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Typical Problems

A) Equilibrium “problems*

A+B — C+D Complete conversion of A requied
D Removal of C or D favourale

B) Selectivity “problems*
A+B — C

Main product C, By product D

A+C — D

Solutions

- Search for another chemistry (other reactants or reaction conditions)
- Optimimized process

- Improved process parameter (Temperature control)

- Combination of reaction and separation

Vorlesung , Membranreaktoren®, 30. 1. 2004, RS



Thermodynamically controlled reactions

A+B & C+D
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Posssible combinations of reaction and separation processes
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Conventional methyl acetate-prozess
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Reactive destillation
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Concepts for membrane reactors

EXTRACTOR
Shift of reaction equilibrivm
A+B —> O+
Ly
ncreased conversion
Sweep
DISTRIBUTOR
A Ak C Controlfed addition of a reactant
ARG N Limit side reactions
SR B
A —C (—D

—

B B B
Controlled diffusion of
reactants to the catalyst
S S

Increased conversion
1 - - "
B (& sefectivity)

IUPAC

A membrane reactor is an
apparatus that integrates
chemical reaction (catalysis)
And separation
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Concepts for membrane reactors

Advantages:

- Reduced investment because of different unit operations in one apparatus
- Increased conversion for equillibrium reactions

- Improved selectivities for partial oxidations and hydrogenations

- Avoid/Reduce high volume circuits of solvents and feeds

Disadvantages:

- Reactions and separations at the same conditions (p,T)
- Availability of required materials for construction of membrane reactors
- Extended process development for integrated chem. processes
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Concepts for membrane reactors

EXTRACTOR

Shift of reaction equilibrivm
A+B —> O+
L,

(a] Sweep

nereased conversion

DISTRIBUTOR

A
N

(b} B B

C Controlfed addition of a reactant
Limit side reactions

B
A —(C (—D

B ncreased selectivity

)

Controlled diffusion of
reactants to the catalyst

A+ B L% ¢

Increased conversion

(& selectivity)

Membrane properties

- Permselectivity for product D

- Permeability fur reactant A

- Permeability for reactant
und catalytic activity

- chemical und thermal
stability
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Example 1: Controlled Feed
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Example 2: Selektive Product removal
CiHi, & CgHg+3H,  DHy =205 kJ/mol
Catalyst: 1% Pton g-AlQO;,

Membrane: Vycor-Glas (Na,0-B,0,-SiO,)
L=25cm,D =0,46 cm

Membrane

Permeatd 4 /

Reactant IRL A / Products
S f'-.""",.n‘u ;: \ >

! Sweep gas
— 3

Catalyst j

Seidel-Morgenstern, MPI Magdeburg
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Assumptions -isothermal conditions
- one dimensional model satisfactory

AN g
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Feed

catalyst

Y mmll 4

Mass balance for Feed- side:

2
pr 1 ﬂ(Vf xf,i) L p Pr T xg 2p g
RTq 1z “RT 122 qr

Mass balance for membrane:

y ﬂr(rJ)

Mass balance fiir Sweep-side:
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conversion X, %
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Example 3: Catalysis in porous membranes
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Example 3: Characterisation of membranes

F =2 wt.% Polymer F =10 wt.% Polymer F =20 wt.% Polymer

S = 52m?y S =17 m?/g S =12 m?/g
re= 1800 nm = 380 nm rp= 250 nm

Charakterisation of structure by:
- BET-measurements, Hg-Porosimetry
- Gas permeation experiments
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Example 3: Experimental Set-Up (gas phase)

5 ml 10 % PAA.-Disp.
(450 mg PAA)

20 mg Pd

= 100 mg SE3010

0,5 ml NaBH,

. % 300nm—

Back scattering mode
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Example 3: Comparison of Catalysts

Umsatz% , Selektivitat %

100+
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85,2 853 .

L Pd
auf SiO; Pd auf C 5 mg Pd
75,8 T=295K
70,6 Pges = 1 bar

| =1,0

B Umsatz Propin
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40- é C
20 o Umsatz=@a - —— 100
B Selektivitat & Cop
20- Propen ) .
e C u
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Example 3: Variation of membrane structure

B Umsatz
[ Selektivitit

4% 10% 20% 30%
PAA in cross-linked dispersion

94 85 /70 55
r, /mm 1,5 04 0,25 0,18

T=25°C
H,/Propin = 1/1
40 ml/min

2 mg Pd
NaBH,
SE3010
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Selectivity of partial hydrogenation

@ +H, 50C/40bar® # O

COD COE COA

PAA-Pd membrane, e=50%, rp=250nm
T=50°C, p =40 bar
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Conversion vs. time at different flow rates

conversion

Membrane F =20%
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Selectivity

Selectivity vs. time at different flow rates

Membrane F = 20%

90 —

o
o
]

70

Increased flow rate

X-14ml/min
X-18ml/min
X-22ml/min
X-26ml/min
X-30ml/min
X-34ml/min

50

| ! |
100 150
time /min

|
200

Vorlesung ,,

Membranreaktoren®, 30. 1. 2004, RS

24



Selectivity vs. conversion at different flow rates

Membrane F =20%

100 ¢ increase flow rate
95 —
-*E’ m V-pt 14ml/min
B 90 — e V-pt18ml/min
m .
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Selectivity vs. conversion for membranes at
different pore size

flow rate 18mIl/min

100 =2
95 —
P
>
® 90+
3 Membrane f =30%
] Membrane f =20%
85 — ® Membrane f =10%
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Selectivity of different catalyts

flow rate: 34ml/min

selectivity

PAA-Pd membrane, e=var. rp,=1(e)
T=50°C, p =40 bar

100
90
80
B  membrane F 10% e
® membrane F 20%
70 - membrane F 30%
v  Pd/AI203
=  Pd/C
60
50 v 1 i 1 v 1 i 1 1
0 20 40 60 80 100
conversion
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Ceramic membranes for membrane reactors
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Construction of ceramic modules

Full ceramics test module Al,O-hollow f bre 0,6 mm diam.
(HITK) (HITK)
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Problems to be solved

Materials

- Membranes with adjustable properties

- Inpregnation with different active componentes
- Fitting of different materials

- Production of composite membranes

- Concept for a cooled membrane reactor

Methods

- Charakterisation of catalytically active membranes

-Two and three dimensional models for mass and
heat balance
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Approaches to solve the problems

Developement of materials and modules in interdisziplinary
teams from chemistry, chemical engineering,
process technology and material science.

Developement of models for scale up and process control of
membrane reactors.
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