131" INTERNATIONAL
CHEMICAL AND BIOLOGICAL
ENGINEERING CONFERENCE

FPor
2018

BOOK OF
EXTENDED ABSTRACTS

October 02 - 04, 2018. Aveiro, Portugal

ORDEM
DOS
ENGENHEIROS

universidade de aveiro
theoria poiesis praxis



This volume contains the extended abstracts presented at the 13™ International Chemical and Biological
Engineering Conference (CHEMPOR 2018), held in Aveiro - Portugal, from the 2" to the 4™ of October,
2018.

University of Aveiro & Ordem dos Engenheiros

13" International Chemical and Biological

Engineering Conference
(CHEMPOR 2018)

Book of Extended Abstracts

Edited by:

Jodo Aratjo Pereira Coutinho
Carlos Manuel Silva
Inés Portugal
Ana Barros-Timmons
Anabela Aguiar Valente
Dmitry Victorovitch Evtyugin
Mara Guadalupe Freire
Pedro Jorge Carvalho



Title
13" International Chemical and Biological Engineering Conference (CHEMPOR 2018)
Book of Extended Abstracts

Editors

Jodo Aratjo Pereira Coutinho
Carlos Manuel Silva

Inés Portugal

Ana Barros-Timmons
Anabela Aguiar Valente
Dmitry Victorovitch Evtyugin
Mara Guadalupe Freire

Pedro Jorge Carvalho

Publisher
UA Editora
Universidade de Aveiro

15t Edition — October 2018

ISBN
978-972-789-566-3



CHEMPOR 2018

[O-BS05]
Polyols: efficient solvents to extract phenolic compounds from walnut leaves, V. Vieira, A. Feitor, M.A.
Prieto, R. Calhelha, L. Barros, J.A.P. Coutinho, O. Ferreira, . C.ER. Ferreira ......................

[O-BS06]
Supercritical CO, extraction of Eucalyptus globulus bark: Techno-economic optimization of the in-
dustrial process, V.H. Rodrigues, M.M. R. De Melo, I. Portugal, CM. Silva .......................

[O-BS07]
Aqueous solutions of surface-active agents on the recovery of violacein from Yarrowia lipolytica cells,
M. Kholany, J. Vieira, M. Martins, S. Ventura, P. Trébulle, J. Nicaud, J.A.P. Coutinho ...............

[O-BS08]
Sustainable phenolic resin: a potential adsorbent for amoxicillin removal, WM. Moreira, P.V. Viotti,
C.M.S.G. Baptista, M.H.N.O.Scaliante, M.L. GIIENES ...........c.uuuuemuiiee it

[O-BS09]

FCC feedstocks/bio-oils co-processing: Towards understanding of phenolic compounds impact on
Ni- and V-USY zeolites, R.T.J. Gerards, I. Graca, M.F. Ribeiro ...................c..ccciiiiii...

- | Reaction and Separation Processes [O-RS]

[O-RSO01]

Separation of nadolol racemates by high pH reversed-phase simulated moving bed chromatography,
R. Arafah, A. Ribeiro, A.E. Rodrigues, L. Pais ............. ..ottt

[O-RS02]
Separation of hexane isomers in metal organic framework ZIF-8, A. Henrique, M. Karimi, P. Brdntuas,
JA.C. Silva, A.E. ROATIUES .. ... ... e e e e

[O-RS03]
Ethylene/ethane separation by gas-phase SMB in binderless Zeolite 13X monoliths, R. Seabra, V.F.D.
Martins, K. Gleichmann, A.M. Ribeiro, A.F.P. Ferreira, A.E. Rodrigues ............................

[O-RS04]

An alternative method for the separation of C2/C3 hydrocarbons mixtures by pressure swing adsorp-
tion using the MOF MIL-100(Fe), V.F.D. Martins, R. Seabra, P. Silva, A.M. Ribeiro, J.-S. Chang, J.M.
Loureiro, A. Ferreira, A.E. ROAVIGUES .. ... ... ... .

[O-RS05]
Simulated moving bed reactor for the production of p-xylene: isomerization, disproportionation and

transalkylation reactions of xylene isomers, ethylbenzene, and toluene in liquid phase, Q. Shi, J.C.
Gongalves, A.F.P. Ferreira, M.G. Plaza, A.E. Rodrigues ............ ... ... ...

[O-RS06]
Removal and recovery of technology-critical elements from aqueous solutions using Fe; 0,4/ graphite
nanoplatelets, E. Afonso, L. Carvalho, C. Vale, E. Pereira, C.M. Silva, T. Trindade, C.B. Lopes ... ...

viii

67

69

71

73

76

78

80

82

84



CHEMPOR 2018

Separation of hexane isomers in metal organic framework ZIF-8

A. Henriquel-?*, M. Karimi*?, P. Brantuas®?, J.A.C. Silva?, A.E. Rodrigues!

1 Laboratory of Separation and Reaction Engineering - Laboratory of Catalysis and Materials (LSRE-LCM), Faculdade de
Engenharia da Universidade do Porto, Porto, Portugal; 2 Sustainable Processes and Products Group, Mountain Research Center
(CIMO), Instituto Politécnico de Braganca, Braganca, Portugal;

*adriano_henrique@ipb.pt.

28 The performance of porous metal organic framework ZIF-8 in the

a) C6 isomers mixture

separation of all five hexane isomers (nHEX, 2MP, 3MP, 23DMB,
22DMB), is evaluated through a series of multicomponent breakthrough
_—— adsorption experiments, at the temperatures of 373, 423 and 473 K and up

= — to partial pressures of 0.5 bars. The reported data shows for all experiments
-_; 1.6+ the following sorption hierarchy: nHEX >> 2MP > 3MP >> 23DMB >
E e 22DMB. It is also demonstrated that the sorption of nHEX is equilibrium
£ y based in contrast with the sorption of branched isomers which is kinetic
3 sl / //,--—""" controlled. The experimental data is also simulated through a
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mathematical model developed in MATLAB code, being the results in
qualitatively agreement. This paper shows that it possible to separate the
/ o hexane isomers in ZIF-8 by classes linear/mono-branched/di-branched if
- proper experimental conditions are set-up, being the result of importance
for the octane upgrading of gasoline.

The separation of hydrocarbon mixtures has become one of the
most important topics in the petrochemical industry, including
the separation of paraffins isomers in the range C5/C6 for the
octane upgrading of gasoline. These processes separate low
Research Octane Number (RON) linear paraffins [e.g., n-
hexane (NHEX: RON 24)] from their respective branched
isomers with higher RON content [e.g., 3-methylpentane
(3MP: RON 74.5), 2-methylpentane (2MP: RON 73.4), 2,3-
dimethylbutane  (23DMB: RON 101.7) and 2,:2-
dimethylbutane (22DMB: RON 91.8. In this context, the
newest class of crystalline porous material, the metal organic
frameworks (MOF’s), have been studied for this separation
target [1-4]. Due to their chemical and thermal stability,
Zeolite Imidazolate Frameworks are of interest, specially ZIF-
8 [5].
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Figure 1. Breakthrough curves for an equimolar mixture of
hexane isomers in ZIF-8 at 373 K and total hydrocarbon
pressure of 0.50 bar.
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Figure 2. Breakthrough curves for an equimolar mixture of
hexane isomers in ZIF-8 at 423 K and total hydrocarbon
pressure of 0.50 bar.

The goal of this work is to contribute to a better understanding
of the adsorption of hexane isomers on ZIF-8 through fixed
bed adsorption experiments. For the first time, experimental
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breakthrough curves with an equimolar quinary mixture of all
5 isomers (nHEX, 3MP, 2MP, 23DMB and 22DMB) are
measured. The influence of temperature and total hydrocarbon
pressure are analyzed to evaluate the sorption dynamics
behavior. Moreover, the data obtained are modeled by the
Langmuir-Freundlich isotherm model and finally, all
calculated data are used to development of a mathematical
model, in MATLAB code, to predict the experimental
breakthrough curves and validate the thermodynamic isotherm
model.
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Figure 3. Breakthrough curves for an equimolar mixture of
hexane isomers in ZIF-8 at 473 K and total hydrocarbon
pressure of 0.50 bar.

The adsorption behavior of all five hexane isomers nHEX,
2MP, 3MP, 23DMB and 22DMB in ZIF-8 was investigated by
performing a set of multicomponent equimolar breakthrough
curves. The experiments were performed at temperatures 373,
423 and 473 K, total hydrocarbon pressure of 0.10, 0.25 and
0.50 bar and using helium to set-up a total pressure in the
column of 1 bar.
A mathematical model was used to simulate the adsorption in
a fixed bed column by using a system of partial differential
equations (PDE’s), constituted by the mass and energy
conservation laws, a general isotherm to describe the
adsorption equilibrium and a control mechanism for the Kinetic
mass transfer from the bulk gas phase to the adsorbent. The
adsorption data was described by the Langmuir-Freundlich
isotherm [6]:

bip;"
1+ Z{<=1 bkp;:"

qi = Qmaxi
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where qmaxi 1S the maximum saturation loading, b; is the
adsorption equilibrium affinity constant, p is the hydrocarbon
partial pressure and n; is the heterogeneity index. When n is 1
the material has a homogeneous surface and the model reduces
to Langmuir isotherm applicable for ideal surfaces. The index
i refers to component and j is the number of components
present in the mixture.

Figures 1, 2 and 3 show the breakthrough curves for 373, 423
and 473 K, respectively, at a total hydrocarbons pressure of
0,50 bars, plotted in terms of normalized molar flowrate F/Fo
(-) and as a function of time (min) where the points are the
experimental data and the continuous lines correspond to the
numerical simulations. Globally, the results shown in these
Figures indicate that the sorption hierarchy of hexane isomers
in ZIF-8 is always nHEX >> 2MP > 3MP >> 23DMB >
22DMB (normal hierarchy), just like the order of the normal
boiling point of the compounds. However, the shape of the
breakthrough curve of nHEX is always different from the
branched ones, which means that its sorption is essentially
equilibrium based. In contrast, the branched isomers start their
elution practically at the contact time of the gas in the column
due to strong diffusional limitations. But, the approach to feed
concentration of the branched isomers is different since the di-
branched isomers 22DMB and 23DMB rapidly saturate at the
early stage of the experiments, in contrast with the mono-
branched isomers 3MP and 2MP that due to less diffusion
limitations produce a less sharp approach to inlet
concentration. These observations show that ZIF-8 separates
the hexane isomers by classes linear>mono-branched>di-
branched, which is an important result for petrochemical
applications viewing the octane improvement of gasoline.
The Graphical Abstract shows the adsorption equilibrium
isotherms of a mixture of hexane isomers in ZIF-8. Points are
experimental data and the continuous lines represent the
Langmuir—Freundlich model predictions for a mixture loading
with the temperature at 373 K (o), 423 K (o) and 473 K (A).
The experimental data was satisfactorily represented, and the
isotherms are pronounced as type | in IUPAC classification.
Next, the experimentally determined isotherm fits (Graphical
Abstract) were inserted in the mathematical model developed
in MATLAB code. Figures 1, 2 and 3 show that the numerical
model developed is capable to describe the profiles of the
breakthrough curves of hexane isomers very well. To prove
that the separation between nHEX and branched isomers, and
mono-branched 2MP/3MP from di-branched 22DMB/23DMB
in flow system is kinetically driven, we decided to perform
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numerical simulations assuming thermodynamic equilibrium.
Figure 1, 2 and 3 b) shows the simulations performed at the
three studied temperatures and at total hydrocarbon pressure
of 0.5 bar. In this case, the breakthroughs from equilibriums
simulations show a completely different approach for the
branched isomers in comparison with experimental data. Their
shapes become more sharped and a pronounced roll-up for the
branched isomers can be seen, reaching more than 1.5 of the
feed concentrations for 22DMB and 23DMB at 373 K in
Figure 1 a). One should also note that the overshoot of mono-
branched isomers 2MP and 3MP is much higher that obtained
from experimentally breakthrough curves. These overshoots
are an evidence of the interactions occurring in the material in
equilibrium separations, disregarding the strong diffusional
limitations.

Concluding, this is the first experimental work dealing with the
sorption of all five hexane isomers nHEX / 2MP / 3MP /
23DMB / 22DMB on ZIF-8. A series of multicomponent
(equimolar) breakthrough curves were measured analyzing the
effect of temperature and partial pressure on the hexane
isomers sorption. All experiments showed a normal sorption
hierarchy nHEX >> 2MP > 3MP >> 23DMB > 22DMB, being
the di-branched isomers 22DMB and 23DMB completely
sieved from the others. In addicting, the parameters obtained
by the Langmuir-Freundlich model fitting were used to
develop a mathematical model in MATLAB code for better
understanding the sorption of all five hexane isomers in a fixed
bed with ZIF-8. Firstly, the numerical simulation proves that
the nHEX sorption is essentially equilibrium based while
branched isomers are kinetically driven, since the
experimental breakthrough curves of branched isomers were
qualitatively reproduced by accounting for diffusional
influences. Secondly, the contact time between the gas and the
solid in the bed has extremely importance, once very low
contact times doesn’t allow the penetration of mono-branched
isomers 2MP and 3MP in the structure of ZIF-8. Thirdly, in a
global view, the results of numerical simulations clearly show
that the agreement between the experimental data and the
Langmuir-Freundlich model is reasonably good considering
the wide range of studied conditions. Fourthly, this work has
proved the great importance of using mathematical modelling
to describe and understand experimental results and for futures
designs of adsorptive processes.
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