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Abstract: Achieving a matte finish in 100% solids energy curable coatings can be a challenge. Viscosity 
increases with traditional particle matting agents and minimal film shrinkage of the binder creates hurdles 
in efficiently building a suitable matte surface structure. In addition, getting a deep-matte finish in water-
based UV-curable coatings can be challenging as appropriate selection of a matting agent is crucial. This 
presentation will discuss the fundamentals of matting agent technology even in low shrinkage systems and 
explore techniques to optimize performance and achieve the desired finish in UV wood coatings. In addition 
to 100% solid system, matting mechanism in water-based UV-curable coatings was investigated to 
compare the performance of a matting particle in different UV technologies.   

Introduction:  

The use of particles to reduce the gloss of coatings is a well-known practice with a wide variety of products 
and technologies available to develop matte wood coating formulations.  The use and choice of a specific 
product is often driven by a variety of factors but, fundamentally, all particle technologies function through 
a similar mechanism.  The particles dispersed in the liquid coating provide a surface roughness after 
application and drying/curing that serves to scatter light, providing a visual differentiation and reduction in 
gloss.  The effectiveness of the particles is heavily contingent on film shrinkage around them during the 
drying and curing of the coating, and their utility is often judged based on secondary effects to the coating 
film such as rheology, clarity, haptic properties, chemical resistance, and resistance to burnish1.   

Deep-matte coatings, where the gloss has been significantly reduced, typically require higher loadings of 
particles to achieve the necessary surface roughness.  These higher loadings often result in greater impact 
on the secondary effects to the coating film and require far more attention to product selection and 
formulation to balance the performance needs of the coating.   Of particular interest is the aspect of burnish 
resistance – the increase in gloss caused by the polishing of the finished coating by handling, touching, 
brushing or other physical contact.  Burnishing and reduction of the matting effect can be an issue with all 
matted coatings but is particularly problematic with deep-matte coatings, as the visual differentiation can 
be significant.  Burnish resistance of a deep-matte coating is also very dependent on the nature and 
chemistry of the particles themselves, due to the higher concentration needed on the coating surface to 
achieve the necessary surface roughness.  The morphology of the particles, chemical and physical 
properties, and interaction with the coating film can play a pronounced role in resistance to burnish and is 
an area of significant interest. 

In this work, matting agents for achieving a deep matte-finish with high resistance to burnishing were 
investigated.  While only a snapshot of the broader investigation is reviewed here, the best-in-class products 
were evaluated in water-based and 100% solid UV-curable systems, and the results are compared and 
assessed. Matting agent combinations are also explored, and results suggest synergistic benefits are 
possible when pairing silica matting agents with organic particles. In addition, results show that matting 
agent blending is an effective method for adjusting the viscosity of a formulation and improving the clarity 
of a cured coating.   

Water-based UV-curable System: 

Achieving a deep-matte sheen with a water-based system is less challenging than with 100% solid UV 
systems because water evaporation facilitates film shrinkage and increased surface roughness. Selection 
of a suitable matting agent is expected to be straightforward. In this context, a suitable matting agent is one 
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that has compatibility with the binder. For example, Table 1 shows a formulation in which a treated silica 
matting agent with an average particle size of 10 microns is used in a UV-curable water-based aliphatic 
polyurethane dispersion based on UCECOAT® 7788 (Allnex) binder with a defoamer, TEGO® Foamex 
822 (Evonik) and a water soluble photoinitiator, Omnirad 500 (IGM Resins). Three different matting agent 
loading levels (5 wt.%, 10 wt.% and 15 wt.% of the dry film) were tested. Excellent results in terms of gloss 
reduction and burnish resistance were obtained, showing a clear relationship between use level and 
performance. Optimal performance appears to be achieved when approximately 10 wt.% of the matting 
agent was used. The results for gloss and burnish resistance at the different loading levels are seen in 
Figure 1-A. The chart shows that 85° gloss after burnish testing is lower for the sample containing 10 wt.% 
matting agent. Thus, 10 wt.% was selected as the optimum matting agent concentration and coating 
characterization was conducted at this concentration. In addition, one can conclude that adding more 
matting agent does not necessary lead to more gloss reduction. In addition to the loading level of the matting 
agent, film thickness affects the gloss value of the water-based UV-curable coating. For the sample 
containing 5 wt.% of the matting agent, significant gloss increase with film thickness is observed. However, 
gloss is almost constant in a wide range of thicknesses when the loading level of silica is 10 wt.% or 15 
wt.%, with respect to dried film. It may be the case that, at higher matting agent concentrations, the coating 
surface is saturated enough with the silica particles even at a film thickness up to 84 microns. Thus, 
regardless of film thickness, there are always enough particles on the surface to develop surface roughness 
and a deep-matte sheen. Figure 1-B shows that adding 10 wt.% of a siloxane-treated silica is enough to 
get a deep-matte sheen across the wide range of film thicknesses.   

 

Table 1: Water-based UV-curable coating formulation 

 

 

 

 

Component Weight (g) 
UCECOAT 7788 25 

Omnirad 500 0.375 
Matting agent 1 

TEGO Foamex 822 0.13 
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Figure 1: (A) 85° Gloss (G85) of a water-based UV-curable coating containing a siloxane-treated silica 
matting agent before and after burnish testing, film thickness 17 µm; (B) Gloss dependency on film 
thickness for different loading levels of siloxane-treated silica 

 

Figure 2 shows SEM microscopy of the surface of the sample containing 10 wt.% siloxane-treated silica 
and provides a visual comparison of the results shown in Figure 1. The images show the surface roughness 
created by the matting agent and how the surface remains largely intact even after a burnish test. Limited 
deformation of the particles and little surface flattening are observed, and it is not extensive enough to 
change the sheen of the coating significantly. Quantitatively, deep-matte sheen is defined as 0 < G60 < 10  
and 0 < G85 < 15.2   In this case, G85 increased from 5 to 15 which means the coating is still in the deep-
matte sheen range even after burnish testing.  
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Figure 2: Surface SEM microscopy of the waterborne UV-curable coating containing 10 wt.% of siloxane-
treated silica before (A) and after (B) burnish testing 

 

Although the siloxane-treated silica effectively reduces gloss and shows high burnish resistance, at this 
high loading level needed to achieve deep matte some negative effects are seen on some secondary 
properties. One example is the clarity of the coating, which is impacted by the addition of matting agent to 
the system. Figure 3-A shows the coating containing 10 wt.% of the siloxane-treated silica applied on a 
glass substrate. As the picture shows, the hazy coating reduces the visibility of the underlying wood surface. 
Haze and loss of clarity is a common problem with particle matting agents.  Alternative product selection 
can help, but balancing effectiveness can be challenging.  Particle combinations are a known approach to 
balance properties and that approach was explored in this system to improve clarity.  A portion of the 
siloxane-treated silica was replaced with a polyamide particle matting agent. Figures 3-B and 3-C, 
respectively, show a coating in which 10 wt.% and 42 wt.% of the silica is replaced with polyamide particles. 
Figure 3-D, in which all the siloxane-treated silica is replaced with polyamide particles, displays the clearest 
film and highlights the differing impact of particle chemistry. Thus, if clarity is an important factor, using 
partice combinations may help to fine tune performance.  

 
Figure 3: Clarity of coatings containing 100:0 (A), 90:10 (B), 60:40 (C), and 0:100 (D) silica to polyamide 
particle mixtures as matting agents 
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In this specific waterborne UV-curable formulation, the matting effect of the silica is far greater than that of 
the organic particles. Figure 4 shows six different samples at a 10% total matting agent level across a range 
of mixture ratio of silica and the organic particle. Figure 4 shows that both 85° and 60° gloss values decrease 
as the amount of the siloxane-treated silica increases in the system. The same trend is visually observed 
in surface SEM pictures shown in Figure 5. The surface roughness decreases by increasing the amount of 
the polyamide particles in the silica/polyamide matting mixture. As Figure 4 shows, G60 and G85 sharply 
decrease by increasing the silica content from 0 to 60 wt.%. However, the extent of the change beyond this 
concentration is not very significant. At the same time, Figure 3 showed that the clarity of the coating using 
the 60/40 ratio of the silica/polyamide is higher than that using the 100/0 ratio. This means that, by 
appropriately selecting a ratio of the siloxane-treated silica to the polyamide, a coating that has both low 
gloss and high clarity can be produced. In other words, the particle blending technique is a viable approach 
for adjusting secondary properties when trying to decrease the gloss of a coating.  
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Figure 4: Change in 85° and 60° gloss upon change in silica/polyamide ratio 
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Figure 5: Change in surface roughness by replacing a part of the siloxane-treated silica with polyamide 
particles at different ratios of the silica/polyamide: 100/0 (A); 90/10; (B) 80/20; (C) 70/30; (D) 60/40, (E) 
0/100 (F) 

 

This system was achieving high performance without the need to combine particles, but the 
work demonstrates the potential improvements and directions that can be achieved.  More 
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critical and difficult formulations, such as 100% UV formulations are of significant interest to 
understand the function and benefits of particle combinations. 

 

100% Solid UV-curable Coating 

Achieving a deep-matte sheen in 100% solid systems is more challenging than waterborne UV-curable 
systems, as there is no film shrinkage due to solvent evaporation. To compensate for the lack of solvent 
evaporation other techniques can be used to provide some film shrinkage during cure but ultimately higher 
amounts of matting agents are often required. This, however, can lead to problems, particularly a viscosity 
increase in the formulation. Specialty treated matting agents optimized for UV systems are available and 
the silica used in this system differs from that in the waterborne work.  Here, an acrylate-treated silica which 
has an average particle size of 5 µm that is specifically designed for 100% solid systems was selected as 
the benchmark. Table 2 shows the formulation of the 100% solid system used for the evaluation based on 
PHOTOMER® (IGM Resins) oligomers and monomers and various additives, while Figure 6 shows the 
viscosity reduction of the formulation that can be achieved by switching from siloxane-treated silica to its 
acrylate-treated counterpart.   

Table 2: 100% Solid UV-curable formulation 

Component Weight (g) 
PHOTOMER 6710 8.7 
PHOTOMER 4017 15.57 
PHOTOMER 4149 0.6 
TEGO Rad 2100 0.12 

TEGO Disperse 689 0.6 
Matting agent 2.96 

TEGO Airex 920 0.09 
Omnirad 184 0.78 

Omnirad TPO-L 0.24 
 

 

 

Figure 6: Effect of silica type on the viscosity of a 100% solid UV-curable coating  
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Coatings developed according to Table 2, where the formulation contains 10 wt.% of the matting agent, do 
not lead to a deep-matte sheen. Increasing the loading level to 15 wt.% is possible in case of the acrylate-
treated silica but 15 wt.% of the siloxane-treated silica turns the formulation into a paste. The problem, 
however, is that even using 15 wt.% of the acrylate-treated silica does not provide a deep-matte sheen. 
20°, 60°, and 85° Gloss values of 1, 8, and 69, respectively, were obtained for the coating containing 15 
wt.% of the acrylate-treated silica. On the same substrate, those gloss values for the pristine coating without 
any matting agent were 63, 87, and 92. Comparing these values reveals that the silica particles are effective 
in gloss reduction at 20° and 60°; however, limited efficiency in gloss reduction at 85° was seen. According 
to the industry standard2, a deep matte sheen is defined as 0<G60<10 and 0<G85<15. So, it is not feasible 
to get a deep-matte sheen in this system even by using 15 wt.% of the acrylate-treated silica particles. The 
SEM micrographs in Figure 7 show that the lack of adequate surface roughness, even at 15 wt.% silica 
loading level, is the main hurdle in developing of a deep-matte sheen. 

Figure 7: Cross sectional image of a coating containing 15 wt.% acrylate-treated silica(A), Surface SEM 
image of the coating containing 15 wt.% acrylate-treated silica (B) 

 

In Figure 7, silica particles are visible in both the cross-section and surface of the coating. As the cross-
section image shows, most of the silica particles are buried inside the coating and do not contribute to the 
surface roughness. Thus, it is expected that no deep-matte sheen can be obtained in the coating. In the 
following sections, we will show that in 100% solid UV-curable coatings, film thickness is a key parameter 
determining the sheen of a coating. In such systems, the liquid layer made from monomers and oligomers, 
is fully converted from liquid to solid upon free radical polymerization. As there is no volatile component in 
the system, no significant change in the dimensions of the layer happens upon conversion from liquid 
monomer/oligomer mixture to solid polymeric film. The only parameter that may change the dimensions is 
polymerization-induced film shrinkage. This usually has limited effects and does not change the dimensions 
of a polymerized solid film and its surface roughness significantly. Here the inability of 15 wt.% acrylate-
treated silica in delivering a deep-matte sheen can be attributed to high coating thickness. Under such 
conditions, selecting an application method which accurately delivers a specific film thickness is critical to 
adjusting the gloss level in this 100% solid UV-curable coating.   

The coating displayed in Figure 7 is applied by a wire-wound rod which theoretically should deliver a film 
with thickness 7.5 microns. However, the thicknesses shown in Figure 7-A are much higher than the 
theoretical value. Thus, one can conclude that there is not sufficient accuracy over film thickness when 
wire-wound rods are used for applying formulations containing solid particles. When the formulation 
containing 15 wt.% acrylate-treated silica was applied as a film with the thickness of 12.2±2.4 microns, the 
coating showed a 60° and 85° gloss values of 8 and 53, respectively. The 60° and 85° gloss further 
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decreased to 2 and 17, respectively, when the thickness of the film was decreased to 6.7±1.4 microns.  
This reduction in gloss with reduction in film thickness clearly highlights the importance of the film thickness 
in 100% solid systems. In fact, the ratio of film thickness to matting agent particle size is the key parameter 
here. Three different possibilities exist for this ratio which are schematically illustrated in Figure 8. These 
include film thickness higher than particle size, film thickness close to particle size and film thickness lower 
than particle size. In Figure 8, an SEM picture corresponding to each of these possibilities is also presented 
to illustrate the extent of the contribution of matting agent particles to surface roughness under each of 
these scenarios.  

Figure 8: Schematic illustration and corresponding cross-sectional SEM image from coatings where 
particle size is smaller than film thickness, (A) particle size is close to film thickness, (B) particle size is 
higher than film thickness (C)  
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According to the first possibility shown in Figure 8-A, film thickness is higher than matting agent particle 
size and there is no chance for the protrusion of the particles after the curing process. This leads to a non-
roughened coating surface with high gloss values. In the corresponding SEM picture, a coating with 
thickness of 16 microns is presented where matting agent particles with particle size of 11 microns are 
buried inside the coating. The particles do not have any contribution to surface roughness. The G85 of the 
substrate on which the coating is applied is 77. When the coating with no matting agent is applied on the 
substrate, the G85 increased to 93. However, when the coating containing 15 wt.% of the matting particles 
was applied on the substrate, the G85 reduced to 77. These gloss measurements show that getting a deep-
matte sheen is impossible even at 15 wt.% of the matting agent when particle size is smaller than film 
thickness.  

The second possibility, when film thickness is close to the matting agent particle size, is shown in Figure 8-
B. Here, a portion of the matting agent particles protrudes above the monomer/oligomer liquid mixture and 
the protrusion remains even after the curing reaction. Surface roughness is higher compared to the first 
scenario. The substrate on which the coating is applied shows a G85 of 68. When the coating with no 
matting agent is applied on this substrate, the G85 increases to 92. However, when the same coating 
containing 15 wt.% of the 11 microns particles is applied on the substrate, the G85 decreases to 12. This 
significant G85 reduction occurs as film thickness is close to matting agent particle size, ratio ≈1. 

The third possibility is shown in Figure 8-C where film thickness is lower than particle size. The extent of 
the protrusion is much higher here and a surface with high roughness is developed after the curing process. 
This surface has a high ability to reflect light, and a deep-matte sheen can be easily obtained. Compared 
to the previous scenario, a lower G85 of 7 was obtained when the same coating was applied on the same 
substrate. This further reduction in G85 is ascribed to film thickness to particle size ratio which is lower than 
1 here. The corresponding cross-sectional SEM picture clearly shows a matting particle which protrudes 
above the surface and causes surface roughness. Similar protruded regions are observable on the whole 
of the surface of the coating which all contribute to light reflection and the development of a deep-matte 
sheen. 

To better understand the effect of film thickness on surface roughness, Figure 9 shows surface SEM images 
of a cured coating at different film thicknesses. All of these coatings are applied on similar substrates and 
each sample contains 15 wt.% of a matting agent with an average particle size of 11 microns. Figure 9-A 
represents the sample that has the highest film thickness and Figure 9-F represents the sample that has 
the lowest film thickness. The surface SEM images clearly show that surface roughness increases by 
moving from 9-A to 9-B, 9-C, 9-D, 9-E and then 9-F. This higher surface roughness is generated due to 
higher protrusion of particles as film thickness decreases. 

Gloss measurements of sample 9-A showed a G85 of 90. For sample 9-B, measurements showed a G85 
of 33 while it decreased to 18, 12, 11, and 7 for samples shown in 9-C, 9-D, 9-E, and 9-F. Again, these 
surface SEM images and gloss measurements highlight the importance of film thickness on gloss of the 
100% solid UV-curable coatings.  
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Figure 9: Surface SEM images showing increased surface roughness from A to F due to decrease in film 
thickness when 15 wt.% of a matting agent with particle size of 11 µm is used 

 

The results above show that by using the 5 µm acrylate-treated silica particles and even reducing the film 
thickness to 6.7±1.4, the gloss 60° and 85° of the coating are 2, and 17, respectively which does not fully 
meet the deep-matte sheen target. On the other hand, gloss values reported above for the 11 µm matting 
agent particle confirmed that this particle can increase surface roughness and improve mechanical 
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properties. In Figure 10, surface roughness and burnish resistance of two coatings containing 15 wt.% 
acrylate-treated silica and 15 wt.% polyamide particles are compared.  In the case of the coating with the 
silica particles, the efficiently matted coating surface loses its surface roughness after an aggressive burnish 
test, comparing Figures 10-A with 10-B. Gloss measurements showed that 60° and 85° gloss of the 
unburnished sample are 2 and 17, respectively, while they increased to 8 and 49, respectively, after burnish 
testing. On the other hand, when polyamide particles were used as the matting agent, the coating showed 
lower 85° gloss and higher burnish resistance. Low gloss is caused by high surface roughness observable 
in Figure 10-C. Gloss measurements showed that 60° and 85° gloss of the unburnished samples are 9 and 
7 when the particle size of the matting agent (11 µm) is higher than the film thickness. After burnish testing, 
the 60° and 85° gloss values changed to 8 and 19, respectively. Figure 10-D shows that even after burnish 
testing, the coating with polyamide particles keeps its surface roughness. This possibly originates from the 
viscoelastic nature of polyamide particles, enabling them to dissipate burnishing forces through plastic 
deformation. In direct contrast, the hard silica particles are removed from the surface by burnishing forces 
in this system.  This is contrary to the results seen in the water-based UV system and speaks to potential 
particle and system specific performance effects. Thus, these results highlight a potential advantage of 
particle combinations in achieving deep-matte sheen and improving burnish resistance of a coating when 
these hurdles arise.  

 

Figure 10: SEM microscopy from the surface of the coating containing 15 wt.% acrylate-treated silica 
before burnish test (A), and after burnish test (B), and the coating containing 15 wt.% polyamide particles 
(C) before burnish test and (D) after burnish test 
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Considering the gloss values reported above, one may notice the fact that the silica-based matting agents 
are more effective in gloss reduction at 60° while polyamide particles are effective at 85° possibly due to 
the differences in particle size. A particle combination approach may offer benefits. Given that, matting 
mixtures were prepared at different ratios and coatings were applied in a way to make sure that film thickess 
was lower than particle size. Figure 11 shows the 60°  and 85°  gloss of the samples at different ratios of 
acrylate-treated silica to polyamide particles before and after burnish testing. The total amount of matting 
agents in the samples of Figure 11 is 15 wt.%. Figure 11-A shows that, as the percentage of acrylate-
treated silica increases in the coating, 85° gloss also increases. On the other hand, Figure 11-B shows that 
60° gloss decreases by increasing the amount of acrylate-treated silica in the matting agent mixture. So, 
one can adjust the gloss levels at both 60° and 85° by playing around with the ratio of the particles in the 
acrylate-treated silica/polyamide matting mixture. In terms of burnish resistance, both Figues 11-A and 11-
B show poor performance of the coatings with silica alone, but, in combination with the organic polyamide 
particles, some improvements in burnish resistance are seen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Gloss values and burnish resistance of coatings containing a mixture of siloxane-treated silica 
and polyamide particles as matting agent 
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In addition to gloss level and burnish resistance, some secondary properties like clarity and viscosity can 
be optimized by using a blend of this acrylate-treated silica and polyamide particles. In Figure 12, 
changes in viscosity and clarity by varying the composition of the matting agent mixture are displayed. 
Figure 12-A shows that the formulation containing just silica particles (100% acrylate-functionalized silica) 
has a shear thickening behavior. As higher amounts of the acrylate-treated silica are replaced by 
polyamide particles, the formulations show less shear-thickening behavior. Figure 12-A shows that at a 
ratio of approximately 60:40 of acrylate-treated silica to polyamide particles, the formulation almost shows 
a Newtonian behavior. The same figure shows that, the formulation containing just polyamide particles as 
matting agent (100% Polyamide) has a shear thinning behavior which is favorable for coating application. 
It also has higher zero-shear viscosity which improves the colloidal stability of the matting particles during 
storage period. Thus, a formulator can adjust the viscosity of the formulation by changing the ratio of the 
silica and polyamide particles in the formulation. 

Figure 12-B shows that clarity improves as the amount of the polyamide particles increases in the 
formulation. In this figure, the sample with 100% acrylate-treated silica has a hazy appearance where the 
underlying wood surface is not completely visible. On the other hand, the coating that just contains 
polyamide particles as matting agent shows higher clarity where the underlying wood surface is clearly 
visible. In fact, the clarity of this sample is high enough that one cannot distinguish the coated area from 
the uncoated glass substrate. The samples containing both polyamide and acrylate-treated silica particles 
show an intermediate clarity between these two extremes. Once again, changing the ratio of particles in 
the matting agent mixture is a tool in a formulator’s toolbox to adjust the clarity of a coating.   
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Figure 12: (A) Change in rheological behavior of a 100% solid UV-curable formulation upon change in the 
composition of the matting agent mixture, (B) Change in clarity of a coating upon varying the composition 
of the matting agent mixture 
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Synergistic Effect 

Our results showed that in both water-based and 100% solid UV-curable coatings, there is a 
synergy in gloss reduction when a mixture of silica and polyamide particles are used as the 
matting mixture. Figure 13 shows that this synergy exists in both 60° and 85° gloss. For the water-
based UV-curable coating, siloxane-treated silica was used as the matting agent, and for the 
100% solid UV-curable coating, acrylate-treated silica was used as the matting agent. Similar 
polyamide particles with an average particle size of 11 µm were used in both systems. For the 
water-based system, the total amount of matting agent with respect to dried film was 10 wt.% 
while it increased to 15 wt.% for the 100% solid system. Coatings containing just polyamide or 
just silica matting agents were prepared. Gloss measurements on these coatings were carried 
out and the corresponding data points are shown, respectively, at the beginning and the end of 
the horizontal axis of each plot of Figure 13. A line is drawn between these two extreme data 
points. Coatings containing mixtures of silica and polyamide are also prepared at different ratios 
of the former to the latter and their gloss values are shown in the same plots. In all plots of Figure 
13, these intermediate data points are located below the line drawn between the extreme data 
points. This means that the system does not behave linearly. In other words, there is a synergistic 
effect in gloss reduction by using a mixture of silica and polyamide. This synergy helps a 
formulator to reach a specific gloss value by using a lower amount of matting agent and reducing 
the final cost.  

 

Figure 13: Synergy in gloss reduction in both 100% solid UV-curable and water-based UV-curable systems 
by using a mixture of silica and polyamide as matting agent 
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Conclusion 

The assessment of silica matting agents in two different coatings confirmed the varied properties and effects 
seen with different particles and system types. For example, a treated silica showed excellent gloss 
reduction and burnish resistance in water-based UV-curable coating but highlighted the hurdle of clarity 
loss with the high loading levels needed to achieve a deep matte finish.  Combinations with an organic 
particle of reduced matting efficiency but improved clarity demonstrated a synergistic potential for 
combinations.  This synergy was further explored in a 100% UV curable coating, particularly due to the 
challenges of achieving a deep matte finish in a system with minimal film shrinkage.  A treated silica 
provided good efficiency for reduction of 60° gloss, while a larger organic polyamide particle showed 
improved performance in reducing 85° gloss and providing greater resistance to burnishing.  In addition to 
this particle blending technique, film thickness optimization was discussed as a means to help formulators 
develop a deep-matte sheen particularly in 100% solid UV-curable systems. From this exploration the 
benefits of particle blending are seen and offer some interesting synergies for optimal performance where 
a single matting agent may not meet the end-use requirements 
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