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CHITOSAN-POLYPROPYLENE HOLLOW FIBERS
COMPOSITE MEMBRANE FOR COPPER-ZINC IONS
PERTRACTION

Florentina Mihaela PANCESCU?, Andreea FERENCZ (DINU)?, Vlad-Alexandru
GROSU?, Alexandru GORAN* Gheorghe NECHIFOR®

Composite membranes based on cellulosic derivatives or related natural
compounds with ionizing groups represent one of the viable alternatives for
separation, concentration and purification of acidic aqueous solutions containing
copper and zinc ions. This work presents the preparation and characterization of a
chitosan—polypropylene hollow fiber composite membrane. The prepared membrane
was tested in the pertraction process of copper and zinc ions from strongly acidic
solutions. The obtained results show that this type of membrane achieves both the
separation and the concentration of the tested solutions. The contribution of each
component of the composite membrane was comparatively evaluated under the same
working conditions.

Keywords: composite membranes; chitosan; polypropylene hollow fiber;
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1. Introduction

Membranes play an important role in the development of separation,
purification and/or concentration processes and technologies, which can also be
applied to the recovery of recyclable electrical and electronic waste [1-3].
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Because they are applicable in small economic units, but especially in
integrated industrial platforms, membrane processes have increasingly attracted the
attention of researchers [4-6].

Membranes and membrane processes are highly selective [7], have
increasingly better productivity [8] and, above all, are technically and economically
viable because they require low investments and low material consumption [9.10].

For the recycling of electrical or electronic waste, liquid membranes [11],
polymer membranes [12], but especially composite ones [13-15] have been studied.

From the point of view of the design of the pertraction modules, those based
on the hollow fiber membrane type are the most suitable [16,17], and the materials
used are polymers or combinations of artificial synthetic polymers, but especially
those of natural origin (cellulose and its derivatives) [18-20].

A real interest in separation and/or concentration arises from the ionic
combinations resulting from acid attack on wastes in galvanic cells [21]. Two of
these systems have been studied in detail: the Cu—Zn combination from acid fuels
and the Pb—Cd combination from acid batteries [22,23]. The separation of copper
and zinc elements is of particular interest, as they can later be used as biocidal or
bactericidal materials with wide applications in biomedicine [24-26].

This paper presents the preparation and characterization of a chitosan-
polypropylene hollow fiber composite membrane (Chi-PPHFM), and its testing in
the pertraction system of copper and zinc ions from strongly acidic solutions (HCI).

2. Experimental part

The reagents and materials used in the present work were of analytical
purity. CuSQO4-5H20, ZnSO4, NaCl, chitosan, and glacial acetic acid (analytical
grade, Sigma-Aldrich Chemie GmbH, Steinheim, Germany) were used in the
studies. Sodium hydroxide pellets (NaOH), hydrochloric acid solution HCI 35%
(ultrapure) and NH4OH 25% (analytical grade) were purchased from Merck KGaA
Darmstadt, Germany.

The purified water, characterized by a conductivity of 18.2 uS/cm, was
obtained with a RO Millipore system (MilliQR Direct 8 RO Water Purification
System, Merck, Darmstadt, Germany) [27].

The hollow fibers polypropylene membranes (PPHFM) were provided by
GOST Ltd., Perugia, Italy. Their characteristics and performances are synthetically
presented in Fig. 1 [28,29].
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Fig. 1. The dimensional characteristics of the polypropylene hollow fibers membranes (PPHFM)

To obtain the chitosan impregnated hollow fibers polypropylene
membranes (Chi-PPHFM), a solution of 3% chitosan in 3% acetic acid is subjected
to ultrafiltration [30,31].

The obtained membranes were characterized by Fourier Transform
InfraRed spectroscopy (FTIR) using a FTIR Tensor 27 from Bruker (Bruker Co.,
Ettlingen, Germany), determination of ion exchange capacity (i.e.c) and scanning
electron microscopy (SEM) with a S Hitachi S4500 system (Hitachi High—
Technologies Europe GmbH, Mannheim, Germany) (Fig. 2).
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Fig. 2. The scanning electron microscopy (SEM) image of the chitosan- polypropylene hollow
fibers membranes (Chi-PPHFM) obtained by ultrafiltration of chitosan solution in acid acetic: a)
cross-section; b) cross-section (detail)



80 F.M. Pancescu, A. Ferencz (Dinu), A-V. Grosu, A. Goran, G. Nechifor

The pertraction of 10#-10° mol/L copper and zinc solutions in 3 mol/L
hydrochloric acid solution is carried out in an installation previously presented in
detail (Fig. 3) [32,33].

In the present case, the source phase (SP) (feed solution) has a volume of
1000mL, and the receiving phase solution (RF) has a volume of 100mL. The flow
rate of the source phase is 100 mL/min, and the flow rate of the receiving phase is
10 mL/min.
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Fig. 3. Schematic of the installation for pertraction [32,33]: SP — source phase, RS — receiving
phase. 1. Hollow fiber pertraction module; 2. SP reservoirs; 3. RP reservoirs; 4. SP pump; 5. RP
pump.

The pertraction efficiency (PE %) for the task ion was calculated as follows
[33,34], based on ionic solution concentration:
PE(%) = —(C"C‘Cf ). 100 (1)
0

Where: cf and co being, respectively, the final and initial concentration of the
solute.

The concentration factor (CF) was calculated by cf and co rapport:

cr =) )
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3. Results and discussions

Solutions containing copper and zinc ions are obtained in large quantities in
the case of the hydrometallurgical recovery of waste electronics and
electrotechnical industry, but significant quantities are also found in the chemical
and chemical-pharmaceutical or car manufacturing industries [35,36].

The valorization of copper and zinc elements take place after the separation
from dilute solutions of the two ions (104-10® mol/L) from a strongly acidic
solution (hydrochloric acid 3mol/L).

The separation carried out in this study is based on the stability of complexes
with excess chloride ion and strongly acidic medium:

CU*(ag) + 4 Cl (ag) = [CUCI4]* (ag) (3)
Zn2+(aq) +4Cl g = [ZnCI4]2’(aq) 4)

The difference between the stability of the two complexes is so great [37]
that it is possible to use pertraction with the help of polypropylene hollow fiber
membrane (PPHFM), when the membranes act as contactors, or with chitosan—
polypropylene hollow fiber composite membrane (Chi-PPHFM), when the
membranes act as ion exchangers.

The scanning electron microscopy characteristics of the two types of used
membranes are presented in Table 1.

The appearance of the polypropylene hollow fiber membrane (PPHFM) support
fibers is uniform and smooth, while the surface and section of the chitosan—
polypropylene hollow fiber composite membrane (Chi-PPHFM) is rough,
indicating the coverage of the support membrane, but also the appearance of
chitosan inside it.

Fig. 4 shows the Fourier Transform InfraRed spectrum (FTIR) in which the specific
absorption bands for both polypropylene (Fig. 4a) and chitosan (Fig. 4b) can be
observed. In the case of polypropylene, the hydrophobicity of the membrane
material can be an advantage in the exploitation of the membrane contactor, while
the hydrophilicity of chitosan (considering the amino groups) allows the
exploitation of the module (Fig. 3) as an ion exchange pertractor (i.e.c. = 1.73).

The results of the separation of copper and zinc ions from the source phase
with a concentration of 10“-10° mol/L in hydrochloric acid 3 mol/L, in the
receiving phase 0.1 mol/L ammonia solution, using the support membrane module
(PPHF), show that the permeability of zinc ions is higher than that of copper ions

(Fig. 5).
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Table 1
Comparative scanning electron microscopy (SEM) characteristics of the tested
membranes
Membrane SEM images
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Fig. 4. Fourier Transform InfraRed Spectrum of a) PPHFM and b) Chitosan
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This fact is most likely explained by the much higher stability of the
[ZnCls)* anion than that of the [CuCls*  anion. Thus, the hydrophobic
polypropylene membrane allows the passage of the [ZnCl4]* anion through
hydrophobic interactions with the pore walls but prevents the permeation of the
[CuCl4]* anion, which, being unstable, mostly releases Cu?* cations which, being
hydrated, do not penetrate to the same extent into the pores of the polypropylene
membrane (Fig. 6).
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Fig. 5. Pertraction efficiency (PE) separation through polypropylene hollow fiber membrane
(PPHF) from 10® mol/L the source phase solution
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Fig. 6. Schematic presentation of the copper-zinc separation trough polypropylene hollow
fiber membrane (PPHF) for source phase 10 mol/L
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In the case of chitosan—polypropylene hollow fiber composite membrane
(Chi—PPHFM), under the same working conditions, the results obtained (Fig. 7)
show a clearly higher zinc extraction efficiency. The improvement of zinc anion
[ZnCl4]*> permeability is explained by the interaction with the ammonium cations
coming from chitosan, which thus ensures a faster passage through the walls of the
composite membrane. At the same time, the copper cations are expelled, remaining
completely in the source phase (Fig. 8).
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Fig. 7. Pertraction efficiency (PE) separation trough chitosan-polypropylene hollow fiber
membrane (Chi-PPHF) from 10-¢ mol/L the source phase solution
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Fig. 8. Schematic presentation of the copper-zinc separation through chitosan—polypropylene
hollow fiber composite membrane (Chi—-PPHFM
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The pertraction efficiency of hydrochloric solution (3 mol/L) of zinc and
copper, determined after two hours of operation, depends on the initial
concentration of the source phase (Table 2), indicating that for concentrated
solutions containing both ions, either increasing the adsorption surface of the
membranes or operating in multiple extraction steps is required.

Table 2
Pertraction efficiency (PE%) for several source phase concentrations of zinc and copper ions
in 3mol/L hydrochloric acid

Source phase Pertraction efficiency (%)
concentration | PPHFM Chi-PPHFM
(mol/L) Zinc Copper Zinc Copper
10® 50.4 12.1 93.2 5.6
10° 42.9 10.2 82.7 49
104 35.6 8.4 64.5 4.0

From a practical point of view, both the support membrane and the
composite membrane can be used to separate zinc, through the pertraction process,
from concentrated hydrochloric acid solutions (3 mol/L) containing both zinc and
copper.

6. Conclusions

Separation and/or recovery of copper and zinc from waste electronics and
electrotechnical industries can be achieved by pertraction using both membranes
and composite membranes.

In the present study, the separation of copper and zinc from 3 mol/L
hydrochloric acid solutions was addressed using both polypropylene hollow fiber
membrane (PPHFM) and chitosan—polypropylene hollow fiber composite
membrane (Chi-PPHFM). The chitosan—polypropylene hollow fiber (Chi-
PPHFM) composite membrane was made by ultrafiltration of a chitosan solution
through the polypropylene hollow fiber support membrane (PPHFM) and was
characterized by electron microscopy, FTIR spectroscopy and process
performance.

The results for the composite membrane are better both in terms of
extraction efficiency and achieving a higher separation factor. Thus, for dilute
solutions (10 mol/L) it is possible to achieve a pertraction efficiency almost 15
times higher for zinc and a concentration factor of approximately 10.

It can be appreciated that the contribution of chitosan to the improvement
of the performance of the composite membrane compared to the support membrane
is about 90%.
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