
Eastman cellulose esters 
improve appearance and 
productivity of synthetic 
polyurethane leather.



Application overview
Synthetic polyurethane (PU) leather is a substitute for natural leather in upholstery, clothing, footwear, 
and other products that require a leather-like finish. Manufacturers rely on it to simulate soft and smooth 
touch and exhibit vivid color. In addition to meeting the aesthetic features of natural leather, synthetic 
PU leather can have improved durability, even when exposed to elevated temperatures for embossing 
effect. PU elastomers are noted for their combination of tensile strength, flexibility, and abrasion 
resistance.

Problems that can arise during the formulation of the coatings used to produce the synthetic leather 
include issues with blocking, flow and leveling, color dispersion, lack of clear embossing, and rheology, 
all of which can negatively affect the manufacturing process. Durability and touch issues, along with 
yellowing, can negatively affect the final manufactured product. Eastman cellulose esters can help 
address these issues, improving both the appearance and toughness of synthetic polyurethane leather 
and the productivity rates of the manufacturing process.

PU is the main binder used to create the synthetic leather structure. It is normally combined with fillers, 
pigments, solvents, and additives to provide various formulation pastes. The pastes can be applied by 
wet and/or dry processes onto cloth to form the main composition of finished synthetic leather. A 
surface finish in the form of a topcoat is then applied. The first coating stage involves the application of 
the PU paste to a backing cloth. This stage is often referred to as the wet process base layer due to the 
interaction of water with dimethylformamide (DMF) solvent. The backing cloth is coated with the paste 
comprised of PU resin, pigments, and additives in a solvent, which is typically DMF. Then the coated cloth 
is immersed into a water bath (water and DMF have good miscibility). At this stage, the DMF in the PU 
paste is exchanged with water while the PU resin gradually cures. This exchange creates tiny air pockets 
in the cured leather, producing a synthetic leather that is breathable with a soft, spongy feel that is like 
natural leather.  

In a separate step, a dry process layer is produced by mixing a PU paste, pigments, and additives in a 
solvent blend primarily comprised of DMF. The resulting mixture is coated onto a release paper and dried 
in an oven at 130°C for a few minutes. 

A 2K adhesive is applied to the wet process/cloth layer and dried at 110°C for 30 seconds, after which 
the dry process layer is laminated to the adhesive/wet process layer. This is cured at 150°C for 3 minutes 
before cooling and removal of the backing paper.  

The laminate can be printed, embossed, sanded, or buffed prior to the application of the final decorative 
coating (topcoat), which also benefits from the addition of cellulose ester. 

The process to form a synthetic PU leather is illustrated in Figure 1.
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Figure 1. Common synthetic PU leather structure

Product in use
Eastman cellulose esters in the wet process layer

Eastman cellulose acetate butyrate (CAB), when used in the wet process, provides effective anti-blocking 
and good flow and leveling that enable efficient manufacturing, resulting in increased output. Embossed 
images with clear edges and high definition are achieved, giving the product a premium look. 

PU leathers can easily block (stick to each other and be difficult to separate) during storage, especially at 
elevated room temperatures, which can lead to poor production yield. Softer PU leathers are even more 
likely to have blocking issues. Incorporating Eastman CAB in the PU paste formulation for the wet process 
layer limits blocking at elevated temperatures.

Tables 1 and 2 provide a typical cellulose ester starting point formulation for the wet process PU base 
coating. In the first step, the PU paste is prepared as outlined in Table 1. 

Table 1. Wet process PU paste formulation

Part Ingredients Description Dosage, wt%

A PU resin in DMF Binder, normally made in house 30

B Eastman CAB 381-0.5 Additive to prevent blocking or improve embossing images 1

C Additives Additive to improve flow and leveling, wetting, permeate, etc. 0.6

D DMF Solvent to dissolve PU resin and reduce viscosity 68.4

Total 100

Procedure
1. Add part B to part A and mix.
2. Add part C and most of part D and mix until mixture is clear and free of particles  
 (check via coating a glass panel).
3. Adjust viscosity and solid content with part D.
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In the second step, the PU paste formulation is used to prepare the fully formulated wet process PU  
base layer. 

Table 2. Fully formulated wet process PU base formulation

Part Ingredient Description Dosage, parts

A PU paste Binder formulated as described in Table 1 100

B Wood fiber Filler to increase strength 5–30

C Calcium carbonate Filler to reduce cost 5–30

D Additives Additive to improve void size, wetting, permeation, etc. 0.1–1

E Color paste Colorant (such as white or black) 3–10

F Eastman CAB 381-0.5 Additive to improve anti-blocking or embossing effect 1

G DMF Solvent to reduce viscosity 80–120

Total ~200–300

Procedure
1. Add parts A through E in the order shown and mix.
2. Dissolve part F in part G, then combine the resulting DMF solution in the premixed parts A through E.

Eastman cellulose esters in the dry process layer 

Eastman CAB 381-0.5 can also be used to prevent blocking and improve durability of the dry process layer.

Tables 3 and 4 provide a typical cellulose ester starting point formulation for the dry process layer. In the 
first step, the PU paste is prepared as outlined in Table 3. 

Table 3. Dry process PU paste formulation

Part Ingredient Description Dosage, wt%

A PU resin Binder to provide good durability 30

B Eastman CAB 381-0.5 Additive to prevent blocking 0.2~1.5

C Dispersing agent Additive to aid pigment 0.1~0.6

D Additive Additive to improve flow and leveling 0.2~0.6

E DMF Solvent to dissolve PU resin and reduce viscosity ~58

F EAC or DMC or MIBK Solvent to reduce viscosity and adjust evaporation rate 10

Total 100

Procedure
1. Add part B to part A and mix. 
2. Add parts C through F in the order shown and mix until clear and free of particles  
 (check via coating a glass panel).
3. Adjust viscosity, solids, and evaporation rate with part F.

In the second step, the PU paste formulation is used to prepare the fully formulated dry process PU layer. 
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Table 4. Fully formulated dry process PU formulation 

Part Ingredient Description Dosage, parts

A PU paste PU paste formulated as described in Table 1 100

B Colorant Colorant 3–10

C Eastman CAB 381-0.5 Additive to prevent blocking 1

D DMF Solvent 20–50

E MEK Solvent 27–40

F Additives Additive to adjust properties 0.1~1

Total 150~200

Procedure
1. Combine parts A and B.
2. Dissolve part C in part D, then combine the resulting DMF solution in parts A and B.
3. Add parts E and F.

Tactile properties of PU leathers containing Eastman CAB

For PU leathers without any surface treatment (topcoat), the inherent cellulose structure of CABs 
provides a dry and smooth touch. The feel and anti-blocking properties of a dry process 30-modulus PU 
resin were compared. One formulation contained silicone and the other included both silicone and CAB. 
Comparative performance was assessed using these methods:
 • The feel test was conducted by an external polyurethane paste producer and Eastman’s China  
  Technical Center, using a rating of 1 to 5 (poor to excellent). 
 • Anti-blocking was tested in two ways: 
   - By placing a 1-kg weight @ 80°C for 4 hours to determine whether the two layers  
    can be separated
   - Using the PU paste producer’s method to rate the face-to-face blocking with a rating of 1 to 5  
    (bad to good)

Table 5 shows the results of these evaluations. The PU resin with Eastman CAB 381-0.5 achieved the 
highest touch-feel rating, which means it provided better dry, smooth touch than the PU resin with 
silicone oil. For anti-blocking, the PU resin with Eastman CAB 381-0.5 also performed much better in the 
test at 80°C for 4 hours and showed the best result in the face-to-face test. 
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Table 5. Touch and anti-blocking comparison of PU resin blank, with silicone,  
and with Eastman CAB 381-0.5

Formulation

Ingredient Blank With silicone oil With CAB 381-0.5

30 modulus PU resin 64 64 61

Silicone additive — 0.4 —

Eastman CAB 381-0.5 — — 1

Black chip 3 3 3

DMF 33 32.6 35

Total 100 100 100

Touch

Tester A (PU paste maker) 1 3 5

Tester B (Eastman’s China Technical Center) 1 3 5

Anti-blocking

80°C for 4-hr method (face to back) Fail Fail Pass

PU paste producer’s method (face to face) 1 3 5

Pigment dispersion properties of PU leathers containing Eastman cellulose esters 

The pigment and filler particles should be fully dispersed to ensure the highest performing coatings. 
Eastman cellulose ester performance additives have, over many years, demonstrated that either solely 
or in combination with other dispersing and wetting additives they can create the very best coatings that 
show optimum colorimetric properties. They help to maximize color strength, optimize pigment particle 
spacing, and provide the necessary particle stabilization to ensure color consistency during storage and 
application of the coating. 

For a dry process PU formulator, Eastman Solus™ 2100 and 2300 performance additives have been shown 
to enhance the color strength of a carbon black-containing formulation. To evaluate the impact of Solus 
2100 performance additive on tinting strength, two commercial 80-modulus polyester, polyol-based PU 
resins with black pigment chips were tested. Each PU resin has a control formula and a formula where 
Solus 2100 was added. All formulas were tested to measure lightness value using a spectrophotometer. 

The chart in Figure 2 demonstrates that a carbon black formulation based on 1% Solus 2100 by dry 
weight produced a lower lightness value compared to that of the control. A lower lightness value 
produces an increase in blackness. A blacker or darker leather coating means that Solus 2100 is enhancing 
the dispersion of the carbon black pigment chips. This improvement should enable a leather manufacturer 
to reduce formulation costs, since less carbon black pigment chips should be required to achieve a specific 
shade of color.
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Figure 2. Lightness comparison of PU resin without and with Solus 2100

Eastman cellulose esters in topcoats

Eastman cellulose esters can also be used in coatings that are applied as the final surface coating layer 
(topcoat) of the PU leather. In these topcoats, cellulose esters provide an anti-blocking surface that 
has slip and good “hand feel” as well as produce a durable coating that is tough and abrasion resistant. 
Compared with other cellulosic film formers, topcoats containing cellulose ester are very light stable 
and do not contribute to yellowing (refer to the data in TT-52), a property especially important in light-
colored applications. Cellulose esters remain stable and should not degrade or yellow in the presence of 
the amine accelerators found in polyurethane shoe soles and polyurethane upholstery foam. Eastman 
cellulose esters are useful alone or in combination with other resins as film formers in solventborne 
lacquers and in lacquer emulsions for leather surface treatment.

In addition, Eastman cellulose esters do not contain substances listed on the candidate list of Substances 
of Very High Concern (SVHS) for REACH and Manufacturing Restricted Substances List (MRSL) for Zero 
Discharge of Hazardous Chemicals (ZDHC). Also, many Eastman cellulose esters are approved for food 
contact as they are manufactured, stored, handled, and transported under conditions adhering to current 
good manufacturing practices for food contact applications. For manufacturers who seek sustainable, 
biobased products, Eastman cellulose esters are derived from one of the most abundant naturally 
occurring biopolymers—cellulose.  

Summary
The use of Eastman CAB in synthetic PU leather can provide appearance and durability benefits during 
the wet and dry layer processes as well as for the final topcoat. For the wet process, CAB enhances anti-
blocking properties, flow and leveling, and the definition of embossed images. For the dry process, CAB 
enhances tinting strength, smooth touch, and anti-blocking properties. For surface topcoat treatment, 
CAB provides nonyellowing properties with an anti-blocking surface with good tactile properties. 
Consequently, the coating feels nice to the touch.  

These benefits help manufacturers of synthetic PU leather achieve their productivity goals while 
delivering products that satisfy customer requirements for premium appearance and durability.

For help selecting the best cellulose ester for your specific need, contact your Eastman technical service 
representative or an authorized Eastman distributor.
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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.
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