
Cellulose esters offer robust 
performance in digital printing inks.



Formulators for digital printing inks have long relied on nitrocellulose (NC) binders, which provide 
a relatively low-cost ink with reasonable performance but can also cause problems in technically 
demanding applications. NC binders often vary in consistency, are susceptible to breakdown—particularly 
viscosity change—and are highly flammable.

Fortunately, an effective alternative is available.

Eastman cellulose esters (CEs) and Eastman Solus™ performance additives with low molecular weight 
and viscosity offer an ideal solution for formulators. They hold up to technically demanding applications, 
offer more robust performance, are safer to store and use, and can help meet volatile organic compound 
(VOC) targets. As a polymer system for continuous inkjet printing, they provide:
 • Consistent and reproducible product parameters
 • Relatively low but stable viscosity
 • Excellent on-line stability (even under extreme temperature and humidity)
 • Excellent print performance with consistent and controllable drop formation
 • Safety to the ink producer and end user

Application overview
Nonimpact digital printing techniques, including inkjet printing, are long-established processes that often 
replace or enhance flexography, gravure, or screen printing. One of its most established uses is in coding 
and marking systems, such as date markings on food packaging.

These fast and highly customized systems are typically based on continuous inkjet (CIJ) techniques where 
a stream of extremely small ink drops is produced by a print head and deflected by an electrical charge 
to print on a surface. Uncharged drops are fed into a gutter and recirculated. These applications are 
long dominated by fast-drying inks, often with ketone solvents such as methyl ethyl ketone (MEK). But 
alternative, less aggressive solvent systems, such as alcohols or water, are becoming more popular.

Traditional polymer systems used in early solventborne CIJ inks included nitrocellulose (NC). CEs such as 
cellulose acetate butyrate (CAB) and cellulose acetate propionate (CAP) can provide an alternative to NC 
binders for high quality and reliable digital printing.

Product consistency

NC is available from several suppliers globally. The products vary in consistency and quality, which can be 
a problem for formulators whose ink must fall within the end user’s print head application window.

Robustness

Since CIJ applications have become more widespread and the production process more automated, ink 
systems must offer a more robust performance––particularly under extreme application conditions. 

NC polymer solutions are susceptible to breakdown, particularly viscosity change, when used in 
continuous processes, especially with elevated temperature and/or humidity (see Figure 3). Several 
producers of inks for CIJ systems have experienced intermittent viscosity drop on long print runs, 
preventing their ink from meeting equipment specifications.   

Safety

NC is a common but highly flammable raw material in coatings and inks. Despite special storage and 
production facilities, NC-based fires and explosions have been common and well documented over the 
years. Figure 1 shows the relative flammability of NC film compared to a CAB-based system. 
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Figure 1.

Product-in-use details
CAB and CAP have been used in graphic arts applications for decades and offer unique benefits to ink 
formulators. 

These polymers, produced from sustainable and renewable cellulose as a major raw material, have high 
heat and grease resistance, excellent solvent release, blocking resistance, and outstanding pigment 
wetting. Their unique chemistry allows ester composition, hydroxyl content, and molecular weight to be 
accurately controlled to suit the needs of many different applications. Figure 2 indicates the key variables 
in the CE production process and their effect on polymer properties.

Figure 2. Key variables in the cellulose ester production process

Traditional uses for cellulose esters include gravure inks for flexible films, including shrink labels, screen 
inks, and inks for high-temperature applications such as microwaveable or oven-resistant packaging. 
CABs are widely used in energy-curable printing ink systems, such as UV cure, due to their excellent 
solubility and compatibility with typical monomer and polymer systems. Benefits of UV inks include 
improved flow/leveling, defect reduction, and improved flexibility—particularly on flexible films, where 
they improve adhesion characteristics.
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Cellulose esters in CIJ applications

CEs with low molecular weight and viscosity are ideal for inkjet applications. The most commonly used 
grade is CAB 551-0.01, but others grades are also used. Their versatility lets ink formulators meet very 
specific and precise viscosity parameters. These inks consistently meet print head requirements, while 
other applications benefit from their high temperature resistance. The composition of the CE polymer 
also plays a major role in the solubility of the material, and inks can be produced using a variety of solvent 
types. The higher hydroxyl variants of some grades allow solubility in alcohols. 

Solus performance additives let formulators develop coating and ink systems that meet VOC emission 
targets by having a lower molecular weight and reducing the amount of solvent required at application 
viscosity.

Stability of CAB polymers compared to NC

To demonstrate the improved stability of CAB compared to NC, a simple experiment was conducted. 
A solution in MEK solvent of both polymers was stored at room temperature and at 40°C over a four-
week period. Figure 3 shows the relative stability of a CAB resin solution compared to an NC. The results 
indicate that CAB has improved high-temperature storage stability, a key consideration in the choice of 
resins by some leading inkjet ink manufacturers for coding and marking applications.

Figure 3. Viscosity stability of CAB vs. NC
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Printing performance of cellulose esters as inkjet polymers

Eastman worked closely with the Organic Materials Innovation Centre (OMIC) at the University of 
Manchester to evaluate the performance of several products in both solventborne and UV-curable inkjet 
formulations.

The work focused on the effect of varying concentrations of CEs in suitable solvent systems (including 
MEK and gamma-butyrolactone) and captured images of ink drop formation with varying print head 
waveform inputs. 

Ink viscosities and surface tensions were determined at 25°C using an Anton Paar AMVn Automated 
Microviscometer and a KRÜSS K100 Tensiometer. 

The trial inkjet used an imaging system equipped with an IJT ID 64 print head. Trial ink jetting of each 
dilution was observed at 22°C for five minutes. The waveform was adjusted for optimal performance.

The products varied in molecular weight (Mn) from 10.5 kDa to 70 kDa, but the work concluded that all CE 
products, including the low-molecular-weight Solus 2100, were capable of excellent droplet formation. 
Each CE exhibited excellent viscosity stability with respect to temperature and would be well within the 
tolerances of typical inkjet printing equipment.

Figure 4 shows the Anton Paar viscosity profile of CAB 551-0.01 in MEK.

Figure 4. Viscosity profile for a 16% solution of CAB 551-0.01 in MEK

Figure 5 shows the inkjet photographs of drop forms produced for CAB 551-0.2. A pronounced ligament 
connecting the drop to the print head was observed from waveform 30/10/17//68 V at 22°C, a product 
of the unoptimized waveform used. Once the waveform was optimized, a perfect drop without visible 
ligament was obtained from waveform 07/10/11//63 V at 22°C. This excellent ink droplet formation was 
exhibited by each CE product evaluated by OMIC. 
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Figure 5. Ink jetting of drop forms produced for CAB 551-0.2

Another important attribute is droplet formation stability with respect to time. Figure 6 illustrates the  
excellent stability for CAB 551-0.2, with the left image showing droplet formation at one minute into 
the print run and the right image capturing droplet formation after five minutes. The lack of variation 
indicates excellent stability. 

Figure 6. Ink droplet stability for CAB 551-0.2 with time and temperature

OMIC also evaluated Solus 2100 to determine its suitability for inkjet printing.

Solus 2100 exhibited excellent viscosity and temperature stability, and the material could be jetted at 
33% solids content in MEK and at 16% solids in a slower-evaporating gamma-butyrolactone solvent 
(Figures 7 and 8).
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Figure 7. Droplet formation of Solus 2100 at 33% solids content in MEK

Figure 8. Inkjet stability of Solus 2100 at 16% solids in gamma-butyrolactone

The ability to successfully jet Solus 2100 at a relatively high polymer content gives inkjet formulators 
considerable latitude in their ink systems. 

Conclusions
CE resins CAB and CAP have had a proven track record in traditional printing processes and systems for 
decades. Traditional CEs and Solus 2100 are ideally suited for inkjet printing inks, where they achieve 
excellent and predictable ink droplet formation. The stability of CEs and Solus 2100 with respect to time 
and temperature is outstanding and superior to other binder systems.    
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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.

© 2020 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

As the world’s leading supplier of specialty cellulose esters for more than 85 years, Eastman has a 
long history of reliably supplying customers with consistently high-quality products manufactured 
using advanced processes and controls. Leveraging years of formulating experience and a diverse 
portfolio of more than 50 cellulose esters—CA, CAB, CAP, and C-A-P—for a variety of applications, 
our technical experts can provide guidance to help customers select the best cellulose ester or 
blend to achieve the specific performance desired for their unique application. Over the years, we’ve 
introduced innovative products that help meet customer needs and market demands, most recently 
Eastman Solus™ performance additives for high-solids coatings and Eastman membrane material 
products for membrane filtration. We work with regulatory agencies and industry associations on 
behalf of our customers to advocate for policies that allow industries to thrive, enabling sustainable 
innovation. At Eastman, our goal is to enhance the quality of life in a material way.


