
Intensified Acetone Stripping and Asymmetric 
Transfer Hydrogenation in a Mesh Contactor

A. Gavriilidis
Dept of Chemical Engineering
University College London



Outline

– Asymmetric transfer hydrogenation

– Mesh reactor

– Acetone stripping in mesh reactor

– Asymmetric transfer hydrogenation in mesh reactor

– Mathematical model for stripping and reaction

– Conclusions



Asymmetric Transfer Hydrogenation
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• Reversible reaction
• Backwards reaction       
limits the reaction 
conversion and 
enantioselectivity
• Acetone is the most 
volatile compound

Acetone removal



Mesh Reactor
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Breakthrough Studies
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Set-up for Acetone Stripping
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Analytical Modeling

Liquid Gas

δm δgδl

C

CLM

CGM

pGM

p

kl

kg

K eql

Liquid Gas

δm δgδl

C

CLM

CGM

pGM

p

kl

kg

K eql

eqgl

g

K
1

TR
P

F
F

⋅⋅=Ω
L

K

l

lT

⋅δ
τ⋅ε⋅

=β

















⋅








Ω
+⋅β−⋅Ω+

Ω+
= H11exp1

1
1

C
C

in

out

23.8
D
2kSh =
δ⋅

=

Correlation for kl and kg

β is proportional to
•overall mass transfer 
•liquid residence time 
•open area of mesh
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Effect of Nitrogen Flowrate
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Internetmesh; dry N2; T=30oC; solvent: isopropanol; liquid inlet flowrate
0.1ml/min,  ∆P: pressure difference (Pgas-Pliquid)=30 mm H2O; Acetone 
concentration in the liquid inlet=0.1M



Effect of Liquid Flowrate
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flowrate 70ml/min, ∆P: pressure difference (Pgas-Pliquid)=30 mm H2O; 
liquid inlet acetone concentration =0.1M



Acetone Stripping in Batch Reactor and Mesh Contactor
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Mesh reactor: Dry N2 flowrate: 70ml/min; ∆P=50mmH2O; Temperature=30oC;

Batch reactor: Dry N2 flowrate: 800ml/min; Liquid volume:250ml; temperature=30oC



Acetone Stripping with Nitrogen Bubbled in IPA
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Asymmetric Transfer Hydrogenation in Batch and Mesh Reactor
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Temperature: 30oC, [Substrate]: 0.33M, [Substrate]/[Catalyst]=1000, In mesh reactor N2=70ml/min bubbled 
in IPA. In batch reactor, N2 flowrate=800ml/min, Reactor volume=500ml; Reaction solution volume=250ml.



IPA Top Up During Asymmetric Transfer Hydrogenation
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Mathematical Model

Mole balances in the liquid phase

Decrease of liquid flowrate

Mole balance in the mesh

Mole balance in the gas phase

( ) i2
L

L
i

2

2

L
i

2
L
i

L
iL R

x
c

z
c

Dcu
z

+










∂
∂

+
∂
∂

=⋅
∂
∂















ρ
⋅

∂
∂

−=⋅δ ∑
= δ=

2

1i i

i

xG

iG
i

g

L
L

M
x
yD

TR
P

dz
du

GG

0R
x
cD i2
M

M
i

2
L
i =+
∂

∂












∂

∂
+

∂
∂

=
∂
∂
⋅ 2

G

i
2

2
i

2
G
i

i
G x

y
z
y

D
z
y

u

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Membrane

0 1

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

Wall

Wall

W
al

l

W
al

l

ζ

0

1

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Membrane

0 1

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

Wall

Wall

W
al

l

W
al

l

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Liquid

0 1

Membrane

0 1

Mesh

0 1

Gas

1 0

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

W
al

l

W
al

l

ζ

0

1

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Membrane

0 1

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

Wall

Wall

W
al

l

W
al

l

ζ

0

1

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Membrane

0 1

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

Wall

Wall

W
al

l

W
al

l

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Liquid

0 1

Membrane

0 1

Mesh

0 1

Gas

1 0

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Membrane

0 1

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

Wall

Wall

W
al

l

W
al

l

ζ

0

1

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Membrane

0 1

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

Wall

Wall

W
al

l

W
al

l

M
em

br
an

e -
G

as
 In

te
rf

ac
e

Li
qu

id
-M

em
br

an
e 

In
te

rf
ac

e

Liquid

0 1

Liquid

0 1

Membrane

0 1

Mesh

0 1

Gas

1 0

Gas

1 0
ξL ξM ξG

(  (  (  ) ) )

( ) ( ) ( )

[
]

[
]

[
]

[
]

[
]

[
]

Inlet Inlet 

Outlet Outlet

W
al

l

W
al

l

ζ

0

1



Model Validation
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The model 
predicts well the 
behaviour of the 
contactor during 
acetone stripping 
from an acetone-
isopropanol 
solution



Effect of Increasing Stripping Gas Flowrate
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• Increasing gas flowrate
improves acetone removal

• Axial peak in acetone is due to 
isopropanol evaporation

• The stripping gas is saturated 
with isopropanol within the first 
10% of the contactor length



Effect of Stripping Gas Presaturation with Solvent
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acetone peak

• Liquid flowrate
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Transverse Concentration Profiles
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Comparison with Experiments
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• Good agreement 
between model and 
experimental results 
for conversion

• Discrepancies 
possibly due to 
velocity variations 
along the height and 
the width of the 
channel



Reactant radial concentration gradients
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Radial concentration 
gradients obtained for the 
reactant are small



Concluding Remarks

1. Mesh reactor is very efficient for stripping acetone from isopropanol

2. Higher gas/liquid flowrate ratio gives better acetone stripping 
performance

3. Bubbling nitrogen into isopropanol can prevent solvent loss

4. Mesh reactor gives better performance for acetone stripping and 
asymmetric transfer hydrogenation than traditional batch reactor

5. Higher enantioselectivity was obtained with isopropanol top up during 
the reaction than using dry nitrogen
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