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GRANULATED AmidaS™ 


 


EC FERTILIZER 
Product code : PA421G000 


 


Chemically treated with an organic coating agent. 


 


 


 


Chemical analysis 


 


- Total nitrogen  39.5 – 40.8 % (typical 40.0 %) 


  of which: ureic nitrogen 35 % 


 ammoniacal nitrogen 5 % 


- Sulphate content as S 5.2 – 6.0 % (typical 5.6 %) 


- Biuret   0.9 % 


- Moisture (K.F.) 0.25 % 


 


 


 


Physical properties 


 


- Average diameter approx. 3.2 mm 


- Fraction finer than 1.6 mm max. 1  % 


- Bulk density: loose (ISO 3944) 780 g/l (typical value) 


  tapped (ISO 5311) 820 g/l (typical value) 


 


 


 


 


 


 


 


 


 


When properly handled, the product will be free flowing at the point of arrival. 


All percentages are by weight. 
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Dear Mr Meima 


 


We are pleased to report the results of the particle size distribution of your two urea dust samples 


coded as Sample 1 and Sample 2. A visual inspection of the samples reveals that samples are 


mostly fine powders with some larger particles / lumps. The investigation is assessed using the 


laser diffraction technique, below are a description of the methodology, operating procedure, 


the results and a discussion of the results. 


 


Principles of Laser Diffraction 


Laser diffraction is an instrumental method for the characterization of particle size distributions 


(PSD) of dry powders, suspensions and emulsions. The technique is also known as (Near) 


Forward Light Scattering, Low Angle Laser Light Scattering or Fraunhofer Diffraction. 


The particles are dispersed in liquid or air and circulated through a laser beam. The particles 


interact with the monochromatic laser light by scattering (diffraction, reflection, refraction and 


absorption). The scattered, mainly diffracted, light forms a pattern of concentric rings of alternating 


high and low intensities and is focused on the detectors by a (Fourier) lens. 


The diffraction pattern is characteristic for particle size: small particles scatter under wide angles, 


large particles under small angles (the shape is not taken into account, the particles are presumed 


to be spherical). The way of scattering is independent of particle place and velocity within the laser 


beam.  


An optical model is used for the mathematical deconvolution of the diffraction pattern into a 


particle size distribution. Typically, two different models are used for deconvolution: the 


Fraunhofer and the Lorentz-Mie model, which both have specific advantages and limitations. 


The Fraunhofer model does not take into account the optical characteristics of the material, only 


the refractive index of the medium is used. The true-ness of this model when applied to particles 


below 50 µm can be doubtful, although the precision (repeatability) is good.  


Particle size distribution  
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The Lorentz-Mie model adequately takes into account all types of light interactions. As a 


consequence, this theory requires full knowledge of the optical properties of the particles and 


dispersion medium. The optical properties are expressed in a complex refractive index, in which 


a real part represents the refractive properties of the particle and medium and an imaginary part 


the light absorption properties of the particle. These data can be retrieved from handbooks, 


tables or measured but this latter is complicated and time consuming. Furthermore, the values 


of the RI are dependent on the wavelength of the used light; red, blue green or a filter wheel, 


the given values cannot always be used as such. When the RI is known, the true-ness of the 


Lorentz-Mie model is best. The advantage of the Lorentz-Mie model is a greatly improved true-


ness of the particle size distribution for particles below 10 µm. 


 


The principal result of the LD technique is a volume based PSD for a collective of spheres 


having defined optical properties, for which the calculated scattering behaviour gives an 


optimum match with the measured pattern. 


 


 


Equipment and methodology 


Four different units for dispersing samples are available: the Aero S sample dispersion unit with 


a venturi tube and adjustable pressure for dispersing in air, the Large Volume sample dispersion 


unit with ultra-sonics and a volume of 1L for dispersing in water or polar organic liquids like 


alcohols, the Hydro MV sample dispersion unit with ultra-sonics and a volume of 120 ml for 


dispersing in water or polar organic liquids like alcohols and the Stainless Steel sample 


dispersion unit with a volume of 100 ml for dispersing in polar and non-polar organic 


dispersants with an external ultra-sonics probe. Ultra-sonics is a general tool for dispersing and 


de-agglomeration of particulates in liquid dispersants. 


The particle size distribution via laser diffraction is measured with a Malvern Mastersizer 3000 


in combination with the Aero S sample dispersion unit for measuring in air. This configuration 


has a measuring range from 0.1 µm up to 3500 μm. 


 


The sample is homogenised by shaking and turning the bag horizontally. With a spoon the 


sample is stirred and an aliquot is transferred to the laser diffraction instrument. The particles 


are then dispersed in air by a venturi tube with an adjustable pressure from 0 to 4 bar. 


 


The used optical model is Lorentz-Mie taking into account the optical characteristics of the 


particles, all in accordance with ISO 13320-1:2009 [1]. The applied optical model has a Particle 


Refractive Index [n] of 1.52, which is the common used value for particles of unknown 


composition. The used absorption index of 0.1 is typical for slightly coloured powders. The 


validity of the optical characteristics is verified by the quality of the fit. The fit is a comparison 


of the actual measured diffraction pattern and the calculated deconvoluted diffraction pattern.  


 


Results and discussion 


Any agglomerates can be dis-integrated into primary particles by increasing the venturi 


pressure. However, a too high pressure may cause attrition of the particles. The effect of an 


increasing venturi pressure is investigated for both samples from 0 bar venturi pressure up to 4 


bar and the obtained particle size distributions are presented in Figures 1 and 2.  
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Figure 1. Effect of an increasing venturi pressure on the volume differential particle size distribution of the Sample 
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Figure 2. Effect of an increasing venturi pressure on the volume differential particle size distribution of the Sample 
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It can be concluded for from Figures 1 and 2 that both samples show a continuous shift to 


smaller sizes. It can be seen that there is a large shift from 0 to 1 bar, but this shift becomes 


smaller when the venturi pressure is raised. Also more particles below the 10 µm are obtained 


by increasing the venturi pressure. This could be an indication that wear of particles occurs, but 


this is not certain. However, it is most likely that the shift from 0 bar to 1 bar is de-


agglomeration. Therefore, independent duplicates are performed on 0 bar and 1 bar for both 


samples.  


 


The subsequent measurements are performed as independent duplicates and the obtained 


average results are presented in Figures 3a and 3b, where “a” denotes the differential particle 


size distribution and “b” denotes the cumulative particle size distribution. The corresponding 


key figures e.g. D10, D50, D90 of the volume particle size distribution are shown in Table 1 and 


the cumulative undersize percentages in Table 2. 


 


 


Figure 2a. Differential volume particle size distribution of the average of the independent duplicates of the two 


urea dust samples. 
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Table 1. Key numbers of the volume particle size distribution obtained from the two urea dust samples. 


Sample Name 
D0 D10 D50 D90 D100 D4,3 


Span 
Mode 1 Mode 2 


µm µm µm µm µm µm µm µm 


Sample 1 - 0 bar (1) 0.1 8.1 18.6 588.6 3485.4 165.8 31.2 17.5 1097.3 


Sample 1 - 0 bar (2) 0.1 8.2 19.0 622.9 3485.4 170.7 32.3 17.7 1040.4 


Sample 1 - 0 bar (average) 0.1 8.2 18.8 605.7 3485.4 168.2 31.8 17.6 1068.8 


Sample 1 - 1 bar (1) 0.1 4.5 11.8 25.8 125.9 14.0 1.8 12.5 0.0 


Sample 1 - 1 bar (2) 0.1 4.5 12.0 26.3 125.9 14.2 1.8 12.8 0.0 


Sample 1 - 1 bar (average) 0.1 4.5 11.9 26.0 125.9 14.1 1.8 12.6 0.0 


Sample 2 - 0 bar (1) 0.1 8.1 18.5 56.8 3478.6 119.2 2.6 18.0 1092.8 


Sample 2 - 0 bar (2) 0.1 8.1 18.7 60.6 3475.9 114.1 2.8 18.1 1005.1 


Sample 2 - 0 bar (average) 0.1 8.1 18.6 58.7 3477.2 116.7 2.7 18.0 1048.9 


Sample 2 - 1 bar (1) 0.1 4.6 12.4 27.6 126.0 14.9 1.9 13.2 0.0 


Sample 2 - 1 bar (2) 0.1 4.6 12.3 27.6 143.2 14.9 1.9 13.1 0.0 


Sample 2 - 1 bar (average) 0.1 4.6 12.4 27.6 134.6 14.9 1.9 13.1 0.0 


The definitions in the table are as follows: 


- D0: The minimum particle size. 


- D10: Distribution Percentile, 10% of the particle volume is smaller than the table value.  


- D50: Distribution Percentile, median particle size. 


- D90: Distribution Percentile, 90% of the particle volume is smaller than the table value. 


- D100 Distribution Percentile, 100% of the particle volume is smaller than the table value, the end of the 


distribution 


- D [4,3]: Volume weighted mean diameter (∑niDi
4)/(∑niDi


3). 


- Span: Distribution width, calculated as D90 – D10 / D50 


- Mode: Modal size, particle diameter present with the highest frequency. 


 
Figure 2b. Cumulative volume particle size distribution of the average of the independent duplicates of the two 


urea dust samples. 
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Table 2. Volume percentages below a certain particle size of the two urea dust samples. 


Sample Name 
0.25 0.5 1 5 10 25 50 100 250 500 1000 1500 2000 2500 3000 


µm µm µm µm µm µm µm µm µm µm µm µm µm µm µm 


Sample 1 


- 0 bar (1) 
0.5 1.4 1.8 3.8 16.4 67.0 85.9 86.9 87.7 89.2 93.5 96.5 98.3 99.3 99.8 


Sample 1  


- 0 bar (2) 
0.4 1.3 1.7 3.7 15.9 65.4 84.8 86.1 87.0 88.8 93.4 96.5 98.3 99.3 99.8 


Sample 1  


- 0 bar (average) 
0.5 1.4 1.8 3.7 16.2 66.2 85.3 86.5 87.4 89.0 93.5 96.5 98.3 99.3 99.8 


Sample 1  


- 1 bar (1) 
0.6 1.8 3.0 11.9 39.9 89.1 99.0 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Sample 1  


- 1 bar (2) 
0.5 1.7 3.1 11.9 39.0 88.4 99.1 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Sample 1  


- 1 bar (average) 
0.6 1.8 3.0 11.9 39.5 88.7 99.1 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Sample 2  


- 0 bar (1) 
0.6 1.5 1.9 4.0 16.5 67.9 89.1 91.0 91.9 92.7 95.6 97.6 98.8 99.5 99.9 


Sample 2  


- 0 bar (2) 
0.6 1.4 1.8 4.0 16.4 67.3 88.7 90.8 91.8 93.0 96.0 97.9 98.9 99.6 99.9 


Sample 2  


- 0 bar (average) 
0.6 1.5 1.9 4.0 16.4 67.6 88.9 90.9 91.9 92.9 95.8 97.7 98.9 99.5 99.9 


Sample 2  


- 1 bar (1) 
0.6 1.8 3.0 11.4 37.4 86.7 98.7 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Sample 2  


- 1 bar (2) 
0.6 1.8 3.0 11.7 37.7 86.8 98.6 99.7 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Sample 2  


- 1 bar (average) 
0.6 1.8 3.0 11.5 37.5 86.7 98.6 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


 


 


Tables 1 and 2 evidence the high repeatability of the laser diffraction technique and confirm 


representative sampling. The Tables show that the results of the particle size distributions of 


the independent duplicates are identical. 


 


The two investigated urea samples have mostly particles below the 100 µm with some particles 


large particles around 1000 µm. However, when some forces are applied (1 bar venturi 


pressure), these large particles are eliminated, which could indicate the dis-integration of 


agglomerates. The particles are all below the 135 µm for both sample when measuring with 1 


bar venturi pressure. It can be concluded that the particle size distributions of the samples are 


somewhat different at 0 bar venturi pressure, but similar at 1 bar venturi pressure. The D4,3 


value of Table 1 is a suitable parameter to describe the complete particle size distribution in just 


one value, and is thus suitable for comparing samples. The D4,3 of Sample 1 is 168.2 µm at 0 


bar venturi pressure and this sample is larger than Sample 2 which has a D4,3 of 116.7 µm. At 


4 bar venturi pressure the D4,3 values of the two samples are similar: Sample 1 has a D4,3 of 


14.1 µm and Sample 2 has a D4,3 of 14.9 µm. 
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Please keep in mind that the results in this report are particle size distributions on volume base, 


which signifies that one particle of 100 µm has the same volume as 1000 particles of 10 µm. 


This indicates that a number particle size distribution will show more small particles and less 


large particles. 


 


 


We trust to have given you a complete and clear overview of the particle size investigation 


using the laser diffraction methodology and we hope that the results are in line with your 


expectations. 


 


 


Should you have any questions, please do not hesitate to contact us. 


 


 


Yours sincerely, 


Delft Solids Solutions B.V. 


 


 


 


 


S. Groen      L. Peffer - Reviewer 
 


References  
[1]  ISO 13320-1:2009 Particle size analysis - Laser diffraction methods – Part 1: General principles. 
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GRANULATED UREA - Technical 


46 % N - Ø 3.2 mm 


 


EC FERTILIZER 
Product code : PA386G000  


  


Chemically treated with an organic anti-caking agent. 


For use in urea based adhesives 


 


 


Chemical analysis 


 


- Total nitrogen  46 % 


- Ureic nitrogen 46 % 


- Biuret   max. 1,2 % 


- Moisture (K.F.) 0.3 % 


- pH 10% solution 6.5 - 10 


 


Physical properties 


 


- Average diameter approx. 3.2 mm 


- Fraction finer than 1.6 mm max. 1  % 


- Bulk density: loose (ISO 3944) 740 g/l (typical value) 


 


Typical values 


 


Ammonium salts < 6  meq/kg 


Phosphates  < 15 mg/kg  


 


 


When properly handled, the product will be free flowing at the point of arrival. 


All percentages are by weight. 


 
IMPORTANT NOTICE 
 


Yara disclaims all responsibility and liability for any expenses, losses, damages and costs incurred as a result of relying on or using 


the information contained in this document. Yara reserves the right to adjust and revise this document at any time.  Any forward-
looking statement made by Yara in this document is based only on information currently available to Yara and speaks only as of the 


date on which it is made. Yara undertakes no obligation to publicly update any forward-looking statement. No rights, including, but 
not limited to, intellectual property rights, in respect of this document are granted to any recipient unless specifically stated. 


   


©Yara International ASA.  All rights reserved.  
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GRANULATED UREAS™ 


 


EC FERTILIZER 
 


Product code : PA422G000 


 


Chemically treated with an organic coating agent. 


 


 


 


 


Chemical analysis 


 


- Total nitrogen  37.5 – 38.8 % (typical 38.0 %) 


  of which: ureic nitrogen 31.4 % 


 ammoniacal nitrogen 6.6 % 


- Sulphate content as S 7.1 – 7.9 % (typical 7.5 %) 


- Biuret   0.9 % 


- Moisture (K.F.) 0.25 % 


 


 


 


Physical properties 


 


- Average diameter approx. 3.2 mm 


- Fraction finer than 1.6 mm max. 1  % 


- Bulk density: loose (ISO 3944) 780 g/l (typical value) 


  tapped (ISO 5311) 820 g/l (typical value) 


 


 


 


 


 


 


 


When properly handled, the product will be free flowing at the point of arrival. 


All percentages are by weight. 






