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EXECUTIVE SUMMARY 
 

A Paradigm Shift in Chemical Processing: 
New Sustainable Chemistries for Low-VOC Coatings 

 
Introduction 
The total volume of emulsion polymers sold in the U.S. in 2004 was estimated at 
5.9 billion pounds.  Waterborne coatings for paints, paper, textiles and carpets 
use large quantities of emulsion polymers for binding pigments and adhering the 
coating film to the relevant substrate.  These emulsion polymers are dispersions 
in water of high molecular vinyl polymer particles.  Typically these particles range 
in diameter from 60 nanometers to 500 nanometers.  This 5-year program 
focused on the research and development of new processes, utilizing up to 30% 
less raw material than current commercial practice, for the manufacture of 
emulsion polymers.  A second objective involved broadening the reactivity of 
new, more environmentally-friendly coalescing agents, to create systems for 
coatings and a broad variety of industrial applications. 
 
Goal – Process Intensification 
Emulsion polymer particles are usually solid.  However, computational modeling 
showed that only 25 nanometers of the outer layer of an emulsion particle is 
essential for effective emulsion film formation.  Our project focused on the goal of 
intensifying the process for making emulsion polymers to produce New Emulsion 
Polymers (NEPs), such that we could reduce, by 30%, the amount of raw 
material used for making all emulsion polymers while maintaining product 
performance in all applications. 
 
Full adoption of the new emulsion polymerization process technology would yield 
significant energy savings benefits.  First, we anticipated that the 30% reduction 
in raw materials used in the emulsion process would save 81 trillion BTU’s per 
year when fully adopted by 2020.  Second, the NEPs would reduce the use of 
titanium dioxide because they would replace some of the pigment required for 
hiding in coatings applications.  This would yield an additional 18.5 billion BTU’s 
in energy savings from reduced titanium dioxide manufacturing.  Also, this would 
save the paint industry $270 million annually in raw materials costs.  Finally, the 
new binder and coalescent technologies, described herein, would yield more 
environmentally friendly products because the binders and coalescing agents 
contain a lower Volatile Organic Content (VOC). 
 
The figure below provides an illustration of the chain of chemical conversion 
processes that must be successfully executed to provide emulsion polymers to a 
diverse range of markets. 
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Petroleum feedstocks such as propylene, acetone, methanol, butanol and 
benzene are used to make monomers such as acrylic acid, methyl methacrylate, 
butyl acrylate and styrene.  The monomers are then converted, as represented in 
the third box, to emulsion polymers.  Our project impacts the emulsion 
polymerization process.  Through the manipulation of raw materials (monomer, 
surfactants and other proprietary ingredients), temperature and other reaction 
conditions, we demonstrated the production of New Emulsion Polymers (NEPs) 
whch utilize 11 – 22% less raw material than the  emulsion polymers that are 
manufactured commercially today.   
 
The project was conducted in partnership with Archer Daniels Midland Company 
(ADM) and the University of Minnesota.  ADM’s role involved the synthesis of 
coalescing agents, based on the company’s Presidential Green Chemisry Award-
winning technology.  The objective was to synthesize coalescents that would 
react with special chemical functionalities built into the emulsion particles by 
Rohm and Haas.  The chemical reaction between the coalescing agents and 
functionalized emulsion particles was intended to boost the strength of the 
coating film in final applications.  The University of Minnesota l provided special 
microscopy characterization to help guide the project’s direction.   
 
Accomplishments 
 
The partners discontinued the program after 15 months because the Department 
of Energy’s (DOE) Office of Energy Efficiency and Renewable Energy (EERE) 
restructured it’s Chemicals Program Portfolio to address other priorities.  
Nevertheless, the project achieved several noteworthy accomplishments. 
 
1. For the first time, Rohm and Haas synthesized New Emulsion Polymers 

(NEPs), containing up to  22% less raw material than conventional emulsion 
products that were capable of film formation under conditions typically used 
for paints.   Three chemistries,   Acrylics, Vinyl Acetate-Acrylics and Styrene-
Acrylics were looked.  We made the most progress on the all acrylic 
chemistry.  Microscopy analyses performed by the University of Minnesota 
confirmed that the new polymerization process yielded the desired emulsion 
particle morphology.  

2. The team began assessment of new coalescents, synthesized by ADM, in 
coatings systems. 
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3. Rohm and Haas began discussions with customers on early commercial 
introduction of a first generation product. 
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Project Objective:   Process Intensification  
 
To effect a paradigm shift in chemical processing for emulsion polymers that will 
reduce the petrochemical-derived ingredients in such polymers by 30% - saving 
up to 81 trillion BTU’s/year by the year 2020. 
 
Background:      
The project intended to employ processes to make emulsion polymers from 
reduced levels of petroleum feedstock . The initial application of interest was 
architectural paints.   
 
Most waterborne paints contain spherical, emulsion polymer particles that serve 
as the film forming binder phase.  Our goal was to make emulsion polymers 
particles from 30 percent less feedstock that would function as effectively as 
commercial emulsions made from higher levels of feedstock.  The process had to 
produce a particle that maintained its film formation and binding capability, but 
preserved the structural integrity of the particles after film formation.   
 
Rohm and Haas (ROH) and Archer Daniels Midland Company (ADM) worked 
together to employ novel polymeric binders (ROH) and new, non-volatile, 
biomass-derived coalescing agents (ADM).   The University of Minnesota, 
Department of Chemical Engineering and Material Science utilized its unique 
microscopy capabilities to characterize films made from the new emulsion 
polymers (NEP).  
 
We estimated that if successful, the project would have broad impact across 
diverse market segments, from paints to caulks, from textiles to packaging, and 
from carpet to paper.  
 
The key tasks that had to be accomplished were laid out the schedule shown in 
Table1.  This table also summarizes the progress made up to the time funding 
ended (June 30, 2005). 
 

Table 1 - Task Schedule and Progress made up to the end of Funding 
Period 

 
Task Completion Date Task 

No. 
Title/Task Description 

Original 
Planned 

Revised 
Planned 

Actual Percent 
Complete 

Progress Notes 

2.1.1 Concept Validation with Acrylics 
 

3/05  2/05 100% Demonstrated feedstock removal 
and structural integrity 

2.1.2 Vinyl Acrylic & Styrene Acrylic 
Synthesis 

6/06   40% Outstanding processing issues with 
both chemistries.   

2.1.3 Particle Morphology Optimization 
 

6/07   20% Currently at 15-22% reduction in 
acrylics with maintenance of 
structural integrity – Target 30% 

2.1.4 Synthesis of New Coalescents 
 

6/07   30% A functionalized material has been 
prepared, but not evaluated 

2.1.5 Candidate Evaluations 
 

9/08   15% Early customer feedback has 
shaped the direction of the project 

2.1.6 Customer Sampling and Optimization 
(after Customer Feedback) 

2/07   0% See above 

2.1.7 Process Optimization and Stress 
Studies 

9/07   0% Not addressed during the funding 
period. 
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Summary of Accomplishments During the Period of Funding. 
 
Concept Validation with Acrylics – 2.1.1 
During the funding period, we fully validated the concept.  We employed a new 
process for manufacturing new acrylic emulsion particles that engineers from our 
manufacturing network consider capable of being run in a standard emulsion 
reactor.  Processing is still longer and more complex than most conventional 
emulsion processes.  Reducing this complexity remains an outstanding goal of 
the program.  

 
The process consistently produced emulsion particles with 18% of the raw 
material removed.  Figure 1 shows an electron micrograph of the new acrylic 
emulsion.   
 
This new family of emulsion particles was successfully formulated into quality 
paints.    The new emulsion particles maintained their structural integrity during 
film formation and, as predicted, scattered light.  This light scattering effect 
contributed to the hiding of the paint film.  The data in Table 1 compare hiding in 
a paint formulation between conventional and new emulsion binders.   In this 
table, the titanium dioxide (the main hiding pigment) and extender levels are 
maintained constant. The conventional binder is replaced with an equal volume 
solids concentration of the new emulsion binder. The result is a  paint with 
increased hiding.    When reduced to commercial practice however, we expect 
that paint companies will reduce the level of expensive hiding pigments and 
match the hiding of current paint formulations. 
 

Table 1:  Comparison of Hiding of Paints formulated from Conventional 
Commercial Binders and New Emulsion Binders 

 
Binder ID TiO2  Level 

(PVC) 
Extender Level 

(PVC) 
Hiding (S/Mil) 

RhoplexTM SG-30 18 0 7.77 
NEP  JKB-8625 18 0 9.46 
    
RhoplexTM ML-200 19.3 14.8 6.1 
NEP GP-5567 19.3 14.8 9.6 
    
RovaceTM 9900 15   45 4.48 
NEP GP-5719 15 45 6.49 
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Vinyl Acrylic and Styrene Acrylic Synthesis – 2.1.1 
 
We significantly advanced our process knowledge pertaining to vinyl acrylic and 
styrene acrylic synthesis of new emulsion binders.  Although we were able to 
make new emulsion binders from each of these chemistries (Table 2), neither 
was able to match the performance of the all acrylic materials in paints.    
 
In Table 3, we compare paint data for the acrylic and styrene acrylic chemistries.  
The small differences in binder properties between the chemistries translate into 
a significant impact on the hiding performance in paints.    We speculated that 
the processes changes made to improve the styrene/acrylic led to loss of 
interstitial air voids that contributed to the hiding in the paint film. 
 

Table 2:  Comparison of key properties of All Acrylic, Vinyl Acrylic and 
Styrene Acrylic NEP Binders  

 
ID # Polymer 

Chemistry 
Hiding
S-Mil 

Structural 
loss % 

Raw material 
reduction % 

Comments 

JKB-
99273A 

Acrylic 1..23 11 18.3 Acrylic control 

JKB-9293A Styrene 
Acrylic 

1.13 3 12.6 Imp. structural 
integrity, but low 
hiding in paint. 

JKB-9043 Vinyl 
Acrylic 

1.12 11 13.8 High residuals 

 
 
 
 
 
 

Table 3: Comparison of Hiding and Scrub Performance of All Acrylic and 
Styrene Acrylic NEP Performance in Two Paint Formulations 

 
HCB Binder ID Binder 

Chemistry 
Paint Type Hiding / PVC Scrub 

Resistance 
JKB-9273A Acrylic Sheen 6.48 870 
JKB-9293A Styrene 

/Acrylic 
Sheen 5.79 819 

     
JKB-9273A Acrylic Flat 5.01 725 
JKB-9293A Styrene/Acrylic Flat 4.35 649 
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Particle Morphology Optimization – 2.1.3 
 
Since we had not completed all our process development work, we could not 
optimize the morphology of any of the chemistries during the funding period. 
 
Synthesis of New Coalescents (Archer Daniels Midland) – 2.1.4 
 
Initial efforts to prepare the functionalized hydroxylated PGME were not 
successful using some conventional techniques.  The functionalized coalescent 
was expected to interact and cross-link with appropriate functionality on the latex 
polymer. ADM felt that they had overcome the hurdles associated with this 
synthesis.  However, before they could complete their synthesis, the funding 
ended.  
 
Candidate Evaluations  - 2.1.5 
 
We began discussions with a major paint company to help us assess the acrylic 
version of the technology.   This early customer interaction identified the following 
issues with the technology that needed addressing for successful 
commercialization: 
 

1. low gloss 
2. incompatibility with associative thickeners 
3. weak burnish resistance in some formulations 
 

These issues will be addressed as the program continues under exclusive 
sponsorship by Rohm and Haas. 

 
Customer Sampling and Optimization Following Customer Feedback — 2.1.6 
 
We did not address this aspect during the funding period. 
 
Process Optimization and Stress Studies —  2.1.7 
 
We did not address this aspect during the funding period. 

 
Polymer Characterization 
 
The University of Minnesota developed techniques to look at the loss of structural 
integrity of New Emulsion Binders.   Micrographs in Figure 2 demonstrated the 
capability to see the loss of structural integrity under high humidity conditions.  
Note the consistency of the acrylic NEP (Figure 1) and how the Styrene/Acrylic 
(Figure 2) shows almost complete loss of the voided structure. 
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Figure 1:  Scanning Electron Micrographs of Acrylic New Emulsion Binder 
(JKB-9039A) with good structural integrity.  
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Figure 2 : SEM of Early Styrene Acrylic (JKB-9041B)  illustrating poor 
structural integrity 
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