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IN TR O D U C T IO N

Among the agricu ltu re -re la ted industries, granulation of fe rtilizers is one 
of the most im portant app lica tion  of the agglom era tion process, at least from  the 
v iewpo in t o f tonnage involved. Annual world production o f g ranu la r fertilizers  
probab ly  amounts to at least 200 m illion tons. The ever-increas ing world  
popu la tion is expec ted  to continue to p lace a heavy dem and on c rop  production  
and its major inputs— fertilizer, of course, being the largest when measured in 
terms quantity and cost. A  major growth of the fertilizer industry is expected to occu r in 
the developing world where fertilizer consumption remains far short of what is needed  
to obtain maximum yields, especially if fertilizer-responsive crop varieties are used.

1.1 Introduction to G ranulated Fertilizer

1.1.1. O verview  of World Fertilizer

From the in troduction of this chap te r it can be realized that fe rtilizer 
becom es wo rldw ide  im portant material wh ich will increase crops quantity.

World fe rtilizer consum ption and production are expec ted  to continue to 
increase bu t at dec lin ing  annual percentages. Table 1.1 and figu re 1.1 show  
pro jections of world fe rtilize r consum ption from a UNIDO study.
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The study o f UNIDO reveals that future cos t o f fertilizers will continue to 
increase. Future rise in costs can be slowed by techno log ica l im provem ents and  
more e ffic ien t operation o f p roduction facilities. These shou ld require those  
conce rned  to have enough know ledge to operate fe rtilize r p lant. Furthermore, 
effic ien t contro l mechanism  to raise the opera ting rates of ex is ting p lants is 
requ ired.

The estim ated world  dem and in 2000 is 264 m illion tons o f n itrogen (N), 
phosphate (P20 5) and potash (K20 )  as com pared with 83.6 m illion tons in 1974, a 
3.2-fo ld increase (F igure 1). Assum ing an average nutrient con ten t o f 42%  (N + 
P20 5 + K2(ว), the gross we igh t of annual fe rtilizer use wou ld be 629 m illion tons by 
the year 2000.

It is a p la titude to state that increased ou tpu t from  ag ricu ltu re  essentia lly  
requires add ition  of p lant nutrient to the soil. It is like sta ting that human being  
needs food to survive and improve their health.

Estimates show that the broad order of m agn itude o f the expec ted  
increase in the use of all fe rtilizer nutrients (NPK) in the pe riod  1975-2000, 
com pared  w ith that ach ieved in the past 25 years, is as follows.
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Table 1.1 : P ro jections o f fe rtilize r dem and based on 1964 - 65 to 1974 - 75 and  
on the jo in t working g roup estimates for 1979 -80 (C lass ifica tion of 
countries is United Nations s tandard c lass ifica tion)

1980 1985 1990

million tons

1995 2000

Nitroaen Demand
Developed countries 37.5 47.6 58.9 71.4 85.1
Developing countries 18.1 25.4 33.9 43.6 54.5

World 55.6 73.0 92.8 115.0 139.6
P .0 , Demand

Developed countries 22.8 26.7 31.0 35.6 40.6
Developing countries L 6 10.8 14.4 18.6 23.3

World 30.4 37.5 45.4 54.2 63.9

K .0  Demand
Developed countries 22.8 27.8 33.3 39.3 45.8
Developing countries 4 J ËL3 a6 11.3 14.4

World 27.1 34.1 41.9 50.6 60.2

NPK Demand

Developed countries 83.1 102.1 123.2 146.3 171.5

Developing countries 30.0 42.5 56.9 73.5 92.2

World 113.1 144.6 180.1 219.8 263.7
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Table 1.2 : Estimates of the m agnitude of expected  increase in the use of all 
fe rtilize r in period 1975 - 2000.

Year

Population

(Billions)

Fertilizer Use, 
NPK Million Tons

Fertilizer Use, 
ko oer Capita

1950 1975 2000 1950 1975 2000 1950 1975 2000
Deve loped countries 0.86 1.13 1.35 13 62 171 15 55 126
Deve lop ing countries 1.64 2.84 4.89 1 20 92 0.6 7 19
Total world 2.50 3.97 6.24 14 82 263 -

F igure 1.1: World Fertilizer Use : Projection 1980 - 2000
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F ro m  th e  a b o v e  d a t a ,  n o  m a t te r  if a  f o r e c a s t  o f  a  h ig h e r  o r  lo w e r  f ig u re  is

t a k e n  fo r  w o r ld  d e m a n d  fo r  N P K  in th e  y e a r  2 0 0 0 ,  th e  i n c r e a s e d  n e e d  to  p r o d u c e

a n d  u s e  m o r e  fe r ti l iz e r  is e v id e n t .

1.1.2 Overview  of Fertilizer Use in Thailand

Thailand is a country where agricu ltu re  has been the main backbone for 
a long time. One of the largest sources o f national incomes was from agricu lture . 
No w onde r how im portant is fe rtilizer to the ag ricu ltu ra l econom ics.

Demand fo r chem ica l fe rtilizer in Thailand du ring  1980 - 1994 is 
approx im a te ly  786,000 - 3,300,000 tons. This means that the dem and increases at 
an average of 10.9 pe rcen t per annum. Local consum ption of NP/NPK fertilizer 
increases desp ite  decreas ing  agricu ltu re  area.

Table 1.3 : Thailand fe rtilizer consumption in the year 1984 - 1993

1984 1985 1986 1987 1968 1989 1990 1991 1992 1993

Total co n su m p tio n  of fertilizer 1246,688 1 2 50 .0๓ 1 .4 ๓ .0 ๓ 1548.765 1 3 9 2 6 3 3 2297 ,73 3 26 48 ,91 0 2487 .082 2 8 ๓ .7 8 4 3.195576

Total c o n sum ptio n  o f NP/N PK fertilizer 1,066,517 9 1 0 5 4 2 1036,006 1005.034 1.436.936 1858.121 1319.387 1.722706 1385.135 2291.884

Nitrogen d e m a n d 227.712 2 5 2 3 0 0 319927 342784 439.720 4 9 4 3 2 3 5763 1 7 5 2 5 8 2 5 600.176 760095

P2O s d e m a n d 142623 124399 137,409 148344 2 0 03 3 3 188823 3183 3 7 2 7 2 3 1 8 325.713 430233

H^O d e m a n d 6 7 21 6 55,663 7 2 9 ๓ 9 6 24 5 137,456 117.793 148,937 164,016 191858 250.147

Total n u tr ie n t 438251 4 3 3 5 6 2 5302 6 6 58 73 7 3 7780 0 9 8 0 1 5 9 3 1043,791 923.150 1.117.747 1.440.475
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1.1.3 Know ledge on NP/NPK Fertilizer

B road ly speaking , a fertilizer is any substance , that may be added  to the 
soil to furn ish one or more of the chem ica l e lements tha t are necessary for plant 
grow th. Com m erc ia l fertilizers are mainly com posed of ino rgan ic  substance , 
although a few  com m ercia l fertilizers conta in some o rgan ic materia ls.

S ixteen chem ica l e lements are recogn ized as essentia l to p lan t growth, 
in c lud ing  hydrogen, oxygen and carbon, wh ich are supp lied  via a ir and water. By

custom  the o ther 13 essentia l elements are c lass ified as fo llows

Element Svmbol
Primary e lements N itrogen N

Phosphorus p
Potassium K

Secondary elements Calcium Ca
Magnesium Mg
Sulfur ร

M icronu trien ts Boron B
Chlorine Cl
Copper Cu
Iron Fe
Maganese Mn
M olybdenum Mo
Zinc Zn

The above c lass ifica tion is a rb itra ry ; some authors inc lude su lphur as a 
primary nutrient. Some other elements, not proven to be essentia l, also p lay a 
useful role in the nutrition of some crops.
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The fe rtilize r industry has trad itiona lly conce rned  itse lf w ith the three  
prim ary “ nutrients, a lthough other nutrients are often added  e ither in fe rtilizer as 
“Trace E lem ents” or separa te ly when there is a recogn ized need fo r them . Fertilizer 
statistics are stated in terms of equivalent weight of the primary nutrients, specifically 
nitrogen, calculated as the element (N); phosphorus, ca lcu lated as the oxide (P20 5) and 
usually called phosphate; and potassium, calculated as the oxide (K20 ) and usually 
called potash. World production of nutrients (N + P20 5 + K20 )  comprised 98.2 million ton 
of N, 45.4 million tons of P20 5 and 41.9 million tons of K20  in 1980.

The “fe rtilize r g rade" is the guaranteed analysis of the p roduc t 
expressed as a pe rcen tage o f N, P20 5 and K20  in tha t order. The guaranteed  
analysis is not necessarily  the total content; it is usually the am ount found by  
p resc ribed  ana ly tica l p rocedures.

S tra igh t fertilizers or fertilizer materials are those con ta in ing  only one of 
the prim ary nutrients, whereas m ixed or com pound fertilizers conta in two (NP, NK 
or PK) or all three (NPK) of the primary nutrients.

The term " granula tion ” is used to inc lude all methods fo r p roduc ing  
so lid fe rtilize rs of the desired size range and w ith the des ired phys ica l p roperties  
whether s ta rting w ith so lids, solution, melts, chem ica l reactants, or com bina tions of 
these forms.

A lthough the term "granu lar" is used in genera l to inc lude all p roducts  
that meet the size and phys ica l qualifica tions, it is com mon p rac tice  to use other 
terms, such as prilled , crysta lline, aggregation , or com pacted , to des igna te  a 
spec ific  p rocess ing  method fo r p roduc ing  a g ranu la r material.



1.1.4 Process Descrip tion of NP/NPK Fertilizer G ranula tion Process

Figure 1.2 shows a typ ica l fe rtilize r drum  granula tion process . For the  
p roduc tion  of NP/NPK fertilizers using the p ipe reactor techno logy, phospho ric  
ac id  (in the reg ion o f 49%  H3P 04 concentra tion) is made to react w ith ammonia  
vapou r in a p ipe reac to r to p roduce a solution of ammonium  phosphate salts wh ich  
depend  on the stream  feed ratio. เท the p ipe reactor process, the sm elting s lu rry is 
fo rm ed w ith the chem ica l reaction heat when NH3, H3P 0 4 reaction is d irec tly  used  
fo r g ranula tion. The large quantity of chem ica l reaction heat p roduced  from  vio len t 
chem ica l reaction vaporizes the water in the reactor, wh ich is exhausted from  the 
outle t of the reacto r to the tail gas of the granu la tor . When the s lurry is fed to the  
ro tating fe rtilize r bed, the wa ter is vaporized from the p roduc t granules. Due to this  
sm elting s lurry granu la tion feature, the partic le  size d is tribu tion of the raw materia ls  
also a ffec ts the size of ammonium  phosphate salt in the granula tor. G ranules  
leaving the granu la tion drum  are first d ried and then screened to separa te out the 
p roduc t size. P roduct size spec ifica tion  is often very strict, e.g. from  2 mm. to 4 
mm.. O versize g ranu les are crushed and recycled with undersize granules.
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Fig. 1.2 : Schematic d iagram  of a fertilizer granu la tion plant.
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1.2 O b je c tives  o f T hes is

1 ). To s tu d y  the fundam en ta l m echan ism  o f g ra nu le  fo rm a tion  in the  
drum  granulator.

2 ) . To deve lop  a mathematica l model o f the granu la tion process.

3 ) . To s tudy  the e ffec t of som e p rocess va riab les , such as the so lution

phase ratio.

1.3 S cope  o f W o rk

The who le work may be d iv ided into 4 parts as fo llows:

1. Techn ica l literature review.

2. D e ve lo pm en t o f m a them a tica l m ode ls  fo r the g ranu la tion , sc reen  
and crusher.

3. Validation of the models.

4. S im u la tio n  o f the g ra nu la tio n  p rocess  to fin d  out the e ffec ts  of 
so lution phase ratio.
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