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Lucas R. Moore, Arkema-ArrMaz, USA, shares invaluable insights on how to 

effectively evaluate the sustainability of fertilizer coatings.

n a world with limited resources and an 

ever-increasing human population, it is society’s 

responsibility to develop ways to use more 

renewable resources instead of depleting limited 

ones. However, being eco-friendly or contributing to a 

sustainable industry involves more than just using 

renewable resources. A truly sustainable approach is 

one that is applicable across the full lifecycle of a 

product from raw material selection, to chemical 

processing and use, as well as disposal.  

Plants need essential nutrients to grow. In nature, 

when plants die and decompose, essential nutrients are 

returned to the soil so that new plants can use them to 

grow. When crops are harvested, nutrients are no longer 

naturally returned to the soil to nourish new crops. 

Efforts to address this lack of essential nutrients to 

produce the food the world needs led to one of the 

most significant discoveries in the history of mankind 

– synthetic fertilizer. Without it, approximately half of 

the world’s population would not be alive today. 
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In 1840, the first single super phosphate was synthesised by 

reacting bones with sulfuric acid.1 By 1847, the primary 

phosphorus source shifted to mined sources. However, the 

availability of nitrogen remained limited to small amounts of 

synthetic urea, and natural sources of guano and nitrates from 

Chile, posing a serious threat to the global food supply. 

Haber and Bosch later discovered that nitrogen could be 

extracted from the atmosphere and reacted with methane 

under high pressure to generate ammonia. This synthetic route 

to ammonia opened the door to the modern fertilizer world of 

ammoniated salts such as monoammonium phosphate, 

diammonium phosphate (DAP), ammonium sulfate, ammonium 

nitrate etc., which help farmers today grow enough food to 

feed the world. As use of synthetic fertilizers has increased, 

society’s understanding and awareness of the threats to our 

most precious natural resources (water, air and food) has also 

grown, requiring the fertilizer industry to lead the way in 

innovating environmentally sustainable solutions. 

Throughout the fertilizer industry today many processing 

chemistries are applied, starting from the mine where 

minerals are extracted, to the crop field where fertilizers are 

applied, presenting many opportunities to contribute to a 

more sustainable industry. A fertilizer producer will often 

recycle material that is off-specification due to particle size. 

Producers, blenders and retailers will frequently apply 

coatings to fertilizer to reduce losses and emissions due to 

fugitive dust. These are just two techniques that are used not 

only to produce a higher quality fertilizer granule, but also to 

reduce waste generation to create a more sustainable 

product. However, in order to implement a truly sustainable 

approach, it is important to first define and understand what 

is sustainable. 

Definitions
The definition of sustainable is: ‘the ability to 

continue the current behaviour or activity 

indefinitely.’ This can be achieved by using 

renewable resources and ensuring that the 

waste generated does not exceed the 

assimilative capacity of the environment. 

Another term that has been loosely and 

broadly applied in many industries, including 

the fertilizer industry, is the term green. 

However, the definition of green is actually 

limited to: ‘a chemistry or process that 

reduces or eliminates the use or generation of 

hazardous substances.’2 Paul Anastas and John 

Warner expanded on this with the 

development of the 12 Principles of 

Green Chemistry.3

An examination of these definitions 

quickly reveals that trendy words such as 

green, eco-friendly or sustainable are limited 

and do not adequately draw boundaries for 

what is truly non-threatening to the 

environment. So how can a company actually 

measure if they are being good environmental 

stewards or whether their products are 

genuinely environmentally sustainable?

Measuring product 
sustainability

Is it biorenewable?
One way to effectively measure whether a 

product is sustainable is to consider its 

biorenewability. Is the product based on the 

use and application of renewable feedstocks 

(biorenewable) vs those that deplete a 

non-replenishable resource? An example of 

a non-renewable (non-replenishable) 

resource would be a petroleum-based 

product or mineral that is removed from the 

ground, from which components are 

extracted, and the cycle repeated until the 

resource is exhausted. However, even 

fossil fuels can be considered renewable, but 

Figure 1. Uncoated fertilizer can cake (left) and generate dust (right) while 
being stored and offloaded, leading to fertilizer waste.

Figure 2. Coating dust control performance on ageing DAP.

Table 1. Key sustainability characteristics of the three coatings

Coating Biorenewable 
composition 
(%)

Fossil 
carbon 
(%)

Biodegradable
(60% <28 days) 

Traditional eco coating 99 1 Yes

Traditional dust control coating* 34 66 Yes

New sustainable coating 100 0 Yes

*Note: the traditional dust control coating included here is a specific example of 
one used in the US and is not made of 100% fossil carbon. Not all traditional dust 
control coatings will have this level of degradation.
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only if you consider a renewability 

timeframe of millions of years. Therefore, 

in order to effectively measure 

biorenewability, one must also consider 

the period of time it takes for the 

resource to be replenished. 

A truly biorenewable resource is one 

that can be replenished within a single 

human lifetime. By this definition, 

biorenewable resources tend to be 

primarily animal- or plant-based materials. 

Biorenewability is measurable: for 

example, ASTM D6866-04 measures the 

naturally occurring isotope of carbon (C14) 

vs a modern reference standard.4 Fossil 

carbons do not contain any C14. 

Is it biodegradable?
Another way to effectively measure 

environmental sustainability is to evaluate 

whether a product is designed for 

degradation. Is the product truly 

biodegradable i.e. does the product and 

its byproducts decompose or break down 

into innocuous products that will not 

persist in the environment? 

Biodegradability can also be measured 

– a globally accepted method is the 

OECD 301 series method of measuring 

biodegradation as mass of CO
2
 loss 

(respiration).5 Using this method, a product 

would be considered biodegradable if it 

demonstrates greater than 60% 

biodegradation within 28 days, counted 

from the day that 10% degradation is 

achieved. This test is conducted by adding 

a product sample to a nutrient solution 

which contains a mixed culture of 

microorganisms derived from the 

environment that is maintained at 

20 – 25˚C.

Does it generate waste?
As stated previously, the fertilizer industry 

has already made a significant 

sustainability impact by increasing the 

yield of one of our most important 

resources – nutritional food. However, as 

fertilizer substrates or substrate blends 

move through a strenuous supply chain 

from production to storage, 

transportation to wholesalers and 

retailers, and finally field distribution by 

the farmer, they can generate dust, cake 

and absorb moisture, leading to fertilizer 

losses and waste (Figure 1). 

Fertilizer waste may result from the 

production of off-spec substrate, 

substrate granular deterioration observed 

as fugitive dust formation, or downstream 

substrate degradation (caking or loss of 

Figure 3. Response of coating dosage on DAP (6 week cumulative dust 
generated).

Figure 4. Uncoated/coated DAP rate of dust generation during 6 weeks of 
ageing.

Figure 5. Impact of coating on DAP moisture absorption.
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hardness due to moisture). To reduce the 

potential for waste generation, fertilizer 

producers often recycle, and also apply 

fertilizer coatings to control dust, caking and 

moisture absorption. Although coatings are 

applied to help improve the eco-friendliness of 

fertilizer by reducing losses and waste, the 

fertilizer coatings themselves must also be 

sustainable in order to ensure a truly 

sustainable fertilizer end product. 

Sustainable coating performance
While it is possible to produce sustainable 

coatings from biorenewable resources that 

biodegrade, historically sustainable coatings 

have not been able to deliver the same level of 

dust and caking reduction that is typical of 

traditional fertilizer coatings.

Therefore, in response to this industry 

need, Arkema-ArrMaz was tasked with developing a 

sustainable coating technology that delivers long-term dust 

reduction, is made from biorenewable raw materials and 

biodegrades within a reasonable timeframe. Three coatings 

were evaluated, one of which was developed to be 100% 

biorenewable and 100% biodegradable, while also delivering 

the dust reduction properties at least equivalent to that of 

the traditional dust control coating (Table 1). The three 

coatings were sent for third-party analysis based on the 

ASTM D6866-04 and OECD 301 series test methods. Both of 

these techniques are globally recognised as accurate tools for 

measuring the true sustainability of chemistries in various 

industries. 

A DAP sample was provided for this evaluation, which was 

aged for 6 weeks with daily rotations between room 

temperature and 60˚C. The uncoated DAP generated 163.3 

ppm dust cumulatively over 6 weeks (Figure 2). The traditional 

eco coating was able to yield very positive results at the 

beginning, but performance declined over time. The new 

sustainable coating was able to maintain cumulative dust of 

<25 ppm, which was an improvement over the traditional dust 

control coating. Evaluating a dosage response suggested there 

was not any advantage to increasing dosage above 4 kg/t 

(Figure 3). 

Coatings offer substrates improved shelf life. In the case of 

the traditional eco coating, there was a one week delay in 

degradation (Figure 4). The traditional dust control coating was 

able to yield 76% less dust by the end of the study relative to 

uncoated. However, the new sustainable coating maintained a 

<5% gain week over week for the entire duration of the study, 

equating to ~10% better dust reduction than the traditional 

dust control coating. 

Uncoated DAP started to gain significant moisture at 70% 

relative humidity (RH), increasing from 1.3% gain to 4.5% gain 

(Figure 5). This increase in mass gain reached 12.8% at 75% RH. 

Both the traditional eco coating and traditional dust control 

coating had a positive impact on mass gained to moisture, but 

the DAP continued to maintain the same general critical RH, 

i.e. the RH at which significant mass gain is observed. However, 

the new sustainable coating yielded superior reductions in 

moisture absorption, not reaching 4.5% gain until 80% RH, 

equating to a 68% reduction by the end of the experiment, 

with approximately 8 hours of exposure to 80% RH and 30˚C. 

All three coatings were designed for dust control and not 

caking. However, in addition to delivering excellent dust control 

performance, the new coating was also able to reduce caking 

by 74% relative to uncoated under this caking profile (Figure 6). 

The traditional eco coating actually appeared to worsen caking 

tendencies, at least at lower coating dosages. 

Interestingly, as the uncoated fertilizer was exposed to 

accelerated ageing conditions for 6 weeks, a whitening effect 

occurred (Figure 7a). This phenomenon is often referred to as 

white capping, which is caused by moisture migrating into the 

granule under certain environmental conditions, then 

re-evaporating out of the granule when those conditions 

change. This process leaves fine crystals on the surface of the 

substrate. As the fertilizer is handled and moved, these crystals 

contribute to the total dust generated. As seen in Figure 4, the 

traditional coating only slightly delayed the rate of dust 

formation, thus granules with this coating also saw crystalline 

white capping (Figure 7b). As the dust data would suggest, both 

the traditional dust control coating, and the new sustainable 

coating maintained a brown surface without any signs of white 

Figure 7. DAP aged for 6 weeks. (A) uncoated, (B) 
traditional eco coating, (C) new sustainable coating, (D) 
traditional dust control coating.

Figure 6. Impact of coating on caking tendencies of DAP (soaking 
condition: 6 hrs at 30˚C and 73% RH).

A B

C D
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capping, even after 6 weeks of accelerated ageing (Figures 7c 

and 7d).

Summary
Due to finite natural resources, it is the fertilizer industry’s 

responsibility to produce environmentally sustainable 

solutions. However, terms such as green or eco-friendly are 

limited and do not clearly define what is truly 

non-threatening to our environment. 

Thus, the following key questions are recommended to 

effectively evaluate the sustainability of a fertilizer, coating or 

additive:

 n Is the product biorenewable? – A truly biorenewable 

resource is one that can be replenished within a single 

human lifetime. Biorenewability should be evaluated using 

the ASTM D6866-04 method of measuring the naturally 

occurring isotope of carbon (C14).

 n Is the product biodegradable? – A truly biodegradable 

product as well as its byproducts decompose or break 

down into innocuous products that will not persist in the 

environment. Biodegradability should be evaluated using 

the OECD 301 series method of measuring biodegradation 

as mass of CO
2
 loss (respiration).

 n Does the product generate or effectively prevent losses 

or waste? – Although fertilizer coatings may be used to 

control dust, caking and moisture absorption in an effort 

to minimise waste generation, the sustainability of the 

coatings themselves must also be properly evaluated 

using the methods listed previously to ensure the delivery 

of a truly sustainable end product.

Although some fertilizer coatings today are produced 

using biorenewable resources that biodegrade, historically the 

coatings tested by the company have not been able to deliver 

the same reductions in dust, caking and moisture typical of 

traditional non-sustainable coatings. However, a new range of 

sustainable coatings have been proven to successfully 

outperform historical green coatings that have been tested, 

while meeting or exceeding the performance of 

non-sustainable traditional coatings. This new generation of 

sustainable coatings aims to effectively address today’s 

fertilizer handling challenges while safeguarding the 

environment. 
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