
Eastman cellulose esters to develop  
high-performing pencil coatings
A sustainable and safer alternative to nitrocellulose-based pencil coatings

Eastman cellulose esters (cellulose acetate butyrate [CAB], cellulose 
acetate propionate [CAP], and cellulose acetate [CA]) are versatile 
problem solvers made from a sustainable and renewable resource 
that can be 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 as well 
as in graphic arts inks and overprint varnishes. These high-Tg materials 
provide improvements in key properties such as rheology control, dry 
time, appearance, metal flake orientation, sag, flow and leveling, block 
resistance, and print resistance.

Cellulose esters can be formulated to produce pencil coatings that air 
dry very quickly, and they have been used in this industry for many 
years. Alkyd coatings are very popular in wood coatings, but they tend 
to be slow drying and their use in pencil coatings is not widespread. 

This technical tip explains the process of producing and coating pencils. 
It also shows how Eastman’s cellulose esters can be formulated into 
pencil coatings and the benefits obtained from such systems compared 
to nitrocellulose and alkyd-based coatings. 

Various grades of cellulose esters can be used to produce pencil coatings which provide differing 
properties. For example, high-Tg cellulose esters such as CAP 482-20 and CAB 381-20 will promote 
rapid dry-touch times with reduced dirt pickup and excellent hardness and hardness development. 
Low-Tg grades such as CAB 381-0.5 and CAB 551-0.2 will provide better compatibility and greater 
flexibility. Low butyryl grades such as CAB 171-15 are a good choice for the base coat or primer 
because the low butyryl content is less soluble in the solvents used to carry the topcoats and is 
therefore less likely to be redissolved when the topcoat is applied.

Nitrocellulose can also be used as raw material to produce pencil coatings, but it is considered a 
difficult material to handle and store. It is a considerable fire hazard because it ignites easily and 
burns fiercely, emitting large quantities of heat and fumes. Improper storage of nitrocellulose 
increases the risk of explosion. Over recent years, articles made purely from nitrocellulose, such as 
ping-pong balls and spectacle frames, have come under the spotlight due to the ease with which 
they burn when they come into contact with an ignition source. More recently, coated articles 
that contain nitrocellulose paints and varnishes, such as pencil coatings, have received attention. 
Legislation such as the Canadian Toys Regulation (SOR/2011-17) bans the use of nitrocellulose for 
pencil coatings. The regulation states: “A toy, other than a ping-pong ball, must not be made of or 
impregnated with celluloid or cellulose nitrate.” According to the regulation, a toy means a product 
that is intended for use by a child in learning or play.



Pencil forming process
• Different kinds of wood can be used to manufacture pencils, including cedar and jelutong wood.  
 Wood panels of approximately 20 x 8 cm with 1.5-cm thickness are prepared.

• A rotary machine cuts nine grooves in two identical panels.

• Glue is automatically applied to the grooves in these panels.

• Nine graphite rods are placed inside the grooves of one of the panels. 

•  The other wood panel without the graphite rods is placed over the graphite rod-containing panel,  
 and they are pressed together with high force.

• The resultant block of wood containing nine graphite rods is sent to a machine which cuts out  
 nine pencils from the block. The pencils are then ready for painting.

Figure 1. Panels glued together with graphite rods

Figure 2. End-on view of panels

Pencil painting process
• Pencils enter a pencil-shaped hole. The pencil-shaped hole contains paint which coats the pencil  
 with either primer, base coat, or clear coat as it moves through the hole. 

• The first application to the bare wood is with the primer.

• The wet painted pencils containing primer then slowly move in an environment of approximately  
 25°C on a conveyor belt with a length of approximately 14 m for about 30 sec.

• After this time and at the end of the 14-meter line, the coating on the pencils must be dry.  
 The pencils are automatically collected and sent to similar lines which apply the base and clear  
 coat in the same way as the primer.

• The pencils are then stacked and collated for packaging.
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The formulation of pencil coatings
• Suitable pencil starting point formulations are listed in the following table. The CAB 171-15  
 formulation is used for the base coat (primer). This grade was selected for its redissolution  
 resistance to the topcoat (lacquer) formulation, which is based on a blend of CAB 381-20 and  
 CAB 551-0.2. 

• Acrylic and cellulose ester resins provide an excellent combination to produce a tough,  
 hard coating. The acrylic provides toughness, while the high Tg of cellulose ester provides high  
 hardness, fast drying, and scratch resistance. The addition of plasticizer helps to impart flexibility  
 to the coatings.

• In the painting process described, fast-evaporating solvents are ideal at achieving the quick drying  
 speed required. Fast-evaporating solvents such as ethyl acetate, butanol, and ketone solvents  
 are suitable. 

• To prepare the coatings formulations, it is important to add powder CAB material to the solvent  
 blend under agitation and then add the plasticizer.

• Pigment and/or metallic pastes can be blended into the formulation to produce colored coatings.

• In general, via dip coating, three coats of base coat and one coat of topcoat produced a smooth,  
 defect-free coated pencil.

•  Zinc stearate can be used in the base coat formulation to fill large wood pores and reduce the 
number of coats needed to seal the wood.

Base coat (primer) wood formulation

Ingredient Supplier Wt%

Eastman CAB-171-15 (cellulose ester) Eastman 5.88

Paraloid™ B-66 (acrylic) Dow 4.12

Eastman 168™ non-phthalate plasticizer* Eastman 1.59

Eastman MPK (solvent) Eastman 88.41

Total 100.00

* If required, acetyl tributyl citrate (ATBC) plasticizer can be used in place of Eastman 168.

For a silver base coat, add 5% Eckart STAPA® HYDROLAN 2156 (20% in ethyl acetate).

Topcoat (lacquer) wood formulation

Ingredient Wt%

Eastman CAB-381-20 (cellulose ester) 4.7

Eastman CAB-551-0.2 (cellulose ester) 1.18

Paraloid B-66™ (acrylic) 4.12

Eastman 168™ non-phthalate plasticizer* 1.59

n-Butyl acetate (solvent) 88.41

Total 100.00
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Hardness development
To demonstrate hardness, a König test was conducted on topcoat formulations (100 μm wet 
film thickness [WFT] on glass panels [23°C]) after 1 and 7 days. Both the cellulose ester and 
nitrocellulose topcoat pencil formulations produced excellent hardness development in a short 
time frame, which is an essential property for producing a robust, wear-resistant pencil coating. 
König hardness values in the region of 200 are known for their hardness, toughness, and scratch 
resistance. In comparison, a standard alkyd system produces a much softer coating with a König 
value below 50.

Surface drying (sand dry time)
Many pencil coating production facilities require that pencils are handled and packaged as soon as 
the solvent has evaporated from the coatings. Cellulose esters produce extremely quick solvent 
release. To demonstrate this, small glass beads were sprinkled onto the wet-topcoat pencil coatings 
(150 μm WFT on Leneta test charts [23°C]). The time when the beads could be brushed off without 
sticking to the surface was recorded. The cellulose ester system produced a sand dry time of a few 
minutes compared to the alkyd system, which was much higher.

Yellowing resistance at elevated temperature
White or pastel color pencil coatings can change color during storage such that they become less 
bright and take on a yellow discoloration. To determine the yellowing resistance, titanium dioxide 
was dispersed into the topcoat formulations to produce white topcoat pencil coatings. These were 
applied to aluminum panels (100 μm WFT [23°C]) and allowed to cure for 24 hours at 23°C. The 
panels were then stored at 40°C during the test period of 672 hours. The yellowing index was 
measured using a Minolta CM-3600d spectrophotometer. The results showed severe yellowing in 
the alkyd system. There was also an indication of some yellowing for the nitrocellulose system after 
672 hours at 40°C. The cellulose ester system produced excellent color stability.
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Gloss 
The gloss of the topcoat pencil coatings was evaluated by applying the coatings to Leneta test 
charts (100 μm WFT). The coatings were allowed to cure for 24 hours at 23°C before the gloss was 
measured (60° and 85°) using a Sheen multiangle gloss meter. The gloss of all the pencil systems 
was at a level which would be described as very glossy and visually attractive.

Viscosity stability
Solutions of 10% nitrocellulose and cellulose ester in methyl ethyl ketone solvent were stored for 
4 weeks at 40°C and the viscosity measured using a Brookfield viscometer. The following graph 
shows a very large decrease in viscosity observed with the nitrocellulose solution, indicating that 
the CAB solution would be more stable on storage.
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Grease resistance
Human grease (sebum) can cause damage to the coating on the pencil. In this test, the topcoat 
pencil formulations were applied to glass panels @ 100 μm WFT. The sebum formulation (see 
Appendix) was applied to the coatings and a plastic cap placed over the sebum to prevent 
evaporation. The panels were stored @ 40°C for 28 days and visually assessed for damage on a 
weekly basis. All the coatings were undamaged by the grease after 28 days of storage.

Flammability testing
As previously mentioned, nitrocellulose can be a considerable fire hazard. In this test, the 
nitrocellulose and cellulose ester topcoat coatings that were used in this technical tip were tinted 
blue, applied on glass, scraped off, and put into aluminum dishes. A naked flame was used to ignite 
the materials, and as can be seen, the nitrocellulose system easily ignited and burned fiercely 
with the emission of significant heat and fumes. However, the cellulose ester system produced a 
small flame when ignited that eventually extinguished, leaving most of the material unburned; the 
nitrocellulose was com pletely burned.

Grease applied to coating

CAB
8 seconds after ignition
(small flame)

CAB
25 seconds after ignition
(self-extinguished)

NC
8 seconds after ignition
(fierce flame)

NC
15 seconds after ignition
(all material burned)

Coating showing no damage after grease was removed
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Comparison of benefits of cellulose ester (CE) vs. nitrocellulose (NC)  
in pencil coatings

Benefits and features CE NC Advantages of cellulose esters

Extremely quick drying Yes Yes In automated air-drying systems. Pencil coatings need 
to dry quickly and be stacked after drying.

Hardness/toughness Yes Yes Pencils need to withstand tough handling conditions.

Grease resistance Yes Yes Excellent grease resistance is required. Human hand 
grease can soften and stain pencil coatings.

High gloss Yes Yes A high gloss or sheen is visually attractive.

Excellent appearance Yes Yes Smooth, defect-free films and high quality metallic/
pearlescent effects

Food contact approvals* Yes Yes Pencil coatings that are safer either for handling or 
certain “mouthing behaviors”

Yellowing resistance Yes No Best product for white and pastel colors with less 
yellowing of the pencils in storage

Viscosity stability Yes No A stable viscosity ensures a consistent film thickness of  
coatings during application.

Handling Yes No Handling NC in production is difficult due to 
flammability/explosion concerns.

Low flammability Yes No Less flammable coatings for finished pencils

Suitable for Canadian toy  
industry Yes No Can be used to coat toys where Canadian legislation  

prevents NC from being used

* Food contact status: Under regulations administered by the U.S. Food and Drug Administration (FDA), various grades of Eastman cellulosic products may  
 lawfully be used in food contact applications. These products are manufactured, stored, handled, and transported under conditions adhering to 21 CFR 174.5  
 on general provisions applicable to indirect food additives (i.e., current good manufacturing practices for food contact substances). Regulatory information  
 sheets are available on request.

Conclusion
Eastman cellulose esters are manufactured from a sustainable and renewable resource. Since 
Eastman cellulose esters are less flammable, they are much safer than nitrocellulose in production 
handling and in finished articles. In this technical tip, we have demonstrated high-performing pencil 
coatings can be produced from Eastman cellulose esters. These high-Tg materials improve the drying 
rate and hardness/toughness, impart nonyellowing characteristics, provide a stable viscosity, show 
excellent grease resistance, and produce a high-gloss, defect-free finish.

Appendix
Grease formulation used for grease resistance tests was a slight modification to the sebum 
formulation outlined in Patent No. WO2013026630A2.

Sebum formulation %

Oleic acid 8

Stearic acid 4.1

Triolein (triglyceride) 39.2

Methyl myristate 29.8

Squalene 13.8

Cholesterol oleate 3.4

Cholesterol 1.7

Total 100

7



CE-EU-COAT-006A     12/18

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.

© 2018 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


