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Abstract: The separation, concentration and transport of the amino acids through membranes have
been continuously developed due to the multitude of interest amino acids of interest and the sources
from which they must be recovered. At the same time, the types of membranes used in the separa-
tion of the amino acids are the most diverse: liquids, ion exchangers, inorganic, polymeric or com-
posites. This paper addresses the recuperative separation of three amino acids (alanine, phenylala-
nine, and methionine) using membranes from cellulosic derivatives in polypropylene matrix. The
microfiltration membranes (polypropylene hollow fibers) were impregnated with solutions of some
cellulosic derivatives: cellulose acetate, 2-hydroxyethyl-cellulose, methyl 2-hydroxyethyl-cellu-
loseand sodium carboxymethyl-cellulose. The obtained membranes were characterized in terms of
the separation performance of the amino acids considered (retention, flux, and selectivity) and from
a morphological and structural point of view: scanning electron microscopy (SEM), high resolution
SEM (HR-SEM), Fourier transform infrared spectroscopy (FT-IR), energy dispersive spectroscopy
(EDS) and thermal gravimetric analyzer (TGA). The results obtained show that phenylalanine has
the highest fluxes through all four types of membranes, followed by methionine and alanine. Of the
four kinds of membrane, the most suitable for recuperative separation of the considered amino acids
are those based on cellulose acetate and methyl 2-hydroxyethyl-cellulose.

Keywords: amino acids; cellulose derivatives; polypropylene hollow fibers; impregnated mem-
branes; amino acid separation; membrane processes.

Thermal analysis

The thermal analysis generated the results materialized in the superposed diagrams
presented in Figure S1 and Figure S2, representing analysis results (TG and DSC) for cel-
lulose derivatives, polypropylene hollow fibers, and impregnated polypropylene hollow
fibers. The diagrams were recorded up to 900°C, with a heating speed of 10 °C-min-'.
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Figure S1. The superposed thermal diagrams for: (1) cellulose acetate (CA); (2) 2-hydroxyethyl
cellulose (HEC); (3) methyl 2-hydroxyethyl-cellulose (MHEC); and (4) sodium carboxymethyl-

cellulose (NaCMCQ).
TG I% (PP DSC /(mW/mg)
100 [2jEA-P[F)>f/|C,dsu 1 exo
~ bse
80 8 MHEC-TPGPM.dsu 8
- DSC
[4] HEC-PPM.dsu
6of  emd ON\CUiE w0 s 4
[5] CMCNa-PPM.dsu
40 e
20 . _‘..:.'-...\.:::‘:, - _"xi _4
0 %-8
100 200 300 400 500 600 700 800

Temperature /°C

Figure S2. The superposed thermal diagrams for: (1) polypropylene hollow fibers (PPM); (2) CA-
PPM impregnated polypropylene fibers; (3) MHEC-PPM impregnated polypropylene fibers; (4)
HEC-PPM impregnated polypropylene fibers; and (5) NaCMC-PPM impregnated polypropylene

fibers.

FTIR analysis

Figure S3 presents the FTIR spectra of the obtained membranes. Their characteriza-
tion was obtained directly onto the solid samples, using the Bruker Tensor 27 with ATR
diamond for the materials in this study.
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Figure S3. The Fourier transform infrared spectroscopy (FT-IR) spectrum of the impregnated membranes: (a) CA-PPM;
(b) HEC-PPM; (c) MHEC-PPM; (d) NaCMC-PPMV; (e) superposed FTIR spectra.
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Surface analysis

The compositional surface (EDAX) of the support membrane and two impregnated

membranes were illustrated in Figure S4.
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Figure S4. Energy dispersive X-ray analysis (EADX) on: (a) polypropylene hollow fiber mem-
brane (PPM); (b) impregnated membranes (CA-PPM), (c) impregnated membranes (HEC-PPM),
(d) impregnated membranes (MHEC-PPM), (e) impregnated membranes (NaCMC-PPM).
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Scanning electron microscopy (SEM)

The results of the image analysis (SEM) are presented in Figures S5, S6, S7 and S8.
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Figure S6. Morphology HEC-PPM membranes: (a) view; (b) membrane surface.

Membranes 2021, 11, 429. https://doi.org/10.3390/membranes11060429



Membranes 2021, 11, 429 70f7

HV  |spotmag - wD 300 pm
0.00 kv 5.5 500 x 10.0 mm wvnvv. foodsafety upb 16 CNpSA

(a) (b)

Figure S7. Morphology MHEC-PPM membrane: (a) membrane cross—section; (b) membrane surface.
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Figure S8. Morphology NaCMC-PPM membranes: (a) view; (b) surface.
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