
 

 

Trans. Nonferrous Met. Soc. China 31(2021) 3591−3601 

 
Selective recovery of Cu(II) through polymer inclusion membranes 

mediated with 2-aminomethylpyridine derivatives 
 

Xue-jing QIU, Jia TANG, Jun TAN, Hui-ping HU, Xiao-bo JI, Jiu-gang HU 
 

College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China 
 

Received 24 September 2021; accepted 5 November 2021 
                                                                                                  

 
Abstract: The Cu(II) separation behaviors with polymer inclusion membranes (PIMs) are explored by modifying 
2-aminomethylpyridine derivatives with hydrophobic alkyl chains, including 2-[N-(tert-butyloxycarbonylmethyl)- 
2-picolyamino]acetate (AMB), N,N-dioctyl-2-aminomethylpyridine (AMD), tert-butyl 2-(N-octyl-2-picolyamino) 
acetate (AMC), and N,N-didecyl-2-aminomethylpyridine (AME). The transport flux and selectivity of Cu(II) are 
determined by optimizing composition and structure of carriers and plasticizers. The results show that the hydrophobic 
modification of 2-aminomethylpyridine derivatives can boost the selective transport of copper ions in PIMs and 
membrane stability. In the optimum composition of 30 wt.% PVC, 30 wt.% AME, and 40 wt.% NPOE, the initial flux 
of Cu(II) is 5.8×10−6 molꞏm−2ꞏs−1. The FT-IR and XPS spectra identify that the alkyl amine functional groups of AME 
involve in the transport of copper chloride species. The SAXS analysis demonstrates that the generated micro-channels 
in PIMs induced by the hydrophobic modification of 2-aminomethylpyridine derivatives can contribute to the enhanced 
Cu(II) flux. 
Key words: hydrophobic modification; 2-aminomethylpyridine derivative; polymer inclusion membrane; Cu(II) 
separation 
                                                                                                             

 

 

1 Introduction 
 

Sustainable recovery of Cu(II) from waste 
liquors is of great significance because of its 
relative toxic hazardousness and high value [1−3]. 
Although solvent extraction is the most widely used 
approach to separate Cu(II) in hydrometallurgical 
industry, the low concentration of copper(II) will 
inevitably induce large equipment investment   
and reagent consumption [4,5]. Recently, the 
membrane-based separation technology has 
attracted increasing attention in both industrial 
applications and wastewater treatments for the 
separation of inorganic anions or metallic   
species [6]. Compared with conventional liquid 
membranes, polymer inclusion membranes (PIMs) 

offer an attractive alternative due to their excellent 
stability, selectivity, and mechanical properties [7]. 
Generally, PIMs are composed of plasticizer and 
carrier filled between the entangled chains of a 
polymer, such as poly(vinyl chloride) or cellulose 
triacetate [8,9]. However, the permeability 
deterioration still exists in PIMs after several 
transport cycles owing to their instability caused by 
the leakage of carrier and plasticizer into aqueous 
solutions [10].  

Although several factors could influence the 
transport properties and stability of PIMs such as 
polymer type, plasticizer or carrier, and membrane 
configurations, the membrane constituents can be 
one of the most significant variables. CHO et al [11] 
investigated the influence of different long-chain 
alkyl alcohols as modifiers on PIM stability. The  
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modifier with lower water solubility can provide 
long-term stability. O’BRYAN et al [12] 
successfully constructed a semi-interpenetrating 
crosslinked polymer network containing 
poly(vinylidene fluoride-co-hexafluoropropylene), 
poly(ethylene glycol) dimethacrylate and Aliquat 
336, which presented good stability for successive 
transport of thiocyanate. However, these studies 
mainly focus on the influence of polymer or 
plasticizer on the transport properties and stability 
of PIMs, ignoring the effect of carrier molecules on 
membrane properties. 

Compared to primary or tertiary amine ligands, 
the quaternary amine ligands exhibit higher 
extraction selectivity and are potentially used for 
selective transport of targeting species across PIMs. 
POSPIECH and WALKOWIAK [13] used PIMs 
with tri-n-octylamine or tri-iso-octylamine as 
carriers to selectively separate Cu(II), Co(II), and 
Ni(II) from chloride media, and found that the 
initial flux of PIM with tri-iso-octylamine was 
higher than that with tri-n-octylamine. Similarly, 
BACZYŃSKA et al [14] suggested that more 
hydrophilic CTA polymer membranes provide a 
more expanded and rougher surface for better 
accessibility of the metal ions. Based on our 
previous work, it was discovered that tert-butyl-2- 
(N-octyl-2-picolyamino) acetate exhibited a 
superior extractability and selectivity of Cu(II) over 
Ni(II) and Co(II) [15,16]. The high selectivity may 
be attributed to the structural modification of the 
aminomethylpyridine molecules with hydrophobic 
alkyl chain group. However, when these specific 
carriers were constrained into the polymer matrix, 
their mobility would be limited and affected the 
recovery of Cu(II). Therefore, these inspire us to 
systematically investigate the effect of carrier 
structure on the flux and transport of Cu(II) in PIMs. 

In this work, the recovery of Cu(II) through 
PVC-based polymer inclusion membranes was 
explored in which four 2-aminomethylpyridine 
derivatives with different branches were used as 
carriers. The Cu(II) transport behaviors were 
discussed by considering the hydrophobic 
modification of carriers and the compositions of 
PIMs. The X-ray photoelectron spectra and 
small-angle X-ray scatting spectra were employed 
to elucidate the influence of carrier structure on the 
microstructural characteristics and transport 
properties of PIMs. 

 
2 Experimental 
 
2.1 Reagents and chemicals 

The 2-aminomethylpyridine was purchased 
from Sigma-Aldrich and used as carrier precursor 
without further purification. The base polymer was 
poly(vinyl chloride) (PVC, Sigma-Aldrich) with an 
average Mw of ~60000. Tetrahydrofuran was used 
as a solvent. Dibutyl phthalate (DOP), bis(2- 
ethylhexyl)adipate (DEHA), or 2-nitrophenyloctyl 
ether (NPOE) were used as plasticizers of 
PVC-based PIMs. Copper chloride, ammonium 
chloride, and hydrochloric acid were provided by 
Sinopharm, China. The feed phase was 1 mmol/L 
CuCl2 solution of pH 4.5 and the receiving phase 
was 2 mol/L NH4Cl solution of pH 9. 
 
2.2 Synthesis of 2-aminomethylpyridine 

derivatives 
The 2-aminomethylpyridine derivatives used 

as carriers in PIMs were synthesized according to a 
similar procedure previously described [15,16]. 
Taking the synthesis of N,N-didecyl-2- 
aminomethylpyridine (denoted as AME) as an 
example, a mixture of 2-aminomethylpyridine 
(0.048 mol), 1-bromodecane (0.096 mol), 
triethylamine (0.096 mol), and potassium iodide 
(0.48 mmol) in ethanol (200 mL) was refluxed for 
48 h at 353 K. After cooling to ambient temperature, 
the precipitate of ammonium salt was filtered off, 
and the ethanol was evaporated. The liquid residue 
was extracted with ethyl acetate and washed with 
saturated sodium chloride. After decantation, ethyl 
acetate was evaporated. The crude product was 
purified using a silica gel column to obtain the 
yellow oil of N,N-didecyl-2-aminomethylpyridine 
(AME), where the eluent was petroleum ether/ethyl 
acetate (5:1). The product was identified using 1H 
NMR spectra (1H NMR (500 Hz, CDCl3): δ: 
8.53−8.48 (d, 1H), 7.63 (td, J=7.7, 1H), 7.49 (d, 
1H), 7.12 (dd, 1H), 3.70 (s, 2H), 2.47−2.43 (t, 4H), 
1.50−1.42 (t, 4H), 1.30 (t, 4H), 1.24 (s, 24H), 0.88 
(t, 6H)). 

Similarly, 2-[N-(tert-butyloxycarbonylmethyl)- 
2-picolyamino] acetate (denoted as AMB), tert- 
butyl 2-(N-octyl-2-picolyamino) acetate (denoted as 
AMC), and N,N-dioctyl-2-aminomethylpyridine 
(denoted as AMD) were also synthesized (AMB, δ 
of 1H NMR (500 Hz, CDCl3): 8.54 (t, 1H), 
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7.75−7.59 (m, 2H), 7.21–7.10 (m, 1H), 4.02 (d, 2H), 
3.49 (s, 4H), 1.46 (s, 18H); AMC, δ of 1H NMR 
(500 Hz, CDCl3): 8.54 (d, 1H), 7.66 (td, 1H), 7.56 
(d, 1H), 7.16 (dd, 1H), 3.93 (s, 2H), 2.31 (s, 2H), 
2.64 (m, 2H), 1.54−0.79 (m, 24H); AMD, δ of 1H 
NMR (500 Hz, CDCl3): 8.53 (d, 1H), 7.66 (td, 1H), 
7.53 (m, 1H), 7.17 (dd, 1H), 3.73 (s, 2H), 2.47 (s, 
4H), 1.67−1.26 (m, 24H), 0.89 (t, 6H)). The 
molecular structures of four 2-aminomethylpyridine 
derivatives are shown in Fig. 1. 
 

 

Fig. 1 Molecular structures of AMB (a), AMC (b),  

AMD (c), and AME (d) 

 
2.3 Preparation of PIMs 

PIMs were prepared using the solvent 
evaporation method [16]. Typically, 0.3 g 
membrane components, including PVC polymer, 
and DOP, DEHA or NPOE as a plasticizer, as well 
as 2-aminomethylpyridine derivatives (AMB,  
AMC, AMD or AME) as the carrier, were dissolved 
in 5 mL tetrahydrofuran under stirring for 2 h.  
Then, the mixed solution was poured into a Petri 
dish with a 6.5 cm in diameter and covered with 
filter tissue. Tetrahydrofuran was allowed to 
evaporate for 12 h to form a transparent and flexible 
polymer inclusion membrane. The resulting PIMs 
were carefully peeled off and used for Cu(II) 
transport experiments. 
 
2.4 Cu(II) transport experiments 

Transport experiments were carried out with a 
two-compartment cell in a water bath of 30 °C. The 
PIM was sandwiched between two compartments. 

The flow rate of both feed and receiving solutions 
was set at 100 mL/min with peristaltic pumps. The 
volume of each solution was 80 mL. The effective 
membrane surface area was 1.256×10−3 m2. The 
transport behaviors of metal ions were determined 
in 0.5 mL solutions aliquoted from feed and 
receiving compartments at each 1 h for 6 h, 
respectively. For the successive transport test, the 
fresh feed and receiving solutions were used after 
each cycle. The metal concentration was analyzed 
by flame atomic absorption spectroscopy 
(TAS-990F, China). 

The recovery (R, %) is defined with the ratio 
of Cu(II) concentration in receiving solutions to that 
in feed solution. The kinetics of transport through 
PIMs is described by the following equation:  

0

ln
c

kt
c

                                (1) 

 
where c0 and c are the concentrations of the metal 
ions (mg/L) in the feed solution at the initial time 
and the desired time; k (s−1) is the kinetic rate 
constant; t (s) is the transport time. 

The permeability coefficient (P) is calculated 
as follows:  

V
P k

A
                                  (2) 

 
where V is the volume of the feed solution (0.08 L); 
A is the effective area of PIM (1.256×10−3 m2). The 
initial flux (J0, molꞏm−2ꞏs−1) is calculated from P 
values by the following equation:  
J0=Pꞏc0                                  (3) 
 
2.5 Structural characterization 

The FT-IR spectra of PIMs were collected by 
using a Nicolet 6700 Fourier-Transform Infrared 
Spectrophotometer (Thermo Scientific, USA). 
Hydrophobicity of the membrane surfaces was 
evaluated with contact angle measurement on a 
Teclis T2010 instrument equipped with a video 
system. X-ray photoelectron spectra were measured 
on a 250Xi spectrometer (Thermo Scientific, USA) 
with Al Kα X-ray source (1486.6 eV of protons) and 
a high vacuum of 10−8 Pa. XPS spectra were 
corrected and analyzed with the Avantage 5.52 
software. The small-angle X-ray scattering (SAXS) 
data of PIMs were collected at beam line 1W2A at 
Beijing Synchrotron Radiation Facility (China). The 
storage ring was operated at 2.5 GeV with a current 
about 80 mA. The 2D scattering patterns were 
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integrated into 1D scattered intensities (q) as a 
function of the magnitude of the scattering vector 
q=(4π/λ)sin(θ/2), where θ and λ are the total 
scattering angle and the wavelength of the incident 
beam, respectively. The SAXS data were 
interpreted by the GIFT method to obtain 
pair-distance distribution functions (PDDFs) and 
provide information on the shape and the size of the 
membrane components. 
 
3 Results and discussion 
 
3.1 Effect of carrier structure on Cu(II) 

transport 
The membrane constituents can seriously 

affect their mechanical stability and transport 
performance of PIMs. As shown in Fig. 2, when the 
carrier content is fixed at 30 wt.% and no plasticizer 
NPOE is added, the PIMs with AMB or AMC are 
rigid, but the PIMs become flexible and present a 
slight increase of transport ability after adding more 
hydrophobic AMD or AME, suggesting that the 
hydrophobic 2-aminomethylpyridine derivatives 

have a potential plasticizing effect. After adding 
NPOE, compared with the PIMs with AMB or 
AMC, the initial flux (J0) and recovery of Cu(II) 
evidently increase in the presence of hydrophobic 
AMD or AME, indicating the synergistic 
plasticizing effect between 2-aminomethylpyridine 
derivatives and NPOE. Moreover, the increase of 
NPOE content leads to an improvement in the 
initial flux and recovery of copper ions. This 
phenomenon may be attributed to the increasing 
mobility of transporting species by reducing the 
intermolecular forces between polymer chains with 
the plasticizer NPOE molecules. When NPOE 
content is beyond 40 wt.%, the PIMs are too sticky 
and have a poor mechanical strength for transport 
experiments. While fixing the PVC content at 
30 wt.% and increasing the NPOE content from  
30 to 40 wt.%, the initial flux and recovery of 
copper ions still increase even though the carrier 
content accordingly decreases (Figs. 2(c, d)), which 
indicates the synergistic plasticizing effect between 
NPOE and 2-aminomethylpyridine derivatives. 
Consequently, the PIMs with the composition of  

 

 
Fig. 2 Effect of membrane compositions on initial flux (a, c) and recovery of Cu(II) (b, d) in PIMs with different 

carriers: (a, b) Fixing carrier content at 30 wt.%; (c, d) Fixing PVC content at 30 wt.% 
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30 wt.% PVC, 40 wt.% NPOE, and 30 wt.% 
carriers are used to further evaluate the effect of the 
molecular structure of four 2-aminomethylpyridine 
derivatives on Cu(II) transport. 

Under the optimized membrane compositions, 
the structural effect of the carriers on Cu(II) flux is 
shown in Fig. 3(a). It is discovered that PIMs 
containing more hydrophobic AME have higher 
transport flux. The Cu(II) flux in the PIMs 
containing 2-aminomethylpyridine derivatives 
increases in the order of AMB < AMC < AMD < 
AME with J0 values of (0.31±0.02)×10−6, 
(1.17±0.08)×10−6, (5.58±0.05)×10−6

, and 
(5.82±0.03)×10−6 molꞏm−2ꞏs−1, respectively. It can 
be concluded that the replacement of the 
hydrophilic ester groups with a hydrophobic alkyl 
chain of the carrier can improve the transport flux 
of copper ions in PIMs, where PIM containing 
AME exhibits the better transportability towards 
Cu(II) than the other three carriers. Although    
the previous extraction experiments indicated that  
 

 
Fig. 3 Effect of carrier type on Cu(II) flux (J0) (a) and 

surface hydrophobicity (b) of PIMs with 30 wt.% carrier, 

30 wt.% PVC, and 40 wt.% NPOE 

the 2-aminomethylpyridine derivatives with 
hydrophilic ester groups more easily coordinate 
with copper ions [17], the transport results indicate 
that the Cu(II) flux is highly dependent on the 
molecular structure and hydrophobicity of 
2-aminomethylpyridine derivatives. In the 
polyvinyl chloride matrix, the compatibility 
between transported Cu(II) species and plasticizer 
molecules should be improved when increasing the 
alkyl chain of 2-aminomethylpyridine derivatives, 
thus benefiting the mass transfer in PIMs. Besides, 
the carrier molecules also modify the surface 
properties of PIMs. As shown in Fig. 3(b), the 
contact angle of PIMs containing AMB, AMC, 
AMD or AME is (60.25±0.13)°, (62.61±0.21)°, 
(68.15±0.17)°, and (72.54±0.15)°, respectively, 
which indicates that the modification of 
2-aminomethylpyridine derivatives with long alkyl 
chains promotes the hydrophobicity of the PIM 
surface [18,19]. 
 
3.2 Effect of plasticizer on Cu(II) transport 

As discussed above, the plasticizer molecules 
need to be added in the PIM matrix to improve the 
flexibility and the component compatibility. 
Therefore, the influence of plasticizer types in PIMs 
on the initial flux of Cu(II) is examined. The results 
in Fig. 4 show that the Cu(II) flux of PIMs 
containing 30 wt.% AME as a carrier is 5.8×10−6, 
3.31×10−6, and 2.76×10−6 molꞏm−2ꞏs−1 when   
40 wt.% NPOE, DOP, or DEHA is used as the 
plasticizer, respectively. This phenomenon is also 
observed for the PIMs containing other three 
2-aminomethylpyridine derivatives, indicating that 
NPOE is more efficient than DOP or DEHA to 
improve the Cu(II) transport. This behavior could 
be attributed to the larger dielectric constant of 
NPOE molecules, which could modify the mobility 
of Cu(II) complexes formed in the membrane 
matrix [20]. Moreover, no matter which plasticizer 
is used, it can be observed that Cu(II) flux of PIMs 
containing AME is significantly higher than that of 
the other three 2-aminomethylpyridine derivatives. 
The Cu(II) flux across PIMs containing different 
carriers increases in the same order of AMB <  
AMC < AMD < AME under the same composition 
proportion. These results further verify that the 
hydrophobic modification of the carrier molecules 
can improve the flux of the PIMs. 
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Fig. 4 Molecular structure of plasticizers (a) and their 

effect on Cu(II) flux (J0) of PIMs with 30 wt.% carrier, 

30 wt.% PVC, and 40 wt.% plasticizer (b) 
 
3.3 Selective transport of metal ions 

The selective transports of Cu(II), Ni(II), and 
Co(II) through PIMs on the corresponding initial 
flux containing each of the four carriers are 
performed. As shown in Fig. 5, the flux values of 
Cu(II) for PIMs containing AMB, AMC, AMD, and 
AME is 1.42×10−6, 2.52×10−6, 6.62×10−6 and 
6.81×10−6 molꞏm−2ꞏs−1. It is interesting to observe 
that the initial flux is increased in the competitive 
transport process, which may result from the 
formation of extractable Cu(II) species induced by 
the addition of NiCl2 and CoCl2. Accordingly, the 
membrane containing AMD or AME ligand has the 
higher transport value than other two ligands due to 
its greater hydrophobic nature relative to AMB and 
AMC [21]. And again, the flux values (6.81×10−6, 
1.35×10−6, and 1.23×10−6 molꞏm−2ꞏs−1) of the PIM 
with AME to Cu(II), Co(II), and Ni(II) are higher 
than those of the other three carriers, illustrating 
that the hydrophobic modification of the carrier 
molecules can further improve the selective 
transport of Cu(II) over Co(II) and Ni(II). 
 
3.4 Stability test of PIMs 

The stability of PIMs containing AMC, AMD 
or AME as the carrier is investigated in successive 

five cycles. Because of the low initial flux, the PIM 
containing AMB is not further considered. As 
displayed in Fig. 6, the initial flux of PIM 
containing AME is always higher than that of PIM 
containing AMC or AMD during the cycle tests. 
After five cycles, the initial flux of PIM containing 
AME slightly decreases from 5.85×10−6 to 
5.53×10−6 molꞏm−2ꞏs−1, whereas the flux of PIM 
containing AMC decreases from 1.17×10−6 to 
0.94×10−6 molꞏm−2ꞏs−1. The decrease in the initial 
flux of PIMs may be caused by the leaching of the 
carrier with lower hydrophobicity. The flux 
retention rate is about 80.3%, 93.8% and 94.5% for 
PIMs with AMC, AMD or AME, respectively, 
implying that the flux and stability are improved  
by increasing the length of the alkyl chain       
of the carrier used. Therefore, the hydrophobic 
 

 
Fig. 5 Competitive transport and initial flux (J0) of 

Cu(II), Co(II), and Ni(II) through PIMs with different 

carriers (1 mmol/L each of Cu(II), Co(II), and Ni(II); 

pH=4.5) 

 

 

Fig. 6 Initial flux of PIMs containing different carriers 

during five cycles 



Xue-jing QIU, et al/Trans. Nonferrous Met. Soc. China 31(2021) 3591−3601 

 

3597

modification of 2-aminomethylpyridine derivatives 
is also beneficial to the stability of the polymer 
inclusion membrane. 
 
3.5 Transport mechanism of Cu(II) 

The FT-IR spectra of PIM containing AME 
before and after reacting with Cu(II) are exhibited 
in Fig. 7. The characteristic peaks located at 1527 
and 1165 cm−1 correspond to C—N and C—O—C 
bonds of NPOE molecules. The narrow peaks at 
1465 and 1431 cm−1 are assigned to its C—H 
groups. The peaks near 1353 and 1569 cm−1 are 
attributed to the stretching vibrations of C—N and 
C=N from the carrier molecules. Compared with 
the fresh PIM containing AME, it can be observed 
that the stretching vibrations of C=N slightly blue 
shift after Cu(II) transport [22], confirming that 
AME is coordinated with Cu(II) ions through 
pyridine N atoms. Based on the FT-IR results, there 
are only weak interactions between constituents and 
no formation of covalent bonds [23]. 

 

 
Fig. 7 FT-IR spectra of blank membrane without   

AME (a), PIM with AME before Cu(II) transport (b), and 

PIM with AME after Cu(II) transport (c) 

 

The chemical interaction of PIMs containing 
AME is further examined by XPS before and after 
reacting with Cu(II) species. The XPS spectra wide 
scans, N 1s and Cl 2p spectra of PIMs are presented 
in Fig. 8. The photoelectron lines of N 1s and Cl 2p  

 

 
Fig. 8 XPS wide scans (a, b), N 1s (c) and Cl 2p (d) spectra of PIMs before and after extraction 
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of PIMs are identified from the survey spectra 
before and after Cu(II) transport. The presence of 
Cu 2p peak indicates that the copper species are 
extracted into PIMs (Figs. 8(a, b)). From the N 1s 
core-level spectrum (Fig. 8(c)), two characteristic 
peaks of N 1s from the AME molecules are 
observed and the binding peaks at 399.47 eV and 
401.63 eV originate from the nitrogen atoms in the 
C=N groups of pyridine ring and C—N groups of 
the aliphatic amine, respectively. After extraction of 
Cu(II) into PIMs, the respective binding energies of 
the pyridine N 1s and the aliphatic N 1s are 
correspondingly shifted by 0.79 and 0.63 eV to the 
higher direction of the high binding energy. Notably, 
the peak intensity of aliphatic N 1s has been 
depressed after reacting with Cu(II), indicating that 
the copper species can be extracted by the aliphatic 

amine functional group. A new peak at 198.36 eV 
for Cu(II)-loaded PIMs can be observed from the 
Cl 2p spectrum (Fig. 8(d)), verifying that copper 
species containing chloride ions can be transported 
across the PIM by the amine functional group of 
AME [24,25]. 

The SAXS curves of the PVC + NPOE 
membrane are collected in the absence and presence 
of different 2-aminomethylpyridine derivatives as 
carriers. The corresponding normalized SAXS and 
the PDDFs curves are shown in Fig. 9. Figure 9(a) 
shows a series of 2D scattering patterns of PIMs.  
It can be clearly seen that the brightness of the 
scattering pattern increases with increasing the 
hydrophobicity of 2-aminomethylpyridine deriva- 
tives. Moreover, the brightness of the scattering 
pattern of PIM decreases after reacting with Cu(II), 

 

 
Fig. 9 2D scattering patterns of PIMs without carrier and with AMB, AMC, AMD, or AME, and PIMs with AME after 

loading Cu(II) (a) corresponding normalized SAXS curves (b, d), and PDDFs (c, e) 
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demonstrating the formation of liquid micro- 
domains in PIMs after adding hydrophobic 
2-aminomethylpyridine derivatives. As shown in 
Fig. 9(b), the peak of SAXS curves moves to a 
lower q value and the intensity increases toward  
the primary beam position [26,27], suggesting   
that the liquid micro-domains in PIMs increase 
because of the increased hydrophobicity of 
2-aminomethylpyridine derivatives [28]. The 
GIFT-generated p(r) functions shown in Fig. 9(c) 
present the change of the spherical aggregate 
structure in PIMs with different hydrophobic 
carriers. Increasing the hydrophobicity of 
2-aminomethylpyridine derivatives in PIMs can 
result in a shift of the peak position and elongation 
of the function to higher r. In the view of the results 
described above, there appear some narrow 
micro-channels and cracks in the PVC + NPOE 
membrane without any carriers due to the 
plasticization effect of NPOE. Moreover, the 
generated micro-channels in PIMs can be  
evidently extended and expanded after adding 
2-aminomethylpyridine derivatives. Therefore, 
increasing the hydrophobicity of the carrier is 
beneficial to the further increase of the micro- 
domains and channels. In addition, Figs. 9(d, e) 
show that the scattering peak position slightly 
moves to the lower scattering vector value after 
reacting with Cu(II). This slight shift is related to 
the coordination between AME and Cu(II), which 
causes a slight contraction of the liquid micro- 
domains of PIMs [29,30]. 
 
4 Conclusions 
 

(1) The replacement of the hydrophilic ester 
groups with a hydrophobic alkyl chain of 
2-aminomethylpyridine derivatives can improve the 
transport flux of copper ions in PIMs. 

(2) The higher Cu(II) flux and better stability 
of PIM containing AME could result from the large 
surface hydrophobicity and good component 
compatibility in the membrane matrix. 

(3) The FT-IR and XPS spectra of PIMs 
identify that the alkyl amine functional groups of 
AME involve in the transport of Cu(II) species 
containing chloride ions. The SAXS results reveal 
that the formation of micro-domains and channels 
induced by hydrophobic 2-aminomethylpyridine 
derivatives can contribute to boosting the transport 
flux of Cu(II) across PIMs. 
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2-氨甲基吡啶衍生物聚合物包合膜选择性回收 Cu(II) 
 

邱雪景，汤 佳，谭 军，胡慧萍，纪效波，胡久刚 

 

中南大学 化学化工学院，长沙 410083 

 

摘  要：以不同 2-氨甲基吡啶类衍生物(N,N-二(叔丁氧羰基亚甲基)-2-氨甲基吡啶、N,N-二辛基-2-氨甲基吡啶、

N-叔氧羰基亚甲基-N-辛基-2-氨甲基吡啶、N,N-二癸基-2-氨甲基吡啶)为载体，制备以聚氯乙烯(PVC)为膜基材的

系列聚合物包容膜(PIM)；通过优化载体分子结构和塑化剂类型，考察聚合物包容膜的铜离子渗透通量和分离选

择性。结果表明：含有长碳链的疏水性吡啶类衍生物有助于提高铜离子传质通量和膜的稳定性。在 PVC 含量为

30% (质量分数)， N,N-二癸基-2-氨甲基吡啶为 30%(质量分数)，塑化剂为 40% (质量分数)时，铜离子的渗透通量

可达 5.8×10−6 molꞏm−2ꞏs−1。FT-IR 和 XPS 分析结果表明，N,N-二癸基-2-氨甲基吡啶上的氨基官能团参与铜离子的

配位，SAXS 分析证实 2-氨甲基吡啶类衍生物的疏水性改性有利于膜中微通道的形成，从而促进铜离子在膜内的

传质。 

关键词：疏水性改性；2-氨甲基吡啶类衍生物；聚合物包容膜；铜离子分离 
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