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Chem Systems' Process Evaluation/Research Planning program has published a new 
report, Acrylamide (01/02S10). 
 
Acrylamide was first produced by American Cyanamid Inc., in 1954.  The original chemistry 
to hydrate acrylonitrile used sulfuric acid and ammonia.  Subsequent developments 
included the use of heterogeneous catalysts based on copper and chromium oxides.  The 
heterogeneous process was an improvement over sulfuric acid, but still was costly given 
the need to separate and recycle acrylonitrile and concentrate the solution for 
polymerization use.  In the 1980s work began in Japan on the development of a 
biotransformation process for the hydration of acrylonitrile.  Several organisms were 
developed containing the active enzyme nitrile hydratase including Corynebacterium, 
Pseudomonas, etc.  The first generation biotransformation plant using immobilized cell 
technology still needed a recycle/concentration step.  However, later generations based on 
Rhodococcus rhodochrous J1 enabled full acrylonitrile conversion and a concentrated 
solution to be made without any need for recycle/concentration with commensurate savings 
in energy cost.  In recent years the heterogeneous process has been improved through the 
use of catalytic distillation (CD Acrylamide®).   
 
In the 1980s in Japan, Nitto Chemical developed a first generation biotransformation 
process which used micro-organisms (i.e. “whole cell”) immobilized in a polyacrylamide 
matrix.  In effect the catalyst acted as a heterogeneous catalyst.  The micro-organisms 
contained the active enzyme Nitrile Hydratase, shown in the figure below.  One of the 
challenges facing the biochemist was to provide cells with not only high nitrile hydration 
activity but also low hydrolysis activity to prevent the conversion of acrylamide into acrylic 
acid and ammonia.  The hydrolysis reaction is catalyzed by the enzyme amidase.  
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Intensive work continued on new micro-organisms with longer life, higher tolerance for 
acrylamide and higher conversion.  The answer to all these problems was found with the 
micro-organism Rhodococcus rhodochrous J1.  This new micro-organism could now enable 
acrylamide to be made through biotransformation without recourse to any recycles or 
concentration steps. 
 
Acrylamide production in this way was a triumph for biotransformation chemistry and in a 
way set the scene for further developments in commodity chemical production using 
biochemistry. 
 
In recent years CDTECH has revisited the heterogeneous process and applied catalytic 
distillation to the process to improve economic performance.  In this process acrylonitrile is 
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converted to extinction and concentration occurs in the same column where acrylamide is 
made.  The result is a much improved process compared to the original. 
 
For its technoeconomic comparison Nexant/Chem Systems has considered as a base case 
a plant of 20,000 tons per year located on the United States Gulf Coast, Western Europe 
and Japan on an average 2001 timeframe.  The cost comparison is based on acrylonitrile 
available at domestic price.  Three cases are considered:  conventional, biotransfomation, 
and catalytic distillation. 
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Nexant, Inc./Chem Systems (www.chemsystems.com) is a leading management consultancy to the global 
energy, chemical, and related industries. For over 30 years, Chem Systems has helped clients increase 
business value through assistance in all aspects of business strategy, including business intelligence, project 
feasibility and implementation, operational improvement, portfolio planning, and growth through M&A activities. 
Chem Systems has its main offices in White Plains (New York) and London (UK), and satellite offices 
worldwide. 
 
These reports are for the exclusive use of the purchasing company or its subsidiaries, from Nexant Chem 
Systems, 44 South Broadway, 5th Floor, White Plains, New York  10601-4425 U.S.A. For further information 
about these reports contact Dr. Jeffrey S. Plotkin, Director, PERP Program, phone:  1-914-609-0315; fax:  1-
914-609-0399; e-mail:  jplotkin@nexant.com; or Heidi Junker Coleman,  phone:  1-914-609-0381, e-mail 
address:  hcoleman@nexant.com,  Website: http://www.chemsystems.com 
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