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DUST CONTROL IN NPK PRODUCTION

Hy E. Aalto and P, Suppanem

Kemira Qy, Finland

INTROBUETT ON

The formztion, recovery and handling of dust are some of the most
sovious oroblems faced by the fertilizer industry. Dust control,
recovery 3nd collectiom have become increasingly important in recernt
years, Ihis is because anvirenmental proftection and stiffer require-
ments Tor occupational health -in addition to the reduction of lossese
have hecome more important in 2ll countries, Securing manpower alsa
reguires creation of the hest working conditiens possible, and dust-
free productive facilities pley a major role,

fust originates mainly from the finest portion of powder raw materials
and from attritien and crushing of the fertiliser grenules. Fine dust
formed in the manner mentioned above is carried by sir currents,

Dust generally forms im the following stages of production at a NPK
fertiliser plant

~ hﬂnaling of sinlid raw materials
- granulation

- drying

- gCcreening

- crushing

- conveying

- cooling

- coating system

Dust gquantities may wvary for differemt fertilirer grades, depending

an the compound analysis and on the physical properties af the granule.
Thege differences are due to the fertilizer grade, the raw material
uzed ahd the productien process.

By choonsing the process and dust collecticon equipment maost suitable
for eech fertilirzer grade, we can reduce dust formation and also
control the dust that is formed,

We will discuss below the influsnce of the fertilizer grade and the
raw material on the dust gquantities and the effect of a few process
variables and types of equipment on it, We will also explain the
solutigns which Kemira Oy has applied at its newest complex fertilizer
plants for the recovery and treatmemt of dusti znd for achieving dust-
free production facilities.



THE EFFECT OF THE fFERTILIZER FORMULATION AND PRODUCTION PROCEZGEES

ON DUST FORMATION

Froduction processes

Kemira Oy produces seversl different fertilizer grades at its nlants,

£,G. 15-20-15, 15-25-10,

10-20-20, T-24-14, 20-10-10 and 15-15-15,

The ampunt gf dust handled hereby varies today between 30 - 300 kay

Groduet ton,

Grade 15-20-1% accounts for more of our produgtion than any cther
grade. It is produced at nearly all our plants. Several different raw
materizls Irnd processes sre used, This grade has ofce caused dust

problems at our Kokkola plant,

where a pracess based on the use of

dilute sulphuric acid (scrubper acid) is employed {Process 1) (1).
Dust difficul{i{ies hawve not arisen in conjunctign with the other grades
such gz 10-20-20 + Mg + B ang 7-24-14 + Mg + Mn + B, Dust formatior ir
orogess 1 with 15+20-1% igs compared with the productior of the same
grade by means of an ammorium phosphate-baged process -at Uusikaupurnk:
{Pracess 2) armd a phospho=nitric process at Siilinjdrvi {Frocess 3)

Takle 1

Process 1

Kokkola

Dilute sulphuric acid

approx, 30 % HE‘EID‘1
N-sglution

24 % NH,

60 % Nk NO.

15,8 9% H2D

MA PR

KCl

Process 2
Uusikaupunki

Ammonis

Mitric acid

9 N
60 % H 03

Fhasphoric acid
48 p_.0
% 505

Phosphoric acid
slurry with gynsum

21 9 PEDE

KLl

Fracess 3

SiiliniBrvi

Ammania

Nitric acid

60 % RN

Kola-rock
9 %4 PROE

Fhosphoric acid

39 P
43 7 ?DS

Sulphuric acid
93 % H,30,

KC1



The raw msterisl for different processes used in the oroduction of 15-20-10
15 shown in Table I. The processes can be described shartly ss follows

Frocess I £ salt salutlion, cbtained by neutralizing oilute sulphur:zc
gcid with N-solution, is coneentrated in an evapnr=tor.
Solid monoammoniumphosphate, part of the Nesolutior arc
the potessium salt are dissolved in the solution obtainco,
The slurry formed is fed intao the granulation unit,
Granudation can be performed with either s blanger ar o
grznulatien drum, A conventionzl drying drum and cooling
cdrum are then used.

Process 2 Nitric acid and phosphoric acid are nzutralized with ammoria
in reactors and the slurry abtained is fed into the blunger.
Dry potasszium sslt enters the blunger together with ihe
recycle. Conventional dryiny drums and cooling drums are
uged.

Frocezs 3 A slurry composed of 2l) the rsw materials is produced i
the digester and the neutralization reactors and sprayed
inta the sphersodizers, Granulation and drying occur in the
spherodizer and drying tzkes place immediately affer gra-
nulation. A cooling drum is used.

Influence of compound anslysis and physical properties ann dust formation

The chemical and physical properties of grade 15-20-15 producad with
different arocesses and the dust guantitie= formed in drying and cooling
ere shown in Tshle 2, Chemical analysis reveszls rather eclear differences
in nitrate, sulphate and calcium contents,

It is shown in compound analysis by X-ray diffraction that amang other
things grade 15-20-15 produced with process 1 anly contains the mixed salt
(NHd,K) SDA. This sslt has been found to get enricheg in dust formed in
dryer. %hm existence of this salt depends an the SDd:ND3 ratio,

Physical properties indicate the strength of the granules, The attrifion
nercentages refers to attrition occurring under standard conditions, durinmg
the test. Pore volume indicates the guantity of pores in the granule, Of
these figures, sttrition in particular indicates the tendency to form dust
under conditions similar to those present in drying and cooling,
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TABLE 2

15 - 20 - 15

Chemical analysis %
- NHA-N
- NDB-N
= Palbg
total
water soluble
- ¥,0

2

- SUA

- Ca
Compound analysis by X-ray diffractiom %

- NH4H2PD

- (NH4)2H:U4

- NHdtl

- KND3

- KC1

- (NH,,K),50, (65:35)

- (NHd,K)4SD4 (NDB)E (50:50)
- NHdNUE x EKNDB
- EaHPU4

~ Precipitated apatite

- Precipitated iren phosphate
Physical properties of granule

- farce to break granule, kp
- attrition %

- ﬁura volume ml/g

OQuantity of dust t/h
- after drying drum

- after cooling drum

Capacity t/h

11
m
.

Proce

12,0
3,0

20,0
14,0
15,0
16,3

0,5

25

14

L2
32

8-10
1.7,
0,025-0,08

5-30
1-1,5

30

Progcess 2

16,4
4,6

20,0
16,2
15,0
g,2
2,8

25

15

22
1o

12
Q,7-1,5
0,02

g,5-1
0,1

22

flracesg 2

20,0
14,7
15,0

20

17

26

12

12
Q,z2
o, coe

0,5-0,8
0,02

Eln]



The table indicates that in the production of grade 15-20-15 by process 1
sometimes. more than 20 times as much dust has been formed as by the

other processes. This formation of dust clearly corresponds to the physiczl
properties of granules, as table 2 showa., In conjunctien with gradss
10-20-20 + Mg + B and 7-24-14+ Mm + B produced with process 1, the dust
guantities are about the same as those for processes 2 and 3

The granulatian mechenism

Since grade 15-20-15 has caused dust difficuliies when progess 1 is used,
it has heen the subject of more research. Particle size distributions for
cust collected by cyelomes after drying when grade 15-20-15 is produced
with processes 1,2 or 3 are shown inm appendix 1., Small particle size, in
addition to high dust guantity, are problems that oceur when process 1 is
used, Microscope studies indicate that the dust formed in the production

of 15-20-15 with processes 2 and 3 is composed of relatively large fragments
of granules, In conmtrast, dust produced withsprocess 1 is camposed to a
large extent of single crystals in the 50-100Arange.

Chemical analysis of the different gsieve fractions for samples taken from
various process stages {appendix 2) indicates that S0, is greastly enriched
ketween the 200-325 mesh =ieves in progess 1, This corresponds to a particle
size of 43-T4 M4, A corresponding enrichment of 50, does not occur in the
dust of the 15-20-15 grade produced by other methods., Aceording to X-ray
diffraction studies, 504 gppeare mainly as s mixed salt (NHd,K)ESO4 in the
sieve fractisns in guestion.

According to the elewment distribution pattern obtasined by X-ray microsnalysis
of the granules, the K amd 5 distributions are completely identical and

there is a clear gap (appendix 3) at the cerresponding areas in the P and Cl
distributigns, This is a (NH , K) 504 crystal, whose size cam be estimated

at 4D-lUQJJ ah the basis of the EEBMEHt distributiqn pattern. This corres-
ponds to the sieve frections with maximum S0, in” the dust, It is thus

obviesus that large crystals of this type have formed in the stage preceding
the grasnulatien, Enrichment of 50, into dust shows that the sticking
tendency of these cryasatals iz relatively low in the granulation stage.

dtudies af hot salt solution after the evaporation stege under the micro-
gscope show that the solution contains erystals in the 4D-lUO}A range,
Chemical snalysis of these crystals shows that they are mainly composed of
(NH4)2 504. Thus it is obvious that (NH } SEI4 the solubility of which is
quite low and which crystallizes in the evaporation stage, is the initiasl
reason for the tendency to form dust. Microphotographs (im appendix 4)
taken of a thin section of the grenule show surfaces, formed in various
recycles, Inside these surfaces there is a dense layer of small crystals
and a logsely structured layer of Yarge crystals on the outside of these
surfeces.
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The pictures perwit us to trace the gramulation mechanlsm in the following
mennaer, when the slurry composed of solutian and crystals comes into contact
with the porous granules of the recyele, the solution tends tn p?ne+TaTE
inte the pores and the so0lid substance composed primarily of

crystals remains on the surface of the recycle gramule in the fnrﬂ D¥
loosely structured filtercake-like layer, As the water evaporates from

the disselved portion in the drying drum, the salts, depositec as small
crystals, act as a binding agent, cementing the pemetrated portion to &
dernse layere. The amgunt of this binding agent im the coarse crystals in

the s@-called filter cake layer decreases due to penetration anc a weak
point remainsy This kind of granule breaks on mechanical handling at the
wegk point. Thus= both denase layers and loose, porous layers appear in the
gratule.The loose layers can be shown by permitiing the granules to absorh

o dye solutienes The split granule i= them phetographed, revealing the longe
layer, which is now dyed. If the granule is dense, .9« in spherodizer gra-
rulation products, penetration of the dye solutior into the granule does

not oocure The quantity of sulphate in the slurries of processes 2 and 3 is
so small that {(NH )_50 does not crystallize in the slurry to any significant
gxtent, Furthermore, the solution does not penstrate into the pores in
process 3, since granulation and drying occur nesrly simultaneously,

The effect of chemical factors on dust formatian

Impurltles 1n phcsphurlc acid

Fhosphoric acid impurities entering process 1 aleng with the MAP have o
signifigant effect on the granule properties and dust formation. The amount
and the mature of the impurities depend on the process used in the production
of nhospharic acid,

The granulation and dust problems are mdre pronounced when MAP is produced
from specallegd hemi-dihydrate acid. In this case the dust formed in drying

is 15-30 t/h but only 5-10 t/h when MAP preoduced from normal dihydrate acid
is used. In the former case, dust is fine compared to procsesses 2 and 3 as
showrn in appendix 1. In the latter case the particle szize range is coarser
approaching particle size distribution curve for process 2. The attrition
values range Tmeam -7 % to 1-3 % and pore velumes from 0,05 « 0,08 ml/g to
0,025 - 0,04 ml/g respectively illustrating dense and mechanically resistant
granules on the dihydrate route basis compared to purous and brittle granules
oh the hemi-dihydrate route basis.

Accerding to chemical analysis the Al-content of the MAP is about four times
higher on dihydrate route basis, in agreement with resultis presented previously
at ISMA meetings (2,3), X-ray diffraction studies show well crystallized water
ingoluble material in the "hemi-di-MAP" and nearly completely amorphic
structure in "dihydrate MAP" illustrating the role of gelelike substance in
improving the granulation properties of 15.20~15 grade made by process 1.



On the basis of the gramulation mechanism pregented above, the affect
of the gel-like subatance on the granulating properties can he ynder-
stood so that it delays the absorption of the dissolved part of the
slurry by the pores and thus the binding agent cemenis mere effectively
the otherwise brittle {NH ,K}_5SC layer, This reduses the average pore
volume of the granule and the surface remains sticky after the slurrcy
comes into contact with the wrecycle granule. The stickiness of the
nranule surface helps the fine material to adhere and increases graruls
size rapidly.

Excesgive stickiness of the gramular substance is & draw=back when
"dihydrate-MAP" is used, Therefeore the amoumt of recycle must be increased
in comparison with the use of "hemi-di-MAP",

The difficulties caused by "hemi-di-MAPY were the apposite. As the dissolved
part of the slurry was absorbed by the recycle, whieh had a relatively high
rore wvolume, the surface of the granules remained dry. The dust returned

ta the grandliator adhered only loozely to this kind ef surface or passed
through the granulator and eoverloaded the dust collection equipment, causing
3 high "dust circulation load",

The formulatian used on s productiom scale inm process 1 is based on the raw
materials MAP, potassium galt, diluted HESU and N-solutieon, This leads 1o
a NDa-N content of approximately 3 %. The aédition of nitrates to the
formulation calls for replecement of part of the H_50 with nitric acid,
Grade 15-20-15 containing 3.7 % ND_-N is made in p%lu% plant in this way.
The formulatien is filled with Mg50,, in which case the Mg caonternt of the
product is 0.8 %, The findings revealed the fallowing :

- The meehanical resistance of the granules ineresased considerably,
According to a test, attrition decreases swbstantially, showing
the anticipated decrease in the dust guantities on a production
scale.

- The formation of granules speeds up and the =tickiness digappears
immediately after formation of the granule. As @ result, the
recycle ratio dreps about 50 % in comparisen with the normal
formulation, Similar results appear in literature concerning the
effect af KND3 an granulation properties (4).

The effect of the surface active agent

burface active agents increase dust quantity and have z detrimerntal effect
on granule properties, On the basis of the granulastion mechanism described
above, it ig clear that when surface tension decreaeses, the dissolved part
of the slurry penetrates further into the recycle granule and the amount of
binding agent in the “filter cake layer" decresses. Thus the porasity of
the granules increases while the stickiness of the surface decgregses.
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THE EFFECT OF THFE PROCESS EQUIPMENT ON DUST FORMATION

Granulatian

Granulatisn is one of the mest important stages of the NPK process in dust
farmatior, Both the blunger and the granulation drum are used in process
1 and grade 15-20-15 i= granulated with both ef thems Ressarch findings
indicate that the granulation drum is better suited teo this formulation
than the blunger. The dust quantity decreases about 30 % in comparison
with the blunger when a drum granulstor is used, The granules are also
somewhat harder and rounder and the granulation efficiency is betier.
Using the drum granulator reguires experience, however, because due to
the asbove merntioned granulation mechanism, retention time in the granu-
lation zone has an effect on the formation of dust. When the retention
time is long, large amounts of dust appear and granulatien is not very
effectives An excessively short retentipn time causes oversize and
difficulties with the crushers (sopendix 5). With dust formatioen in mind,
the optimum retention time depend= on the chemical-physical properties
of the raw materials, Thus the optimum retention time in the granulation
zone when using "dihydrate-MAP" is twice thet when using "hemi-di-MAP",

The praved superiority of the drum granulater cannmot be applied very
widely, far the fertilizer formulation has a cansiderable significance.
The granulation drum usually provides better possibility to regulate
granulatien conditiens by changing the rotation speed, the point at which
the slurry is fed into the drum and retention in the granulater so that
they best fulfil the requirements of the fertilizer formulation,

The blunger used in process 2 and the spherodizer used in process 3 have
produced very hard grenules which yield little dust, The formulatiorn and
slurry used in these processes are well =suited for the granulation method
vged, In beth cases the slurry is s salt melt in which there are few
crystals, Granulstion invalves the "onion skin" mechanism in process 3.
Process 3 daes not, however, suit fertilizer grades with a high potassium
content, for potassium salt does not dissalve in the slurry and is sepa-
rated from the slurry in spraying.

Drying and co@ling

The largest quantities of dust are normally formed in drying. Accarding
te our experience, drying eguipment does not have the same significance
for dust guantities as the raw materials and the fertilizer grade. In
drying more dust is separated from weak granules than from strong ares.
Table 2 offers evidence of this, It can be seen from this table that dust
quantifizs in general are related to the hardrness values of the granule,
The same applies to cooling. The hardest granules have been obtained with
precess 2 and the attrition and hardness values are a further proof of
this., And although the rotation speed and speed of the cooling gas inm the
caoling drum in this process are higher than in other methods, less dust
iz released from the granules,
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L rushing and sgreening

Lrushers frequently create a lot of dust at fertilizer plants. Hammer
mitls and chain mills, in which the rotation speed is high and oversire

is ground fine, often cause grest difficulties with dust., This iz due

to the fantype effect of these crushers, Rollinyg crushers cut down the
dust guantities and are easier to connect with the general dust colleedion
system, This is because they require a smaller amount of suction air when
dust is collected to general dust collection systew,

The selection of a crusher is not aimple. In many cases, dependirg on the
fertilizer farmulation, reolling crushers cannot be used, due to the adhe-
gipn of the fertilizer., In some processes the sim is to make the oversive
vexy fine, while im others it is enough to make it slightly smallrr than
the cammercial size, These are wsually the primary considerations in
choosing a crushker, Dust is a secondary matter.

Screen also produce & certain amount of dust , but by using lids on the
screens and a8 sufficiently large amount of dust removal air from the hopper
beiow the screens, dust can be collected effectively, Kemirs Oy hag expe-
rimented successfully separating screens and crushers from the rest af the
plant with simple walls.Ip this way the spread of dust and also noise fram
the crushers and the electromagnetic screens te the rest af the plant has
been prevented, Loading of the plant bins with selid raw materials has been
separated from the rest of the plant in a similar manner. Solid raw materials
such as potassium sslt, phosphate and magnesium sulphete are usually brought
into the plant on conveyar belts and produce dust above the bins. The spread
of dust in the plant has been prevented in the manner presented abowve.
solutione ef this type should be made already in the planning stage aof the
plant. When they are made leter, it has proved to be much more difficult

and more expensivea,

D. Canvevors

Dust is fermed in transporting fertilizers and especially whers they =re
dropped frem conveying belts, Comnveying belts are gensrally covercd on bath
sides where dropping oceurs ; a dust collectign hood is zlsc built at the
same place and connected to the gemersl dust collection system. Screw
conveyors sre most often used by Kemira Oy for dust collection., They are
made entirely of steel or are fitted with a rubber shell. Conveyors fitted
with a rubber shell have proved effective, particularly in handling moist dusnt
Very fine solids, such as the talc used in coating and trace elementis usad
in the precess =sre transported pneumatically and it appears that this mods
of fransport will spread throughout the fertilizer industry in the near
future. The method is dust-free - this is its primary advantage. Wmnen small
quantities have to be transported the purchase price is also competitive
with ather typee of equipment,
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COLLECTION, RECOVERY AND RETURN OF DUST TO THE PROCESS

Evan when a suitable process for the productien of cemplex fertilizers
snd rew materials for a particular fertilizer grade are chosen, dust
is still produced at some staoges, as mentisned above, The collection,
recovery and return af this dust to the process is much the same for
all fertilizer processes and finally the extent to which losses are
reduced, what the dust effluente are, and the extent to which we can
make our plamt dust-free, depend on these measures.

ODry collection of dust

Dugt from fertilizer plants in general follows gas currents and thus
the largest gquartities of dust are in the drying and ceeling gases and
it the gereral dust collection system, where dust is collected with
suction aire To the extent possible, Kemira Oy has attempted to collect
the dust and return it to the process in dry form, without using water,
This makes it easier to control the plant water balance, for the large

- dust quantity reguires a lot of weter ; there is already 2 likelihood of

excessive amotints of nutrient bearing water at fertilizer plants.
Returning water to the precess alwsys causes difficulties and expense,
and due tonutrient content, the water cannot be released into the
envirorments

Temperatura, the moisture content of the gas and dust and the possible
hygroscopic nature of the dugt generally make dry coellection difficult.
These properties depend on the fertilizer grade and the process, and |
maka demands @n the dust collectidn equipment chosgen,

Cyclanee.

Dust is usually collacted from drying gages with high-efficiency batteries
of cyclonsse A cyclone batiery comprises cyclonss with a capacity of

10,000 te 20,800 cu.m., of gas an hour, Usually 92-98 % efficiency is
achieved, depending of course on the size of the dust particle. The pressure
drop iz 100-110 mm WG, The cyclones we use are insulated and fitted with

air lockss They are very relisble and do net become plugged, since they

are fitted with clesning equipment,

Bag_filters

Along with cyelanes, we have alsoc used bag fllters to collect dust from
gases in the drying drum. The bag filter usee a reverse air jet for cleaning;
the tubular waterial is polyester fibre. Dust i= cellescted very tharoughly
by the bag filters, but the filter does regquire gontinusl inspection and
digterpances in the dryer furnace are reflected immediately in the bag
filter, causing trouble there, The mest common difficulties have been

repid sviling ef the tubes, which causes a pressure drop of 200-250 mm WG,
loosening af the tubes and moisture difficulties. The tubes need daily
inspection and should be washed at 6 month intervals. In general, the hag
filter has done a satisfactory job of collecting dust from the drying gases,
although we prefer efficisnt cyclones in this case, due to their relisbility
and much lower operating coasts,
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We have dsed bag filters with & great deal of success in collecting dust
from gases in the cmoling drum, Bag filters employing reverse air jet
cleaning or shaking cleaning bhave functionsd perfectly. The preasure
drop haz been epproximately 100 mm WG, and the dust cortent in the gas
after the use of the bag filter has been 5-20 mg/cuum. with = collection
efficiency af 99,5 + %. Cooling gases can be conducted directly to the
stack after bag filtration, or they can be returned to the process for

-use as dilutisn air in the drying drum furnace.

The faollowing equipment, im which dust formation eccurs, has been connected
to the general dust collection system with air ducts

- crushers

- ‘ screans

- conveyars and dropping points
- coating system

- gcales

Dust is celliected from the gases with the bag filter, just as from the
cooling gases and with equsl success and cellection efficiency.

The bag filier is a very good dust collectiwn device for purifying cooling
gases and géses from tha general duat cellection system at fertilizer plants,
High collectimn effieciency, dry collection of dust amd a reasonable purchase
price are some of the advantages of bag filters. The follawing are the
disadvantages. :

- requires a large amount of space

- daes not work with hygroscopic dust
- rneeds care to avoid dew point

- ‘ rather high maintenance cwusis

Reyardless of how well & fertilizer plant is maintained and the guality of
the equipment used, local leaks do occur, or fertilizer granules and dust
get into the factary in cenjunction with repairs, and these have to be
cleaned up. We have installed central cleaning systems =% our fertilizer
plants im which dust and granules are sucked out through a stationary pipe
netwark, by means of a vacuum cleaner type device. The dust and fevtilizer
granules cellected are returned to the precess, as is other dust,

be _return af dust to the process

Dust which is recovered and callected dry is transported by screw conveyors,
gither to the granmulator er the reactor where it is combined with the slurzy
depending on the process,

It is impertant not to transport dust on the recycle conveying belts, becsause
this causes dust difficulties on the belt and overloads the general dust
cellection system, Dust is transported separstsly with its own screw conveyors.
When dust guantities are not too lerge and the process permits it, they can

be conducted te the reactor and combined with the slurry. In this case the

tdust does not form brittle dust lumps, which break down in drying and becaome

‘dust ence asgain, In process 3 at Kemira Oy, dust is returned te the reactaor,

In sther precesses dust is transported to the granulator.
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Wet collection of gdust

- bas_scrubbers

Wet coliection is used when thorough dry collection is not possible or

nat profitable for ore reason or another. The efficiency of the cyclares
is pot sufficient for the fertilizer dust and the drying gages are
conducted te the scrubbers after the cyclones, Kemira Oy has used several
gifferant scrubber types including impingement scrubbers, sieve trays
scrubbers and floating bed scrubbers, For scrubbing fine fertilizer dust
the three +types differ very little. There are more differences with
regard to scrubbimg of gases. Sieve trace scrubbers and floating bed
scrubbers are better than impingement scrubbers in this respect. Relia-
bility, the possibility to use a waeshing ligquid with s high solid content
and low pressure loss are some of the advantages of impingement scrubbars.
Kemira Oy has installed floating bed scrubbers in its newest plants, whare
bgth dust and geses are scrubbed.

Under aptimum conditions, exhaust gases from fertilizer plants contain
about 30 mg/eu.m, of dust, but disturbances make the constant averace

around BOD mg/cu.m, At Kemira Dy MPK-plants dust effluents have been recently

0,5-1.8 kg/product ton,

SUMMARY

This paper haa dealt with dust formed in the production of fertilizers

and the experience accumulated by Kemira By on the control, recovery and
coliection af dust. Fertilizer gqrade and the raw material base have the
mo=t impartant effect on the quantity of dust furmed im production, This

" was determined with grade 15-20-15, which Kemira Oy produces using several

different formulations and processes, Special stress was laid on dust
formatignand the means to minimize it with regard to grade 15-20-15,
produced with & process hased on the use of dilute sulphuric acid. In thig

- case the -{NH }.50 crystals appesring in the slurry praved to he the cause

af the dust $ﬂrmatlnn. In the granualtian process these crystals tend tao
form brittle layers un the surface of the granules and then bresk down 1in
the drying drum. The dust fquantity has been reduced by chanrging the for-
mulatian, the granulation method and the granuiation conditions,

Raw material impurities, such as those in MAP, have a rather clear effect
on dust quantity and the granulation properties of the fertilizer.
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The dust quantity canm be affected toc some extent by the crocess eguioment,
Of these, the most important is the granulator. The grenulation metnad
best suited to the formulation can improve granulstion of the procuct and
reduce dust quantities, The guantity of dust can alsa be reduced through
the choice of the best process equipment, such as crushers and conveyors,
The gquantity af dust handled at Kemira Oy fertilizer plants varies <oday
depending @n the case, from 30 - 300 kg/product ton.

The lasses, the amount of dust released into the envizonment and ihe clean-
liness af gur plant depend at first band on the effectiveress of the dust
recovery and collecticon equipment. Kemira By attemps fa remove as much dust
a5 possible from the gases im the dry form, for treating and returring the
water used in wet collection to the process always causes difficulties,
Cyclenes and bag filters are used in dry cellection of dust, Extremsly

good results have been achisved with bag filters in the collection af dust
from c@eling gas. The gas can be returned eeg. to the drying drum furnace

s dilution air and thus it is pessible to recirculate gss to a certain
extent - an achievement that benefits both epvironmental protection and
Bnergy economics.

The amount of dust released into the environment along with exhbaust gases
at Kemira By fertilizer plants has varied recently form D.5-1.B kg/product
ton. The best results have been achieved at the mewest plant, which is
fitted with the dust collsctioen equipment presented abave,

Modern technelogy provides good prospects for the recovery and callectinn

of dust. However, dust control should not rely entirely on up-to-date,
efficient egquipment, Choice of the raw materials and process suitanle for .
the fertilizer grade can reduce the dust guentity and yield the hest results
when combined with teday's dust recovery technigques.
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C1

Maps of the distribution of K, 8, Cl and P by X-ray microanalysis in
part of granule 15-20-15 (Process 1).

The identical distributions of K and S illustrate loosely bound
.(NHA’ K)2 Sﬂh —ecrystals in the granule (magnification 250 %x).
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500 x

Micrograph of the thin section of granule 15-20-15 made by process 1.

The graph illustrates the granulating mechanism.
1. Loose layer. 2. Dense laver.
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DISCUSSION

Mr. Suppanen {Kemirs Oy, Finland)

Dust ariging in the productieon af fertilizers is a fect well known 4o

8ll of u# and it forms one of the most serious problews in the manufscture
of fertilizers. In our pepsr we have presented a dust problem in our
Company, caueed by grade 15-20-15 proaduced from a certain raw material
bagis, and explained the solution we have umed. We have also expounded

the golutions eppliad by Kemira Oy at their newsst fertilizer plants

for recovery and handling of dust and for achieving dust-fres production
facilities.

In our case the main reason for dust has proved to he the high amount
of 50, in the formulation, There are in the slurry befare granulation
(NH K? 4 crystals. In the granulation theasa cryatals form a fragile
laynr un the surface of the recycls granule and in the drying drum the
granules are broken at this weak spot.

Slide 1.

The first slide shows the microphotographa of the thir sections of
15+20-15 granules made by waricus proceasee in our Cawmpany. Te have
cle=r contrasts, polarized light and the so-called quartz-plate compensator
are ugsd In the microscope. On the right is shown an ideal granule with
alwogt no dust formation. It is wade by phusphoniiric process with
apherodizer, in whig¢h nearly all the water aclubles malts are in the
golution before granulatjon. In the middle is shown a granule made

by ammsm phosphate proceas with pugwill granulatien. Dust formation

is modarate ag cun be geen in tabla 1. On the left is shown a granule
with duwet problews.

Slide 2.

Hers we can ses more digtinctly thai the granula with durt problems
consistes of 5D-1BDiaﬁcrystalﬂ in addition to the smaller onss that

are liks thoss in Qranulna made by process 2. According to Xaray
microanalysis they arw (NHdK)ESD and they are situated in looss laysers,
betwean which there sre dense layara coneisting of small-crystalline
wass. This framed amea ie pressnied in mers detail in the next slide.

Slide 3.

The framsd args here with highar wmagnificatian permits to explain

the granulation wmechanisw in this cese as follows : when the slurry
containing large (NH, K) Sﬂd‘czyatulu comes into coentact with the recycle
in the granulator, the clear solution penmtrats= the porous granule matrix
and lmaves coarse 50, crystals on the surface as a loogs layer without
binding agent. In the drying step the dissolved salte are crystallized

aa A fine meaes Torming & dense binding layer. The weakly bound SEI4
cryatals form a wesk point in the grenule and break down in drying,
producing dust.
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changes in the raw material base have clearly affected the dust guantities.
The rmature of gel-like insoluble phosphates in the raw material MAP proved

to bear a glear influence aon the guality of the granule and on the dust
amount, MAP originating from dihydrate phosphoric acid proved to bhe hetter
thar that made of hemihydrate acid. The reason is the more gel-like structure
in the former case- perhaps because of the higher Al-comtent of the phosphoric
acid. The penetration rate is thus decreased and more binding agent remains

in the ccarse crystalline layer on the granule surface.

3lide 4

In this =lide we can see a granule of grade 15-20-15 made from dihydrate
MAF. Here it can be aeen that the granule is more homogereowl and that
there are rnot so many loose and demse layers as im the granule in the
slide before.

In the pilot plant test the ratie SDdiD3 was decreased and Mg3l, added

tp the formulatiom. The guality of the granules proved to be clearly

better than irn the contral rur with the normal formcelation. The reason

is - besides the lowering of the amount of (NHdK)ESD4 crystallized in

the slurry - also the favourable effect of KNO. and MgSO, on the granulatien.

Granulation alza has & very clear effect onm dust formation. For this
formulation the drum granulator suitad better than the blunger. Due to the
granuiation mechanism, the retention time in the gremulation drum had

an effect on the formation of dust, With a long retention time a large
amount of dust appeared, and granulatiom and the gquality of the granule
were bad. With a relatively short retention time the granule gquality was
quite good, but on the other hand there was a lot of owversize.

S5lide 3.

In these seanning electron mierogqraphs we can see the effect of the
residense time in the granulator to the porosity of the granule. On

the left thare is the granule matrix of & fragile granule made by long
residence time in the granulstor, and on the right hend there is the
granuile maetrix of = dense granule which is granulated with short residence
time.

Despite all efforts dust is formed im the production of fertilizers, and
finally it depends on the recovery and hangling of this dust to what
gextent losses can be reduced, what the dust effluents are, and how
dust-free our plant can be made. The aim of Xemira Uy has been tec collect
the dust and return it into the process 1n dry form,

without the use of water. The benefit of this is that it makes it easier
to cvontrol the plant!s water balance, as a large dust gquantity requires

a lot of water and the amount of nutrient bearing water already tends

t0 he excegsive 8t a fertilizer plant.
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For recovering dust from gagses, we have used bag filtss slong with
high-efficiency cyclores with a great deal of success. Bag filtera have
worked perfectly and with high efficiency especislly when uzed for dust
collection frem cooling gases and general dust collection gases. For the
wet collection of dust and for gas scrubbing we have recently been using
floating bed scrubbers mainly.

In a fertilizar plant there are places where dust appears more than
elsewhere. Such places Bre for instance the armas surrounding =mcreenas and
crushers snd the loading place of plant bing with solid raw material.

In our Company we have ssparated those areas frdm the rest of the plant
with simple walls and thus prevented dust and slso noise from spresding
to other parts,

As a congluaion we can say that modern technology provides good prospects
for the recovery end collection of dust. However dust control should not
rely entirely on up-to-date, efficient equipment. By the choige of suitable
raw materials end & =uitable procese dust quantities can be reduced,

and this together with today's dust recovery technigques will yield

the best regults.

Dy. Boos (Gewerkschaft Victor, G.F.R.)

All praducers of solid fertilizers always face the problem of dust control
in fertilizers. There are, in that connection, three important aspects :

1, Dust in fertilizer plants themselves, which, to ensure workers'
protection, must be kept &% as low a lewval =& poasible.

2. Dust diamcharged with wasi® gases from drying, cooling and dust control,
which might creste a pollution problem around the fectory.

3. bBust which remaina in the feritilizer after scraening and coating
atd which may be a nuisance to the farmer during application.

1f we consider thet dust particle size is below 200 micron or rather
100 micran, then we find very large differences between the three above
procesges.

Indesd we all know that granulation processes are very complex and that many
factors are involved. But we slso know that dust settling is improved when the
range of particle sizes is large and when granulation is designed so that
inlet gases contain little dust, For thai reason we would appreciste if the
suthora could give the range of particle mizes afier granulstor, dryer

or spherodizer.

A dust production of up to 30 t/hr for a 30 t/hr output of finished product
would, in wy opinion, mean s very high recycle rate and, in fact, a very
poor granulation.
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Therefore it would be interssting to krow the water content of the humid
phase befare and after granulation, pessibly sfter drying as well as in the
finizhed product.

The attempt to find =n explanstion for the poor gramulation in the first
plant is interesting with the formation of a double salt KQSDA(NHA}ESDA'
To avoid the formation of this double salt before granulation, did you
try +to feed dzy KC1 %o the granulator 7 In thai way, as Professor ANDO
stated yesterday, an increased csking might be expected, but its effect
on granulation should be known 1if the mixture of salts or the double szlt
KESDAA{NHd)?SDd ig actually the cause of the poor granulation,

Me, Suppanen

Az we have presented vur paper, there was reslly a lot of dust in

our NPK plant. In the baginning wae had resally such big amounta as 30 tons
per hour dust recycling in the process, and we atarted to study the
granulatian. When we changed our granulator from blunger to drum granulator
the dust amount was reduced by 30% and it helped quite = lot at that time,
Later on we made szome opiimization of the granulation and thus

caused more oversize but it helped cencerning this dust and, &8 I

mentioned in my presentation before, the best help was the change of MAF
raw materials used in the product.

Far the first question of Dr. Boos he asked the scresn analysis in

different points of the proceas. Unfortunately we don't have figures

after granulator. In any case [ expect, 1 am guite sure that some

granulatisn is also happening in the drying drum. Afier the drying drum

we have 50% commercial size, that mesns from 2 to 4 mm, and in the final
product we have over %0%. In the second queation you asked the water content
in different points of productiom. The water content of the slurry is guite
constant, 13 - 14%. The water content in the granulator depends on whai

kind of MAP we have. When we used & MAP produced from hemihydrate-dihydrate
phogphoric acid the reeycle ratio was 1 to 6 and thus the water content a
little over 3%. When we changed the MAP, and now we use MAP from dihydrste
phosphoric acid, the recycle ratio was 1 to 7 and the water content in the
granulation is now 2.5%. The water content of the final product is usually
0,5%., In the last gquestion, I understood you asked if we tried to feed dry
potassium chloride direct to the grenulator. We have done this fut we could
not find any remmrkable reductien in the dust formation compsred to when we
fed potss sium salt in wet form. We think the advantage of feeding ihe potassium
galt in the wet form is that we can nave more homogeneous dgranules 16 prevent
caking,
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Mr. Gowran (N.E.T., Irgland)

I have = questisn on the cyclenes. Could Mr. Suppanen tell us why they
insulate these cyclones and also could he describe the type of air locks
that they use and the cleaning equipments they use on the cyclones. Also he
mentinng in the papar sbout using air in the bag filter as dilution air

to the drying drum. Would they recommend it where smmonium nitrate is

used in the compound. This is from a safety poirnt of view.

Mr. Suppanen

Why we have ingulated our cyclones 7 Ona reasan is that we wanit to avoid
dew point, and also in the summer when it is hot just to keep our plant
cool and not to warm it. We use under our cyclones a double flat valve as
air lock and then in our paper we have presented an idea to recyecle the
clean coeling =air to the furnace of drying drum. Many years ago we have
tested this thing but at the moment it did not succesd . We had too much
dust. This is only an idea we have presented in our paper but as a maiter
of fact we are just now planning or designing sowme kind of system. From
the former days I don't have any figures for the limitation of ammenium
nitrate in the product. The amwmonium nitrate content is usually from 3%
up to Th.

Mr. Quinton (Fimons, U.K.)

We find this an interesting paper with a number of useful ideas. However
it would be interesting to have some indication of the monitoring syatem
or organization that you have set out to ensure dust control procedures
are maintained effectively. Do you for example have continucus monitors
installed after the bag filters. Do you check the efficiency of the
cyclones for example monitoring the ien concentration after the scrubber ?
Do you consider thest the 0.5 to 1.8. kg/t product of duat seffluent to be
the limit, for even lower values are schievable with more expensive
equipment 7

Mr, Suppanen

We had tmsted some equipment just to contral the dust amount atter the

bag filters and also after cyclanes but this equipment did not work well.

It was not reliable. At the moment we really don't have constant measurement
of dust on the equipment and, regarding the question of dust effluent from
our plant, we have mentioned in our psper that these figures are 0.5-1.48 kg/t.
In our newest plant, where we use bag filters and also a scrubbing system, we
gan get this 0.5 quite easily. In our older plants we have this figure of

1.8 kg/t.

Mr. Peng {C.R.A. Brazil)

I'd like to ask the authors what kind of filter cloth do they use for the
bag filter ? And do you find these bags sometimes get humidified and clogged 7
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Mr, Suppanen

We use polyester as s hag materisl and we don't have difficulties with
dew point when we are handling gases from cooling and genersl dust
collecting system. But when we have handled gases from drying drum
we have hed difficulties with dew point, when stsrtiing eur drying.

Mz, Moreillon (Gé&nérale des Engrais, 5.A., France)

Could the author elsborate a little on the principle of the screesn
scrubbers and floating bed scrubbers he wmentiona in his paper ?

Mr. Suppanen

1 could not understand what you mean with the screen scrubbers when we
are apeaking of floating bed scrubbers, the gcrubber where we have little
plastic balls and this washing liquid is going opposite the gas like

ping pong balls. In this srea scrubbing is happening. This is quite

®» commercial typs of scrubber.

Mr, Moraillaon

Then scrubbar is the TCA serubber, The Franch translation mentions
a8 acreen acrubbaer.

Mr.Suppanen

We have mentionad in our paper = screen tray scrubber. It means that there
are some trays in the tower and the liguid is over the trays and gases
gaing. through the liguid.

Mp.Nielsson {I.M.C., U.5.)

[ just want to make & comment. I heard that the gentlemen.are going fo
take cooling air and pui it into the dryer and I just want to tell them
from experience that you may take the dust out of your plant but you

end up with a plume all over Finland and other parts of the world, because
any time you iske = gas thet ceontains nitrogen particles and put it
through a drying combustion chamber, it all becomes blue hagze and 1 think
people tried it and tried it, but esch time they had to siop it because
thay covered the country side with = blue plume. In fact in our plant

we find that to bring in fresh air into the combustion chamber we have

a pipe that goes outside the plant in order not to contaminate that air
from within the plant, because the air from within the plant containsg

some dust and there is some nitrogen in it, so that when it goes into

the combustion chamber it just becomes s cloud of nitrogen compound so
that it covers the countryside. Them you get into another kind of problem.

Mr, Knudsen (Superfos A/S, Denmark)

1 just wanted to comment to Mr. Nielsson that we do recycle not only the
whole of the cooling air but also part of the air from the dryer, but of
course it is not a primsry air, but a secondary air. It is recycled as a
secondary sir to the spherodizer, so that it does not go to the burner.



