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The Innovation 
 

Reduce the operating and capital 
cost to produce acetic acid via 

methanol carbonylation 
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The Intuitive Innovator 
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Define the challenge, 
problem and objectives 

Understand Cause and 
Effect 

Apply abstract principles 
from analogous problems 

Combine principle with 
resources to form an idea 

Evaluate the idea 

Wrong problem = Wrong solution 

Complex systems mask root causes 

Even experts possess only a limited 
number of principles to use 

Resources often remain hidden 

The Intuitive Process…       …and its limitations 

Limited Ideas result in limited value 
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Function Modeling 
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Function Modeling  

Functions can be useful 

Functions can be harmful 

One function can produce another 

One function can counteract another 

A contradiction exists when a function 
produces a useful result and also 
produces a harmful result 
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Three Opportunities for Improvement 

1.  Find a way to improve Function H. 
 
 

2.  Resolve the contradiction: Function G 
should produce Function H, and 
should not produce Function J. 
 

3.  Find a way to counteract Function J. 

There are only three ways to improve system performance –
improve the sum of useful functions, reduce the sum of 
harmful functions and resolve the contradictions. 
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Ideality 

Good	   Be'er	   Nearly	  Ideal	  

Primary	  Func5on	  of	  a	  Paper	  Clip	  =	  Hold	  Two	  Pieces	  of	  Paper	  Together	  
Ideal	  Vision	  =	  Papers	  held	  together	  without	  the	  Paper	  Clip	  Exis5ng	  

    ∞ Sum	  of	  Useful	  Func5ons	  

Sum	  of	  Harmful	  Func5ons	  
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Function Modeling 

Phonograph	  Func-on	  Model	  

Pure	  Func-on	  Model	  

How How How How How How 

Why Why Why Why Why Why 

When 

When When 
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Evolution of Functionality 

“Play	  Music”	  
Func-onality	  Delivered	  

Increasing Ideality 
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Function Modeling 
Acetic Acid 
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Simple Process Function Model 
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Refined Process Function Model 
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This model reveals 
how and why water 
stabilizes the catalyst 
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The Function of Water in the Reaction 
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The Contradiction:  
We want water in the reactor to 
•  Put reactants in solution 
•  Run at mild conditions 
•  Provide hydrogen bonding 
We don’t want water in the reactor because it 
•  Consumes energy to remove 
•  Corrodes the equipment 
•  Consumes CO 

Resolve the Contradiction 

Improve Useful Functions 

Counteract Harmful Functions 
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TRIZ 
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TRIZ Applied to 
Acetic Acid 
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Find	  a	  Way	  to	  Counteract:	  	  
“Water	  must	  be	  removed	  from	  product”.	  

Opportunities for Improvement 

1
7 

	  	  

CO 
MeOH 

HOAc 
H2O 
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Designing the Patent 
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Specific Function Model 
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The invention as originally conceived by the inventor 
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Pure Function Model 
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The pure function model removes specific physicality from the 
model 
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Function Table 
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Specific Invention 
Minimum amt of water 
Supply methacrylic acid, etc 
Ionically bond HI 
Provide hydrogen bonding 
Supply Rh catalyst 
Supply CO 
Supply MeOH 
Rh in +1 state 
Stabilize Rh catalyst 
Enhance rx rate 
Produce HOAc 
Supply MeI 

Patent Base Model 
Minimum amt of water 
Supply HI solvating agent 
Ionically bond HI 
Provide hydrogen bonding 
Supply catalyst 
Supply CO 
Supply alcohol 
Metal compound stable 
Stabilize catalyst 
Enhance rx rate 
Produce Carboxylic acid 
Supply alkyl iodide 

Pure Function Model 
Minimum amt of solvent 
Supply chemical compound 
Effect co-catalyst 
Electrochem effect 
Supply catalyst 
Supply Feedstock 1 
Supply Feedstock 2 
Catalyst in desired state 
Stabilize catalyst 
Enhance rx rate 
Produce acid 
Supply Feedstock 3 

Getting outside of prior art 
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Patent Base Model 
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The model that 
describes a novel 
invention 
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Guided Brainstorming Using TRIZ 
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Complete Patent Function Model 
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Ideas from Guided Brainstorming 
are added back into the model 
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Foundation Model 
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Foundation Model 
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Structured Description 
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Production of a carboxylic acid by 
1.  Supplying carbon monoxide 
2.  Supplying an alkyl halide 
3.  Supplying an alcohol 
4.  Enhancing the reaction rate 

A.  Supplying a catalyst 
B.  Stabilizing the catalyst 

I.  Keeping the metal in the catalyst in a stable state 
a.  Ionically bonding hydrogen 

i.  Providing hydrogen bonding 
①  Supplying an HI solvating agent 

•  Supplying a HI solvating agent with 
a boiling point higher than water 

•  Supplying a minimum amount of 
water 
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Structured Description 
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①  Supplying an HI solvating agent 

A.  Use a carboxylic acid 
I.  Use compound containing 2 or more OH groups 
II.  Use oligomer containing carboxylic acid 
III.  Use co-oligomer containing carboxylic acid 
IV.  Use polymer containing carboxylic acid 
V.  Use copolymer containing carboxylic acid 

B.  Use a polyol 
I.  …. 
II.  …. 
III.  …. 

C.  Use sulfone 
D.  Use mixtures of the above 
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• Systematic method produces a solid foundation to 
broadly define the invention. 

• Improved communications between inventor and 
patent attorney 

• The function models establish a common 
language for communication 

• Write it right the first time 
• Regulations previously proposed under 37CFR 
would limit the number of continuations to two.   

• Provide better information to outside patent 
counsel with potential to improve quality and 
reduce costs. 

• Brainstorming with TRIZ inventive principles 
expands the invention and often leads to new 
inventions. 

Conculsions 


