
H
andling bulk fertilizer substrates comes 
with many challenges. One especially 
difficult challenge is the affinity of 
substrate components to absorb 

moisture from the environment, which may 
be further exaggerated when fertilizer 
substrates are blended with other types of 
substrates. Since the fertilizer being applied 
in the field is rarely ever comprised of a 
single component and is usually a blended 
recipe designed for a specific crop and crop 
response, exaggerated moisture absorption 
often occurs. For example, a triple 
superphosphate (TSP), which typically does 
not have a strong tendency to absorb 
moisture from the atmosphere by itself 
unless exposed to extremely harsh weather, 
will show a severe tendency to absorb 
moisture when blended with nitrate-based 
nitrogen, phosphorus and potassium (NPK). 

Lucas R. Moore and 
Juan A. González-León, 
Arkema-ArrMaz, examine 
solutions to reduce the 
tendency of fertilizer 
substrates to deliquesce or 
absorb moisture.

SOLVING
MOISTURE 

ABSORPTION
CHALLENGES 



 | WORLD FERTILIZER | REPRINTED FROM NOVEMBER/DECEMBER 2020

Critical relative humidity (CRH) is a value commonly 
used to identify fertilizers that are easily susceptible to 
moisture absorption. The CRH of a fertilizer is the air 
humidity at which the partial vapour pressure of water in 
the air exactly equals the equilibrium water pressure of a 
saturated solution of that fertilizer at a given temperature.1 
If the air’s relative humidity (RH) is higher than the CRH of 
the fertilizer, it will absorb water from the air. If the RH is 
lower than the CRH, the fertilizer will dry and lose water to 
the air. Therefore a low CRH indicates that a fertilizer is 
more susceptible to moisture uptake. CRH is strongly 
dependent on temperature and composition. For example, 
TSP has a CRH of more than 80% at 30°C but its CRH 
decreases to 50% at 30°C when it is mixed with 
ammonium nitrate.2

The mechanism of deliquescence
The moisture absorbed or picked up by a fertilizer can occur 
continuously until the fertilizer is fully dissolved into a 
saturated solution. The mechanism of this impact is referred to 
as deliquescence, the process by which a substance absorbs 
moisture from the atmosphere until it dissolves.3 The process 
of deliquescence is comprised of the following steps:
n Step 1: the process begins with the fertilizer granules in a 

solid state.
n Step 2: a single layer of water molecules condenses 

(adsorbs) onto the granule surface. The water layer 
continues to build.

n Step 3: water starts to dissolve the salts and a saturated 
solution is formed on the surface of the granule. The 
saturated solution has a lower vapour pressure than that of 
water in the air (the CRH is lower than the RH). More water 
condenses lowering the concentration of the solution. The 
solution dissolves more salts to become saturated again.

n Step 4: condensation and dissolution alternate, eventually 
leading to complete dissolution.

Factors that influence deliquescence
Various components can exaggerate this affinity for 
deliquescence including: 
n Relativity humidity and storage temperature.
n Substrate particle size and shape.
n Particle structure and porosity.
n Chemical composition and polarity.

Due to the moisture absorption tendencies of hygroscopic 
substrates, fertilizer storage and handling pose unique 
challenges for these substrates as they move through a long 
and strenuous supply chain. After deliquescence has begun, 
fertilizer flowability becomes questionable. Either the granules 
become soft and weak, or they dry and recrystallise leading to 
agglomeration or caking (Figure 1). Either way, the fertilizer 
becomes impossible to spread easily or homogenously in the 
field. 

Particle size and shape also greatly impact the rate of 
deliquescence because the process begins at the contact 
points between granules. Capillary forces concentrate water 
between the contact points. The number of contact points is 
determined by the particle size distribution of the blend, the 
shape of the granules and substrate blend ratios.

A simple and straightforward method to measure moisture 
absorption is to place a small quantity of fertilizer in an open 
container, measure its mass and then place it in a climate 
controlled chamber. The climate controlled chamber is used to 
control humidity and temperature for a specific amount of 
time. The mass of the container is then determined after 
moisture exposure, compared to the initial mass and reported 
as a percentage of mass increase or gain. By observing the 
response of mass gain to exposure of substrate combinations 
at different RHs, the entire mechanism of deliquescence can be 
observed and a CRH can be discovered (Figures 2 and 3).

In the adsorption phase (step 1), the mass gain will likely be 
undetectable as very thin layers of water accumulate on the 
substrate surface. As the RH is increased, this change in mass 
becomes more evident. During the capillary condensation 
phase (step 2), the water begins to fill the voids and cracks 
between granules, while also more completely covering the 

Figure 1. A – Urea granules deliquescing after being 
exposed to elevated temperature and relative humidity. 
B – Recrystallisation after drying once deliquescence has 
begun.

Figure 2. Deliquescence mechanism observed as mass 
gain of different substrates.

Figure 3. A closer look at the capillary condensation 
phase.
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substrate surface. This condensed surface water does not start 
to truly dissolve the substrate until the CRH is met, which is 
when it enters the deliquescence phase (steps 3 – 4). This 
means it becomes more thermodynamically favorable to form 
the saturated solution. The driving force for condensation will 
continue as long as the solute is present and the CRH has been 
exceeded (steps 5 – 7).

Calcium ammonium nitrate 
Calcium ammonium nitrate (CAN) can be used to illustrate the 
moisture absorption phenomenon, how it can lead to 
deliquescence and how it can be reduced with the use of an 
appropriate protective coating. CAN is a fertilizer that has a 
CRH of approximately 55% at 30°C and is usually subject to 
severe moisture absorption. 

In the case of the CAN experiment, a relative humidity of 
80% and a temperature of 30°C were used in order to remain 
well above the CRH of this fertilizer in an effort to increase the 
rate of deliquescence. Under these conditions with an 
exposure time of 24 hours, the CAN granules became fully 
covered by a saturated solution of CAN and as good as 
completely dissolved, as shown in Figure 4. The water absorbed 
by the CAN under these conditions was equivalent to 22% of 
the initial fertilizer mass.

It is clear that under these conditions, the fertilizer is no 
longer usable and will present significant handling challenges. 
Fortunately, water absorption in fertilizers can be greatly 
reduced with the use of protective coatings. Protective 
coatings can positively impact the moisture protection of 
fertilizer granules by increasing hydrophobation on the surface 
of the substrate. 

The same measurement method described previously was 
used to compare and quantify the moisture 
absorption protection provided by different 
coatings on the same CAN. In response to 
industry need, Arkema-ArrMaz developed a 
series of coatings focused on reducing the rate 
of deliquescence. These novel coatings were 
applied on CAN at 1 kg/t dosage. Table 1 
shows the percentage of increase in mass due 
to the absorption of water, moisture 
protection relative to the uncoated fertilizer 
mass increase and images of the granule’s 
appearance after the test.

As mentioned previously, the uncoated 
sample absorbed about 22% of its mass with 
water and almost fully deliquesced. Novel 
coating A already provided some moisture 
protection, however, the presence of the 
saturated solution was observed, meaning that 
the granules were partially dissolved and the 
remaining granules became soft. Novel coating 
B provided even better moisture absorption 
protection compared to novel coating A. In 
this case, the granules only partially dissolved 
but remained almost spherical, with only a 
small amount of saturated solution observed 
at the bottom of the container. Novel coating 
C provided the best hydrophobic protection 
(only 4% of mass gain compared to the initial 
weight). In this case, the granules remained dry 

and intact, with only some dissolution taking place at specific 
points on the granule surface where there were probably some 
defects during the coating process. 

Coatings A through C provide different moisture protection 
due to the differences in the chemical nature of their 
components and composition. They also contain added 
components to solve other frequently encountered fertilizer 
granule problems such as caking. Coating A, for example, 
provides better anti-caking protection than Coating C. It is 
important to work closely with an experienced coating 
producer to find a coating that delivers the best balance 
between moisture resistance, anti-caking and other required 
attributes. 

Ammonium sulfate/urea 
As previously discussed, some substrate blends may 
even further exaggerate the rate of deliquescence. 
Ammonium sulfate (AS) blended with urea (50/50 by mass) 
is presented here to illustrate this moisture absorption 
phenomenon. Literature suggests that when blended, the 
CRH for AS (~75%) and urea (70%) will decrease to ~55% at 
30°C.4

To visualise the deliquescence of an AS/urea blend, a 
camera was placed above samples that were maintained at 
75% RH and 25°C for 840 minutes (Figures 5 –6). After 
15 minutes, the adsorption stage between the AS and urea 
granule contact points began, but it was not yet apparent with 
the urea/urea or AS/AS contact points. After 180 minutes, all 
granules showed significant moisture accumulation and had 
begun to change shape and size, evidence that capillary 
condensation was occurring and deliquescence had begun. 
After 840 minutes, the blend was nearly completely liquefied, 

Figure 4. CAN granules before (left) and after (right) moisture exposure.

Table 1. Measure of moisture protection and appearance of coated CAN 
granules after moisture exposure.

Measurement Non-coated Novel coating 
A

Novel coating 
B

Novel coating 
C

Mass gain 
(24 hours)

21.8% 14% 8.3% 4.2%

Reduction in 
mass gain

0% 36% 62% 81%

Appearance
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suggesting that the deliquescence process was nearly 
complete. 

Arkema-ArrMaz developed a novel coating technology to 
slow down the rate of deliquescence in AS/urea blends. 
The coated AS/urea blends were prepared and placed in the 

climate controlled chamber, where the temperature was held 
constant at 30°C and the humidity was increased over time 
(Figure 7). The mass gain was recorded throughout the 
experiment. As a point of reference, when the AS was coated 
with the novel coating, if the coated samples were compared 
to the uncoated samples at 80% RH and 30°C, a 45% reduction 
in mass gain was realised. Another 5% point reduction was 
achieved if the urea was also coated with the same novel 
coating. 

Furthermore, if the point of reference is a 4% gain in mass 
while the temperature remains constant at 30°C, the 4% gain 
was realised for the uncoated sample at an RH of 70%, while 
applying the same novel coating to the AS would enable the 
fertilizer blend to be exposed to 75% RH before it achieved the 
same level of mass gain (Figure 8). Coating both the AS and 
urea slowed the rate, but the same 75% RH yielded the level of 
mass gain.

These tests represent extreme laboratory conditions where 
the humidity and temperature remain tightly controlled for 
extended amounts of time. Usually there are cycles of 
temperature and humidity during the day and night that will 
yield a different result (going back and forth through the 
deliquesce process). It should also be noted that, in this case, 
the moisture was pretty much able to reach the surface of all 
of the granules tested. This is not always the case, as only the 
granules on the upper surface of a fertilizer pile would be 
exposed first, with the remaining granules being exposed over 
time as moisture penetrates into the pile.

Conclusion 
One of the most significant challenges of handling bulk 
fertilizers is their affinity to absorb moisture, as well as their 
negative structural response to the mechanism of 
deliquescence. Blending different kinds of fertilizers usually 
makes them even more susceptible to moisture absorption by 
increasing the rate of deliquescence compared to the 
individual fertilizers. Deliquescence is a kinetic process and a 
complex phenomenon that is impacted by many variables that 
can be evaluated (including chemical composition, CRH, 
storage time, RH, granule size and shape), but is most often not 
easily controlled or adjusted. 

By tailor making coatings for specific substrate 
combinations and supply chain conditions, the kinetics of 
deliquescence can be significantly slowed and even managed. 
Coatings can allow for longer exposure times to harsh 
environmental conditions or for exposure to even more severe 
conditions. With the appropriate coating, fertilizer shelf life 
can be increased, even in high relative humidity regions. 
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Figure 5. The capillary condensation stage observed when 
urea and ammonium sulfate are blended (at 15 minutes).

Figure 6. The start of the deliquescence process observed 
when at 180 minutes (left) and when nearly completely 
deliquesced at 840 minutes (right).

Figure 7. The impact of coating on the rate of moisture 
absorbtion due to deliquescence. 

Figure 8. The impact of coating on the sensitivity of 
AS/urea blends to different RHs.
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