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Introduction

Indian fertilizer industry is facing challenges and oppor-
tunities from the current global scenario where techno-
logical changes are rapid. Providing quantity and quality
inputs to the farmers is the need of an hour. Fertilizers
are required to be stored between the time of production
and final application to the soil, either in bulk or in bags,
for periods that can vary from less than a month to six
months or more. It is during this time that the necessity
of granules to remain free flowing arises. Problems of
caking have received great attention, by its importance
in fertilizer industries due to return of lumps or caked
products to the manufacturer, reconditioning of rejected
products, extra transport, handling and packaging costs.
(3,6,7)

Farmers face problems due to caked fertilizers; they
cannot be stacked properly and therefore pose problem
for transportation. Uniform application of caked lumps
into the soil becomes difficult. Moreover, a granular free-
flowing fertilizer as against the lumped one is known to
get easily absorbed by plant. Purpose of granulation is to
reduce fines i.e. dust formation but caked fertilizer in-
creases dusting. (1)

Overall the problems cited above reduces the quantity
and quality of fertilizers of interest to the farmers, which
affects the marketability.

From both practical and economical point of view, there
are limits towards making any changes in the process
conditions to reduce caking and dusting while maintain-
ing the quality of the final product. Hence the optimal
solution is the use of anticaking agents in combination
with process improvements. (3)

Anticaking agents in various forms such as clay, talc,
mineral/vegetable oil and formulations using a combina-
tion of oil, amine and wax are being used by the fertilizer
industry for a few decades. Most of the anticaking agents
used are based on their availability and on the type of

fertilizer manufactured. The basic factor of "econom-
ics" being very important, the suppliers have started
modifying the formulations to suit the budget of each
fertilizer industry.

In this write-up we would like to emphasize the role of
fatty long chain amines in anticaking agent formulations
and their superiority in the class of cationic surfactants
as well as over anionic and nonionic surfactants in terms
of quality, performance and economics through theoreti-
cal explanation and experimental evaluation.

Factors affecting caking

Chemical Composition: The anticaking tendency of
fertilizer is related to critical relative humidity (CRH)
which is defined as the percentage of relative humidity
(RH) at 30 oC which is equal to the vapor pressure of
the saturated solution of fertilizers. Thus, if RH of atmo-
sphere is below the CRH of fertilizer, the fertilizer at-
tains equilibrium with the atmosphere and it remains free-
flowing. (1,3, 7)

Moisture Content: It increases the plasticity which in
turn increases the contact area. It also helps the solution
of salt which creates a concentration difference within
the fertilizer matrix and hence caking. (1, 3)

Solubility: As explained above, it helps the solution of
salt creating a differential concentration.

Humidity: if the storage humidity exceeds the CRH of
fertilizer, caking occurs.

Temperature: CRH is defined at 30 oC so if the tem-
perature is higher than 30 oC then CRH drops resulting
in caking.

Storage Pressure: It increases the plastic deformation
of fertilizer granules and reduces the vapor pressure in
the contact points between the granules leading to
caking.
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Contact area between granules: if the contact area is

higher, due to plastic flow of material the formation of

bridges between particles enhances, thereby increasing
caking,.

Mechanism of working of anticaking agents

The increase of cohesion forces between fertilizer gran-
ules occurs spontaneously due to the adsorption and con-
densation of air moisture on the particle surface at the
contact points water is present as moisture. Water va-
pors condense even for small variations of temperature
and humidity as soon as gaps exist. Due to their high
curvature, vapor pressure locally increases, and conden-
sation to a liquid phase takes place giving rise to the
liquid bridge formation. (4)

Now fertilizers are at least partly soluble hence, such
condensed water can dissolve the granules giving rise to
the formation of a saturated solution. As the ambient
conditions further changes, the solution recyrstallises.
This phenomena of dissolution and recrystallisation lead
to binding of particles of granules to form a non-uniform
hard lump. At higher liquid saturation, the wet granules
lose brittleness and behave plastically until yield strength
is attained, where they break and agglomerate.

As shown schematically in Fig. 1, the radius of curva-
ture of liquid meniscus between two granules is shown
with the contact angle 6

Fig. 1 Schematic representation of the cohesive
forces and shape of curvature
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For perfectly wetted solid, ? = 0 i.e. the pressure inside
the interface of liquid is lower. Hence the force between
the two particles will be attractive. For partially wetted
solid, ? > 0 i.e. the curvature of liquid will first have an
equilibrium shape followed by concave shape (attrac-
tive force). For poorly wetted solid, ? > 900 i.e. convex
curvature is formed due to reduction of interfacial ten-
sion. This is the characteristic of hydrophobic surfaces.
A variety of active ingredients from the class of surfac-
tants, such as cationic, anionic and nonionic, for making

anticaking agent formulations have been reported.
(2:3:5:8)

Experimentally, none of them have been as successful
as for those containing fatty amines in reducing the cak-
ing tendency. (2, 3, 6) Non-surface active ingredients
such as waxes and oils provide a moisture barrier and
do not modify the wettability.

Use of fatty amines in anticaking agent
formulations

The basic trend of anticaking agent has been the use of
oil and/or wax or oil, wax and amine formulation or and
aqueous formulation. Fatty amines as against short chain
amines are characterized by long non-polar hydrophobic
alkyl group and polar hydrophilic group. Owing to their
strong adsorption characteristics they act as crystal habit
modifiers. The bulky alkyl group increases with chain
length forms a hydrophobic coating on fertilizer. It re-
duces or prevents access of water vapor to the surface
of the crystals and therefore bridge formation. The po-
lar group functions by allowing the anticaking agent to
evenly wet and adhere to the ionic crystals. (1, 2, 3)
Fatty amines thus not only act according to the anticaking
mechanism described above but also help in reducing
the dusting generated during storage. Treating the fertil-
izer with oily waxy products would stick the dust onto
the grains and thereby reducing the further friction be-
tween the grains and thus their abrasion. (2)

However, the use of tertiary amines has been thought
of, considering a decrease in cost of formulation. Ter-
tiary amines also have a bulky group which may or may
not be helping in reducing caking. This write-up also aims
at evaluating the performance of primary fatty amine,
secondary fatty amine and tertiary short chain amine
experimentally.

Experimental

The fatty amines chosen were those containing a long
chain of carbon atoms. The formulations of anticaking
agents were made in-house using primary fatty amine,
secondary fatty amine and tertiary short chain amine.
The fertilizer samples chosen were NP 20:20:0 (Coro-
mandel Fertilizers Itd., Vishakapatnam), NPK 19:19:19
(Zuari Industries Ltd., Goa), NP 20:20:0 and NPK
12:32:16 (Paradeep Phosphates Ltd., Paradeep), DAP
18:46:0 (GSFC, Baroda) and DAP 18:46:0 (IFFCO).
Samples of each grade were coated with each anticaking
agent made at a dosage rate of 0.1%

Accelerated test method developed by Tennesse Valley
Authority (TVA) was used for testing caking tendency
and the efficiency of anticaking agent used for prevent-
ing caking. Small bag test was also used for testing. It is
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a standard test given by IFDC. (5)

Accelerated test method

Principle: The coated and uncoated fertilizers are sub-
jected to humidity close to the CRH of the product or
humidity encountered in the country. Subsequently the
cakes formed are crushed under weight to determine
the crushing strength. Lower is the weight required for
crushing, better is the anticaking agent.

The cake was kept under the plunger of crushing appa-
ratus and gradually weights were added at the top. The
crushing strength or weight (Wt) required for crushing
of uncoated and coated cakes were used for calculating
the anticaking efficiency. Anticaking efficiency gives a
measure of reduction of crushing strength. A minimum
of 50% should be obtained.

Weights to be
keptfor
compressing the
granules for
farming cake

Plunger

Splittube
Perforations

Fig. 2 Caking Apparatus

Procedure: Caking apparatus has a split tube, to con-
tain the uncoated or coated granules, and a plunger
and piston assembly to compress the granules under
definite load, as shown in Fig. 1. Two sets of the entire
assembly (uncoated and coated) were kept in a hu-
midity chamber maintained at 80% RH for 16 hours.

— Plunger

Base to
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cake to be

Fig. 3 Crushing Apparatus crushed

Small bag test method

Small bag test was conducted as per the IFDC guide-
lines explained in detail in the IFDC Manual. Anticaking
efficiency gives the measure of reduction of +12.5mm
lumps formed. A minimum of 65% should be obtained.

% Anticaking Efficiency
= (Wtuncoated - Wtcoated) / (Wtuncoated) x 100

Results and discussion

The experimental values obtained for each grade are
given in Table 1 and Table 2 for accelerated test method
and small bag test method respectively.

Anticaking Agent|Fertilizer grades | Range of Anticaking
_ Efficiency

Primary Fatty
amine-based NP 20:20:0 69% to 74%
formulation NPK 19:19:19(61% to 65%

DAP 18:46:0 [77% to 84%
Secondary  INP20:20:0  [44% to 46%
fatty amine-  (NPK 19:19:19[40% to 42%

Table 1 Range of Anticaking Efficiency obtained using
accelerated test method for various anticaking agents
and fertilizer grades.

For any formulation and test method, it was observed
that the overall anticaking efficiency values for NPK
19:19:19 were lower than those for NP 20:20:0 and the
highest for DAP 18:46:0. This can be attributed for the
hygroscopic nature and granule crushing strength of the
fertilizer grades in decreasing order for NPK, NP and
DAP.

Anticaking Fertilizer gggg:k?gg

Agent grades Efficiency

Primary Fatly NP 20:20:0 | 83% to 89%
amine-based NPK 19:19:19 | 80% to 85%
formulation DAP 18:46:0 | 88% to 93%
Secondary fatty NP 202200 | 60% to 64%
amine-hased NPK 19:19:19 | 56% to 58%
formutation DAP 18:46:0 | 66% to 70%
Short chain NP 20:20:0 | 43% to49%
L‘;’;‘g;y amine-  NPK19:19:19 | 30% to 35%
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Table 2 Range of Anticaking Efficiency obtained using
Small bag test for various anticaking agents and fertil-
izer grades

The order of superiority of working of amines towards
giving good anticaking efficiency can

be clearly stated from the results obtained as, -
Primary Fatty amine > Secondary Fatty amine >> Ter-
tiary amine.

Primary fatty amine was found to be better than Sec-
ondary fatty amine while Tertiary was not found to be
the effective in imparting anticaking characteristics. The
reason for this can be well understood by the role fatty
amines described.

Also, it was found that the quantity fatty amines required
for making formulations was higher than that of tertiary
amine, however, the cost per kg of fatty amine and ter-
tiary amine was almost the same. This had increased
the final cost of formulation.

Antiaking Agent in Emulsion Form:

There is also a trend of using Anticaking Agent in Emul-
sion form. All emulsions are the oil-in-water type where
the water percentage is over 50%. These anticaking
agents are then used at a dosage level of 0.1% i.e. 1 kg
per MT of the fertilizer. The only objective of the user
using this type of anticaking agent is to reduce the cost
as they are comparatively very economic. The result of
such anticaking agent is almost less than 50% coverage
of the surface area with effective anticaking agent, di-
rect addition of moisture on finished product to the range
0f 0.05% (eventhough the overall direct addition of mois-
ture in the finished product is less than 0.1%). This will
definetely increase the caking tendency of fertilizer dur-
ing long storage.

. Conclusion

Though the final cost of tertiary amine formulation is
less than that of fatty amines, the performance of fatty
amine formulation, especially Primary fatty amine is
proved to be the best. Fatty amine formulation aids the
modification of crystal habit, reduces moisture ingress
and migration of ions resulting to achieve good anticaking
property. However best the formulation is, the applica-
tion of anticaking agent efficiently at plant level would
require a well-designed system to suit the industrial pro-
cess. India had been able to subsidize fertilizers to a large

extent but this did not give the necessary impetus to
manufacturing companies to provide a superior product.
Hence, efficient anticaking agent formulations, especially
those containing fatty amines show good demand.
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