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Methods of recognizing, defining, and controlling
the segregation of dissimilar particles are dis-
cussed, with particular reference to the distribu-
tion of granular fertilizers. The quality of fertiliz-
er distribution required by the customer is de-
fined in terms of a “scale of scrutiny,” and the
performance of the distributing equipment is de-

fined in terms of a “scale of segregation.” The
matching of these qualities requires the quantita-
tive testing of distribution equipment. Several
trends in fertilizer technology are likely to reduce
the required scale of scrutiny and make the dis-
tributing operation more difficult.

The chief causes of process failures or irregularities
within the powder handling industries are either the in-
consistent flow of process materials or the segregation of
dissimilar particles. Seldom do these problems occur si-
multaneously. A free-flowing powder will flow consistent-
ly, but at the same time it will present maximum oppor-
tunity for segregation to occur. A cohesive powder will
present flow problems but will have little tendency to seg-
regate. Particles handled within the fertilizer industry
are generally free flowing and the major handling problem
is likely to be one of segregation. Particular attention will
be paid to this problem throughout the article.

Generally a particulate blending and handling process is
improved, from the point of view of segregation, in three
distinct stages.

Recognition That a Problem Exists. The quality of a
blend is commonly judged only on its ability to provide
customer satisfaction. Thus a pigment is “satisfactorily”
blended in a neutral plastic if the customer is unable to
distinguish color variations in the pressed product. This is
not to say that the blend is ideal, but only that it passes a
“go/no go” test of acceptability. In the case quoted, a de-
cision of the plastic/pigment consumer to reduce the
thickness of his product could well result in the blend
being considered unsatisfactory. Only rarely are routine
tests carried out on a blend to quantify its quality on a
graded scale. For this reason a blending process is com-
monly considered satisfactory until commercial pressures
force a recognition of the problem of particulate segrega-
tion.

Definition of the Problem. The quality of a mixture
depends on how closely it needs to be examined. In the
extreme case of examining one particle at a time, the
mixture can be described as completely segregated, while
at the other extreme of examining the entire batch, the
mixture will always be perfect. A critical scale of exami-
nation called the scale of scrutiny has been defined by
Danckwerts (1953) as ‘‘the minimum size of regions of seg-
regation in the mixture which could cause it to be re-
garded as imperfectly mixed.” For a sheet of colored plas-
tic the scale of scrutiny will be fixed by the ability of the
human eye to distinguish areas of nonuniform color. Simi-
larly, the scale of scrutiny for a medicinal pill will be re-
lated to the pill size and for the glass industry to the fur-
nace size. Having defined a scale of scrutiny for a particu-
lar process, it is then necessary to define both the tolera-
ble composition limits and the degree of confidence re-
quired of these limits for that scale of scrutiny. The mix-
ture quality needed to meet these requirements can then
be defined in statistical terms.

Solution of the Problem. It is not yet possible to make
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a quantitative prediction of the performance of a handling
and blending unit at the design stage. Test work on either
existing equipment or on a pilot plant scale is necessary to
assess any shortfall of the equipment from the defined
performance requirements. If an existing unit does not
meet performance requirements then it can be improved
by applying the following general principles: avoid exces-
sive size differences between particles in the mixture;
avoid operations in which particles tumble down an in-
clined plane; minimize the volume of blend handled in
one operation; and blends should not be handled unneces-
sarily and ideally blending should occur just prior to the
point of usage.

An excellent solution to the segregation problem is to
avoid it. As segregation is caused by the nonrandom
movement of free-flowing particles, the problem can be
avoided by making the mixture cohesive. Commonly this
is done either by reducing the mean particle size or by the
addition of a liquid to form a paste. The concrete mixer is
an excellent example of a potentially strongly segregating
mixture being reduced to a comparatively simple problem
by the addition of water. In transforming the properties of
the powder in this way, care has to be taken not to ex-
change the problems of segregation for those of handling
cohesive powders.

In the following sections the three stages in the analysis
of a blending and handling unit will be considered as they
relate to the distribution of granular fertilizers.

RECOGNITION OF THE SEGREGATION PROBLEM

As indicated by Hignett (1969), primary fertilizers in
the United States are increasingly bought in bulk by local
dealers and are then “bulk blended” to the farmer’s order
or to meet recommendations based on a soil analysis.
Such a system eliminates the need for an intermediate
merchant and reduces the cost of fertilizer to the farmer.
In addition, the farmer can be offered a prescription mix-
ture exactly matched to his needs and a rental or con-
tracting service for spreading the blend.

The chief disadvantage of this method is that local
dealers can assemble an agglomeration of handling and
blending equipment and set up in business with no aware-
ness of the problems of segregation. The farmer has no
easy check on the quality of the mixture distributed on
his fields and must await uneven crop growth as an indi-
cation of poor fertilizer distribution. In extreme cases the
promise of a prescription mixture could be grossly mis-
leading and the farmer would be better advised to apply a
standard granulated compound fertilizer and eliminate
the blending operation altogether. The most sobering
demonstration of the potential severity of segregation is
afforded by the “Christmas Tree” demonstration dis-
cussed by Williams (1963) and illustrated in Figure 1. In
this demonstration a mixture of 18-46-0 and 0-46-0 gran-
ules was poured from a feed hopper into a rectangular ves-
sel of 1-in. section. The resulting view can be considered









SOLUTION OF THE SEGREGATION PROBLEM

Before embarking on a redesign exercise the question
should be asked, “Is there a problem?” Quantitative data
relating distributor performance to plant requirements are
difficult to find, and the ultimate check on performance
generally remains with the farmer. To detect fertilizer

maldistribution, he must be able to detect variable crop.

growth and be able to separate this effect from other vari-
able factors such as topography, drainage, soil characteris-
tics, etc. This is asking a great deal and it is perhaps not
surprising that the farmer is generally content with the
existing distribution techniques. In customer terms the
distribution is satisfactory. If the scale of scrutiny is re-
duced from the large area of a field viewed by the farmer
to the individual plant, then the distribution might well
be unsatisfactory. Quantitative work is required to assess
the extent of this problem.

If it is assumed that future distribution requirements
cannot be met by the existing distribution techniques,
then several potential solutions to the problem exist.

Avoid the Problem. To an extent this is already done,
as soil nitrogen needs are now commonly provided in the
Midwest by injecting anhydrous ammonia rather than by
the distribution of nitrogen-containing granules. The use
of clear liquids or suspensions to provide the phosphorus
and potassium needs complementary to the ammonia dis-
tribution has been strongly propounded by Hignett. Liq-
uid fertilizer distribution is not without its problems, but
segregation is not one of them.

A Common European Solution. Blend the primary nu-
trients at the granulation stage prior to local dealer distri-
bution. This limits the range of fertilizer types available
but does ensure a uniformity of granule composition. If it
can be assumed that such granules are evenly distributed
on a weight per unit area basis, then an even distribution
of the nutrients is also assured.

Modify the Existing Distribution Techniques. The
blended fertilizer reaches the farmer’s field after a succes-
sion of bulk storage and handling operations. A summary
of the many process variations has been provided by Hig-
nett, but the basic sequence of operations for a three-com-
ponent blend is outlined in Figure 6. Prior to the blending
stage 9, the individual components are handled separately
and there is no possibility of composition variation,
though size segregation within a component can still occur
in the succession of transport and storage operations
(stages 1-8). Because of this it is unlikely that a dealer
could ever size match the components of a subsequent
blend, short of including a classification stage. If a size
differential between and within components cannot be
avoided, then the potential exists for composition segrega-
tion to occur between the crucial 9th and 13th process
stages.

Minimize Opportunities. Between the creation of the
blend and its final spreading, the number of opportunities
for segregation to occur should be minimized. In particu-
lar, bulk storage and transport operations are to be avoid-
ed. The practice of intermediate storage of a blend prior
to loading the applicator is a bad one. If intermediate
storage is necessary, then bagging is preferable, as at least
the scale of segregation is reduced to bag size rather than
silo size. The scale of segregation can also be reduced
within the applicator by the use of vertical partitions, and
in addition the applicator should be designed to provide
discharge flow characteristics which minimize discharge
segregation. The very convenient and widely used spinner-
type distributor, which is fitted to the applicator dis-
charge, is a strongly segregating device. More cumber-
some, but potentially more efficient, would be a mechani-
cal screw or drag conveyor feeding a boom at the back of
the applicator.

GRANULAR FERTILIZERS

D Storage

=> Up to 8 components handled.

O Process operation A Transport operation

Stage

Manufacture of primary fertilizers

Fertilizer plant to silo

Bulk silo storage

Railcar to local dealer ( 100 Ton lots)

Dealer storage (100-500 Ton lots)

Dealer storage to weigh machine

Blend components weighed

Weigh machine to blender (Occasionally
weigh in blender)

Blend (4 - 8 Ton lots)

10 Blender to bagging or silo (occasional)

h
11 ' Farmer or dealer storage in sacks or bins

12 Blend transfer to applicator

13 Field application

Figure 6. Diagrammatic representation of granular fertilizer dis-
tribution sequence.

Use a Different Distribution Technique. It is impor-
tant to note that while size segregation occurs prior to the
blending stage 9, no composition segregation is possible. If
the blending stage is deferred to the last possible moment,
then the opportunity for composition segregation is mini-
mized. Indeed, in the case of fertilizer distribution there is
no reason why the components should not retain a sepa-
rate identity throughout the process. If a component is
distributed separately, then the distribution problem
simplifies to one of uniform weight distribution rather
than one of uniform weight and composition distribution.
To avoid excessive spreading costs, the components would
be distributed from a compartmented applicator, and per-
haps a small-scale blender would be fitted in order to
combine component flows just prior to distribution. In
this situation the blending operation has been removed
from the dealer’s blending plant and takes place either at
the outflow from the applicator hoppers or on the field
surface.

DISCUSSION

This article has emphasized the need to match the per-
formance of a blending and handling unit to the consumer
requirements. In more precise terms, if a satisfactory
blend is to be produced then the scale of scrutiny applied
by the customer should be large when compared to the
scale of segregation obtained from the process.

In the case of fertilizer blending, the scale of scrutiny is
commonly fixed by the ability of a farmer to detect
growth variations over a large area of his land. His scale of
scrutiny is large and a large scale of segregation is permis-
sible.

A more realistic scale of scrutiny would be based not on
a postgrowth crop inspection but on an assessment of the
nutritional needs of individual plants. This would opti-
mize crop growth but would demand a smaller scale of
segregation from the fertilizer distribution technique.

For the important maintenance fertilizer additions the
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simple model of an annual fertilizer application absorbed
by individual plants must be modified. The soil retains
phosphate and potash additions within the plough layer
over many years, and the scale of segregation is deter-
mined by the cumulative deposition patterns of many
years rather than by a single distribution pattern. As long
as segregation patterns are not superimposed year by year
then the overall scale of segregation will remain small.
That many units meet even a visual scale of scrutiny is
probably due more to this cumulative deposition effect
than to their efficiency. Despite having a dubious efficien-
cy, existing blending and distribution techniques match
up to the farmer’s demands for maintenance fertilizer dis-
tribution and any effort to improve the distribution effi-
ciency must be justified by the need to further reduce the
scale of scrutiny. Several trends in fertilizer technology
indicate such a need.

The cumulative application of maintenance fertilizers
compensates for the low efficiency of individual applica-
tions. If the nutrient is added only infrequently or for im-
mediate availability, then this margin of error no longer
exists. The scale of segregation is then determined by the
efficiency of a single application. The addition of micro-
nutrients and pesticides to primary nutrient applications
falls into this category, as does the application of high
availability starter fertilizers. Each of these problems rep-
resents a challenge to conventional granular distribution
techniques, and a scale of scrutiny should be defined for
each case and related to available distribution perfor-
mance.

Liquid fertilizers will increasingly exert a competitive
pressure on the use of granular fertilizers. Segregation is
not a problem with liquid fertilizers, and a very uniform
distribution is possible. To meet this challenge the granu-
lar fertilizer distributor may well have to justify his claim
of delivering a prescription mixture to the farmer. At the
moment a guaranteed weight and composition of fertilizer
is distributed on the field, but there is no guarantee as to
the quality of distribution. In the future it is likely that a
distribution quality will be required, and that this quality
will be related to a scale of scrutiny based on the individ-
ual plant rather than a visual inspection area.

A major advantage of the granular fertilizer is that it is
available in increasingly concentrated forms. This appre-
ciably reduces the total transportation costs but does
mean that at the spreading stage the number of granules
distributed on the soil is reduced and the potential for a
high intensity of segregation is increased.

The trend appears firmly toward a customer demand for
improved distribution quality. Many existing blending
units are unlikely to meet this demand.

CONCLUSIONS

There is a need to establish a quantitative criterion of
acceptability for the quality of distribution of fertilizers.
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Such a criterion can be statistically defined in terms of
the following components.

A scale of scrutiny. This is a scale of inspection of the
distribution and will be dependent on the crop type and
the stage of growth.

A required nutrient or additive concentration level. An
optimum level determined by agronomical studies.

The plant tolerance limits. The high and low concentra-
tion levels which would inhibit plant growth.

These values should be established.

The distribution quality required by the crop should
then be compared to the distribution quality produced by
existing mixing and handling equipment. In general terms
the required scale of scrutiny should be large compared to
the scale of segregation produced by the distribution tech-
nique.

The methods used to handle and distribute granular
fertilizer blends are extremely variable, but it would seem
desirable to quantify at least the extremes of practical
performance. Test samples should be taken in the field
and would be of variable size to take into account the
varying scales of scrutiny.

Any development work on distribution techniques is
largely dependent on the existence of an actual or poten-
tial shortfall in the performance of existing equipment.
The potential for development certainly exists and would
involve either the modification of existing techniques to
minimize segregation or the use of a different distribution
technique.

Present state inspection methods can guarantee a farm-
er a fertilizer weight and composition but give no guaran-
tee as to how well the fertilizer will be distributed. This
should be remedied.
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