
Eastman™ cellulose esters — 
the correct choice for the electronic components industry

Eastman™ cellulose esters (CAB, CAP, and CA) are versatile 
problem solvers made from a green, sustainable, and  
renewable resource. They are typically used as binders,  
additives, film formers, or modifiers in paints, coatings,  
primers, lacquers, and enamels for automotive, wood, plastic, 
paper, consumer electronics, and leather applications, and also 
in graphic arts, inks, and overprint varnishes. These high glass 
transition temperature (Tg) materials provide improvements in 
key properties such as rheology control, dry time, appearance, 
metal flake orientation, sag resistance, flow and leveling, and 
block and print resistance.

Eastman™ cellulose esters should be considered an important 
formulation tool in the following paste products which are  
used in the construction of electronic components for  
computers, mobile phones, automobiles, aircraft, medical,  
and various consumer products.

• Nickel, copper, and silver pastes for multilayer 
   ceramic capacitors 

• Nickel and silver pastes for plasma display panels

• Thermistor and resistor pastes

• Welding pastes 

• Glazing pastes 

• Silver and aluminum solar battery pastes

• Non-fired solder pastes

• Screen printing of carbon cathodes on lithium batteries

• Solid oxide fuel cell electrolyte paste

  
Sophisticated paste inks or compounds often need an  
effective temporary fugitive organic binder. During firing at 
high temperatures, an effective temporary binder produces  
an even and complete burnout.

The temporary binder is used to carry and adequately  
disperse metal powders, glass frit, or other particulate powders. 
The binder also needs to provide a unique rheological function 
such that printed pastes produce good print definition and to 
keep ingredients such as metal particles, glass frit, and  
ceramic powders in suspension during storage.

A paste ink can be formulated to be resistive, conductive,  
or dielectric. A metallic paste ink is often used to produce  
electrical circuit patterns via a screen printing process. The  
use of cellulose esters in screen inks is well known, and these 
materials have been formulated into screen inks for many 
years. Once printed and dried, the remaining binder is often 
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fired in a furnace at very high temperatures. This high  
temperature “burns off” the binder, leaving only the metal  
and or ceramic as the printed pattern. Eastman™ cellulose 
esters are high-purity products and, consequently, an even  
and complete burnout is produced. Before the binder is burned,  
the high Tg provides a hard smudge-free surface which can help 
with handle-ability. If necessary, Eastman cellulose esters can 
be plasticized with conventional plasticizers such as Eastman™ 
DOP plasticizer or orthophthalate-free plasticizers such as  
Eastman 168™ nonphthalate plasticizer.

A common solvent used in electro-ceramic pastes is terpineol. 
Eastman™ cellulose esters dissolve completely in this solvent 
with minimum haze and consequently produce excellent clarity.

This technical article will discuss the use and benefits of Eastman™ 
cellulose esters in electro-ceramic applications with the focus 
of the article discussing the recent evaluations assessing the 
use in metallic pastes for manufacturing multilayer ceramic 
capacitors (MLCCs). Comparisons to ethyl cellulose will also be 
made. Ethyl cellulose has been the traditional fugitive binder 
used in electro-ceramics for many years.

Eastman™ cellulose esters are used in metal and non-metal 
conductive pastes.
 
In general, Eastman™ cellulose esters in electronic applications 
offer the following benefits:

• Excellent burnout rates

• Rheology control of metal and non-metal pastes used in
   various electronic components providing good print definition
   and storage stability to reduce particle sedimentation

• Easy to dissolve with excellent compatibility

• Made from a green and sustainable resource

Thermogravimetric analysis (TGA)

Graph 1 shows the residual amount of weight % retained of 
100% Eastman™ cellulose ester and ethyl cellulose after TGA 
“burnout” in air at 600°C. The results are an average of five 
different grades of Eastman™ CAB and two different grades 
of ethyl cellulose. 
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Measurements taken on a TA Instruments auto sampler Q5000ir TGA.  
Calibrated  with standard metal wires of alumel, nickel, perkalloy, and iron for 
Curie point temperature of 163°C, 359.26°C, 596°C, and 780°C, respectively,  
at a scanning rate of 10°C/min. The purging flow rate of 50 cc/min was used:  
balance and sample are 15 cc/min and 35 cc/min, respectively.
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Low-shear rheology of different grades of  
Eastman™ CAB compared with ethyl cellulose

To evaluate the low-shear viscosity of different grades of  
Eastman™ CAB and ethyl cellulose, 1, 5, 10, and 20% solutions, 
were prepared in terpineol and the viscosity was measured  
using a Brookfield Rheometer. The results are summarized in 
Table 1.

• Table 1 shows that Eastman™ cellulose esters provide a
   level of rheology that can be fine-tuned depending on the
   needs of the paste system.  

• In some instances, it is preferable to add a high level 
   of binder (resin) to control properties such as printability 
   and dispersibility. This high level of binder must also 
   provide a rheology that allows high loadings of metal,
   glass, and other particles to be effectively printed.
   Eastman Solus™ 2100 performance additive and Eastman™

    CAB 551-0.2 fall into this category of binder.  

• In other cases, a low binder content is required which has
   a higher influence on rheology. Eastman™ CAB 531-1 
   and CAB 500-5 fall into this category. 

• Eastman™ cellulose esters are fully compatible with each
   other, allowing blending to obtain intermediate viscosities, 
   if required.

Compatibility

It is important that any binder or carrier used in electro-ceramic 
pastes is very compatible with the solvent. Any haze suggests 
incompatibility and can lead to defects in the final component.

Eastman™ cellulose esters produce excellent compatibility 
with the main solvent used in the electro-ceramics industry 
which is terpineol. As shown in Photo 2, the image (transmission) 
of the text placed behind the bottles of Eastman™ CAB and 
Eastman Solus™ 2100 performance additive is much clearer 
than with ethyl cellulose.
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Ethyl cellulose grades are numbered in relation to the viscosity in centipoises 
of 5% in (80 toluene: 20 ethanol). The grades typically have an ethoxy content 
of 48.0-49.5%. The higher the number of the grade the greater the molecular 
weight. grade 4 = 3.0-5.5 cps, grade 10 = 8-11 cps, grade 14 = 12-16 cps,  
grade 22 = 18-24 cps, grade 46 = 40-50 cps, grade 100 = 80-105 cps and,  
grade 300 = 250-350 cps.
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Eastman™ CAB compared with ethyl 
cellulose viscosity (solutions in terpineol)

The level of Eastman™ CAB or ethyl cellulose required to produce very low, 
low, medium, high, and very high viscosity solutions when they are dissolved  
in terpineol. 
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Burnout properties of nickel paste  
thermogravimetric analysis (TGA)

Graph 2 shows the residual weight % of nickel pastes  
containing Eastman™ cellulose ester or ethyl cellulose after 
TGA burnout in nitrogen at 1000°C. It is to be noted that the 
weight of the solid nickel and barium titanate weight is 65.22% 
in both cases.

 

Graph 2 shows very good burnout of Eastman™ CAB and ethyl 
cellulose binders, as well as the terpineol solvent, to leave a 
63.8% to 63.7% mass of nickel and barium titanate.

Graph 3 

Rheology properties of Eastman™ CAB  containing nickel paste

Eastman™ cellulose esters in 
multilayer ceramic capacitors (MLCCs) 

A capacitor is an electrical device that stores energy in  
the electric field between a pair of closely spaced plates. 
Capacitors can differentiate between high and low frequency 
signals. This makes them useful in electronic filters. Extremely 
large numbers of MLCCs  are used to make cell phones, personal 
data assistants (PDAs), MP3 music players, digital cameras, and 
other small/personal electronics.

Basic technology of MLCCs 

• A thin ceramic slurry (slip) is coated (cast) onto a
   carrier sheet, then dried. The dry green sheets or ceramic
   tape is then removed from the carrier and printed with 
   conductive ink patterns. Cut sheet layers are then stacked
   (accuratelyregistered). This stack is furthermore compacted
   into a solid, thick sheet from less than one to several mm thick.  

• This sheet of many layers (from 4 to 500 layers) is
   accurately cut into small pieces, then fired in a high-
   temperature oven or kiln. High temperature burns away
   resin binders and allows the ceramic particles to fuse
   together, making an almost indestructible electrical part,
   producing very high reliability for electronic devices.

• The conductive ink pattern is printed via a metal 
   paste. Often in MLCCs, a nickel paste is used. This 
   metal paste usually incorporates ethyl cellulose as the
   fugitive binder, but as detailed below, Eastman™ CAB
   shows excellent properties.

Preparation of nickel paste

1. Nickel and barium titanate powders were added to 
    terpineol and phosphate dispersing agent, then ball
    milled for 48 hours.

2. Eastman™ cellulose ester was predissolved in terpineol 
    @ 25 wt % and added to the ball-milled solution.

3. Ball milled for an additional 16-24 hours.

Description Ingredient
Amount 

(%)

Terpineola Terpineol 10.4

Nickel powder (0.4 microns)b NFP401S 51.9

Barium titanate (high-purity perovskite)c BT-01 10.4

Phosphate dispersing agentd Phosphanol 
RS710 2.1

Eastman™ CABe (25% in terpineola) Eastman™ 
CAB 551-0.2 25.2

Table 2

Preparation of nickel paste based on Eastman™ CAB

aSigma-Aldrich bJFE Mineral Company Ltd. cSakai Chemical Industry 
Co.Ltd. dToho Chemical Industry Co.Ltd. eEastman Chemical Company
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After removing from the oven, the printed image was assessed.

• There was no spread or flow out on the edge of the
   printed image at high firing temperatures.

• After firing, the printed edge remained very sharp, 
   showing excellent edge detail. 

 
Photo 3

Printed image after firing shows excellent definition.

Conclusion 

Eastman™ cellulose esters should be considered an important 
formulation tool in the electroceramics market for conductive 
metal and ceramic pastes. Eastman™ CAB has shown excellent 
properties in a formulated nickel paste for multilayer ceramic 
capacitors (MLCCs)

Eastman™ cellulose esters can be used as temporary fugitive 
organic binders. During firing at high temperatures, they can 
produce an even and complete burnout. Eastman cellulose 
esters provide a unique rheology that can be fine-tuned to help 
keep suspended ingredients such as metal particles, glass frit, 
and ceramic powders in suspension during storage. This unique 
rheology also ensures good print definition with minimum 
defects before and after firing. A common solvent used in 
electroceramics is terpineol. Eastman cellulose esters dissolve 
completely in this solvent with minimum haze and consequently 
produce excellent clarity.

In order to investigate the type of rheology produced when  
the nickel paste is applied via a screen printing process, a  
continuous linear shear ramp from 0.1s to 1,000s-1 over 60s 
then back to 0.1s-1 over a further 60s was evaluated.

• The rheology produced was such that the nickel paste
   reduced in viscosity when a shear force was applied to
   it. Once the shear force was reduced, the paste
   quickly regained its original viscosity.

• There was a slight difference between the up and down
   curve producing a small amount of thixotropy. This difference
   ought to provide for a small amount of flow/leveling that
   should allow the printed screen marks from the screen 
   image to flow just enough to eliminate any screen lines.

• This type of rheology enables a very good print definition 
   to be produced which creates a sharp printed image. This
   is very important when printing the fine detail required in
   multilayer ceramic capacitors.

Resistance of printed image  
to “flow out” at high temperatures

In order to assess if a printed image would spread out and  
flow when fired at high temperatures, the Eastman™ CAB 
containing nickel paste was applied to a ceramic panel   
between two pieces of tape (tape thickness 0.052 mm). The 
tape was removed to reveal a thin printed line with a sharp 
definition. The printed image was placed in a microwave  
furnace and heated according to the following schedule:

Table 3

Temperature Heat schedule

21-350°C Ramped from 21°C  to 350°C  in 30 min

350°C Held for 60 min at 350°C

350-700°C Ramped from 350°C to 700°C in one hour

700°C Held for 30 min at 700°C

700-21°C Oven switched off at 700°C and allowed to cool to 21°C
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Material Safety Data Sheets providing safety precautions, that should be  

observed when handling and storing Eastman products, are available online or by 

request. You should obtain and review the available material safety information 

before handling any of these products. If any materials mentioned are not Eastman 

products, appropriate industrial hygiene and other safety precautions recommended 

by their manufacturers should be observed.

Neither Eastman Chemical Company nor its marketing affiliates shall be responsible 

for the use of this information, or of any product, method or apparatus mentioned, 

and 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. NO WARRANTY IS MADE OF THE 

MERCHANTABILITY OR FITNESS OF ANY PRODUCT, AND NOTHING HEREIN WAIVES 

ANY OF THE SELLER’S CONDITIONS OF SALE.

Eastman, Solus, and The results of insight are trademarks of 

Eastman Chemical Company.

All other trademarks are the property of their respective owners.

© Eastman Chemical Company, 2010.

  TT-EU110  8/10


