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GAS PHASE MICRO REACTOR WITH MIXER 

AN D  I N TERN AL  HEATI N G/COOL I N G 
GPMR-MIX

Gas Phase Micro Reactor with Mixer and Internal Heating/
C ooling

T op  hou sing p late of reactor with m ixer and reactor stack

S chem atic of the GPMR-Mix dev ice 
and details of the fu nctional p rincip le

Pr in c ip le

T h e  G a s  P h a s e  M ic r o  R e a c to r  w ith  

M ix e r  a n d  In te r n a l H e a tin g /C o o lin g  

G P M R -M IX  c o n ta in s  tw o  r e c e s s e s , 

e a c h  fi lle d  w ith  o n e  s ta c k  o f mic r o - 

s tr u c tu r e d  p la te le ts , w h ic h  a r e  c o n -

n e c te d  v ia  a  c o n d u it. B o th  s ta c k s  a r e  

c o n n e c te d  to  w e ld e d  tu b e s , s e r v in g  

fo r  fe e d  a n d  fl u id  w ith d r a w a l. 

T h e  fi r s t s ta c k  c o mp r is e s  tw o  ty p e s  o f 

mir r o r-ima g e d  p la te le ts  w ith  p a r a lle l 

fe e d in g  c h a n n e ls  w h ic h  a r e  a lte r n a te ly  

a r r a n g e d  s o  th a t a  mu lti-la min a tio n  

fl o w  c o n fi g u r a tio n  is  c r e a te d  fo r  g a s  

mix in g . In  th e  c o n d u it a tta c h e d , fo rm-

in g  a  fl o w -th r o u g h  c h a mb e r, mix in g  

is  c o mp le te d  w ith in  s h o r t time  d u e  to  

th e  v ir tu e  o f d e c r e a s in g  th e  d iffu s io n  

p a th . H e n c e  th e  mix e d  r e a c ta n t g a s  

v o lu me  (b e fo r e  r e a c tio n ) is  k e p t a s

s ma ll a s  p o s s ib le . A s  a  r e s u lt, in v e s ti-

g a tio n s  in  th e  e x p lo s iv e  r e g ime  a r e  

s a fe ly  a me n a b le , a s  d e mo n s tr a te d  b y  

r e s e a r c h  w ith  th is  a n d  s imila r  to o ls . 

T h e  s e c o n d  s ta c k  c o mp r is e s  p la te le ts

w ith  p a r a lle l c h a n n e ls  o f s ma ll d e p th  

s o  th a t v e r y  g o o d  h e a t tr a n s fe r  is  p r o -

v id e d . B y  th is  me a n s , h o t-s p o ts  a r e

r e d u c e d  a n d  n e a r-is o th e rma l o p e r a tio n

c a n  b e  a c h ie v e d . T h e  p la te le t c o n s tr u c -

tio n  ma te r ia l its e lf ma y  a c t a s  c a ta ly s t 

o r, mo r e  p r e fe r a b ly , th e  c h a n n e ls  ma y

b e  c o a te d  w ith  a  c a ta ly s t la y e r, e .g . 

w e t c h e mic a lly  u s in g  th e  w a s h -c o a t

r o u te  o r  b y  me a n s  o f th in -fi lm d e p o s i-

tio n . A  s ma ll to ta l ma s s  o f th e  c o n -

s tr u c tio n  ma te r ia l, h e n c e  a  c o mp a c t 

a r r a n g e me n t o f th e  fu n c tio n a l u n its , 

a n d  in te r n a l la r g e -p o w e r  h e a t s u p p ly  

g u a r a n te e  fa s t h e a tin g  u p , ty p ic a lly  in  

th e  r a n g e  o f a  fe w  min u te s  (c a . 1 0 0

K /min ), e v e n  w h e n  a p p r o a c h in g  r e la -

tiv e ly  la r g e  te mp e r a tu r e s , e .g . u p  to

60 0 ° C . In te r n a l c o o lin g  ty p ic a lly  o f 

s imila r  time  s c a le  is  p r o v id e d  b y  c o n -

v e c tio n  fl o w  o f a  g a s  s tr e a m a t h ig h

fl o w  r a te  in  a  c h a n n e l w h ic h  s u r r o u n d s

th e  fu n c tio n a l u n its .

T h e  mix e r-c a ta ly s t z o n e  r e a c to r  h a s  

b e e n  e x te n s iv e ly  s tu d ie d  fo r  its  u s e  fo r

e th y le n e  o x id e  s y n th e s is . A mo n g  o th e r

r e s u lts  o f th e  p a r a me tr ic  s tu d y , s a fe  

o p e r a tio n  in  th e  e x  r e g ime  (3  v o l.-%  

e th y le n e , 5 0  v o l.-%  o x y g e n , b a la n c e

n itr o g e n ; 5  b a r ; 4 l/h ; 2 7 7 ° C ), h ig h  

s p a c e -time  y ie ld s  (u p  to  0 .7 8  to n s  h
-1

m
-3

), a  ma x imu m s e le c tiv ity  o f 69 %

(6 v o l.-%  e th y le n e , 3 0  v o l.-%  o x y g e n , 

b a la n c e  n itr o g e n ; 5  b a r ; 0 .1 2 4 s ; 5  l/h ; 

2 9 0 ° C ), n o t fa r  fr o m th e  in d u s tr ia l 

b e n c h ma r k , a n d  h ig h e r  c o n v e r s io n s  

a t c o mp a r a b le  s e le c tiv ity  c o mp a r e d  to  

fi x e d -b e d  te c h n o lo g y  (2 0  v o l.-%  e th y -

le n e , 8 0  v o l.-%  o x y g e n ; 0 .3  M P a ; 

3 .1 7  l/h ; 2 3 0 /2 5 0 ° C ) w e r e  d e mo n s tr a -

te d .
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Individual parts of GMPR-Mix Mixer and reaction platelet Laser-cut mixer platelets

Operating Conditions 

 Temperature (°C) 600 

 Pressure stability (bar) 50
   
 F lowrate (l/h) 5

 Residence time (s) 0.025 –  2

 L eakage Class <  L 0.1

 S pecifi c surface area (m
2
/m

3
) 12700

   
 Total inner surface per reaction layer (mm

2
) 54

 S pecifi c inner surface per reaction layer (m
2
/m

3
) 3840

 Active inner volume per layer (mm
3
) 2.5

T ech nical D ata

 N ame Gas Phase Micro Reactor with Mixer and 
  Internal Heating

 O rder number GPMR-MIX 

 S ize (L  x B x H) 40 x 40 x 30 

 Connectors (Inlet/O utlet) 1/4˝  

 S tandard material Inconell 600 (2.4816) for housing and top plate 
  1.4571 for mixing and catalyst plates

 N umber of mixing plates 10

 S ize of mixing plates (mm) 7.5 x 7.5

 Channel geometry of mixing plates (µ m) 180 –  490 x ~  100

 N umber of catalayst plates  10

 S ize of catalyst plate (mm) 9.5 x 9.5

 Channel geometry of the catalyst plates (µ m) 460 x 125
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