
 

Core Competency 

Accelerated chemical process 

development and commercial 

scale-up    
 

E3Tec team has decades of experience 

of process development and 

demonstrating new technologies. 

 ASPEN Plus® HIRD process 

simulation with integrated kinetic 

and component models 

 Design methodologies for rapid 

process development 

 Laboratory and pilot scale test 

facility at Michigan State 

University 

 

Commercialization 

Pathways  

 Technology Development 

 IP Development 

 Technology Licensing 

 Strategic Alliance 

Business Strategy 

Contact Information 
 

Dr. C. B. Panchal 
 

E3Tec Service, LLC 
2815 Forbs Ave, Suite 107 
Hoffman Estates, IL 60192 

 

Phone: +01 443 812 5930 
cpanchal@e3-tec.com 

www.e3-tec.com 
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Synthesis of Bio-based 
Plasticizers, Solvents, and 

Coatings 
 

Heat Integrated Reactive 

Distillation (HIRD) for 

Synthesis of Succinic Acid 

Esters 
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Patent US 9,174,920 B1 November 2015 

Licensing or 

Strategic Alliance

Technology 

Development

Validation with Pilot-Scale Tests

IP Development & 

Industry Partnership 

Technology 

Development with 

Grant & Private Funds

Develop IP and 

Marketing

Alliance 

Agreement

Jointly Design, Build and 

Operate Pilot or Pre-

Commercial Plant

Design of 

Commercial 

Unit

Design Methodology
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Chemical Synthesis of 

Organic Acid Esters 

 

Bio-based Succinic Acid & 

Plasticizer Market Projection 

 

 Petroleum or biomass / sugar as feedstock for succinic acid production.
 Succinic acid is formed by chemical conversion of petroleum to maleic 

anhydride.
 Succinic acid is formed from fermentation of biomass/sugar.
 Succinic acid or its derivatives can be used directly in applications.

Petroleum
Maleic 

Anhydride

Biomass/ 
Sugar

Fermentation

Succinic 
Acid

   Succinic acid
              +             =PBS
      1,4-BDO

1,4-BDO, THF, GBL, 
PBT, PTMG

Dimethyl Succinate 
and Diethyl Succinate

Polyurethanes

Alkyd resins

Plasticizers

Deicers &
Coolants

Solvents & 
Lubricants

Personal care 
& Pharma
Coatings & 
Pigments

Food & Flavors

Derivatives of Succinic Acid

FEEDSTOCK CONVERSION
BUILDING 

BLOCK
CHEMICAL 

TRANSFORMATION
MARKETS

Production chain.
SUCCINIC ACID

 

 

The project is supported by the 

National Institute of Food and 

Agriculture of US Department of 

Agriculture (NIFA-USDA) through 

the SBIR program. 
 

 

 

Esterification of  

Organic Acids to  

High-Value Products 

This process technology was 

demonstrated at the pilot scale for 

esterification of citric acid to tri-

ethyl citrate. The economic analysis 

indicated potential savings in 

CAPEX and OPEX over the 

conventional batch processes. This 

technology is being applied to the 

synthesis of dioctyl succinate 

(DOSX), one of the leading bio-

based plasticizers replacing 

petroleum based phthalates. 

 

Technology  

Opportunity 

 There is strong motivation for 

bio-based “green” chemicals 

 Organic acid esters are 

alternate plasticizers to 

phthalates 

 Succinate-di-esters are used as 

solvents and in coatings 

 Chemical synthesis processes 

developed for petroleum based 

chemicals cannot be directly 

applied to synthesis of bio-

based chemicals 

 

 

E3Tec’s HIRD Process 

Ideally Suited for 

Synthesis of Esters of 

Organic Acids 

Phthalates as plasticizers 

are increasingly being 

phased out from consumer 

products 

Bio-based 

Organic Acids 

and Alcohols 

Esterification                                           

via E3Tec’s 

HIRD Process 

Bio-based                        

Specialty 

Chemicals 


