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Introduction 

With the rapid growth of UV/EB chemistry, siloxane-based surface control additives started to find their 

way into broader applications like Printing inks, Overprint varnish, wood coating, industrial automotive, 

electronics, adhesives, and others. The versatility of the siloxane-based additives is attributed to many 

functionalities such as defoaming, deaeration, substrate wetting, and surface control properties like slip, 

leveling, and anti-blocking properties.  

Siloxanes are the structure that contains Si-O-Si backbone. The simplest siloxane which has been shown 

in Figure 1 is Polydimethylsiloxane (PDMS) which has also been called silicone oil. This compound 

offers outstanding surface tension reduction and slip effect in solution which helps effectively wet out 

the substrates and create good gliding properties due to its hydrophobic and oleophobic nature. The 

stable structure also gives high chemical stability while also limiting its solubility and compatibility in 

carrying vehicles like water and organic solvent. To address the versatile need in the industry, two 

different approaches have been conducted to modify the siloxane structure. One is the work on the 

silicone backbone where different siloxane structures have been explored. At the same time, siloxane 

could be derivatized with different organo modifications to fit the need for improved compatibility. 

Figure 2 reviewed typical treatment for the organo-modified polysiloxane. There are benefits to each 

different structure. For example, a Comb structure is very effective in substrate wetting while linear 

siloxane could be used to create a defoamer and/or deaerator where more incompatibility is needed to 

destabilize the bubble surface or cause the air bubble rupture within the ink/coating. 

 

Figure 1: The structure of Polydimethylsiloxane 



 

Figure 2: Different type of organomodified polysiloxanes 

The balance between hydrophobic and hydrophilic structure in the siloxane could lead to desire 

performance for the application. The more hydrophobic structure would present stronger surface tension 

reduction and better spreading and slip effect while a higher hydrophilic ratio could improve the 

solubility and compatibility of the siloxane in water and/or organic solvent. The importance of the 

organo-treatment could be seen from Figure 3 where the product with organo-modification showed 

transparent solution at 0.2% wt loading while the solution with unmodified polydimethylsiloxane shows 

clear turbidity. This is a key indicator of incompatibility and could lead to phase separation after storage. 

 

Figure 3: Compatibility improvement with organo modification 

Slip property is a sliding motion on top of the coating surface where the static and kinetic coefficient of 

friction (COF) are observed while the release is normally measured with the amount of force needed to 

peel the tape with a certain adhesive. Organo-modified siloxanes have been ideal for these purposes. 

However, the long-term effect of the slip/release performance could be reduced with the continuous 

migration of the siloxanes to the surface of the coating due to its hydrophobic nature. The structure 

shown in Figure 4 is a method to address this need where the acrylate function group has been attached 

to the organo modification group indicated in step 3. The reactive siloxane structure could be cross-

linked to the polymer matrix where long-term COF and release effect could be achieved. 

 

Figure 4: Acrylate modified siloxanes 



Results and Discussion 

Experimental 

Two different UV curable overprint varnish formulations were prepared as shown in Table 1 and 2. The 

difference between these two formulations is the oligomer used. Epoxy oligomer was used in 

Formulation 1 while Polyester oligomer was used for formulation 2. Four siloxane-based release 

additives have been evaluated with 180° peel force and compatibility. One critical aspect of the 

evaluation of the release product would require the addition of siloxane-based substrate wetting 

additives to achieve a uniform finish coating. In general, products with high release performance would 

also come with weak compatibility within the system. Figure 5 demonstrated the difference between the 

overprint varnish on top of lithographic ink with and without substrate wetting siloxane. Crating, 

reticulation and other incompatibilities could be observed on the control sample at the left side while 

siloxane substrate wetting additive helped produced a perfect uniform surface without defect. 

 

Figure 5: Importance of substrate wetting siloxane additive 

 

Table 1: Formulation 1 used for this study 



 

Table 2: Formulation 2 used for this study 

Four different siloxane-based release additives have been considered for evaluation. The characteristic 

of the release additives has been shown in Table 2. Long siloxane backbones and low degrees of 

modification are normally considered to be ideal for release while this type of structure could also have 

the concern of turbidity and potential surface defect on the coating surface. 180-degree release pulling 

force with Scotch® tape has been the testing method while the compatibility of the coating was also 

evaluated based on crater and surface defect. The compatibility was ranked from 1 to 10 with 1 being 

the most incompatible and 10 being the ultimate compatible.  

 

Table 3: Characteristic of siloxane-based release additives 

The coating was applied to coated Lenata chart and Scotch® tape was pulled at 180 degrees with 6 

mm/s. It is demonstrated in Figure 6 that the release property has been improved for more additives at a 

weight loading of 0.5%. SR-1 could see the performance improvement with loading level to 3%. The 

additional SR-1 does not show further benefit at 5%. SR-2 provided an outstanding release capability at 

0.5% but the extra benefit with increased loading is very moderate. SR-3 is the ultimate release additive 

within the group. SR-4 started with minimal impact at 0.5%. However, the additional loading brings the 

release capability to the level close to SR-2 from 1% to 3% loading level. At the same time, Figure 7 

demonstrated that the loading of the siloxane release additives does not heavily impact the compatibility 

while the product itself has shown a more noticeable difference. This result also got confirmed with 

Figure 8 that the surface appearance of SR-3 at 0.5% and 3% are almost identical. SR-1 is the most 

compatible product while SR-2 and SR-4 showed comparable cratering levels. SR-3 is the most 

incompatible product. 



 

Figure 6: Peel force as a representative of release property with different loading of siloxane additives in Epoxy based oligomer 

 

Figure 7: Compatibility of different siloxane additives in Formulation 1 

 

Figure 8: The surface finish of the coated Leneta card 

The release strength and compatibility are also studied with formulation 2. A comparison of the pulling 

strength is shown in Figure 9 where the highest loading for SR-1 is limited at 3% since 5% did not show 

improvement for formulation 1. A similar trend as epoxy-based oligomer has been observed that SR-1 

provided moderate release benefit. SR-2 and SR-4 showed identical performance while SR-4 is the most 

effective release additive among the testing products. The compatibility also presented a similar trend as 

formulation 1 but it could be seen that higher loading does not necessarily mean the more incompatible 

or crater in the coating application. There is no definitive trend that could be observed and the cratering 

effect could sometimes be reduced with higher loading of release siloxane additives. 



 

Figure 9: Peel force as a representative of release property with different loading of siloxane additives in polyester-based oligomer 

 

Figure 10: Compatibility of different siloxane additives in Formulation 2 

Conclusions 

There are no universal release additives for the UV/EB application. Each formulation with a different 

monomer and oligomer could have different requirements for the balance of release performance and 

compatibility. The ultimate strong release could have the phase separation which stopped it from the 

wide application even when the release is the only deciding factor.  

This article showed the siloxane backbone length and degree of organo treatment is not the only 

deciding factor even though the structure is relatively similar. There is a minimal difference regarding 

the release performance with different oligomers but the trend between four different products still holds 

the same. The 3-dimensional structure of the siloxane backbone played a much bigger role where SR-3 

showed the best release performance, which is unattainable by the other three products, especially at 

high use level. SR-1 could be the best candidate for the system that requires strong compatibility. 


