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The design and preparation of new membrane material are of great importance. In this work, a hydrophilic ionic
liquid (IL) grafted polyamide 6 (PA6) (IL-g-PA6) porous membrane materials were designed and prepared via
radiation induced grafting method. The improved hydrophilicity, solubility and the unique ion structure of IL-gPA6 made it suitable to prepare porous membrane using simple immersion precipitation phase inversion
method. SEM images showed opened sponge-like pores for both PA6 and IL-g-PA6 porous membranes, while the
pore size decreased and porosity increased as ionic liquid was grafted on PA6. It is believed that the mass transfer
process was slowed down by enhanced hydrophilicity and solubility of IL-g-PA6, which lead to a diﬀerent porous
structure from that of PA6. Besides, even though the pore size of 2%-50 K membrane was much smaller, the
water ﬂux of which was 2.6 times higher than that of PA6 membrane. Moreover, the chromate sorption on 8%50 K membrane was 2.7 times higher than that of PA6 membrane, which implies that the IL-g-PA6 porous
membranes are good sorbent for heavy metal ions. The special interaction between grafted ionic liquid and
heavy metal ions would account for the excellent adsorption property.

1. Introduction
Porous membranes show great promise for water treatment because
of their high eﬃciency, space saving and easy operation [1–3]. Because
of the stringent regulations and complicated polluted aquatic environments, higher properties of porous membranes have received increasing
attention. While the current membrane materials are prepared largely
basing on conventional methods. Generally, there are two main ways to
obtain improved properties of porous membranes. One was to modify
the surface of porous membranes chemically or physically [4–8]. For
chemical modiﬁcations, preliminary activations with chemical agents
were essential since little amount of reactive groups were inherently
existed on membrane surface; while for physical modiﬁcations with
surfactant adsorbed on membrane surface, the properties of porous
membranes, like hydrophilicity and water ﬂux, would get enhanced
temporarily. The performances would decline with the surfactant migration and loss during ﬁltration. The other way to achieve enhanced
properties was to modify the porous membrane material, including
mixing the membrane material with another polymer or modifying the
molecular structure of the membrane material [9,10]. To date, the
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molecular-level design of membrane materials is still extremely deﬁcient [11].
As one of the most common material, microporous polyamide 6
(PA6) membrane has been commercially employed for aqueous ﬁltration purpose [9,12,13]. Generally, immersion-precipitation phase inversion method was adopted to prepare the porous membranes
[14–17]. To be detailed, the polymer will be dissolved in a solvent and
casted on an inert substrate, followed by immersing in a non-solvent
bath in order to induce the precipitation of polymer by means of phase
inversion. For semicrystalline PA6, both liquid-liquid or/and crystallization demixing will occur during phase inversion process [18–20].
According to diﬀerent conditions, such as the composition of dope,
strength of coagulation bath, precipitation temperature, either liquidliquid demixing or crystallization will dominate the precipitation process [20]. If the liquid-liquid demixing initiated ﬁrst far before crystallization, an asymmetric membrane is acquired with a dense skin and
cellular pores in the bulk, which is similar to that of amorphous
asymmetric porous membranes. If the crystallization preceded liquidliquid demixing and dominated phase inversion process, a microporous
membrane is formed with crystalline particles in diﬀerent forms, like
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stick, sheaf or sphere, at diﬀerent spherulite growth stages. In other
cases, liquid-liquid demixing and crystallization occurred almost on the
same timescale, porous membranes featured with mixed morphologies
of cellular pores and crystalline particles can be obtained.
In our previous work [21], an ionic liquid grafted PA6 (IL-g-PA6)
was designed and prepared via radiation induced grafting method. The
ionic liquid, 1-vinyl-3-butyl imidazole chloride (VBIM), shows excellent
hydrophilicity, antibacterial property and ion conductivity [22–24]. As
the cation of VBIM was immobilized on PA6 chains covalently, it is
expected that the PA6 matrix was likely to be a functionalized membrane material with enhanced hydrophilicity, antifouling property and
so on. Besides, the grafted cation on PA6 chains oﬀered a special recognition site, which would exhibit adsorption property via electrostatic interactions. It is well known that heavy metals are important
component in wastewaters [25,26]. The heavy metals would pose great
threat to living organisms including human, because of the toxic or
carcinogenic properties. Chromium (Cr) is one of the most common
toxic heavy metals, which exits mainly as Cr(III) and Cr(VI) (chromate)
in aquatic environment. Cr(VI) shows better water-solubility, higher
mobility as well as toxicity than Cr(III) [27]. Usually, the Cr(VI) was
removed from water by converting to Cr(III) using ferrous sulfate before
hydroxide precipitation process [25]. Thus it is of great importance to
remove the Cr(VI) from polluted water.
In this work, IL-g-PA6, as porous membrane material, was prepared
at ﬁrst. The properties of IL-g-PA6, especially those related to membrane formation, were investigated systematically. Then the IL-g-PA6
porous membranes were prepared by simple immersion-precipitation
phase inversion method. The morphologies, porous properties, the
membrane formation mechanism as well as adsorption property of the
IL-g-PA6 porous membranes were discussed in detail. The comparison
was made between PA6 and IL-g-PA6 in order to interpret the diﬀerences.

Table 1
The dope composition of PA6 and IL-g-PA6 porous membranes.
Polymer/g

Solvent/g

Non-solvent/g

1

3.2

0.8

composition of PA6 and IL-g-PA6 porous membranes was listed in
Table 1. Then the dope solution was casted on a glass template with a
certain thickness homogenously, followed by an immediate immersion
process in the coagulation bath composed of 60 wt% deionized water
and 40 wt% formic acid. A solid membrane was formed within minutes.
The remnant solvent in the solid membrane was removed by rinsing
and immersing in a mass of deionized water. The ﬁnal membrane was
wrapped by ﬁlter paper smoothly and held tightly between two glass
plates before freeze-drying in order to maintain the morphology of the
porous membrane.
2.4. The preparation of K2Cr2O7 solution
The solution of Cr (VI) for the adsorption experiment was prepared
by dissolving given amount of K2Cr2O7 in distilled water. In this work,
800 mg/L Cr (VI) solution was used, the pH value of which was 4.39.
2.5. Characterizations
Surface elemental composition of the sample was detected by X-ray
photoelectron spectroscopy (XPS) with a monochromatic Al Kα X-ray
source (Kratos Axis Ultra Instrument, UK).
The 1H quantitative nuclear magnetic resonance (NMR) spectra
were obtained on an Agilent Direct-Drive II 600 M Hz spectrometer at
25 °C with10 mg sample dissolving in about 0.5 mL d-formic acid
(DCOOD).
The Fourier transform infrared (FTIR) spectra were conducted on a
FTIR spectrometer (Bruker Vertex 70 V) with total reﬂectance mode.
The spectra were recorded from 4000 to 400 cm−1 at a resolution of
2 cm−1, 64 scans were averaged.
The water contact angle of PA6 and IL-g-PA6 ﬁlms was measured
using a DSA 100 (Germany) drop shape analyzer. The volume of droplet
for measuring was set to be 5 μL, and every sample was conducted at
least 7 times at diﬀerent point in order to yield an average value. All
samples were tested at room temperature.
The crystallization behaviors of both PA6 and IL-g-PA6 were investigated by diﬀerential scanning calorimeter (DSC, TA-Q2000).
10–15 mg thoroughly dried samples were pressed into aluminum pans
and heated from 20 to 250 °C, isothermal for 5 min to eliminate the heat
history, then cooled down to 20 °C. All heating and cooling rate were
set to be 10 °C/min. The cooling curve was recorded to explain the
crystallization behaviors. The measurements were conducted under a
continuous high purity nitrogen atmosphere.
The microstructures of prepared porous membranes were characterized using a scanning electron microscopy (SEM, Hitachi S4800)
with an acceleration voltage of 3 kV. SEM images were taken for top
surface, bottom surface as well as cross section of each membrane. The
cross section was obtained by fracturing the membrane in liquid nitrogen.
The pure water ﬂux, J·(L·m−2·h−1), of the prepared porous membranes was measured with a laboratory scale self-made equipment. To
be speciﬁc, 50 mL pure water was ﬁltrated through a 17.35 cm2 membrane area under 0.093 MPa pressure, the time consumed was recorded
precisely. The ﬂux was calculated with the following Formula (1) [28]:

2. Experiment section
2.1. Materials
Polyamide 6 (PA6, UBE Nylon 1022B, density 1.14 g/cm3, measured
Mn = 16, 000 g/mol) was purchased from UBE Industries, LTD. The
ionic liquid, 1-vinyl-3-butyl imidazole chloride (VBIM) was provided by
Lanzhou Yulu Fine Chemical Co., LTD. Formic acid (≥88%) was
commercially available and used as solvent directly without any further
treatment. Distilled-deionized water was used as non-solvent for all
samples.
2.2. The preparation of IL-g-PA6
The preparation of IL-g-PA6 was stated in our previous work in
detail [21]. In this work, 2 wt%, 4 wt%, 8 wt% ionic liquid was ﬁrst
incorporated to PA6 matrix by simple melt mixing method. Then the
ionic liquid was grafted on PA6 matrix by exposing the obtained PA6/
ionic liquid blends to γ ray irradiation at 50 kGy dosage for 17 h under
room temperature. The prepared ionic liquid grafted PA6 (IL-g-PA6)
was labelled as 2%-50 K, 4%-50 K and 8%-50 K separately, in which
2%, 4% and 8% means the weight percentage of IL in the matrix, 50 K is
50 kGy for short. All IL-g-PA6 samples were extracted with methanol
for at least 72 h to remove free ionic liquid or ionic liquid homopolymer
before characterizing or using as membrane materials. IL-g-PA6 ﬁlms
were prepared by hot-pressing at 230 °C under 10 MPa pressure for
3 min, followed by cooling down at the same pressure.
2.3. The preparation of PA6 and IL-g-PA6 porous membrane

J=
A dope solution was prepared by adding polymers into a solvent. In
this work, the polymers were PA6 and IL-g-PA6, the solvent was formic
acid and the non-solvent was deionized water. The detailed dope

V
A∆t

(1)

where V is the volume of tested water, A means the eﬀective membrane
area, Δt represents the operation time.
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the peaks in PA6 1H NMR spectrum was assigned according to literatures [33]. When compared to 8%-50 K 1H NMR spectrum, obvious
diﬀerences could be identiﬁed especially at the highlighted zones, indicating the modiﬁcation of molecular structure in 8%-50 K sample.
Most of the newly appeared peaks were ascribed to the grafted ionic
liquid, which again aﬃrmed the successful grafting of ionic liquid on
PA6 chains. Moreover, the emergence of e′ peak, which showed lower
chemical shift than neighboring e peak, was assigned as C-H structure
with one H on e site substituted by ionic liquid. This means that the
ionic liquid was grafted on original e site, which strongly supported the
assumed molecular structure of IL-g-PA6 exhibited in Fig. 1(c). The
grafting site was further characterized using 1He1H COSY spectrum in
our previous work [21]. Besides, the FTIR spectra of PA6 and IL-g-PA6
also showed obvious variations, particularly for the amide groups in
PA6 matrix. The NeH stretching peaks as well as the C]O stretching
peaks of IL-g-PA6 shifted to higher wavenumber, indicating the grafting
of ionic liquid would break the hydrogen bonds which were inherently
existed in PA6 matrix [34]. The bulky grafting cations on PA6 may take
responsibility for the shifts.
Solubility is critically important for the formation of porous materials by the simple immersion-precipitation phase inversion strategy.
The grafting of ILs on the PA6 molecular chains aﬀects the solubility of
PA6. The solubility of both PA6 and IL-g-PA6 were measured by adding
water in formic acid little by little until insoluble precipitation appeared
under continuous stirring at 60 °C. The volume ratio of formic acid and
water was recorded, and ﬁnal results were collected and drawn in
Fig. 2. Apparently, the solubility of IL-g-PA6 increased in formic acid/
water mixed solvent. For PA6, the insoluble precipitation appears in
solvent with 56.6% formic acid. While for IL-g-PA6 samples, homogenous solutions were observed in the same solvent, indicating higher
solubility of IL-g-PA6 than PA6. Besides, 2%-50 K sample got turbid in
mixed solvent with 52.0% formic acid, which was still good solvent for
4%-50 K and 8%-50 K sample. Finally, 8%-50 K sample precipitated
with 49.9% water in 50.1% formic acid. It is clear that the solubility of
IL-g-PA6 increased as the DG of ionic liquid increased. These mean that
the grafted ionic liquid should account for the enhanced solubility of ILg-PA6. As we stated in our previous work [21,22], the ionic liquid
shows strong polarity and hydrophilicity. The grafting of the ionic liquid should have improved the hydrophilicity of PA6 matrix so that the
aﬃnity with water will improve. The hydrophilicity of IL-g-PA6 will be
discussed later using contact angle measurements in Fig. 3. Besides, as
shown in Fig. 1(d), the grafting of ionic liquid broke the inherent hydrogen bonds in PA6 matrix, which may also take responsibility of increased solubility of IL-g-PA6.
The contact angle of PA6 and IL-g-PA6 ﬁlms without pore was given
in Fig. 3. The water contact angle decreased from 106° of PA6 ﬁlm to
75° of 8%-50 K sample gradually, which means the transition from
hydrophobic to hydrophilic property of PA6 matrix [35]. Obviously, the
grafting of ionic liquid improved the hydrophilicity of PA6 matrix,
which conﬁrmed the result that the increased solubility was ascribed to
enhanced hydrophilicity of IL-g-PA6. Moreover, both the increased
solubility and enhanced hydrophilicity made IL-g-PA6 a potential
porous membrane material. Since the ionic liquid was grafted on PA6, it
is supposed to obtain permanent hydrophilicity, which was an attractive property for porous membrane material.
The crystallization behavior of IL-g-PA6 was also investigated and
compared with PA6 in Fig. 4. As a semi-crystalline polymer, PA6 exhibited strong crystallization ability with high crystallization temperature (Tc) and narrow half-peak breadth. For IL-g-PA6, Tc decreased
signiﬁcantly, and the higher the DG of IL was, the lower the Tc became.
Besides, the half-peak breadth for IL-g-PA6 samples also broadened.
These implied depressed crystallization ability of IL-g-PA6. We ascribed
this to the reduced regularity of PA6 molecular chain, together with
increased inter-chain interactions because of grafted ionic liquid as
elucidated in our previous work [21].

A mercury intrusion porosimetry (Micromeritics AUTOPOREIV
9505) was applied to measure the average pore size and porosity of PA6
and IL-g-PA6 porous membranes. To be speciﬁc, about 0.1 g sample was
cut perpendicularly into small pieces. Then the pieces were evacuated
for at least 1 h to dry thoroughly before using. The measurement was
carried out on dried pieces which were immersed into the non-wetting
mercury. During the intrusion process, the pressure was increasing
automatically under an advanced procedure. As pressure increased,
more and more smaller voids were intruded by mercury. According to
the total intrusion volume, a lot of information, like the total pore area,
porosity, can be obtained. Besides, the pore size was calculated based
on the Washburn equation, which was shown in Formula (2) [29,30]:

r=

2γ cos θ
p

(2)

where r means the pore radius, p is pressure, γ represents the surface
tension of mercury with the value of 485 dynes/cm, and θ indicates the
contact angle of mercury with the value of 130°.
The adsorption experiment of Cr (VI) was carried out in a 10 ml
centrifuge tube containing 8 ml of the 800 mg/L Cr (VI) solution. Both
PA6 and IL-g-PA6 porous membranes were cut into four pieces with
same size as parallel sample respectively. The weight of every piece was
recorded before adding to the solution. The centrifuge tubes with different samples were placed in a THZ-300 water-bathing constant temperature oscillator for 24 h. The concentration of residual Cr (VI) in
solution was measured using a Shimadzu AA-6800 (Japan) atomic absorption spectrometer. The amount of Cr (VI) adsorbed on the porous
membranes was determined using Formula (3) [31,32] as followed:

Qe =

V ∗ (C0 − Ce )
m

(3)

where Qe (mg/g) refers to the Cr (VI) adsorbed on porous membranes, V
(L) is the volume of solution, C0 (mg/L) and Ce (mg/L) are the initial
and ﬁnal concentration of Cr (VI) in the solution before and after adsorption, m (g) is the weight of membrane pieces.
3. Results and discussion
3.1. The formation and properties of IL-g-PA6
The IL-g-PA6 was prepared and characterized systematically as we
published in our previous work [21]. The related properties of 2%-50 K,
4%-50 K and 8%-50 K were discussed in this section, which are essential
to membrane formation. First of all, the formation and possible structure of IL-g-PA6 was conﬁrmed by XPS, NMR and FTIR spectra, which
were shown in Fig. 1. The XPS spectra of Cl 2p for PA6 and 4%-50 K
sample was given as an example to explain the formation of IL-g-PA6.
As shown in Fig. 1(a), an obvious Cl 2p peak, which was featured element of ionic liquid, was observed on surface of 4%-50 K sample even
after 72 h extraction with methanol. Since free ionic liquid and the
homopolymer of ionic liquid were removed by methanol, the remained
Cl 2p peak revealed that part of the ionic liquid was grafted on PA6
chains. Based on this result, the degree of grafting (DG) of ionic liquid
was calculated according to Formula (4) by comparing the weight of ILg-PA6 before (w0) and after (w1) methanol extraction. More details can
be found in our previous work [21].

W − W1 ⎞
DG = ⎛1 − 0
× 100%
W
0 × X% ⎠
⎝
⎜

⎟

(4)

in which X% is the weight percent of VBIM in PA6 matrix. The DG of ILg-PA6 was plotted in Fig. 1(b). It is found that as more and more ionic
liquid was incorporated to PA6 matrix, the DG of ionic liquid increased
accordingly. Besides, the grafting eﬃciency of ionic liquid was also
high even at high ionic liquid content. The detailed molecular structure
of IL-g-PA6 was investigated by 1H NMR spectra. As we can see in
Fig. 1(c), the molecular structure of PA6 was schematically drawn and
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Fig. 1. The XPS (a), NMR (c) and FTIR (d) spectra of PA6 and IL-g-PA6, and the DG of ionic liquid (b) for diﬀerent IL-g-PA6.

3.2. Formation and properties of PA6 and IL-g-PA6 porous membranes
3.2.1. Morphologies of PA6 and IL-g-PA6 porous membranes
The synthesized IL-g-PA6 was then used as membrane material to
prepare porous membranes via immersion-precipitation phase inversion method. PA6 porous membrane was also prepared as a comparison. Fig. 5 presented the SEM images of the top surface, bottom surface
and the cross-section of PA6 and IL-g-PA6 porous membranes. It is
found that skinless microporous membranes were obtained though
diﬀerences can be identiﬁed between porous membranes of PA6 and ILg-PA6. The bottom surfaces of porous membranes were shown in Fig. 5
(a1 ~ d1). It is clear that all porous membranes exhibited characteristics which were attributed to both liquid-liquid phase inversion and
crystallization. The truncated cellular structure of bottom surfaces was
caused by liquid-liquid demixing initially, during which the polymerrich phase became the solid membrane while the polymer-poor phase
tuned out to be the pore structure in the membrane. These cellular
pores are connected with each other through dumbbell- of sheaf-like
crystalline particles. Besides, the pores are not uniform in terms of

Fig. 3. The contact angle of PA6 and IL-g-PA6 ﬁlms.

shape and size, which is due to the crystallization process that happened at similar timescale of liquid-liquid demixing. The number of
pores in PA6 porous membranes was less than that in IL-g-PA6, but the

Fig. 2. The solubility of PA6 and IL-g-PA6 in mixed solvent of formic acid and water.
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can be observed for all samples. This is because the soft bath with 40%
formic acid in 60% water slowed down the mass transfer process between solvent and non-solvent, leading to suppressed liquid-liquid
phase inversion and a less concentrated gel layer on top of the dope
[16]. The crystallization process will break the gel layer easily so that
porous skin formed. The grafting of ionic liquid increased the hydrophilicity as well as the solubility of IL-g-PA6 as we discussed previously,
which made the coagulation bath softer for IL-g-PA6 dope than for that
of PA6. Thus, a more obvious crystallization inﬂuence and more pores
generated from crystallization in weaker gel layer should have been
observed in IL-g-PA6 membranes rather than PA6 membranes. While in
fact, the top surfaces varied little between PA6 and IL-g-PA6 membranes because of the decreased crystallization ability in IL-g-PA6
materials according to Fig. 4. The cross section of porous membranes
was shown in Fig. 5 (a3 ~ d3). Obviously, the opened sponge-like pores
which were composed of interlocked stick-like crystalline particles were
observed for both PA6 and IL-g-PA6 membranes, indicating a crystallization dominated phase inversion process. The residue cellular
structure was attributed to characteristic of liquid-liquid demixing.
Besides, the cross section microstructure varied a lot from PA6 to IL-gPA6 with diﬀerent degree of grafting, such as pore size and porosity,
which will be discussed later. The diﬀerent mass transfer process would
account for the diﬀerences in cross section microstructure. To be

Fig. 4. The crystallization behavior of PA6 and IL-g-PA6.

size diﬀered little from each other, which indicates a higher density of
crystalline particles compared to that of IL-g-PA6. As shown in Fig. 4,
IL-g-PA6 showed decreased crystallization ability, this explained the
diﬀerence in crystallization during phase inversion. All bottom surfaces
were ﬂattened because the crystal grows against the smooth substrate.
Fig. 5 (a2 ~ d2) showed the top surfaces of PA6 and IL-g-PA6 membranes. Porous top surfaces composed of stick-like crystalline particles

Fig. 5. The microstructure of PA6 and IL-g-PA6 porous membranes: a1 ~ a3, b1 ~ b3, c1 ~ c3 and d1 ~ d3 show the images of PA6, 2%-50 K, 4%-50 K and 8%-50 K
respectively; a1 ~ d1, a2 ~ d2 and a3 ~ d3 represent the bottom surface, the top surface and the cross section of the porous membranes separately.
1439
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Fig. 7. The water ﬂux of PA6 and IL-g-PA6 porous membranes.

Scheme 1. The mass transfer process of PA6 and IL-g-PA6 dope. J1 and J1′
means the mass transfer of non-solvent and J2 and J2′ means the mass transfer
of solvent.

smaller than that of PA6 porous membranes, the increase in water ﬂux
of 2%-50 K porous membrane, which is 2.6 times higher than that of
PA6 porous membrane, was ascribed to the improved porosity as well
as hydrophilicity of IL-g-PA6. With more ionic liquid grafted on PA6,
the water ﬂux of 4%-50 K and 8%-50 K porous membranes decreased
gradually because of dramatic reduction in pore size.

detailed, the solvent-non-solvent mass transfer in IL-g-PA6 dope is
slower than that in PA6 dope because of increased hydrophilicity and
solubility of IL-g-PA6, which was schematically drawn in Scheme 1.
Usually, the slowed mass transfer process will lead to higher porosity of
the porous membranes, which will be conﬁrmed later. The microstructure of the cross section was also diﬀerent from that of top surface,
we ascribed this to lower polymer concentration in the bulk or bottom
of the dope than that in interface area because the top surfaces were
contacted with the coagulation bath directly.
The porosity and average pore size of PA6 and IL-g-PA6 porous
membranes were measured via mercury-injection method. The detailed
data were shown in Fig. 6. It can be seen from Fig. 6 that the porosity of
neat PA6 porous membranes is 68%, with the ionic liquid grafted on
PA6, the porosity increased. The more the ionic liquid was grafted on
PA6, the higher the porosity of the membrane is. For 8%-50 K sample,
the porosity is as high as 74.5%. While the average pore size decreased
from 823 nm of PA6 to 393 nm of 8%-50 K. This phenomenon may be
attributed to diﬀerent mass transfer process during phase inversion.
Under the same conditions, the IL-g-PA6 showed better solubility in the
mixed solvent of formic acid and water, and the coagulation bath was
softer for IL-g-PA6 dope compared to that of neat PA6. Therefore, mass
transfer rates in IL-g-PA6 systems were slowed down, as shown in
Scheme 1, which lead to smaller pore size and higher porosity. Besides,
the decreased crystallization ability of IL-g-PA6 may also account for
the diﬀerent phase inversion process.

3.2.2.2. Chromate sorption. According to Fig. 8, which displays the
uptake of chromate on PA6 and IL-g-PA6 porous membranes, PA6
porous membrane shows poor adsorption eﬀect with only 25.7 mg/g
chromate adsorbed. The hydrophobic property of PA6 takes
responsibility for the poor adsorption performance of PA6 membrane.
While for IL-g-PA6 porous membranes, the uptake of chromate
increased signiﬁcantly, the chromate adsorption of 2%-50 K is 2.2
times higher than that of PA6 membrane. With increasing IL grafted on
PA6, the chromate adsorption gets further improvement to 68.4 mg/g
for 8%-50 K membrane, which is 2.7 times higher when compared to
PA6 membrane. It indicates that not only the porous structure but also
the interactions between the grafted cations of ionic liquid and the
anions of chromate account for the great improvement of chromate
adsorption. Though the water ﬂux of 8%-50 K porous membrane was
lower than that of PA6 membrane, but it was feasible to control the
pore structure by adjusting the composition of dope and coagulation
bath to obtain high water ﬂux porous membrane as well as excellent
chromate adsorption properties.
4. Conclusion

3.2.2. The properties of PA6 and IL-g-PA6 porous membranes
3.2.2.1. Water ﬂux. The water ﬂux of PA6 and IL-g-PA6 porous
membranes was drawn in Fig. 7. It should be noticed that the water
ﬂux is determined by the hydrophilicity, pore size, porosity and testing
conditions synergistically. Since the pore size of 2%-50 K membrane is

The ionic liquid grafted PA6 (IL-g-PA6) was prepared and found to
be a good membrane material with enhanced hydrophilicity as well as
solubility. The IL-g-PA6 porous membranes were then prepared via
immersion-precipitation method. In the course of investigating the

Fig. 8. Uptake of chromate on PA6 and IL-g-PA6 porous membranes. The initial
chromate concentration is 800 mg/L, the pH value of which is 4.39.

Fig. 6. The porosity and pore size of PA6 and IL-g-PA6 porous membranes.
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morphology and properties of the porous membranes, it was found that
the grafted ionic liquid exerted considerable inﬂuence on the morphology, pore structure as well as the membrane properties like water
ﬂux and heavy metal adsorption. The morphology and pore structure of
IL-g-PA6 porous membranes diﬀered greatly from that of PA6 porous
membrane, which was due to diﬀerent mass transfer process during
membrane formation because of the increased hydrophilicity, solubility
and decreased crystallization ability of IL-g-PA6 compared to that of
PA6. It is noteworthy that the water ﬂux and Cr (VI) adsorption of 2%50 K porous membrane were enhanced greatly though the pore size was
much smaller compared to that of PA6, which were ascribed to the
excellent hydrophilicity and unique ion structure of grafted ionic liquid.
This made IL-g-PA6 an interesting material with useful functionalities
and oﬀered a new strategy to prepare functionalized material.
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