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What We Do - Paradigm Change Batch to Conti 
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 Operating conditions:  
 Temperature up to 200 °C 
 Pressure up to 100 bar 
 Stainless steel or Hastelloy 
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Benefits 
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This is a  
placeholder text. 
This text can be replaced 
with  
your own text.  
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• Text 

• Text 
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Rapid mixing               

Rapid heat exchange    
(no “hot spots”) 

Well defined residence time 

Short response time 

Continuous 
flow 

+ 
Micro- / Milli- 

structured 
channels 



5 

Analogy to Well Established Equipment 

Plate Heat Exchanger Tube Bundle Heat Exchanger 

ART Plate ART Plate Miprowa 



Rectangular Does the Trick 
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Rectangular channels + mixing inserts: 
 Higher surface to volume ratio 
 Excellent heat transfer 
 Narrow residence time distribution 
 
 Higher yield and selectivity! 



Scale-up Strategy: Lab to Production 
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12 x 1.5 mm² 

18 x 3.2 mm² 

Optimization 

• Optimal configuration 

• Control strategies 

• Conversion, yield and selectivity (product quality) 

• Process window 

Validation 

• Pilot scale = Production scale 1 or 3 channel reactor 

• Using technical raw materials 

• Monitoring of fouling and clogging 

• Testing of Start-Stop strategies 

Production 

• Numbering up of channels 

Design of Reactor 
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Higher heat transfer capacities, enhanced by mixing inserts 

Heat Transfer vs. Mixing Inserts 

Miprowa Matrix 
Channel: 600 x 18 x 3.2 mm3 

Process fluid: water (20°C at inlet) 
Thermal fluid (60 °C at inlet) 
Flow rate thermal fluid: 15 L/min 
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Pressure drop variation by using different mixing inserts 

Pressure Drop Characteristics 
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From Batch to Continuous Production 
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… 
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The Chemistry Behind 

Reactant      +      Ethylene Oxide      →      Product      +      Q     

 Explosive 

 Extremely Flammable 

 Toxic 

Increased 

Safety Risk 

Solution:  
 

Reduced 
Reactor Volume 

   Increase of Safety 
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The Chemistry Behind 

Reactant      +      Ethylene Oxide      →      Product      +      Q     

Limited Stability of 
Reactant and Product 

Side Reactions 

   Increased Production Efficiency 

Highly Exothermic 

 
 

Reaction Time 
Batch > 100 h 

Solution: 
 

 Improved Heat 
Exchange 

 Reduced Reaction 
Time 
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 L i q u i d  A  

 S o l v e n t  

 L i q u i d  B  

V tot≈ 50  m ³  V tot≈ 0, 04  m ³  

 L i q u i d  A  

 L i q u i d  B  

 S o l v e n t  

From Batch to Conti in about 8 Months 
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A. Se le ct ion  o f  inter face  te ch n o log y  MIP ROWA®  

B. Opt imizat ion  o f  re actor  conf ig u rat ion  

C . Mon i tor  p rod u ct  stab i l i ty,  conve rs ion  an d  s e le ct iv i ty  by  

var iat ion  o f  p roce s s  p aramete rs  

D . Proce s s  opt imizat ion  

MIPROWA® Lab interface 

Step 1: Transformation into Scalable Technology 
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Step 1: Transformation into Scalable Technology 
 

MIPROWA® Lab interface 
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A. Tran sfer  to  p i lo t  re actor  (matr ix )   

B . Ve r i f i cat ion  an d  opt imizat ion  o f  re actor  

conf ig u rat ion  

C. Long - te rm stab i l i ty  run  

D. G e n e rat ion  o f  p roce s s  d ata  for  d e s ig n  o f  

p rod u ct ion  re actor  

Miprowa® Matrix Miprowa® Lab 

12 x 1.5 mm² 

18 x 3.2 mm² 

Step 2: Transformation of Lab Procedure to Pilot Scale 
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A. En g in e e r in g  & fab r icat ion  
work  

B . De l ive r y  an d  as s e mbly  
s u p p ort  

C . I n sta l lat ion  s u p p ort  

 

C o o l i n g  
m e d i a  f e e d  

P r o c e s s  m e d i a  f e e d  

Step 3: Engineering and Construction of Production 
Reactor 
 

S i n g l e  r e a c t o r  c o r e  
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 6  M i p ro w a  re a c t o r  c o re s  i n  s e r i a l  

 1 5 4  c h a n n e l s  ( 1 8  x  3  x  1 2 0 0  m m ³ )  

  D i m e n s i o n s :  7 , 5 0  m  l e n g t h ,  D N  4 0 0  

 To t a l  v o l u m e :  4 0  L  

 5 . 0 0 0 … 1 0 . 0 0 0  t /a  t h ro u g h p u t  

 C o m m i s s i o n i n g  S e p t e m b e r  2 0 1 6  

P r o c e s s  R e a c t o r  A s s e m b l y  

I n s p e c t i o n  o f  re a c t o r  c o re s  
a f t e r  6  m o n t h  o f  c o n t i n u o u s  
r u n :  

 n o  d a m a g e  

 n o  c o r ro s i o n  

 n o  fo u l i n g  

Millireactor for Production Application 
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Potential for Cost Reduction by Batch to Conti 
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Product with 10000 t per year capacity and 8000 h per year operating hours. 

Batch Conti 

Reactor volume in m³ 110 0.190 

Yield in % 80 95 

Demand of raw material in t/tProduct 1.25 1.04 

Raw material costs in 1000 €/tProduct 12.5 Mio € 10.4 Mio € 

Cost savings per year 2.1 Mio € 

+ energy savings, lower downstream effort… 
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Current Batch Process 
with Multiple Reactors 

New Process with Miprowa® 
Reactor 

 Large Volume 

 > 20 Batch Reactors 

 Long Reaction Time 

 Formation of Side Products 

 Small Volume 

 Short Residence Time  

 Significantly Impoved Yield and 
Product Quality 

 Capacity: up to 10,000 tons/a  

 Reduction of Carbon Footprint & 
Energy Consumption 

 Safer Production Process 
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