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PRILLING OR GRANULATION OF UEEA
Some comparative criteria of recently developed granulation technologies and
improved airprilling

by F. XARS, Stamicarbon, Netherlands

We have compared the three recent 'newcomers' among shaping technologies with
airprilling because by far the greater part of world urea production is
prilled and because of the criticism prilling has been receiving freom advo-
cates of granulation such as: ‘ .
PRILLS ARE T0OO SMALL AND TOO WEAR; PRILLING CAUSES AIR POLLUTION AND 15 MORE
EXPENSIVE THAN GRANULATION.

Fluidized bed granulatrion : Nederlandse Stikstofmaatschappij (NSM)
Spouted bed granulation : Mitaui Toatsu (MT)
Falling curtain granulation : Tennessee Valley Autharity (TVA)
Air prilling ‘ t Stamicarbon

It should be recognized that it is virtually impossible to generate a set of
only a few reliable characteristics that clearly, precisely and uniformly
distinguishes between the various shaping technologies under all
circumstances: a trada-off between a large number of variables must always be
made. The purpose of this paper is to at least identify a number of criteria
which are of importance for appreciating the differences between the shaping
technologies discussed hera. In preparing this paper we have made use of
published information but also of know-how with respect to urea technology,
prilling and granulatiom available within our parant cempany DSM and UKF, the

fertilizer division of DSM, as well a2z within the Stamicarbon organisation.




More partiecularly, we shall discuss the follewing subjects:

1. TYPICAL PRQCESS INFORMATICN.

2. PRODUCT CHARACTERISTIGS.

3. SQME IMPORTANT ASPECTS OF SHAPING.

4. INTEGRATION OF THE SHAPING FACILITIES WITH THE UREA PLANT.
2. OPERATION, MAINTENANCE, ONSTREAM TIME AND FLEXIBILITY.

6. INVESTMENTS AND PRODUCTION COSTS.

7. SUMMARY OF OBSERVATIONS AND COMPARISON.

1. TYPICAL PROCESS INFORMATION

l.1. Recyele system;

1.2, Formation of particles of desired size;
1.2.1. NSM granulation;

1.2.2. MT granylatiou;

1.2.3. TVA graoularion;

L.2.4. Stamicarbon prilling.

Contratry to prillinmg, where solid material is made by direct solidification of
molten urea droplets, the size of which almost equals the required fipnal pro—
duct size, all granulation processes function by solidifylng succsssive layers
of golution or melt onto the surface of particles which are separately fed
into the granulator and arve made to grow during thelr pagsage through the gra=
nuwlator by continusl spraying. Because growth is not uniform the granulate

gtteam from the granulator {s split into 3 fraections by screening:

1, overaize material, which is normally crushed to sead material and reecycled
to the granulator;

2. Fiaal product;
3. undergize material which re-enters the granulator as 'recycle' and contri-

butes to cooling.
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This requires a recycle system, which {s usually not required for prilling.

Such system consists of coolers, screeus, buckatelevators, conveyors,

crushers; hoppers, dustabatement aystems, metering devices et¢. For the same
unit capacity, product grade, layout, recycle ratio — the recycle ratio is
expressed in kg of product recycled to the granulator per kg of final product
or per kg urea in the feedstock— and quality of installed equipment it may be
safely assumed that the invgstment; utilicy, operating and maintenance ¢osts
and on-stream time of this part of the plant are independent of the granulation

technology which 1s involved.

When more than one product size is required the recycle system should be
designed for two conditions:

. smallest particle size, because in that casa the recycle ratio is maximum;

. largeat particle size, because more air will be required for the fluid bed
cooler, increasing the dimensions of air blowers, exhausters and the dust aba-

tement systems, also the solids loop (screens, crushers, etc) must be adapted.

1.2. FORMATTION OF PARTICLES OF DESIRED SIZE
In all granulation processes the granules are formed in a gramulator, the
granules are discharged to the recycle system and oversize preduct and seed

material re-enter the granulator.

1.2.1. NSM granulation See figure 1

In a rectangular granulator, granules are fluidized with air which is distri~
buted through a perforated plate.

Urea solution of 95-96 wt % concentration iz atomized in air-assisted spray
nozzles and {g sprayed onto the fluidized particles, which subsequently grow
by accretion with simultaneocus water evaporation. In this way, part of the
released heat is removed. The bed dimensions ave determined by heat balance
considerations, humidity conditions, fluidizatiom and dust carryover criteria
and by the spray density. A plaut designed for a certain urea concentratien
(e.g. 95 wt %Z) will have an output that is very much determined by the actual

urea concentration.

Urea conc. % by weight 94 95 96 97 98 99 100
Plant output % 120 100 30 72 63 60 55
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1.2.2. MT granulatioun See figure 2

The rectangular granulator is provided with comes attached to a perforated
plate for distribution of air to fluidize rhe granules and to make granules
move from one cone to the next. Each cone 1s provided with a spray nozzle for
urea melt (99.0-99.7 wt X) with a spray capacity of seme 200-300 MTD.

Separate spouting alr enters the cones causing an orderly cyclic movement of
particles, which grow by layering. Capacity increase is possible with a multi-
cone arrangement. Because no water 1s evaporated, more air ig required for the

granulator at the same recvele ratio.

1.2.3. TVA granulation BSee figure 3

In a rotating drum provided with special intermals, falling curtains of granu—
lez are formed on which a urea melt (99.0-99.7 % concentration) is con—
tinuously sprayed during the passage of the granules through the granulator.
The granuleg are cocled with air and by evaporation of a fine water misat
sprayed into the air with separate nozzles while passing co-currently through
the drum.

Growth takes place by layering. Internmals {pans) shorten the fall of the gra—
nules, so preventing breakage with simultaneous dust formation, and also pro—
vide a large open area in the drum in which the water spray nozzles are
installed. Special attention iz given to humidity contzol to preveant the
granules absorbing moisture, which is made possible by separately controlling
the water flow.

Emphasis is also placed on proper seed preparation and the dosing of dust—free
gsead on a granule-to~granule baais.

1.2.4. Stamicarbon prilling See figure 34

A urea melt of 99.7 % concentration is distributed in the top of a cylindri-
cal, usually concrete, tower by a rotating bucket. The urea melt droplets soli-
dify and cool during their free fall in direct contact with ambient air.

The prills are collected and transported in the base of the tower by a rake to
a4 conveyor belt and by this belt to the storage. It is also possible to

delete the rake by installing a coaical bottom in the tower, and it is

pessible to reduce the towerheight by fnstalling arn additional product cooler.
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In recent yeats, Stamicarbon has patented a process by which small seed par—
ticles are brought into the tower to prevent 'undercooling' of the droplets,

g0 increasing the mechanical strength of the prills. The mechanical strength 1s
alse increasaed by adding some formaldehyde or similar material, at the same time
{mproving the storage characteristics of the product with respect to caking.

By a special conatruction in the tower it is possible to separate the alr from
the tower im two streams, respectively with a higher and a lower dust
concentration. This makes it possible, when necessary, to remove dust only

from one air stream instead of cleaning the total alr amount.

The absolute amount of dust from the tower is extremely low (1-1.5 kg/MT of
product), and & further reduction of that amount should only be effected if
required by envirommental legislation.

For that situation DSM has tested and compared two wet—type dust tecovery
systems on a pilot plant scale, with the following resultsg: See table 1

Table 1

PILOT PLANT DATA OF DUST ABATEMENT

System A System B
Collection efficliency 80 % 920 2
Power consumption, 0.6 0.8
kih/1000 m3 air
Dust emission, kg/MT urea 0.2-0.3 0.1-0.153

Because the cleaning costs are proporticnal to the air volume, and the air
volume is related to the tower height, optimization is necessatry for each par—

ticular situation.
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Prior to dust recovery, the dust content in air from granulationplants 1s aboul
20-50 times higher than in air from prilling towers.

Recovery of that dust is always necessary and probably also econcmically
justified.

Dustemission after the dust recovery system are said to be respectively for
NSM, MT and TVA are 0.10-0.15, 0.2 and 0.10-0.15 kg/mt urea.

In Table 2 information on consumption of additives and utilities of shaping
facilities only, based on 0.10-0.15 kg dust/MT urea as dustemission, is given

Table 2 NsM MT TVA Stac-Prillin

Additives such a3 For granulation For storage For storage For storage

formaldehyde and storage re2asons redsons redasons
kg/MT urea reasons
5 1*{estimated) .5 2

Power congumption
kWh/MT urea 35 31 18 10
LP steam consump-
tion kg/MT urea 40 10 10 10

* We have been recently informed that apart from ureasoft, a product developed
by M.T. and TEC ~ up to 6 kgs formaldehyde are used in M.T.'s New Zealand
plant to improve the storage properties of the ureagramules and to reduce dust
formation.
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2. PRODUCT CHARACTERISTICS

2.1. Particle size distribution, a market criterion.
2.2. Biuret content, ancther market criterion.

2.3. Shipping, handling and storage properties.

2.1, PARTICLE SIZE DISTRIBUTION, A MARKET CRITERION (See Table 3)

We have distinguished between 5 different urea grades by average diameter and

product size range depending upon the application of the product. Table 3
indicates by'which shaping technology these grades (preferably) cam be pro-

duced.
Table 3

Technologies varsus urea grades

Urea grades Average Size - Granulation Prilling
slze, range, Fluidized Spouted Falling
i mm bed bed curtain

1. Feed grade 0.6 0.2-1.9 - - - X

2. Agricultural
grade
(atandard) 1.7 0.8-2.6 - - - x

3. Agricultural
grade
{coarse) 2.2-2.5 1.0-3.4 X X x X

4, Forestry
grade 5 3-6.5 X * X -

5. Super-
granules 15 10-20 - - x? -
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Table 3 illustrates that coarae agricultural grade can be produced by all four
shaping technologies. Feed grade and standard agricultural grade are pre-
ferably made by prilling, feed grade can be made by prilling only and standard
agricultural grade product can be made by granulation only at the cost of a
high reecycle ratle, preferably this product should be prilled.

Forestry grade and supergrammles can only be made by granulation and as far as
we lmow TVA only has produced supergranules. During said production probably
additional seeds were formed, limiting the plant output counsiderably and
making it necessary to increase the recycle ratio to over 3.1. We fear that
semilar problems will occur during fluid bed granulation. '

Supergranules have been produced with the pan, however at recycle ratio's

of over 7:1.

Ad 1. Feedgrade is used for cattle feed, a rather limited market exists.

Ad 2., Standard agricultural grade still finds the widest applicaction of uraas
as a ferrilizer. It i3 also used as technical grade urea with additional

demands on purity such as colour, turbidity, Ph~reactivity etc. and ig used
for urea formaldehyde resins and glues.

Ad 3. Coarse agricultural grade was made to meet bulk blenders' requirements

with respect to particle size matching with other blending materials suwh as
DAF and KC1. In the USA this size is dictated by DAP, having an aversge size
of 2.253 om (sae table 4). As can be observed in the Table, prills 'B' and gra-
nules 'C' match the full product gize range of DAP and KCl better than stanu-
les 'D" and 'e' do and much better than prills 'A' do.

Ad 4, Forestry grade is used for aerial application, g very iimited market

exiscs.

Ad 5. Super granules. The demand for this product and possibly of forestry

grade product may increase siace it has been found (IFDC) that one supergra—
nule placed deep between four vice plants ig usually wmore effective than the

best splic urea application In improving the rice yields from wetland.



10 - @

Yields similar to those obtained with the best split urea can be achieved with
10 =30 % less urea. Similar results might be obtained with broad-cast sulphur
coated urea {(S.C.U.). To reduce production costs of 5.C.U. it might be attrac—
tive to use particles larger than prills, such as forestry grade as a base
material.

Deep placeanent calls for applicators, which exist already; also for prills.
Mechanisation in rice—agriculture possibly is another necesgsity to enable deep
placement. Recent investigations indicate that no significant difference
exlsts between rice ylelds from wetland when ureaprills, urea forrestry grade
gramiles or urea supergranules are deepplaced with an injector. NSEM reports
that in some field tests with granular forrestry grade urea higher yields

and better N-efficiencies were obtained than with urea prills at a nitrogen
gift of 45-0 kg N/ha. The urea wis broadcasted, partly incorporated and split

application was practized. More research is strongly recammanded.

Table &

TYPICAL GRANULCMETRY FOR BULK BLEND FERTILIZERS

Percentage retained on screemns with Average

opening of: diameter, mm

A pm 2,86 mm 2,03 mm  1.43 mm 1.02 mm

DAP (typical) 1 36 49 14 - 2.25
ECl (typlcal) 4 33 42 17 2 2.22
Urea prills (A) 1 4 4 46 6 1.72
Urea prills (B) 1 42 52 2 2,33
Urea granules {C) 1 38 57 1 2.31
Urea granules (D) - 8 52 ase 2 2.15
Urea granmiles (E) * - 0.3 99.5 0.2 - 2.45

* Note the very narrow size distribution, which 1s typical of TVA.
(A) Typical of the sixties and seventies

(B) Special design of the eighties, suitable for bulk blend market
{C) Typical of cold spherodizer process in the seventies

{D) Made by N5M granulation

(E) Made by TVA granulation.



10 - 10

We can distinguish between products with:

a. a low biuret content (0.25-0.4 Z), used for foliar application (e.g.
citrus), which is achieved by crystallization at higher utility eosts and
about 15 % higher installed costs as compared with the evaporation process.
b. a standard biuret content (0.8-1.4 %) used for all other fertilizer appli-
cations and obtained by the evaporation proceas;

c. a high biuret content (» 1.4 %) used for non-fertilizer purposes, such as
technical grade urea, melamine and cattle feed.

We have caleculated the standard biuret content of the fimal product for an
integrated plant (see Table 5). Of course, alsc low-biuret products can be
wmade by all shaping technologies. We expect that the lowest bluret content
(max. 0.25 Z) will be achieved by prilling.

In Table 5 we have summarized the main product characteristics which are rele—

vant for shipping, bandling and storage properties.

Caking (agglomeration or lumping) may occur during storage inm bulk or bags and

can be measured as a percentage of 'light' 'medium' or 'heavy' lumps in a test
over an extended period of time. Caking i{s caused by the formation of crystal
bonds between particles and can be minimized by:

« product characteristicg such as a low water content of the final product,
high crushing strenmgth, minimum contact area between the particles (e.g.
large, round, smooth particies);

~ low storage temperatures (msx., 60 °C);

— humidity conditions during storage; the optimum situation exists when the
particles cannot absorb or evapotate water from or to the suyrrounding air.
The caking tendency of re-stored, aged product is usually considerably lass
than that of fresh, stored producrt.



Table 5

PRODUCT CHARACTERISTICS

NSM granules Mitsul Toatsu TVA granules Stamicarbon

granules prills
1. Crushing strength kg (E) 1.25 {C) 3.0 (4) 1.0
(2.4 wm} (Fy 3 (D) 3.3 (B) 1,2
2. Impact strength A {E) 1 {C) 95~104 (&) 30-60

(F) 75-100 (B) 95-100 (B) 75-90 1)

3. Abrasion resistance % < 1.0 33 ? ¢ 0.5 2) ¥
4. Bulk density {poured) kg/m’ < 700-720 + 740 740-770 720-740
5. Spherleity y 75-90 7 §5-95 80-95
Water in final product % wt £ 0.25 £ 0.2 0.05-0.1 0.2
Formaldehyde in final
product £ wr 0.5 7 0.05-.1 0.2
Biuret in final product % wt 0.75 G.85 0.85 .8
L) with saeding
2} without formaldehyde
3) with formaldehyde
Product A B C B E F
Formaldehyde G 0.2 0 .05 0O 0.55
content ¥ wi
Water content 0.3 0.2 ¢ 0.1 ¢0.,1 0.2 0.25

% wt

1T - 01
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re 1. The erushing strength indicates at which statie load a particle frac—
tures. It 1s almost proportional ko Ddz (Dg= particle diameter), and is in
this paper expressed {n kg force. The crushing strength can also be expressed
in bar, which makes it independent of Dy« We have found that a crushing
streugth of about 20-25 bar (or 0.9-1.2 kg force for Dg = 2.4 mm) is suf-
ficiently high to prevent degradation of the particles (to dust) during storag
A low water content of the feedstock, a lew final product moisture content and
a high formaldehyde content ave favourable for a high crushing strength; e.g.
each 0.1 % of formaldehyde increases the crushing strenmgth by approximately 3

bar.

re 2, The impact strength provides information about the resistance of par-—
ticles to the dynamic forces as occur during handling and transportation and
is therefore meore important than the crushing strength. In Table 5 we can sae
that prills made by the 'seeding' process have an impact strength which equals
the impact strength of granules and is almost twice as high as that of prille
made by the original, non-seeding prilling process.

re 3. Abrasion resistance is measured by a TVA test, and according to N8M is
improved when formaldehyde is present in the product; for TVA products the
abrasion resistance 1s almost equal with and without formaldehyde.

re 4, 'Poured’ bulk density is usually 3-4 % lower than 'tapped' bulk density.
It is an important criterion in sizing bags, storage bians and transport
vehicles and in shiploading. The process conditions during shaping (e.g.
water conteunt of the feedstock), the particle size distribution (smaller par—
ticlaes may fill the voids between larger particlas) and the sphericity all
affect the bulk density of a particular product.

re 3. The sphericity and surface roughness are Important also in connection
with the angle of repose, which should be minimum 25° ro prevent unbalancing
cf a ship when not fully loaded.
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3. S50ME IMPQRTANT ASPECTS OF SHAPING

3.1, Heat removal by air, water evaporation and 'cold' recycle per 1000 kg of
final product

3.2, Air requirement in kg per 1000 kg of final product.

3.3, Pemissible humidity to avoid moilsture absorption by the granules.

3.4. Required water evaporation when the urea concentration of the feed is
helow 99.7 X%.

3.5. Minimum required fluidization velocities.

3,1. HEAT REMOVAL BY AIR, WATER EVAPORATION AND COLD RECYCLE PER 1000 KG OF

As an overall result during shaping, a urea sclution or melt of temperature t
golidifles into solid particles of specified dimensiong and a flnal tem—
perature tp, during which process heat i3 released (Qp).

In Figure 4 the enthalpy difference between a urea melt at a temperature of t
°C and a final product temperature of ty °C can be found.

In Figure 5 we have plotted Q) vs tp, whereby Qp, is calculated from the
enthalpy difference of figure 4, assuming that t = 140 °C and that a watercon-
tent up to 5 % has a negligible influence on the enthalpy difference.

Q1 equals the amount of heat which has to be removed by:

l. Air in the granulate cocler (heat amount = Q5)

2. Cold reeyle in the granulator (ueat amount = Q)

Both Q7 and Q; are determined by At = t] — t7 (t1 is the temperature ac wWhich
the granulate enters the cooler and ks is the final product temperature) and
by the recycle ratic R.

3. Water evaporation (heat amount = Q5)

4. Alr in the granulator (heat amount = Qg)

For granulation Qg = Q1 — Q5 - Qz ~ Q4; for prilling Q¢ = Q1

Knowing the water evaporation in kgs/l000 kgs final product and R we can

eaglly find Q2 and Q4 in this figurs.
keal/1000 kg

Use of figure 5 final product
* ty = 60 °C Q1 = 85,000
1. £ = 110 °C; At = 50 °C; R = 0,5 Q2 = 30,000
2.ty = 110 °C; At = 50 °G; R = 0.5 Q2 + - 40, 000
3. 5 = 60 °C; waterevaporation = 45 kg/
t.ures Q + Qg = 56,000

4. Q= QL - Q5 - Q2 - Q4 Q6 - 16,000



10 - 14

The air requirements of the cooler and the granulator are proportional to

Qz and Qg reaspectively, and further depend on the temperature rise of the
ailr, whiech in degrees C i3 approximately as follows:

Fluid bed coolers: ty - ty + (ty~ty) 0.25

NSM granulator - B (tg+15) ‘ tg = ambient air temp.

TVA granulator : {t-13) - tg t] = granulate bed temp.

MT granulator H S (tg + 3) tz = final product temp.

Prilling tower : tg2 — tg tgy = air temp. at tower exit
(60-80 °C)

In figure 6 we can find the air requirement in kgs/1000 kgs of final product
for the fluid bed cooler, the gramulator and the prilling tower as a function

of the heat to be removed (Q2, Qp and Qg = Q1 respectively) and as the funec-
tion of the rise in temperature of the air.

Calculating the temperature rise of the air with the above formulae for t; =
100 °C, t3 = 50 °C; tg = 25 °C and tgy = 80 °C and using figure 5 and 6 for
conditions as given in Table 6 the air requirements can be found in this
Table.

Table 6

AIR REQUIREMENT IN KG/l000 ¥G OF FINAL PRODUCT

Granulation . Stamicarbon
NEM MT TVA Prilling

Water evaporation, kg 50 0 30

Recycle ratlio 0.5 1.0 0.5 0

Air requirement of fluidized bed cooler 3350 440C 3350 0

Alr requirement of gramiiaror 1350 1750 1330 0

Alr requirement of gran. spray aozzles 500 0 0 0

Alr requirement of prillisng tower - - - 5700

Toral 5200 5150 4700 700
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The low air tequirements for TVA and NSM gramulators are caused by the water
evaporation in the granulator.

N5M uses additional alr for its utea nozzles, which does not contribute to
heat removal. Air used for the waterspray nozzles of TVA contributes to heat
removal, Though the alr smeynt for prilling is highest, it is not necessarily
much higher than the total ailr requirement of granulation as 1s sometimes
suggested.

Lower recycle ratios usually (whenAt air granulator ?At air cooler) reduce
the total air requlirement; at the same time, however, the alr requirement of
the granulator is increased, which is not attractive because dust recovery
from gramilator exhaust air is more difficult than from cooler air.

A higher grannlate temperature reduces the air requirement of the granulator
congiderably, though the total air requirement is reduced only moderartely.

Granulate temperatures above 110 °C are not recommended. {(See Table 7).

Table 7

AIR REQUIREMENT IN KG/MT UREA VERSUS GRANULATE TEMPERATURE

Conditions
£,°C granulator cooler total tg 25 °C
90 2100 2850 4950 t; 50 °C
100 1350 3350 4700 R Q.5
110 750 3850 4600 W 50 kg (water ava-

poration per
1300 kg of
final product)
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Figute 7 represents the threshold value temperature relation for urea: when
the relative humidity of the surrounding air equals the threshold value, water
cannot be transferred Lo or from the particles.

Ezample: For 50 °C, the threshold value is 0.63 and the corresponding e¢ritical
moisture content of air is 0.035 kg Hy0/kg dry air, which means that water can
be absorbed only if the air humidity » 0.055 kg Hy0/kg dry air.

In Table 8 the influence of process variables on the ultimate humidity con—
ditions in the granulator is given for ambient air of 25 °C saturated with
water vapour. Figures 3 and 6 have been used for calculating the air require-

nent of tha granulator.
Table 8

HUMIDITY-RELATED PROCESS VARIABLES

Granulate Recycle Water evapora Recycle Ultimate humidit

temp. t]  temp. ty tion kg/MT final ratio x = Xg W0
product R kg dry air
'Bage case' 100 30 30 0.5 0.057
Case 'A’ 90/110 30 50 0.5 0.044/0.,087
Case 'B' 100 40/60 50 0.5 0.G70/0.052
Case 'C' 100 50 55/60 0.5 0.068/0.085
65/70 0.114/0.160
Case 'D' 100 50 50 0.25/0.75 0.045/0.108

The wltimate humidicy x is always below the critical humidity content at temp.
t1 and, therefore, no moisture can be absorbed. When, however, R and/or the
water avaporatlon rate increase, x will rapidly approach the critical moisture

coutent ar the chreshold value.
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Most critical is the granulator area in which 'cold' recycle ia first con~
tacted with amblent alr. TVA in that case sprays relatively more urea melt and
less or no water in the fromt end of the drum, $0 causing both the product and
the air temperature to increase quickly without increasing the melsture con—
tent of the alr. In other parts of the drum these temperatures are controlled
by the amount of water which is sprayed into the drum. When water must be eva-
porated from a urea solution, the air humidity will start to increase simulta—
neously with the increase of the 'cold' recycle temperature, which wmay make it

necessary to preheat the air.

3.4, REQUIRED WATER EVAPORATION WHEN THE UREA CONCENTRATION OF THE FEED 1S5
BELOW 99.7 %

Water evaporates froﬁ the surface of the granules and from the droplets as
they travel to the granules.

. The required time to evaporate water from the surface

b2
AP

Ty = G.

where D is the initial diameter of the granule, and AP the log mean water
vapour pressure difference. It is also proportional with the amount of water
to be evaporated and it is about 10 times higher for a recycle ratio of .25
va. 1.0,

For evaporation of 10-50 kgs water/1000 kg feedstock at a granule surface tem—
perature of 100 °C, from granules ranging in size between 1-5 mm and at a

recycle ratio of 0-23 to 1.0, Ty

min. is some seconds and Ty, 1s 2 couple of

minates.

+ The amount of water evaporation from a droplet is proportional wich 2

and with the available contact time between the droplet and the n?
gurrtounding air, which for the same initial nozzle velocity increases with the
distance over which the droplet travels.

This distance is easier to define and probably longer for TVA than it is for
NSM. For evaporation of 10-20 kgs warter/1000 kgs feedstock we calculated that
the required droplet size is about 40 um (NSM) and 200 um (IVA).

. For NSM the largest amount of water evaporates from the granule surface, for

TVA the majority of the water evaporates from the droplet surface.
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Fluidized bed equipment requires a minimum fluidization velocity vy min. which
dependz on the granule dismater D and 1s usually designed for 1.3 to 1.5 vy mis
In Fipure 8 boith the minimum and design fluidization velocities for urea par
ticles are plotted.

Annex 1 wight be of interest, because it illustrates how to use the infor—
mation which bas been supplied in this Chapter, when applied to a fluid bed
granulator. It appears from the requived IMTD (10) necessary for heattransfer
and from the calculated resildence time of the granules in the bed (12),
available for waterevaporation from the granulesurface, that most probably the
bed height 1s primarily determined by the required water evaporation; in this
case the bed height stould be at least 0.5 m (see chapter 3.4).

The wmaximum granulatlion capacity should not exceed 4000 kg/hm2 bed area and
the actual air velocity should at least be equal to the design fluidizarion
velocity.

Annex 2

Lilustrates the use of figure 9 for calculating a fiuid bed cooler for urea.
'f' will approach 1 when both Vg and/or g decrease and/or when the bed height
bt increases. For larger particles and the same bad neight 'f' will decreasa.
When 'f' increases Gg' decreases and the required bed araa per 1000 kg final
product decreases as well, which mears that the bed dimenions can be smaller

for the same capacity,
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4. INTEGRATION OF THE SHAPING FACILITY WITH THE UREA PLANT

Table 9

UTILITIES VERSUS DESIGN DATA

Alternative: Base 1 2 3 | 4 3 7] 7

Design data:
1. Feedstock

conc. wt 4 99.7 99.7 99.7 99.0 99.0 99.0 95.0 95.0
2. dust recycle -
A nil 2 4 0.5 2 4 nil 4

Utilicies/MT urea:

steam 25 bar,

250 °¢ hase +4 +6 -23 =26 =24 =37 =34
steam (export),
4 bar ' base ~38 =30 +82 +42 - +219 +1 41

cooling water
(28 °C), m3 base +2 +4 -6 -4 -2 -1i5 -l1

The ures plant will deliver urea feedstock of 95-99.7 4 concentraticn to

the shaping facility. It will receive urea dust, in an amount expressed as a
percentage of the production capacity (as a 40 % urea solutien), from the
shaping facilities.

We have studied the effect of varying the feedstock concentration and dust
recycle on the utility consumptions and the installed equipment costs of our
total recycle COp stripping process provided with evaporation and 2 waste
water treatment in which both the urea content and the ammonia content of the
aqueous effluent are reduced to 50 ppm. A furthet reduction to 10 ppm is
possible.

In Table 9 differences in utility consumption of 7 alternatives are given ver—
aus a base case + or — refers to a higher (respectively lower) utility coo—
sumption or export of 4 bar steam of the urea plant only, caused by the
integration with a shaping facility.
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The base case 1s integration of the urea plant with prilling: alternatives 2,
3 and 7 are integration of the urea plant with the Mitsui Toatsu (asauymed),
the TVA and the NSM process respectively.

In alternatives 6 and 7 the fesedstock will contain sbout 0.3 % ammonia, whieh
will contaminate the exhaust ailr from the granulation plant. This content can
be reduced at the expense of additional equipment and utility costs in the
urea plant, The use of lean (ammonia-coutaining) urea plant process condensate
for scrubbing 1a the wet dust recovery systems of the shaping facility -
though attractive for the waste water treatment of the urea plant = 1s not
recommended because it will cause air psllution.

The intermediate storage capacity in the urea plant for 75 % urea solution
should be approximately four times larger in the case of granulatioa than in
the case of prilling, in order to cope with temporary interruptious of the
production caused by equipment fallures in the granulation plant.

5. OPERATION, MAINTENANCE, ONSTREAM TIME AND FLEXIRILITY

Prilling 13 undoubtedly the simplest process:

1. When a 99.7 % urea melt is delivered to the tower, operatioa can start
immediately at full load; for granulation this wmay take some hours.

2. The prilling bucket needs visual ingpection for its cleanliness only once a
shift. This may also take place with a television monitor in the control rocm.
in a granulation plant i1t 13 necessary to contrel parameters such as the
recycle ratios, gseed production and metering, feedstock concentrations, water
sprayad into the granulator, capacity variations, granule size changes, etc.
3. The absence of most of the mechanical equipment makes for eagler prilliag
operation, lower mainfenance costs and hwndrad percent onstresm time.

Prilling will never laterrupt or limit the output of the urea plant.
(According to NSM, the onstrean time for its granulacion plant under normal
operating and maintenance conditfons is 345 days (95 %) per year).

4. ALl shaping processes accept capacity variations; for prilling the capacity
nay be varied between €0 and 123 % without changing the operating parameters

of the tower. This is more ccmplicated for granulation.
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6. INVESTMENTS AND PRODUCTION COETS

The four different shaping technologles are compared on the basis of
integration with the STAMTICARBON total recycle COyp~stripping urea process. The
urea plant is provided with an evaperation wnit to wake products with a stanm
dard biuret content and with a waste water treatment unit to reduce borh the
urea content and the ammonia content of the aqueous effluvent to 30 ppm. The
ambient alr temperature 1s 25 °C and the final product temperature is 50 °C.

6-1. INVESTMENTS

The investment costs for the gramulation processes are based on a dust
emission of 0.1-0.15 kg urea per tonne final product of coarse agricultural
grade.

Detalled information oan the TVA process enabled us to estimate the lnvestment
required for the granulation unit. Because the three granulatlon processes
operate at approximately the same recycle ratio, the differences in invest-
ment will only be marginal.

These investment costs were correctad for changes of investments in the urea
plant caused by the integration af the plant with one of the granulaticn
processes, taking the urea plant design based on integration with prilling as

a reference.

In figure 10 the investements for granulation have been plotted versus the

unit capacity as a band rather than as a single line to allow for the above
corrections, for moderate investment differences ilun the granulation section
itself and for differences in licensing policies.

For prilling four different curves were drawn to indicate the effect of product

size and the presence of dust abatement equipment on the ilnvestments.

1. Coarse agriculturai grade and dust emission of 1 =~ 1.5 kg/MT urea
2. " " " " " " 0.1 = 0,15 kg/MT urea
3. Standard agriculturel grade and dust emission of 1 = 1.5 kg/MT urea

4. " " " " " * 0.1 =~ 0,15 kg/MNT urea
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Alternatives 2) and 4) are provided with dustabatement equipment; in all 4

alternatives a seeding installation and a rake in the towar base are included.

All investmeut figures are based on W. European conditions, and converted into
US dellars at an exchange rate of US dollatr = 2.80 Dutch Florins.

The investmeunt costs for all prilling process altetnatives are lower than
thogse for the granulation processes. An additional advantage of prilling might
be the construction of concrete prilling towers at low cost by local labour,
without the need for foreign currency, which might be attractive ia many

countries,

6.2. PRODUCTION COSTS (see Table 10)

For a depreclation over 10 years at 10 % intereat; differences in fixed pro—

duction costs between gramulation and prilling (base} can be calculated from
Figure 10.

For granulation we took the average band value at an assuumed on stream time of
330 days per year at design capacity of the integrated plant. For prilling we
took curve 2 for coarse sgricultural grade product including dust abatement
equipment and also an on stream time of 330 days per year at design capacity
nothwithstanding these integrated plants have proven to operate more than 3453
‘daya per year above design capacity.

Data from Table 2 and 9 were usad to calculate variable production coat

differences between granulation and prilling (base), using unit prices of US
¢ 6 per kWh, US ¢ 1.75 per kg steam (25 bar and 250 °C), US ¢ 1.2 per kg
steam (4 bar, export), 0§ # 1.5 per nd of couliné water, US ¢ 40 per kg of
formaldehyde and US £ 14 per kg of ammonia (see chapter 4).
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Table 10

Differences in fixed and varlable production costs in US & per metric

ton urea
Plant NaM MT VA Prilling
capacity alternative
MTD 2
Fixed costs: 500 +128 +128 +128 basge
1000 +126 +126 +126 basa
1500 +121 +i2) +121% base

Variable costs:

kWh +150 +126 + 8 _bage
Steam 25 bar,
250 °c -60 +11 -49 bage
Steam 4 bar =133 +96 ~-98 base
Cooling water -16 +6 -9 base
Formaldehyde +120 ~&40 =60 base
Ammonia +i2 0 0 base
Total +103 +199 =168 base
Total 500 +231 +327 -40 base
Pproducticn 1000 +229 +325 =42 base
costs: 1500 +224 +320 -47 base

+ or — indicate higher (respectively lower) costs for granulatiom compared to
prilling (base).
Note: When more export steam is made available, its value will reduce the

total variable costs.

The differences in fixed vproductionm ¢osts between the three granulation pro-
cesses and prilling are alwost the same, being US § 1.25, in favour of
oprilling.

The differences in variable production costs depend very much on the unitg
prices; the congumption figures being vetry accurate. For other unilc prices
than we used, table 10Q can be adjusted. We know that the unit pricas for low

pressure (export) steam can vary considerably from one plantsite to anothar.
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When the unit price of this stream is negligible, the urea plant desigzn usuall
will be adjusted to prevent the export of steam. When this does not occur, the
variable production coats for both NSM and TVA will be incressed with some

US $ 1 — and these costs for MI will be decreased with some US § 1.-.
Differences in consumption of power and formaldehyde distinguishes one granu-

lation process from the other and all granulation processes from prilling.

7. SUMMARY OF OBSERVATIONS AND COMPARISONS

1. It is not sgensible, 1f not impossible, to use granulation technologies for
feed grade and standard agricultural grade and prilling for forestry grade and
supaergranules.

Coarse agricultural grade can be made with each of the four technolagles.

TVA has made supergranules with an average size of 15 mm.

2, Operatiocal and maintenance costs are lowest and the on stream time is
highest with prilling.

As far as water evaporation is concerned, operation of the granulator will be
increasingly complex for MT, TVA; and N5M, respectively; for the recycle

syatem no substantial differences are expected.

3. Moat commercial experience has been obtained with prilling; 150 towers up
to 2100 MTD and expected max. unitsize practically unlimited; NSM has operated
its own 80O MTD commercial unit for several years, has licensed and wnder
construction 7000 MTD and the expected max. unit size 1z ¥ 1750 MID; MT atarted
a 470 MID unit in New Zealand in September 1982, not all problems have bean
solved yet, expected max. unit size uynknown; TVA operates 1ts 300 MID
demonstration plant since June 1983, expected max. unit size 1200-1500 MTD.

Both MT and TVA have lass large scale commercial axperiance.

4. Costs of operation and maintenance, on streamtime and flexibility are more

favourable for prilling than for gramulatiocn.
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5. Biuret content of the final product is not a selection critsrion, neither
are impact strength and aphericity or formaldehyde and water content of the
final product. Formaldehyde however is an important cost factor.

It iz our experience that a crushing stremgth of 20~25 bar ig sufficient and
this iz met by all four technologies.

The bulk dengity ranges from 700-770 kg/m3 and could be a selection criterien.

6. Investments for granulation plants are substantially higher than for

prilling plants.

7. The total production costs petr MT prilled urea are approximataely US §

2 to 3 lower than per MI granulated urea for NSM and MI and almost equal for
TVA. This is hoth caused by the difference in investment and variable costs.
The variable costs depend on an accurate calculaticn of the consumption
figures and on unit prices for energy and other materials. Other unir prices
may change the results considerably., Compating the tetal production costs,
takes it possible to rank the four shaping technologies for this ceriterion.

In general, we conclude that prilling is not at all as bad as advocates of
granulation want us to believe. Prilling requires the lowest investments aud
yields product at the lowest cost price with a max. onstreak time and the
lowest maintenance and operating costs.

1t has found the hroadest acceptance in the world.

Earlier reported drawbacks, such as a high air pollution, a too small average
ptoduct dizmeter and a too low mechanical stremgth do not (lomper) apply to
our prilling process.

We recognize that prilling has ics limitation with respect to the maximum
prill size, but in our opinion the potential user should realize that the pre—
duction of a particle size larger than the waxlmum possible, by installing a
granulation plant, will inctrease his production costs. When a selection bhas to
be made between avaliable granulation technologies, the potential customer
should also recognize that the costs of integration with the urea process are
of importance for both the consumption figures, especially of sgteam, and the

investment costs of the urea plant.
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Amnex 1 Case study for f£flufid bed granulator

Basis bed temperature tj = 100 °C, recycle temperature ts = 50 °C, ambient
air temperature tg = 25 °C
Recyele ratio R = 0.5, water evaporation rate = 50 kgs/1000 kgs final

product, average granule diameter d = 2,5 mm

1 Calculate heat removal (Qg) in kecal/l000 kgs final product, 19.000
uge fig. 5
2. Calculate air requirement (N) in kg/1000 kgs final product,
use Qg and fig. 6 1.350
3. Calculate design fluidiz. air quantity (N') in kg/h.m? bed area 5.100

N’ = Vg design.B&OD/Og air Vg design =+ 1.5 m/s from fig.8
g 2ir at 100 °C, 1 bar = 0.947 kg/u3

¥
4. Granulation capacity in kg/h.m? bed area = e x 1000 3.80C
. N
5. Product mass flow kg/h.m?Z bed area = (R+l) granulation capacity 5,704
6. Heat removal (Q') in kcal/h.m? bed area = granylation cap.Q6 72,200
1000
7. Heat transfer coefficient Up in keal/h.°C.m” bed volume 42.00C
Up = =.3 == £ omeasured: 35 keal/h.C.m? gran. surface

d Sspec. gran. surface ml/m3

£ bedporosity wd/md = 0.5

8. Bed heizht hy, in m. hy C.1 0.5 1.0
9. Up' = Upohp in keal/h.°C o2 bed area | 4200 21000 42000
]
10. Required temperature diffarepce in °¢ =2
U t
b
cale, IMTD co17.2 3.4 1.72
11. Bed weight kg/w? bed area = hy, £.1200 60 300 600
12. Residence time of granules per n?, bhed ures =

bed welght . 3600

product masgs flow sec. 38 189 379
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Annex 2 Case study for fluid bed coolet

Bagis: As for annex l. In addition however the bed height = 0.1 m, Cg is Che

specific heat of the product im Kcal/kg °C = 0.415 (being an average value
between Cg = 0,434 at 110 °C and Cg = 0.39 at 50 °C), Cg is the specific heat

of the air in kecal/kg °C = 0.24, G
masaflow of product in kg/h.

g

1. Determine Vg for d = 2.5 from figure 8 m/s
2. Calculate 'f' where £= 1 — e — =X=8:0h o3 _
Vg.Pg.Cg

3. Caleculate tl-zg
ti-tg
4. Use the left part of figure 9 to find Gg.Cg on the vertical axis
Gg Cs
5. Use the right part of figure 9 to find the air requirement (Gg')
on the horizontal axis, kg/1000 kg throughput
6. Caleulate the air requirement kg/1000 kg final product as
(R+1) Gg!
7. Find in figure 5 the value of Qp kcal/1000 kg final product
8. Calculate Atg alr (= temperature increase of the air) as follows:
Atg atr = Q2 °c
(R+1) Gg'.Cg
9., Calculate tg air from chapter 3.2.: &tg air = tZ-tg+(tl-t2)0.25 °C
10, Calculate the reguired bed area for 1000 kg final product/h wl

L (R+1)Gg'
Vg.SGOO.fg

is the masaflow of air in kg/h, Gy is the

1.5

G.898

1.3

2250

3375
30.000

37

37.5
0.527
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Enthalphy diagram for urea
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Nomogram for determining heat duties per 1000 kg
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Threshold value of urea particles containing some water
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Fluidization velocities versus granule diameter
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LEGEND FOR FIGURE 9
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TA/B84/10 Prilling or granulation of urea - Some comparative criteria

of recently develaped granulationm technologies and improved
air-prilling by F. Kars, Stamicarbon, Natharvlands

DISCUSSION: Rapporteur N.D. WARD, Norszsk Hydre Fertilizers Ltd, United

Q-.

Kingdom

Mr. ¥X. BELL, ICI PLC, United Kingdcm

In your pilet-plant dust scrubbing trials which types of wet
scrubbers did vyou test and which gave the highes:z removal
efficiency?

System A: dynamic 3jet scrubber, developed by Stamicarbon. Use is

made of a waterjat and the condensation effect of low pressure
gteam.

System B: Multex wagultiventuri dust collector, provided with
polypropvlene internala.

Mr. 5. ORMBERG, Norsk Hydro, Norway

a) Your paper gives a detalled descriptiom of all recent urea
granulation processes, hut 0ot of your Tapeclal prilling
design of tha eighties”.

Could you please daseribe briefly the highlights of thls new
prilling technique and <ould you alse provide a list of
industrial references amang the 150 towars opresently 1in
operation?

b) How is the extra investment of nearly ona millioan US$, shown
in fig. 10, justified by additional equipment irems?

a) The rotating prilling bucket deslign was Improved to narrow the
size range of the product and subsequently enabled us to
increase the average prill diameter which alse depends eon
tower height and/or the posaibility to 1iustall an additional
cooler. This design was iuncorpeorated in some 20-25 towers. In
the mid seventies C.N.C. in Augusta (Ga), USA, requested us to
desdign a tower for anm average prill dlameter of some 2.2 am In
order to meaet the bulkblenders' requirements. After that
Stamicarbon never received such a2 request, though in some
prilling towers the avervage prill diameter is somewhat larger
than it used to be in the past.

%) Tha differance of nearly oue million US3$ betwszern 4 prilling
gystem for standavd grade and coarse grade product is caused

by additional towar Theight and/or an additional preduct
cooler, '

Mr. $.K. MUKHERJEE, Fal, India

What are the special featuras of "prilliag"” - Lf any - against
conventional Stamicarbon "prilling process” (direct prilling) on

which many commercial plants have beaan built and with which wve
are familiar?
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In both cases direct air prilling 1s used, however the present
rotating bucket design {s improved (re my anawer to Mr. Ormberg'sg

quastion): wup to scme 0.22 formaldehyde is used, seaeding is

applied to prevent subcooling of the droplets, the prill capacity
per m2 crossectional towetr area is increasad, alr velocitries are

1nereasgad, the product tamperature exit tower 2nd/or coclaer is
deacreased to scme 50~-60°C. In some plants dust ahatement systams

are installed.
Mr. A. MARCHESI, ANIC SpA, Italy

In your paper and im your sgpeach vyour clearly axposed the
advantages and disadvantages of each oprocess and a definitive
choice hetween oprills and granules cannot be mada. I beliave we
must give the market what the market really needs and this is the

question: What product do yau think the market will demand in the
near futura?

The paper identifies gome 3election criteria and my

‘recommendation 1a to usa these ceriteria 1in making a choice

batween (Stamicarbon) prilling and granulation. Howaver, I alzo
strongly advise to obtain the most recent 1information (may be
partly as guarantees) from the process licensors or from thairp
conkbractors with respect to these criteria. Local couditions etc.
may have an importaant impact on 2.g. investment cogts, on stream
time, etc... AL the end the market demaund will datermine the
Product which has to be produced in the plant and I cannot
predict that market demand. As wmy personal opilaiom I axpect z
slowly increasing demand for coarse dggricultural grade praduct
depending upon the demand for bulkblending and recognising that,
for wider spraading of the ferctilizaers, a large product size i1
more attractive. I do not expect a strong market growth for feed
grade uvea, foresty grade urea or super granules.

Dr. B.K. BHATTACHARYA, FAI, India

The <cost advantage of some $ 4 per tonne far prilled urea (vs.
granulatad urea). Since agronomic tests ghow even a 103
improvement 1In the afficiency of nitrogen uptake 1in actual field
application, granulaced urea might vyetr be the answer for the
futura. Has the author any comments?

1 have collactad some information on improvement of nitrogen
efficiency of urea when usad for wetland rice. I understand thar
three possibilities axist:

4. deep placament of urea

b. using a coated urea, such as sulphur coated ursa (SCU)
cv uging {nhibitors.

A - a) Tests have been made with supergranules (e.q- IFDC) by placing

one supergraaule some 10 cm in the so0il in batwaen 4 rizae
plants, and uawally the nitrogen efficlency was found to
improve. Uniortunataly superzranuleas are movre axpensive,
labour costs far deep placement are hlgh and to obtain farmers
accaptance iz a problem. Almost the same rasult was obtainad
with deep placed urea prilla which are cheaper bdut shars tha
other problemsg with supergranulasz. Obviously the secret is



Q

10 - 43

deap placement. Though applizaters for deep placement of
supargranules and prills have bean developed, they still seem
to be far from ideal.

b) With apread SCU the same nitrogen afficlency improvement was
obtained. Howevar again SCU is very expensive. It was hoped
that the product casts could be reduced by coating larger
granules with less sulphur, but 50 far only marginal
improvements have been found.

¢) In many laboratories work is dome ou inhibitors, however to
the best of my knowledge so far without tremendous results. On
the sther hand when an attractive inhibitor is found, I expect
that it can be used for every particle size.

Mr. G. BRUSASCO, Fertimont 3pA, Italy

Yaur paper concludes that prilling requires the lowest
investmeuts and yields product at tha lowest operating and
mailntenance cost.

a. Can you explain why the latest plants have been based maiunly
on granulation and old prilling plants are converted to
gtanulation?

b. Have vou tested the bulk-blendlnz behaviour of the prillaed
product coming out frem the patented process in caomparison

with granular products 1in order to compare the segregation
phenomenas?

-

a. I am only aware of one -non Stamicarbon — prilling plant in
Indoneaia where, because of poor product quality, a IVA pan
granulater has been ingtalled. I have alsc abserved an
inersasing demand for granulation in new projects, though also
prilliag 1a atfll requested. I 1ike to emphasize that I
compared Stamicarbon prilling with granulation and not other
prilling technologies.

b. CHC Augusta (Ga), USA sells itz coarse agricultural grade
product to US bulkblenders and segregation haa been found
neither in the blends nor duriang spreading in the fleld. As
long as the average particle dlameters and size ranges of the
blending materials match, no segregation will occur {rz rable
4 and TVA studies).

Mr. D. IVELL, Nersk Hydro Fertilizers Ltd, United Kingdom

Does power consumpticn Ia table 2 include dust abatemant system
E? If not what woeuld be the total kWh/tonne for air prillicg?

Power consumptien figurea Ia tabla 2 {nclude dust abatement
gy3tem B,

= My, E. AASUM, Norsak Hydro, Norway

a. Page 14 refevrs to a prilling tower ailr axit temperature aof
30°C. Is any plant operating at this temperatutve level and, if
not, what considerations have to be taken in design and
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oparation?

What would a raaulting prilling tower height be for standard
agricultural grada?

Compared to your patent literature in table & vou hava reduced

the amount of air to almest 1/3. How i3 this raduction
obtainad?

In our prilling tower design we limit ouraelves to max B80°C
exit alr temperature and a number of towers are operating at
this temperature. ;

The tovwer  height for standard agricultural Erade utrea with
25°C inlet alr temperatura, 8D°C exit air temperature and a
degign product temperature of 50°C i3 about 30 m.

The air requirements 1in table %5 are based on the above design

data; it 1indicates that we coptimizad gur tower design quite
considerahly.

F. MOSTAD, Supra, Sweden

Pleasae clarify sowma flgures Iin table 10.

- Y

Why dis the steam consumptiou of the TVA evaporative drum
granulation process lower than the base casa although it
starts from a highly concentrated melt (99% = sae table 9)
gimilar to the MY spounted bed proceass?

Why 1is ammonia~evaporation charged to the NSH grautulation

process, while air drying is not required far this graaulation
praocegg?

Has Stamicarbon established the investment figures for the
granul. tion processes through theoretical ecoat evaluation or
by feed back of effective construction costa?

In the basge cage the urea mnalt i3 conceatrated te 99.7%, for
ITVA 99%2 43 sufficient. For 99.,7% concentration a more
gophisticated vacuunm system {3 reguired Iin the evaporation
steps, which i{is not requirsd for 9%% rconcentration or lower.
Tt should further be recognized that the data in fabla 10 are
caleulated for the integrated aftuation, not cunly taking into

account feedatock councentraticon but also dust recyeled as a
solution.

We have not included air conditioning for M3M or sthers. The
ammonia {s present Iin tha feedstocck., Though & low concentrated
feedstocik (93X for HNSM) reducas the gzeam consumpvtion 21
compared to Ifeedstock concentraticns of 99%Z o7 higher,
unfortunately it containos mora aanenda fhan thae more
concantrated feedstocks. Thig awmonia 13 assumed to be lost
and not recovered ia the scrubbing systems, which can hardly
be aexXpectad. A% the «cost of additional iavastments and
utilities the amnmonia flguvre can be lowerad, if desirad.
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¢. Qur investment figures were estimatad by. DSM's Estimating
Departmant and later cortelated with the estlisates made by an
engineering contractor.

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

a. Whac abhout fines and lumps? Surely there must be a way Lo
recovar this material.

b. What is the influence of tha “"seed partizles” straam on biuret
formation, 1.a2. what is the biluret content of the product with
and without "sead particles™?

c. Prilling towers have a bad reputation as dust generators. Can
you give comparative raesults for your process vs oprior
prilling tower dust emissions?

d. Can the poaitive affects of formaldehyde, relative to caking,
be ignored?

@, Were bluref values calculated or analytically determined?

f. Qur experience, prior ta 1975, regarding maintenance and
operation (bucket plugging, wall coating, dislodged chunks of
material falling to tower base, difficulty of rate change,
etc...) does not colncide with the author's obgervatiens. What
operational or-design changes have been made ta decrease these
old problems?

&+ Vary seldem a mereening asystems Isg Installed afrer the tower.
As iu moatr storage sheds, usually screening is installed im
the reclaiming system from tha storage before ahipmant, whara
about 27 of the shipped capacity are recovered and dlsgsolved
when faasible in a wrea solutien befare reecyeling to the
evapararion unit.

b. Seed  partlcles do not affect the biuret <¢ontent of the
producct.

. Dngt emissions from our prilling towers have been measurad
also inm the past and a figure of 1-1.5 kg/M.T. urea was alsc
found.

d. Fermaldehyde certainly has a positive effect relative to
caking, and I never ignored that. The amount of formaldehyde
required i3 however depending on the shapiag technology,
moigture content of final product ete... For prills 0.2Z
formaldehyde i3 sufficient.

2. 3iuret formation depends upon liguid ceompositiosn and exposure
tima at certain temperaturaes., Because biuret formationm 1in
granulation {8 considered to be negligible, we could partly
caleulate and detarmine the Dbiuret cantanxts taklngz ince

account fotr inatance the dust recycle from the shaping
facility.

£. As far as I know Agrico does not operata a Stamicarhon
prilliang tower and therefore i3 veferring to difficulties




experienced with ancther prilling technology. I can only discuss
and comment our prilling tachnology.

Mr., T.5. HARTHARAN, Fertil, Abu Dhabi

Locations whera high ambient temperatuves exlsg, which 1is
suitable in: prilling or granulatioen?

Both for prilling and granulation a2 high ambient air teuperature
makes 4t difficult to teach a sufficiantly low final oproduct
temperacure unless the final product {is coolaed in a saparate
cgoler with ecnditioned air. 1 have not compared the shaping
tachnologiea for high ambien: aic temperatures, though the paper
affers the posaibility to caleulate air requirements for high
amblant alr temperatuves etec... Offhand I do not anticipate that
I have to change my conclusions to the contraery.

Mr. T.P, HIGNETT, IFDC, USA

While vou have emphasized lower cost it would be of gspacial
interest to estimsate the increased value of high qualicy product.
This may he more difficult {n developing countries where there is
ne free market. Farmars have only the cholee of using the poot
quality "Standard agricultural grade” or nothing. In hot, humid
climatez there has been much difficulty with losses, and with
fine damp, caked material that is aithar unusable, or difficulc

to spread evenly. Have the authors tried to estimate the value of
the varicus products?

The paper compares product characteristics of Stamicarbon prills
wlth granules frowm certain granulation technologies,. I am vary
much aware that prills made by some other technologies are
fvufarior to ours. We have been consulteéd recently by different
producers on this problem, and possibly we can at least partly
correct their problems. I have triaed to fighet the bad reputation
of prills, I have tried o supply information on our oprillad
product, aad Y am certain that thils product certaiuly caunnet bHe
cousidered as "poor quality"” standard agricultural grade ureas.

Mr. E. HOLTE, Norsk Hydro, Herway

Cn page 8 the author states that only TYA Fallen Curtain has
produced Uraa Supergranules (USGE).

Jorak Hydro has since 1979-80 supplied moest of the USS utilizad
in the vesearch and tescing done both by IFDC, IRRI and FAD. The
UG 18 produced {n the NH-High Tamperature pan graunulacion
pracess. The recycle ratleo In this process ia about 3:1, nor 7:1.

I am aware that Yorsk Hydro haa preduced superzgranulaes in theirs
pan  granulatpr; however, I made 1t clear in the beginning which
bProcesases I would compare and Nersk Hydro was not part of tharn

list. Yes, I apologize for not having meationed your ability co
Dake supergranules.



