
Ultraviolet (UV) curable coatings are becoming more popular in various segments. UV systems 
have three steps for creating a high molecular weight polymer: 1) initiation, 2) propagation, 
and 3) termination. The components used for these types of systems are monomer, oligomer, 
additives, and a photoinitiator (PI). These components are mixed together and initiated by 
exposing the mixture to a UV light; which, in turn, creates a free radical from the PI and starts 
the reaction. The chain reaction is propagated by the free radical seeking the vinyl, carbon–
carbon double bond, and functionality and growing the polymer by allowing monomer or 
monomer and oligomer to react with one another. Lastly, termination comes from PI reacting 
with itself or lack of free volume (no space to allow the PI to seek out double bonds), which 
results in unreacted monomer.

Figure 1. Schematic of a UV-reactive system

The popularity of UV-curable coatings is partly due to the reduction in volatile organic 
compounds (VOC) that can be achieved by this chemistry. In fact, there are no VOCs in a UV-
curable system, which is highly desired where there are stringent environmental regulations in 
place. Over the years, the United States has had the most robust regulations but other regions 
are slowly implementing their own regulations. This change has forced formulators to make 
different choices to accommodate the needs of the customers they serve across the globe.

UV-curable coatings can be found in automotive interiors, wood, and overprint coatings 
applications. Reasons for adopting a coating of this nature include non-VOC due to being 
solvent free, high productivity due to fast cure rate, easy to use single-component system (in 
most cases), and potentially lower energy costs. These types of coatings typically have good 
scratch resistance, chemical resistance, and high gloss. However, they are typically used on flat 
surfaces and can have poor flow out or wetting, which can lead to adhesion issues.
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Cellulose esters in UV coatings
Cellulose esters (CEs) should be considered in these types of coatings to overcome flow out 
and wetting issues that were previously described. Aside from overcoming these adverse 
effects, which can lead to poor coating performance, CEs have other attributes including UV 
stability, both nonyellowing and nonreactivity. To aid the formulator and provide the ability to 
optimize performance, there is a wide range of molecular weight and ester functionality from 
which to choose.

In Table 1, various CEs were selected to assess monomer compatibility. This study was carried 
out by making 5% solutions of the different grades of cellulose acetate butyrate (CAB) in 
reactive monomers. After the solutions were made, the visual assessment of the mixtures was 
made, along with the determination of Brookfield viscosity.

Table 1. Reactive monomer compatibility with CAB

Monomer

HDDA TMPTA DPGDA TPGDA IBOA Styrene

Viscosity 
(cP) Rating

Viscosity 
(cP) Rating

Viscosity 
(cP) Rating

Viscosity 
(cP) Rating

Viscosity 
(cP) Rating

Viscosity 
(cP) Rating

Eastman CAB

Type 5% CAB 5% CAB 5% CAB 5% CAB 5% CAB 5% CAB

553-0.4 1550 H 1550 (2%) IG 1190 IG 40K H NA IG NA I

551-0.01 29 S 661 S 40 S 57 S 90 (10%) S 7 S

551-0.2 87 SH 2080 S 136 S 204 S 140 S 30 IG

381-0.1 60 S 1670 S 113 S 180 S NA IG NA I

321-0.1 53 S 1420 S 93 S 128 IG NA IG NA I

Eastman Solus™ 
2100 performance
additive

<10 S 242 S 30 S — — — — <10 S

 Legend Rating

 HDDA 1, 6-Hexanediol diacrylate [η = 10 cP]  S Soluble, totally clear solution
 TMPTA Trimethylolpropane triacrylate [η = 105 cP]  SH Slight haze, barely visible to the naked eye
 DPGDA Dipropylene glycol diacrylate [η = 15 cP]  H Hazy, very visible, yet still translucent
 TPGDA Tripropylene glycol diacrylate [η = 17.5 cP]  IG Large quantity of partially solubilized translucent gel particles that cause haze or sediment
 IBOA Isobornyl acrylate [η = 13 cP]  I Insoluble, very little if any soluble material
 Styrene Styrene acrylate monomer [η = 2.5 cP]  NA Not applicable, viscosity unmeasurable due to insolubility
 η Viscosity
 cP Centipoise

Further laboratory work assessed the wetting and adhesion of Solus 2100 performance 
additive in a UV-curable system. Solus 2100 is a low molecular weight CAB that is typically 
used in high-solids applications. The work compares two overprint varnish (OPV) formulations 
with and without Solus 2100 (Table 2).



Table 2. OPV formulations

Ingredient Control OPV OPV + Solus 2100

Ebecryl® 3720TP25 35.0 35.0

HDDA 48.0 15.0

Additol® BP 6.0 6.0

MDEA 6.0 6.0

Additol HDMAP 5.0 5.0

Solus 2100, 15% in HDDA — 33.0

Viscosity, cPs 62.0 113

Liquid surface tension, dyn/cm 34.8 33.5

One can see why wetting and flow out are difficult to achieve on TPO, given its low surface 
tension. You will also notice that the OPV + Solus 2100 has a significantly lower surface 
tension when compared to the Control OPV. The OPV + Solus 2100 has a closer surface tension 
to the TPO than the Control, which provides better wetting and therefore some improvement 
in adhesion. Figure 2 shows the drop spread over the course of 2 minutes. The diameter of the 
drop was measured at intermittent time intervals. The change in diameter was shown as a ratio 
compared to the time zero measurement. This means the higher the number on the y-axis, the 
more drop spread or better wetting. The Control OPV has no drop spread, indicative of poor 
to no wetting; whereas, the OPV + Solus 2100 shows wetting in terms of drop spread when 
compared on TPO. One will notice that the drop spread for the Control OPV on Leneta™ is 
much greater, given the surface tension of the formulation is lower than that of Leneta.

Figure 2. Drop spread with respect to time for the Control OPV and OPV + Solus 2100 on 
either TPO or Leneta paper

To see how this improved wetting translates to the application process, let’s look at the film 
formation characteristics of an OPV without and with Solus 2100. In Figure 3, you can see the 
formulation wetting characteristics based on dwell time, in seconds, with the TPO. You will 
notice that the formulation initially spreads out but then recedes due to the higher surface 
tension of the Control OPV relative to the OPV + Solus 2100.  
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Figure 3. Comparison of surface wetting differences between the Control OPV (left)  
with OPV + Solus 2100 (right) at 0 and 150 seconds.

Control OPV OPV + Solus 2100

Dwell time, s 0 0

Dwell time, s 150 150

This type of recession can negatively impact application but can be easily overcome by a small 
addition of Solus 2100. Notice in Table 3 the differences in cured film surface tension, when 
comparing the Control OPV to the OPV + Solus 2100.  

Table 3. Surface tension measurements

Surface measured Surface tension, dyn/cm

Polypropylene (TPO) 27.6

Leneta paper 52.8

Control OPV* 49.3

OPV + Solus 2100* 32.9
*Cured film

Other considerations
Given the diverse segments that UV-curable coatings can be used in, care should be taken 
when selecting raw materials and additives.  

For more information or questions regarding cellulose esters, contact your technical service 
representative or visit eastman.com/products.
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Although the information and recommendations set forth herein are presented in good faith, Eastman Chemical 
Company (”Eastman”) and its subsidiaries make no representations or warranties as to the completeness or 
accuracy thereof. You must make your own determination of its suitability and completeness for your own use, 
for the protection of the environment, and for the health and safety of your employees and purchasers of your 
products. Nothing contained herein is to be construed as a recommendation to use any product, process, equipment, 
or formulation in conflict with any patent, and we make no representations or warranties, express or implied, 
that the use thereof will not infringe any patent. NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS 
OR IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR OF ANY OTHER NATURE ARE 
MADE HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS 
AND NOTHING HEREIN WAIVES ANY OF THE SELLER’S CONDITIONS OF SALE. 

Safety Data Sheets providing safety precautions that should be observed when handling and storing our products 
are available online or by request. You should obtain and review available material safety information before 
handling our products. If any materials mentioned are not our products, appropriate industrial hygiene and other 
safety precautions recommended by their manufacturers should be observed.

© 2017 Eastman. Eastman brands referenced herein are trademarks of Eastman or one of its subsidiaries or are 
being used under license. The ® symbol denotes registered trademark status in the U.S.; marks may also be 
registered internationally. Non-Eastman brands referenced herein are trademarks of their respective owners.

Eastman Corporate Headquarters
P.O. Box 431
Kingsport, TN 37662-5280 U.S.A.

U.S.A. and Canada, 800-EASTMAN (800-327-8626)
Other Locations, +(1) 423-229-2000

www.eastman.com/locations


