size distribution has baen determined 1In two ways:
The first mathod 18 to wash and dry the eryatals, followad by
siaeving. The sacond method 13 wused for a more accurata size
distribution. We applied a microscopy technique 1o which a
phaotograph of 2 nuaber of cerystals i1is made. The photograph is
scanned with a light basam of vary precise dimensfons. This is
done with 16 different beam sizes and results {in a very accurate
gsize distribution analysis of the crystals.

+Did you iuvstall some kind of automatie equipment for on=line
analysis of crystal size distribution in your industrial plants?

No, we never did and we don't intend to. However, we do intend teo
inatall on-line analysis equipment to determine the CaQ/P205
nolar ratio of the process liquor before the erystallization
gection and, alse, to 1nstall a microprocessar—-basad control
systam in the crystallization wunit. This system caleulaces the
temperature profile for a given dissolution liguor based on this
Ca0/P205 molar ratio. With the praocess as just described to you,
we always have the same coarse and uniform crystals.

Mr. A. DURQCHER, BASF, Garmany

A question related to maintenance <costs. Can you give sonme
indication of the 1life of the sleves iIn your two-stage
pusher—-type centrifuges?

Well, the new process, which i3 based on bhatch crystallization,
results in very coarse and uniform crystals, which can esasily be
separated by means of a conventional filter, This 13 what we are
golng ta apply 1im our proceasas, and certainly ne pusher-type
ceuntrifuges. S0 I think the question is not relevant.

Mr. E. AA3SUM, Norsk Hydro, Norway

On psage 10 the theory of conventional batch crystallizacion is
deseribaed where the ¢ooling medium passes countercurrently
through the erystallizer in the process.

On the basis of your expaeriments and of application ¢f theory you
concelude for several reasons that crystallization behaviour in
technical systems can neither be controlled nor predictaed.

Io the Norsh Hydro nitrophosphate process the bateh
erystaliization I3 operated with thia countarcurrent flow aof
cooliag medium and our experieunce on crystallization behaviour in
technical system does not follow your predictions.
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There are now 10 commercial units with a total P205-capacity of
3000 MT P205 per day operating on this principle, the first one
heing 1in operation for 10 years.

A = Well, the most recent paper of Norsk Hydro, which was presented
at the Fertilizer Round Table in Baltimeore, USA, econtaius an
important typing error. If 83% of the crystals is to he remaoved,
the final cerystallization tempevature should be =5°C instead of
the printed +5°C, which proves that our predictions are right. We
have no intention at all of condemning the conventional hatzh
crystallization oprocess, we only wanted to demonstrate that
conslderable improvements of this process concerning energy
savings as well as production flexibililty can be realized.

TA/B4/20 Computer simulation of fert{lizer granulation plants bhy
T.K. Watson, UKF Fartilizars Ltd/Stamicarbon 2y,
Nerherlanda (Rapporteurs L.E. Rasmussan, Superfos AS,
Denmark and B. Persson, BUPRA AB, Sweden)

Q - Mz. R, MONALDI, Fertimont SpA, Italy

From your paper the computer 13 used to simulate the plant
conditions to optimize the process. Do you intend next tima to
apply a computerized system on-line to operate the plant?

A = Not yet., The reason for this lies 1In the last gongslusion I gave
about the model; that 1s, rthe accuracy of simulating the
granulator itself 1a not yet good encugh. I think we have anly
got to go back to one of the earlier papers from Mr. Handley, who
was talking about the effects of different phoaphoric acids upon
granulation to see that to build a reliable wmodel of the
granunlation step iw very difficult {indeed. Our approach would
therefore be to use the computer modal off-line in the manner
deacribed in the paper to davaelop a contrvol philosophy for
particular products underv particular conditions, and develop this
philosophy through tso guidaelines for aperating the plant.

= How do vyou propose to obtain faliable gsamples of the so0lid
recycle?

4 = Barlier I mentioned something about computar models bheing anly as
good as thae information upon which it is based. As you imply, Lt
is difficult to obtain reliable samples and ralizbla siave
analysis for recycle and granulate materials. We did obtain large
numbers of sawmples bhath to determina the sampling variance and
also a number of sarias of samples over short time pevriods to
find out how variable our plant is.

Q@ - Have you studied an automatic method to obtaino sleve analysis on
a real-time basis?

A - Several plants in UKF have continuous on-line sieve apalysis. One
of these works by taking a sample actually of the granulare
baefora screening, in which case the sample 1is fed to 2z small
screening and weighing system. The problems with this system is
that you only need one lump of say 20 wmillimeters in silze, and 1t
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makes obtaining a repragsentative sample very difficult. Another
plant tries to get round this problem by doiang continuous siza
analysis of the product after screening, and using the indirect
correlation hetwean product sgieve analysis and granulate sieve
analysis. This 13 also not an entirely adequate method and a
hatter one is to put a number of waeighers on the recycle conveyor
and 80 get a continuoua {ndication of fines, on-gsize and
over-gsize 1in the recycla. This 1s the method that I personally
favour, though it 13 potentially more expensive than the other
two. ‘ '

Is it the same with moilature in the alurry?

That has been thought about but we do not do 1t Dbecause in our
process the slurry Lls nearly always under boiling conditions, in
which case there is a very good correlation between the watar
content and the temperature. EXnowingz the temperature and the mole
ratio 13 therefore sufficient.

How much would a complete cu=-line automation of an NPK plant
cost? ‘

John Markham 1s going to answer that partly when he comes to talk
about chemical analysis ia the next paper.

Like a lot of other people we avre going down the route of putting
most of our plant data on to computers. We have been doing this
for a oaumber of vearsgs via an off=line system and we are now
moving to a syatam of doing it directly on line so that we hava
got up -‘to date information avallabla on a computer terminal and
people can see the trends in process condirions; also statlstical
t=chniques can be applied to current data giving suggestions to
the operatar what actian he ought te he taking.

Mr. N.D. WARD, Norsk Hydro Fertilizersg Ltd, United Kingdom

On the basis of your model would you say 1t 1s essential to
include a recycle hopper in the recycle loop?

I would not say it is assantial, and further there are prohblams
with the practibility of actually doing this. Our own plant for
instance was built with a recycle hopper because years ago this
was the philosophy of Dorr Oliver. It naver worked and has since
bean ramoved. In any case, if you have good informatctiocn on your
recycle screen analysis and the required flexibility to control
it, e.g. a splitter valve or an adjustable crushing system, then
such a reecycle hopper 1is not neceasary.

Mr. E. SEUNA, Kemira Oy, Finland

How do your models take different rheological properties of
ammonium phosphate slurries inte account (m.g. due to different

(=]

phosphoric acids orvr varying N/P ratio, etc...)?

They don't directly, they do it in an {ndirect fashian very
crudely. If you look at the mnodel, what we have in there 15 a
thing that we call Beta-curves, and we have different Beta-curves
for differant conditions. I accept that it is extremely
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simplistiec buc that part of the modal i3 being worked ocut, and
hopefully one of these days we will come to the situation whare
we can say we know enough about viasgosity or other propertisa of
AP alurry to put in as a variable in such 2 computer model.

Do you actually use the model for «creating strategies for
handling process disturbances? '

Yes., See my ansver to tha first quastion from Mr. Monaldi.

If the recyele loop is burdened up with dust, eould you takae that
into account?

Yes. You can use it in any situation where plant 1is potentially
out of contrel, or is actually out of coeontrol (for example, the
recyle D50 has gone down to 1.5 mm). To look at potential ways of
getting out of that situation you will discover fairly rapidly
that some have no chances of success gt all, but athers show scme
promise. However, you may come to the conclusion, in practice,
that 4t would be a 1laot quicker and easier to dump the whole
recycle and start again.

How did you collect the data for the models? Was it done manually
or by Aautomatic measurements?

All the sieve analysis data was collected manually, and let me
#ay once dagain that ¢to build a reliable model requires the
collection of a very large amount of data. This is Iin effect an
advantage of the computer model; it forces you to collect a lot
of informdatioun which otherwise would probably not be collected.
For example, 1f I take a sample of tha granulate, how
reprasentative ig that? 1{f I take another one in two minutas
tima, am I going to get the same result or not?

TA/84/21 Computer control of granulation plant NPK autcanalysers by

Q....

Q -

J.H. Markham, ICI PLC, United Kiugdom {(Rapporteurs L.K.
RASMUSSEN, Superfos AS, Denmark and B. PERSSON, SUPRA AB,
Sweden)

Mr. A. SINTE MAARTENSDIJK, AMFERT, Netherlands

Although the asuthor refears to the EEC regulaticns, the P205
determination 13 done as water-soluble and mnet as neutral
ammonium ecitrate P205. In our axperience the process—control on
hasis of water-soluble P205, when selling on basis of n.a.c.
P2053, does {at least whenm using superphosphates) not give the
same results. I would like to hear vour opinion on this.

I have an easy raply to this as far as we are concerned at ICI.
We use Senegal phosphate rogk as our basic phosphate supply. This
rock produces fartilizers with a velatively high water-soluble
P205 content and prasents no problems to us in the determivation
of the phoasphsate content of our fertilizaers.

Could you give a rough estimate of the cost involved in a4 systemn
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a3 described and did you make an evaluation of the g¢cost and
profits after some years of operatlion with this squipment?
Do e QR EET R

- I knew that thie would be an inevitable question but . I haven't
prepared a cost estimate for a modern system to the standard that
Wwe have inmtalled at Billingham. From the description I  Thave
givan, dalegates will realize that we have developed this system
over a number of vyears. We have added to and modified the
original equipment and thia makes it difficulr to put a composlite
cost to the present installation. The equipment used is, in the
majin, relatively simple and easily obtained. Some of the key
ltems, particularly the sample preparation unit, are produced in
our own workshops at Billingham. I have discussed the situaction
with my colleagues and we beliesve that Pounds 50,000 might be
needad to provide an installation to an ICI standard.

In normal laboratory-analysis the sample 13 ground before
determination of the nutrients, in your equipment it is not; d4id
you Investigate whethar you got deviationms in the analysis due ta
"this simplification?

The only problem we have ever experlenced in this area has been
the determination of total P205 content of our fertilizers in our
main laboratoviea. It was found necesszry te grind the fertilizer
down to a very fine size gradiang to give an accurate measurement
of total P205. This problem was never experlienced Iian the water
soluble F205 determination oun the auto=-analyzer whiech provides
the informatlion needed for plant analysis control.

- Mr. J.D. CRERAR, Norak Hydro Fertilizers Ltd, United Kingdom

Sampling of a stream of moving graunules is difficult to achieve
withaut segregation. How much work did ICI do to evaluats the
rerformance of the hoekey gstick gapplar with rasgpact to
saegtegation?

The hockey stick sampler which I have described is a very simple
deviece and represents an easy solution to the problem of
obtaining a vrepreseatative sample from a moving stream of
granules ou a conveyor. When we were developing the sampler the
major concern was the problem of segregation. Plant operating
staff 1in the audlence will ba very familiar with thils situation
where the fine material {3 predominantly at the base of the
granular fertilizer whille the large zize particles run along at
the top. We carried out a series of tests by iastalling a "GECO"
samplar which takes a aweep actross the flow of granules at the
discharge of the conveyor. The results from the "GECD" were
compared with those from the hockey stick sampler and remarkabdle
agreement wag found. We are very confident {in the represantative
nature of the sample taken by the hockey stick sampler.

Would you use the same device for sampling for size analysis?

We have installaed hockey stick samplers on the product convayors
from the two graoulation units and they ars used to taka the
routine samples for slze grading and quality checks along with
the occasfonmnal samples taken for check analysisz. I belieave that
this demonstrates our confidence in this device. «
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Is there gsegregation in the vibrating feeder to the digsolving
stage?

Therea 1s no sgegregation because the vibrating feeder ia
effectively choke-fed. The granules fall down onto the base of
the vibrating trough and in effect tha granules then pass along

the trough In the order that they are prasented to the trough
itself.

Mr. R. MONALDI, Fertimont SpA, Italy' i

Considering that also the NPX plants of Fertimont are cantrollad
by full automated systems developed using the techanique of
thermometric analysis, T should like to get some information on
these points, if posgsibla:

Coefficient of ~wvaviation X for each determination performed by
your system?

We all use different terms to deascribe the accguracy of analysis
control. At Billingham we use the term standard deviation. If T
use 17 nutrient wunlts as an average nutrient level wa would
expect to achieve a standard deviation of 0.35 unit. 1 beliave
that 13 approximately 2% in accuracy terms.

What ia tha accuracy level with respect ¢to tha same
detarminations manually performed?

If you are referring to a manual determinaticn 1in a laboratary
then 1 would not c¢lalm-that our on-plant analyses give tha sane
accuracy. In the laboratory determination a lot more time s
taken to allow the sample and standards to reach tha steady state
gituation which reduces the agcope for gsignificant errors. We do
achleve, on a contiaucus basis, a very high degree of correlation
with laboratory analysis and I wouldn't want to leave anyone with
the wrong impressiop on this point. Our results from the om-plaat
Analyzera are vary c¢lose to the results ohtained by laboratory
dJatarminacion.

What (s the actual time (on yearly basis) raquived to maintain
the gystaem 1in good performance?

We now allow our instrumant taechniclan half an hour a day to do a
daily atandard check and check over the tubas etc... That 18 twa
and a half hours a waek for this installaticn.

Mr. S. OBRMBERG, Norsk Hydrn, Norway

With the auto-analyzer you are detearmining the total nitrogen
content. Is {t possible also to get separate values for NH4&=-N and
nirrate~N7

The developmeunt of this sysatem has opened up the opportunity to
use the automatic equipment on other measurement duties. We have
2lready installed analyzers on the effluent discharge from aur
ammenium nitrate plants o coatinucusly monitor NH4=X and NO3I-N.
It 1s our evantual aim to use this data te achieve automatiec
contral of certaln parts of the plant,
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What 1s the accuracy of the N, P and K analysis and have vyou
managed to reduce the manpower 1in the laboratery after
introducing the auto-snalyzer? Ry

I have dealt with the questicn of aceuracy. In terms of the
manpower used on tha installation we used to have one and a half
Instrument tachniciana full=-time plus additional rescurces whan
neaded and this has unow been redunced to one man working half an
hour per day. In addition we are now doing more than 95% of our
analysis on the plant and this has reduced the reasources needed
in <c¢he central laboratory. The experience that we have galnad by
developing the on-plant system has been ctransferred to the
central laboratory situation where many of the systems have now
been automated giving further manpower reductions,

Mr. J. POUKARI, Remira Oy, Finland

Your NPK-analysis is from year 1975. Have you made development
after 1975 and in which parts of the analyzer?

We have changed very little in terms of the installation in the

last 5 years. I think the 1975 you refer to is menticned in the
paper as being the break-point between phase one of the
development which was developing the basic system and phase two
of the development which was developing the computerisation,
etc... It took a little while to esatablish the computerisation,
the hackey stick sampler, the new house and the new equipment,
but for the last five years we have made no significant change to
the equipment at all. I know that a number of people 1in the
audience have visited the installation at Billingham and actually

‘'seen it operating during that time parioad.

- What i3 the maximum time for oparation without mai{ntenance?

It's something we have never tested. When I sav that we use half
an hour a day of an instrument techniclian's time I mean Monday to
Friday. We do wvaery little over the weekand. We have a shift
instrument technician whe checks the aquipment over duving the
weekend. 1 suppose really that relates to two days of continuous
operation in that situation, but we have never testad rhat
bacause wa do feel «that it is important to go in an a daily
basis, doing an absolute determination, checking over the tubes
and making sure there are no problenms.

Is the weighing procedure precise anough?

This is the most accurate weigher of this type that I have come
acrosg. For a plant-based plece of equipmant it is a vary
sophlsticated piece of pracise engineering, which has bean
developed for this particular accivitzy.

Mr. E. SEUNA, Kemira Oy, Finland

You dally feed a manuwal standard, which is near the grade being
produced. How many different staadards of this kind do you need?

There are 8 standard solutions used to cover the complete range
of NPK formulations produced on the plant.
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TA/84/22 Co-audiunarion - A aystem hringing raal time econemic
performance control to fertilizer oproduction by J.
Springell, ICI PLC, United Kingdom {Rappaorteurs L.K.

Rasmussan, Superfos AS, Danmark and B. Persson, SUPRA AB,
Swaden) ‘

Q:— Mr. G.H.M. CALIS5, UKF, Nethaerlands

How do you account for product quality in e¢alculating the
aconomic performance of a plant with the Auditor syatem?

A = Product quality 1s always an I{mportant criterion in the econocumic
agssesgment of a procesa. It 1z more important in some processes
than others. One example, important in ammonia production is the
hydrogen/nitrogen ratio in the synthesis loop of the process.
This ratio has a bearing on the economic performance of the
process and we can infer 1t by usiag an Auditor to continuously
callect a limited amount of process data and to ruun a theoretical
process model which calgulates the above ratio and other key
operating parameters.

Q - Mr., N.D. WARD, Norsk Hydro Fertilizars Ltd, United Kingdom

The wmost Ilmportant alement in production costs is raw matarial
cost. Process lossges can be accounted for, but there always seems
to be losses particularly 1in solids handliang, which cannot he
accountad far la this way. Does your system allow for these?

A - Yes, it does halp to show where losses occur. As 1 mentioned
earlier, one of the wmaln functiona of Auditor is to carry out
mass balances and consistency checks. It can be used to calculate
the eaffielieney or losses associated with either {ndividual
gsectiona of the plant or the whole process. For example, in NPK

praducticn the efficiency of the ammonium nitrate section or that
of the whole process can be ecaleulared.

Q = Mr. J.D., CRERAR, Norsk Hydro Fertilizers Ltd, Unitad Kiangdom

Computerised optimisation of individual plants is achievable with
some affort whare the chemistry and thetrmodynamics are wall
documanted and understood. This dnas not apply to granulatioen to
the same degree as a2omonia and nitevic acid., Does ICI {ncend to
apply Co=audinator techniques to NPK~planta? L{f so, how and when?

A — In answer to the second part of the question - Fes, we are
applying Audiror tao NPK plants right now. It is ohviously easier
on  large continuous 3ingle gtream processes to exnlair the power
of Auditor but we are now extending it te other processes. One of
the main functions of the system 1s to allow coordivation of each
iadividual plant inte the entire production strategy for the

"¢complex as a whole.

Q - ICI Divisgional Co-audination seems bazed on the human shife
managers. How good are rtheir dacisions for astion to deal with

sudden problams such as threakdown, lzeck of tramsport, full
storage aete...?

A = Tha Co-sudination dystem does not make the problem mora difficulte
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it makes its solution easier by providing instant plant and site
information in an eaasily wunderstandable form. This was
{l1lustrated in the slide I showed  you of various measures of
afficiency on an ammonia plant with the target and actual valuaes
displayad. Tt can only help the user make bettar decisions.





