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@ Cycle and basic steps;
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© Hydrogen purification;

@ Simulation of a pilot unit for hydrogen purification.
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© Separation processes;
© Adsorbents used for xylene isomers liquid phase separation;

@ Xylene isomers liquid phase separation with MIL-53 (Al).
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Pressure Swing Adsorption- cycle

The operation of a Pressure Swing Adsorption process
Involves the definition of a PSA cycle: a sequential
combination of elementary pre-defined steps
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Pressure Swing Adsorption- Steps

The basic steps used in PSA are:

e Adsorption (production);
e Blowdown;

e Purge;

e Pressurization.
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Pressure swing adsorption - Steps

Adsorption (production)

Light product

The feed stream is introduced at the
column inlet.

The more adsorbed species are
retained by the adsorbent while the
less adsorbed species continue
moving along the column until they
exit it and are produced.

Concentration

\ Column lenght

Feed stream
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Pressure swing adsorption - Steps

Blowdown
The column is evacuated.
By decreasing the pressure we decrease -
< h k . g ----------------------------------
il the working capacity. 3
The more retained component will be °
desorbed and leaves the column. i=
o
o
2}
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l Pressure
Heavy
product
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Pressure swing adsorption - Steps

Purge

Light product

e

N

Waste

SRE ASSOCIATE LABORATORY
C M| LABORATORY OF SEPARATION AND REACTION ENGINEERING

LABORATORY OF CATALYSIS AND MATERIALS

Some of the product from a column that is
in the production step is introduced in this
column.

This reduces the partial pressure allowing
a further desorption of the more retained
specie.

This step also cleans the voids.
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Pressure swing adsorption - Steps

Pressurization co-current

The column is pressurized with feed §
at high pressure. S e
By increasing the pressure we S
increase the working capacity. o
%
©
[ ) :
Pressure
Feed
stream

SRE ASSOCIATE LABORATORY l
E @roRTO

M| LABORATORY OF SEPARATION AND REACTION ENGINEERING EACULDADE DE ENGENHARIA
LABORATORY OF CATALYSIS AND MATERIALS FEUP RVt RsIDADE 5O PORTD



Pressure swing adsorption - Steps

Pressurization counter-current

Light product

=
The column is pressurized with a é ________________________________________
fraction of the light product at high o 4
pressure. =

o

(@)
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Pressure
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Pressure swing adsorption - Steps

Basic Steps — Skarstrom cycle

For a two-bed PSA the steps may be organized as following:

Press Ads Blwd Purge
Blwd Purge Press Ads
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Pressure swing adsorption - Steps

The basic steps used in PSA are:

e Adsorption (production);
e Blowdown;

e Purge;

e Pressurization.

Other steps used in PSA are:

e Pressure equalization (provide and receive);
* Rinse.
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Pressure swing adsorption - Steps

Pressure equalization - provide

Before the concentration wave reaches the end of
the column, the production is stopped.

The column is then connected to other at low
— pressure to provide gas for a partial
pressurization.

This step allows for significant energy cost
reduction.
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Pressure swing adsorption - Steps

Pressure equalization - receive

Y

N
After the column is cleaned, it is connected to a
column that ended the production step and
receives gas for a partial pressurization.

N~

Afterwards this column will be further pressurized
with feed/light product.
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Pressure swing adsorption - Steps

Rinse

Light product

Heavy

product
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When a high purity heavy compound
IS needed a step analogous to the
purge can be employed.

Prior to the blowdown, a fraction of the
heavy product is fed to the bed,
increasing the concentration of the
product at bed inlet.
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Performance parameters

Process simulation can be used to predict:

e Product purity;

e Product recovery;

e Productivity;

® Energy consumption.
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Performance parameters

Product purity — molar fraction of the produced compound on the product
stream

Press CoC Ads Blwd Purge
Blwd Purge Press CoC Ads

A+B

tads

£CB Uo‘z:L dt

Light product purity = ——- tads
( gcA Uo|,_, dt + ch Uol|, . dtj
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Performance parameters

Product recovery — ratio between the moles produced and the moles fed

Press CoC Ads Blwd Purge
A+B
Blwd Purge Press CoC Ads
tads tpurge
_[ Ce uo‘Z:L dt — I Ce uO‘z:L dt
Light product recovery = -2 o
[ g Cg Uy,  dt+ £CB Uol, dtj
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Performance parameters

Process simulation can be used to predict:

e Product purity;

e Product recovery;

. Productivity — moles
e Productivity; ~ time xmass of adsorbent

e Energy consumption.
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Performance parameters

Process simulation can be used to predict:

e Product purity;
e Product recovery;
e Productivity;

e Energy consumption —compressors, pumps ...
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Hydrogen purification

Four hydrogen purification technologies are widely used in industry:

e Absorption (chemical and physical);
e Adsorption;

e Membranes;

e Cryogenic processes.
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Hydrogen purification

Before 1980, hydrogen production and purification generally followed
these steps:

Steam
—_— Reformer

Fuel

High Temperature Low Temperature
Shift Shift

CO, Wash System Methanator

SRE| 4ss0ciATE LABORATORY PORTO
C M| LABORATORY OF SEPARATION AND REACTION ENGINEERING
LABORATORY OF CATALYSIS AND MATERIALS B ReIADE DO PORTD.



Hydrogen purification

Before 1980, hydrogen production and purification generally followed
these steps:

H2
Reformer
Steam reforming of the fuel
Formation mainly of H,, CO, and CO
For steam-methane reforming: T =830-850 °C

P = 25-50 bar

Steam

Fuel
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Hydrogen purification

Before 1980, hydrogen production and purification generally followed
these steps:

Steam H,
High Temperature Low Temperature
Shift Shift
Fuel

20 bar 20 bar
High Temperature Low Temperature _
Conversion of CO to H,,
315-430 °C 205-230 °C
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Hydrogen purification

Before 1980, hydrogen production and purification generally followed

these steps:
Steam H,
_— > CO, Wash System

Fuel

20-50 bar
Removal of CO, by wet scrubbing using a weak base
(potassium carbonate) or an amine (ethalonamine) CO, Wash System

70-95 °C
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Hydrogen purification

Before 1980, hydrogen production and purification generally followed
these steps:

Steam
_— Methanator
Fuel

20 bar

Removal of remaining CO and CO,

300-350 °C
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Hydrogen purification by PSA

Since the early 1980’s Pressure
Swing Adsorption (PSA) has become
the state-of-the-art technology for
purifying hydrogen

i
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Hydrogen purification by PSA

The hydrogen production and purification follow these steps:

10-50 bar

20-40 °C
Steam High Temperature H2
_— > Reformer g Shi?t Pressure Swing Adsorption Unit

Fuel

H, = 99-99.999%

o Tail gas with high CO =1-50ppm
CH, = 100% energy value
S/C=3.0
/ CH, = 14% F=2.18

L CO,=37%
CO =7%
H, =42%
F=1.72
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Hydrogen purification by PSA

The first commercial PSA hydrogen purification unit was installed in
conjunction with a steam reformer, in Toronto, around 1966

Nowadays, two processes are commonly used for hydrogen
purification, depending on plant capacity or size
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Hydrogen purification by PSA

For capacities below

0.4 M m3N/day of hydrogen product,
the three- or four-bed configuration
based on Batta’ s patent is used

United States Patent Office

3,564,816

Fatented Febo 23, 1971
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Hydrogen purification by PSA

United States Patent 1« 1y 3,986,849

Fuderer et al. 451 Oet, 19, 1976
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Hydrogen purification by PSA

Typically, PSA units for H, purification use multilayered beds
with:

e A first layer of activated carbon;

Activated carbon retains preferentially the strongly adsorbed compounds such as H,O,
CO, and CH,
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Hydrogen purification by PSA

Typically, PSA units for H, purification use multilayered beds
with:
e A first layer of activated carbon;

e A second layer of zeolite (e.g. 5A).

Zeolites retain the other species, such as CO and N, and make it easy to produce high
purity hydrogen
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Hydrogen purification by PSA
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Hydrogen purification by PSA

UOP’ s Polybed unit can produce high
purity H, (+99.999%) over 0.4 MNm3/day.

The Polybed system normally uses
between 4 to 12 beds.

In the nine-bed unit, 3 beds are
simultaneously producing.

Source: http://www.uop.com/objects/104PolybPSAHydStmRef.pdf
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Simulation of a pilot unit for H, purification

Feed composition coming from a Pilot unit: 4 columns
methane steam reforming unit with activated carbon
Column lenght (cm) 445
H, 73.3 Column diameter (cm) 7.21
CO, 16.6 Temperature (°C) 30
CH, 3.5 Pressure (bar) 7
CO 2.9 Mass of adsorbent (g) 855
N, 3.7 Product flow rate (L /min) 3.47
H,O saturated at 30°C Purge flow rate (L,/min) 2.15
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Simulation of a pilot unit for H, purification

Adsorption isotherm for AC5-KS at 30 °C

4 A 30 -

COZ 25 -

CO

15 A

Loading (mol/kg)
Loading (mol/kg)

10 A Hzo

Pressure (bar) P/PO
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Simulation of a pilot unit for H, purification

Cycle: 8-step process

e Adsorption (production);

e Provide Equalization I;

e Provide Equalization Il

e Blowdown;

e Purge;

e Receive Equalization II;

e Receive Equalization [;

e Counter-current pressurization with
product.

Ribeiro, A.M.; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen Purification: Case of Humid Feed and
Activated Carbon Beds, AIChEJ 55(9) 2292-2302 (2009)
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Simulation of a pilot unit for H, purification

Multicolumn extension

Adsorption

Adsorption

Adsorption
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Simulation of a pilot unit for H, purification

Model assumptions:

* |deal gas behaviour

* No mass, heat or velocity gradients in the radial direction
e Axial dispersed plug flow

* External mass and heat transfer resistances (film model)

* Bidispersed adsorbent particle with macropore and micropore mass transfer resistances
(LDF model)

No temperature gradients inside each particle

Constant porosity along the bed

SRE| sssociate LaBorATORY PORTO
C M| LABORATORY OF SEPARATION AND REACTION ENGINEERING -

FACULDADE DE ENGENHAI
LABORATORY OF CATALYSIS AND MATERIALS FEUP UNIVERSIDADE DO PORTO



Simulation of a pilot unit for H, purification
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Ribeiro, A. M.; Grande, C. A.; Lopes, F. V. S.; Loureiro, J. M.; Rodrigues, A. E. A Parametric Study of Layered Bed PSA for
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Simulation of a pilot unit for H, purification

Mass balances

) oC .
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ot r? 94 ~4 2
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oz E dp & dp

Energy balances
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Simulation of a pilot unit for H, purification

Performance

H, Purity (%) 99.9992
H, Recovery (%) 62.7

Productivity
(mol H,/kg,,./day)

P (bar)
N

55.2

0 60 120 180 240 300 360 420 480
t(s)

Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Steady state
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Steady state

8.0800 1 F 144
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Steady state
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Steady state i K
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Concentration profiles at the end of the feed step
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Concentration profiles at the end of the feed step

d coz (Mol/kg)
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Concentration profiles at the end of the feed step
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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Simulation of a pilot unit for H, purification

Temperature profile at the end of the feed step
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Ribeiro, A.M..; Grande, C.A.; Lopes, F.V.S; Loureiro, J.M.; Rodrigues, A.E.. Four Beds Pressure Swing Adsorption for Hydrogen
Purification: Case of Humid Feed and Activated Carbon Beds. AIChE Journal, 55, 2292, 2009.
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SMB design:
application to separation of xylene isomers
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Xylene isomers

The name xylene was derived from the Greek word xylon that means wood, perhaps because xylenes
occur naturally in petroleum and coal.

Aromatic isomers:

CH-
CH, CHs CH,CH;
CHs
CHs CH;
o-xvlene m-xviene p-xviene Ethylbenzene
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Xylene isomers

The xylene isomers are important chemical intermediates.

p-Xylene is the isomer with the most commercial importance.

It is used in the production of terephthalic acid, which is a precursor for polyethylene terephthalate (PET)
production.
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Separation Processes

Physical properties

106.16 106.16 106.16 106.16

bp at 1 bar, °C 144.4 139.1 138.4 136.2
-25.2 -47.9 13.3 -95.0
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Separation Processes

Distillation

106.16 106.16 106.16 106.16

bp at 1 bar, °C 144.4 139.1 138.4 136.2
-25.2 -47.9 13.3 -95.0

The small difference between the boiling points makes distillation not competitive

SRE| sssociate LaBoRATORY .PORTO
C M| LABORATORY OF SEPARATION AND REACTION ENGINEERING -

LABORATORY OF CATALYSIS AND MATERIALS FEUP m:mm: =2 EngEjNRm



Separation Processes

Crystallization

106.16 106.16 106.16 106.16

bp at 1 bar, °C 144.4 139.1 138.4 136.2
-25.2 -47.9 13.3 -95.0

The large difference between the melting points makes crystallization a viable solution.

However, the maximum recovery of p-xylene is limited by a eutectic point.
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Separation Processes

Adsorption

Simulated Moving Bed (SMB) technology:

*UOP’s Parex
*Toray’'s Aromax

*[FP’s Eluxyl
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Separation Processes

PAREX process from UOP

Parex Process

....... Extract:
= . p-Xylene
L desorbent
t .
5[- Raffinate:
E ethylbenzene
£ 4 o-xylene
[ m-xylene
E desorbent

“PAREX™ Process”, in “Aromatics and Derivatives”, UOP 2699C-14 899AD1M, 1999
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Adsorbents

The adsorbents most commonly used for xylene isomers separation are:

« Faujasite-type zeolites - prehydrated KY, BaKY, BaX and BaKX
« Silicates

* Polymers

« Carbon materials

* Hydrotropes

« Hydroxylated silica gel

» Metal-organic frameworks (MOFs)
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Adsorbents

MIL-53 (Al) presents lozenge-shaped pores appear with a free internal diameter of 8.5 A

-
-~

. n-heptane .
B '\. A ..\ L
-

>
e

e,

M.A.Moreira, J.C.Santos, A.F.P.Ferreira, U.Mdlller, N.Trukhan, J.M.Loureiro, A.E.Rodrigues, “Selective liquid phase adsorption and
separation of ortho-xylene with the microporous MIL-53(Al)”, Separation Science and Technology, 2011, accepted.
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Adsorbents

MIL-53 (Al) tablets from BASF - BASOLITE (A100) —2X 2

mm
m;ig xlj rT;;éie 1OY£\)IE1|11
M.A.Moreira, J.C.Santos, A.F.P.Ferreira, J.M.Loureiro, A.E.Rodrigues, “Influence of the Eluent in the MIL-53(Al) Selectivity for Xylene
Isomers Separation”, Industrial & Engineering Chemistry Research, 50, 7688-7695, 2011.
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Separation with MIL-53 (Al)

Adsorption capacity at 313 K

6
bl 1 C bi 2 C
qi_qgj[l_l_zncb C qul_l_zncb C
17,1 1%7.,2
4 -
b0
-
(@) O-X
£ — P-X lmol!kgl 3.24 3.24 3.24
= —
dm?3/mol 1.05 1.80 6.03 0.00
2 - —meX 1 [dm?/mol]
h q [mol/kg] 3.24 3.24 3.24 3.24
—n_ e
P b, [dm3/moel] 0.43 0.33 0.29 0.44
(0) i T T T T
0] 2 4 6 8 10
C, mol/dm3
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Separation with MIL-53 (Al)

SMB unit and operating conditions

Section Il
Extract Extract Feed
A
\h 5 —T/ Bed length (m) 1.135
Bed diameter (m) 4.117
Configuration 2-8-12-2
Basolite A100 - MIL-53
— Direction of § Adsorbent (AD
fluid fl - s
% Fluent==>¢ a::; poor\: < Feed S | Feed temperature (K) 313
N switching = p-xylene : 2.68
Feed composition (mol/m?3) m-xylene : 2.68
<: o-xylene : 2.68
n-heptane : 6.68
Eluents composition (mol/m3) | m-xylene : 7.99
/L—Q— < 4K o-xylene : 8.14
v
Eluent Raffinate Raffinate

Section IV

SRE| sssociate LaBorATORY PORTO
C M| LABORATORY OF SEPARATION AND REACTION ENGINEERING

FACULDADE DE ENCENHARIA
LABORATORY OF CATALYSIS AND MATERIALS FEUP FAuLADE D ECENHA



Separation with MIL-53 (Al)

Mathematical Model — TMB approach

Fluid Phase

oc;; 0 oC; ; o(uc;;) aq,; ; aq; ;
ij _ 9 i\ i) L i,J . i,J
& ot 0z (8Dax 0z ) 0z (1 e)pp ot +0a e)ppus 0z
Adsorbed Phase
9q; ; 9q; ;

5 = (1 — g)ppus a2 + ks,i(q:j — qi,j)
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Separation with MIL-53 (Al)

Mathematical Model — TMB approach

Boundary conditions

qi,j — qi,j+1 Jj=ltolll

di1tv — 491
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Separation with MIL-53 (Al)

Mathematical Model — TMB approach

Eluent node Extract node

u; = Uy + Ug U = Uy — ux
urC; = uwvCiv + ugG g Cin=Ci1 = Cix
Feed node Raffinate node

U = Uy + Ug Uy = U — UR
unmCim = unCiyy + upCi g Cizv=Ci;in =C;r

Initial conditions

At t=0, the column is considered to be filled with eluent.
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Separation with MIL-53 (Al)

Dimensionless variables and parameters
Ci = Ci/Crer

x =2z/L
O = t/ORrer Oref = L/URef
U* = U/ URef

q;: - QE/QRef gref = f (Cref)

Pe — Luref
Dax
(1—¢) dRref
ga - pS C
€ Ref

b _
Rp — QRefks,Ref

& = ks,i/ks,Ref
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Separation with MIL-53 (Al)

Dimensionless Mathematical Model — TMB approach

Considering: URef = Ug

Fluid Phase

ac;jj 1 9%C;; — a(v*ci;) _: 2q; ; L aq; ;
00  Pe 0x2 ox a 90 4 O9x

Adsorbed Phase
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Separation with MIL-53 (Al)

Dimensionless Mathematical Model — TMB approach

Boundary conditions

_ * vk ok vk
Po ax Y Cij —V Cijinlet

&
]
-
|
-

* - *
ai1v di1
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Separation with MIL-53 (Al)

Dimensionless Mathematical Model — TMB approach

X

Since Y = vj/ug

Eluent node Extract node

Y1 = Yiv + VE Yu =%¥Y1 —¥x
Gy = viviiwv + veCig in = Ci1 =C;
Feed node Raffinate node

Yiur = yYua + Vr Yiv = VYIi1 — YR
ymiCiin = yuCinn +ve Cig Cirv =Cim = Cir

Initial conditions

At 6=0, the column is considered to be filled with eluent.
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Separation with MIL-53 (Al)

Performance parameters

C‘dlesired){
Pur (%) = - < 100
( ) Zn i=1 CE,X
i#eluent
Q,.C . .
Recy (%) _ XCde51red,X %< 100
QF desired,F
EC (m—S) = g or g
kg QX Cdesired,XM QR Cdesired,R

kg _ MQXCdesired,X MQR Cdesired,R
Prod =

or
mgds h Vads Vads
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Separation with MIL-53 (Al)

Separation regions

Set t*

Y1 (large value)

Y1v (small value)

[PORTO
C M| LABORATORY OF SEPARATION AND REACTION ENGINEERING ET
LABORATORY OF CATALYSIS AND MATERIALS
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Set YF
| - Set Yiu
v
Calculate Ymr = vYn + Vr
Yx =Y —VYn
YR = Yiu — Y1iv
v
Simulate Pury
obt;?rrﬂng PUrR
%
Increase Y1
Increase YFE




Separation with MIL-53 (Al)

Separation regions

0.6
x Stop calculation
xJ x stop n-1
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53X 3% 32X B° WX
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The points that form the triangle

have:

and

Puryx > 99%

Purg > 99%



Separation with MIL-53 (Al)

Operating conditions from separation regions

- Select operating point: (v yin)

- Calculate YF = Vi1 — Vi1

Qp
EAYVE
L

- - Foragiven , 0@k Uug =

Y1 : *
- Foragiven , gdt t" = —

------------------------------------------- - Estimate and Yiv
: YIV,maX

-Get Qr = cAus(yY11 — Yiv)

Y1, min

Vi - Get Qg = Aus(yy — viv)

-Get  Qx = Aus (1 — vir)
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Separation with MIL-53 (Al)

Adsorption capacity at 313 K
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Case 1: Separation of 0-x from p-x/m-x
with n-heptane as eluent



Separation with MIL-53 (Al)

Case 1: Separation of o-x from p-x/m-x with n-heptane as eluent
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Separation with MIL-53 (Al)

Case 1: Separation of o-x from p-x/m-x with n-heptane as eluent
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1.4
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1.2

--2-8-12-2
—--2-10-10-2

1.4

SMB unit geometry

Operating conditions

Dimensionless

parameters
L. = 1135 m T =313 K ¥ —=4.32
d, = 4117 m t* = 10.32 min ¥ =0.70
¥ =15.1m? QF = 87.0m*/h Y =0.89
Oz = 1657.6 m?/h oo = 0.37

Mumber of columns:
24

Configuration:
2-8-12-2

Qg = 237.9m?/h

Qp =1808.5m3/h

Q7 = 2436.0 m?/h




Separation with MIL-53 (Al)

Case 1: Separation of o-x from p-x/m-x with n-heptane as eluent
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Separation with MIL-53 (Al)

Adsorption capacity at 313 K
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Case 2: Separation of o-x/p-x from m-x
with n-heptane as eluent



Separation with MIL-53 (Al)

Case 2: Separation of o-x/p-x from m-x with n-heptane as eluent

1
| Parameter | Value | Units
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Separation with MIL-53 (Al)

Case 2: Separation of o-x/p-x from m-x with n-heptane as eluent
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. . diti Dimensionless
SWIB unit geometry O perating conditions parameters
L, = 1.135 m T=313 K ¥ =10
d, = 4117 m t* = 0.31 min ¥ =0.67
. = 15.1 m? g = 87.0 mgl.-'h Y =0.71
0+ = 18045.7 m!,.-'h ¥pr = 0.05

Mumber of columns:
24

Configuration:
2-8-12-2

Onp = 1277.9 m3/h

0f = 19236.7 m?/h

Qf = 21266.7 m*/h




Separation with MIL-53 (Al)

Case 2: Separation of o-x/p-x from m-x with n-heptane as eluent
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Separation with MIL-53 (Al)

Adsorption capacity at 313 K
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& Case 3: Separation of p-x using 0-X as
S 0-x eluent
£
= — P

2 - —m-X

—n-hep
O T T T T T
0] 2 4 6 8 10

C, mol/dm3

SRE ASSOCIATE LABORATORY l
E @roRTO

M| LABORATORY OF SEPARATION AND REACTION ENGINEERING
LABORATORY OF CATALYSIS AND MATERIALS FEUP FACULDAOE DE ENCENHARIA



Separation with MIL-53 (Al)

Case 3: Separation of p-x using o-x as eluent
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| Parameter | Value | Units
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Separation with MIL-53 (Al)

Case 3: Separation of p-x using o-x as eluent
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0.3

. . it Dimensionless
SMB unit geometry Operating conditions parameters
L. = 1135 m T =312 K ¥y =0.702
d, = 4117 m " = 0.14 min Y =0.256

1. = 15.1 m?®

Mumber of columns:

24

Configuration:
2-8-12-2

Qi = 87.0m*/h
Qs = 1940.1 m?/h
Qf = 830.0 m?/h
Qs = 2683.1m3/h

Qf = 7403.7 m®/h

¥ =0.276

¥ — 0.09




Separation with MIL-53 (Al)

Case 3: Separation of p-x using o-x as eluent
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Concentration m-Xylene (mol/m?)

Performance Parameter Walue
Pury (%) oo
Recy (%) oo
Purg (%) a8
Becy (%) o7
Prod (kg /hm3;.) 120
EC (m? /kg) 0.17




Separation with MIL-53 (Al)

Adsorption capacity at 313 K
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& Case 4: Separation of p-x using m-x as
S 0-x eluent
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Separation with MIL-53 (

Case 4. Separation of p-x using m-x as eluent

1
0.9
] ] diti Dimensionless
SMIB unit geormetry Operating conditions paramebers
0.8 L.=1.135m T=313 K ¥ =2.43
d, = 4117 m t* = 2.15 min ¥ =0.40
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Separation with MIL-53 (Al)

Case 4. Separation of p-x using m-x as eluent
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