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Functionalized nonwoven Nylon fabrics for cadmium ion exchange applications
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Abstract

Water pollution is a big issue of our world. This research aims to study the possibility of using carboxylate functionalized
synthetic nonwoven fabrics for removing heavy metals from contaminated water. Poly(acrylic acid) (PAA) and poly(itaconic
acid) (PI1A) were grafted from the surfaces of individual Nylon 6,6 fibers of nonwoven fabrics by radiation induced-
polymerization with Gamma-rays under various conditions. FTIR spectra show evidence of the carboxylate groups of PAA
and PIA after polymer grafting. A comparison of fiber sizes and surface morphology of nonwoven Nylon fabrics before and
after PAA and PIA grafting was examined using optical microscopy (OM) and scanning electron microscopy (SEM). The
shrinkage, curl and non-uniformity of fibers observed by OM and SEM after polymer grafting might cause the changes in the
water permeabilities of the modified Nylon fabrics. After hydrolyzation of modified Nylon fabrics with sodium hydroxide,
static cadmium (Cd?*) ion exchange capacities were measured for all fabric samples. The Langmuir model was used to
calculate parameters, including maximum static Cd?* ion exchange capacities and the association coefficients to explain
behaviors of unmodified and modified nonwoven Nylon fabrics. Using unmodified and PAA- and P1A- modified Nylon fabrics
as ion-exchange membranes, these membranes provide higher water flowability than conventional membranes. Furthermore,
the static Cd®* ion exchange capacities of these ion-exchange membranes are comparable to commercial ion-exchange
materials. It was also found that duration time of radiation inducing and heating steps along with various types of polymer

grafting affected the ion exchange capacities and membrane performance.
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1. Introduction

Nowadays, polymers such as plastics, rubbers,
adhesives, fibers and coatings have useful applications in
daily life due to their various properties. Depending on
purpose of a product, numerous synthetic and natural
materials are available. Both synthetic and natural polymers
are created via polymerization of hydrocarbon molecules or
monomers [1-2]. Various types of polymers are suitable for
given applications. For example, water bottles generally are
made from polyethylene terephthalate (PET). Pipes typically
are manufactured from polyvinyl alcohol (PVC). Polyesters
are the main polymeric materials for synthetic textiles
products. However, for specific industrial applications, such
as membranes for removing heavy metal ions from industrial
wastewaters, functionalization of polymers for property
improvement has been rapidly developed using various new
technologies. Copolymers can be synthesized to add
functional groups or improve the properties of polymers.
Conceptually, copolymers can be a single long chain of two
types of monomers such as alternating, random, block
copolymers. Conversely, they may consist of a backbone
of a single monomers with branches of other types of

*Corresponding author. Tel.: +6681 720 7075
Email address: nithinart_c@rmutt.ac.th
doi: 10.14456/easr.2020.25

monomers. This is called a “graft copolymer” [1]. Currently,
there are three methods of producing graft copolymers,
grafting from, grafting onto and grafting through. The
“grafting from’” method is practical since there are a broad
range of monomers and polymers can be applied under
various conditions, while other methods have various
advantages and disadvantages [1]. Wang et al. [3] used a
“grafting from” method with atom transfer radical
polymerization (ATRP) to modify cellulose membrane
surfaces using poly(glycidyl methacrylate) (PGMA) for
antibody purification. Similarly, Chenette and Husson [4]
also used this method to graft glycopolymers for targeted
lectin binding. However, the “grafting onto” method was
alternatively selected to graft polyacid polymers onto
surfaces of regenerated cellulose nanofibers instead of the
“grafting from” method. This was due to the slower kinetics
of the ATRP method [2, 5].

Radical graft polymerizations were mostly used for
synthesizing graft copolymers. However, ionic graft
polymerizations are also possible. Various techniques have
been used to graft copolymers onto the surfaces of polymer
materials to initiate polymerization involving radicals. These
methods include thermal decomposition, redox initiation,
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living radical polymerization and ionizing radiation [1].
Living radical polymerizations of the ATRP technique have
been a common way to graft polymers. It has excellent
control of the lengths of the grafting chains. Alternatively,
irradiation of a mixture of polymers and monomers to
ionizing radiation, such as ultraviolet radiation [6-7],
Gamma radiation [8-9], plasma [10], and electron beam [11],
can produce polymer radicals using various types of
monomers. According to multiple literature reports, the
ATRP method can be used to graft several monomers onto
polymeric material surfaces [3-4, 12-13]. However, it was
found that using itaconic acid as a monomer showed slow
kinetics with polymerization times longer than 6 h (up to 60
h) [12]. With this limitation, using irradiation technique with
high energy rays to produce radicals for “grafting from”
polymerization is a good approach for the current research.

Cadmium is a highly toxic heavy metal that causes
Itai-Itai disease [14]. Even though cadmium is rarely found
in the environment, its level can be increased through the
discharge of industrial wastes of factories involved in metal
finishing and coating, as well as manufacture of nickel-
cadmium batteries [14]. Therefore, the removal of cadmium
from wastewater is of great environmental concern.

Materials with functional groups have been prepared for
a variety of technical applications such as ion-exchange for
water purification. A wide range of functional groups, such
as hydroxyl, carboxyl, sulfonyl, thiol, amino, and amide
groups, are useful in binding heavy metal ions including lead,
copper, nickel, iron, zinc, and cadmium [15-17]. It was
reported that carboxyl functional groups have been
successfully used in sequestering heavy metal ions including
those of cadmium and nickel [2]. Functionalization of the
surfaces of polymeric materials, including poly(acrylic acid)
and poly(itaconic acid) has been used for removing
cadmium, nickel, copper and lead ions with low power
requirements [2, 18-21]. Chitpong and Husson [2] reported
that poly(acrylic acid) and poly(itaconic acid) functionalized
regenerated cellulose nanofiber membranes were useful for
removal of cadmium and nickel ions using a “grafting to”
method for functionalization. It was also reported that ceric
ions were an initiator to grafting poly(acrylic acid) onto
cellulose surfaces for absorbing lead, copper and cadmium
ions [18, 21]. Carboxyl groups of oxolane-2,5-dione
modified cellulose material were successfully used to
capture cadmium and lead ions in wastewater [19].
Moreover, it was shown that chitosan with modification by
poly(itaconic acid) cross-linking with glutaraldehyde and
epichlorohydrin by ammmonium persulfate-initiated graft
copolymerization was a potential absorbent material for
removing cadmium and lead ions from wastewater [20].
Consequently, PAA and PIA were selected as the “grafting
from” strategy using an irradiation technique in this research
work.

Various ion exchange materials including resins and
membranes have been used to capture heavy metals from
wastewaters. Membrane technology is an alternative process
used in this research to avoid high pressure drops during ion
exchange resin processes [22-23]. Moreover, a further
advantage of membrane processes is that membrane sheets
can be customized to different sizes and used with a variety
commercial ultrafiltration methods [22]. Synthetic
nonwoven fabrics with a high porosity such as polyethylene
(PE), polypropylene (PP) and Nylon are available in the
market. Therefore, in this research, Nylon 6, 6 nonwoven
fabrics were exploited for their potential as ion exchange
membranes.
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The main objective of this research is to develop
Nylon 6, 6 nonwoven fabrics for capturing heavy metals
from wastewater using an ion exchange membrane.
Poly(acrylic acid) and poly(itaconic acid) were grafted onto
a Nylon substrate using Gamma irradiation in a “grafting
from” method at different irradiation levels and heating times
to study the main impact factors for developing ion exchange
capacity. The success of graft polymerization was confirmed
by surface chemistry evaluation using attenuated total
reflectance  Fourier-transform  infrared  spectroscopy.
Characteristics of ion exchange membrane materials,
including physical properties such as tensile strength, surface
morphology and fiber diameters were investigated using
tensile testing, optical microscopy and scanning electron
microscopy. Finally, membrane performance, including
water permeability and static Cd-ion exchange capacity are
discussed and compared to other ion-exchange materials.

2. Materials and methods
2.1 Materials

The chemicals and solvents used in the current study
include acrylic acid with an inhibitor (AA, 99%), cadmium
nitrate tetrahydrate (Cd(NOs)2¢4H20), ethanol (EtOH,
reagent grade), itaconic acid (IA, >99%), and sodium
hyrodoxide (NaOH). They were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Silica gel (SiO2) was
purchased from EMD Millipore Corporation (Billerica, MA,
USA). Nylon 6,6 nonwoven fabrics were obtained from the
Department of Textile Engineering at Rajamangala
University of Technology Thanyaburi, Thailand.

2.2 Functionalization
2.2.1 Preparation of monomer solution

Nylon 6,6 nonwoven fabric was cut into 10 cm x 20 cm
pieces and six samples were placed into 100 mL glass bottles.
AA was passed through SiO2 to remove the inhibitor and
9.5 mL of this solution was put into each of three samples of
nonwoven Nylon. |A powder (5 g) was added to other three
nonwoven fabric samples. EtOH (70 mL) was added to all
six samples to dissolve the monomers. The entire preparation
was done under an inert atmosphere (nitrogen gas) inside a
glove box.

2.2.2 Polymer grafting method

All samples were placed inside a Gamma Cell 220
(Nordion, Canada) with a velocity of 0.89 Gy/s and heated in
a water bath at 60 °C to 70 °C for various duration times as
shown in Table 1. Afterward, all samples were rinsed twice
in deionized water to remove residual monomers and then
dried in an oven at 70 °C for 2 h before characterization and
performance testing. Figure 1 displays the basic concept of
PAA and PIA functionalization of Nylon fabrics for
capturing positive ions or heavy metal ions.

2.3 Characterizations
2.3.1 Surface chemistry

Attenuated total reflectance Fourier-transform infrared
spectroscopy (ATR-FTIR) analysis was conducted using a
Perkin Elmer Frontier model (Waltham, MA, USA) with
Omnic software. All measurements used 16 scans and a4 cm
resolution after scanning the background. The spectra were
obtained with an ATR and manual baseline corrections.
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Table 1 Radiation induced polymerization conditions

Sample Monomer in EtOH % by wt Gamma-rad. (time, h) Heating (time, h)
NPAA_1 1 AA 10 1 1
NPIA_1_ 1A 5 1 1
NPAA_1 5 AA 10 1 5
NPIA_1 5 1A 5 1 5
NPAA 5 1 AA 10 5 1
NPIA_5 1 1A 5 5 1

Monomers

(AAorIA) Positive ions

In EtOH (heavy metals)

e FL W ——— _

Irradiation

Nylon nonwoven

by Gamma-rays

PAA/PIA grafted
Nylon nonwoven

Heavy metal ion exchange

Figure 1 Basic concept for PAA and PIA modified nonwoven Nylon fabrics for heavy metal removal

Pressure control regulator

Pressure gate

Nitrogen tank

Figure 2 Permeability measurement apparatus
2.3.2 Fiber diameter and surface morphology

The average size and surface morphology of fibers were
examined using optical microscopy (OM model: CX41RF,
Olympus, Waltham, MA, USA) and scanning electron
microscopy (SEM model: JSM-5410LV, JEOL, Peabody,
MA). OM was used to check the quality of nonwoven Nylon
fabrics before and after polymer grafting at 10x
magnification. Axio Vision LE digital image processing
software was used to manually measure fiber diameter in the
obtained OM images. Before SEM analysis, carbon tape was
used to fasten PAA and PIA - grafted nonwoven Nylon
samples (~0.5 cm?) to aluminum stubs. SEM images were
captured at a voltage of 15.0 kV, current of 2 mA, and at
magnifications of 500x and 2000%. Average fiber diameters
and the quality of fiber surfaces were determined from SEM
images.

2.3.3 Physical properties
Tensile strengths of Nylon 6,6 nonwoven samples before

and after PAA and PIA modification were measured using a
tensile tester (Instron Tensile Tester Model 5560, Norwood,

Stirred ultrafiltration cell

Feed

Permeate

Beaker

MA, USA) following the procedures outlined in ASTM D
3822 01 with a 10 kN load cell employing a gage length of
25+2 mm and a crosshead speed of 50 mm/min. At least 10
nonwoven samples were cut to rectangular shapes (1 cm x
6 cm) before testing.

2.4 Performance tests
2.4.1 Permeability studies

A schematic of the permeability measurement apparatus
is shown at Figure 2. Each cut nonwoven sample (60 mm
width) was placed into a 200 mL ultrafiltration dead-end cell
(Amicon Model 8200, EMD Millipore, Billerica, MA). DI
water was introduced into the cell under nitrogen. The
permeability measurements were made at three constant
pressures (34.47, 48.26, and 68.95 kPa). All actual pressures
were measured and recorded from a pressure gauge. After
applying the gas to the cell, permeate was collected in a
beaker. The calculated flux and permeability were
determined using recorded permeate mass and filtration time.
At each pressure, three measurements were made in the order
of increasing pressure and reported as average values.
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Figure 3 ATR-FTIR spectra of nonwoven Nylon, PAA and PIA modified nonwoven Nylon at various irradiation and

heating times
2.4.2 Cadmium static ion exchange capacity

The preparation of a cadmium solution at 2000 mg/L in
DI water was made using Cd(NOs)2+4H20 as a solute. The
1000 mg/L cadmium solution was diluted to concentrations
ranging from 10 mg/L to 100 mg/L. A sodium hydroxide
solution (0.01 M) was prepared to neutralize PAA and PIA-
functionalized nonwoven samples for 1 h before cutting them
into small pieces. The weight of each sample was measured
before and after exposure to 3 mL of prepared cadmium for
at least 24 h to reach equilibrium [5]. The actual
concentrations of cadmium solutions before and after the ion
exchange process were measured using inductively coupled
plasma optical emission spectroscopy or ICP-OES (Perkin
Elmer, 2000DV model, Waltham, MA, USA). Standard
solutions were used to create a linear calibration curve before
experiments examining ion exchange. A standard deviation
of reported cadmium static ion exchange capacity values was
calculated using two modified fabric samples.

3. Results and discussion
3.1 Characterizations
3.1.1 ATR-FTIR

Nylon 6,6 nonwoven fabrics were grafted using two
types of polymers (PAA and PIA). The functional group
characterizations on the surfaces of nonwoven Nylon
samples before and after modification with polymers were
evaluated using ATR-FTIR. According to Figure 3, all
samples exhibited absorbance due to N-H stretching at

~3315 cm?, C=0 stretching of -CONH- at ~1645 cm™* and
absorbance by C-N stretching and CO-N-H bending at
~1555 cm?, as reported for Nylon fabrics in the literature
[24]. Absorbance for C=0 stretching of COOH of PAA and
PIA after functionalization obviously appeared at 1740 cm-!
as reported in the literature for PAA- and P1A-functionalized
membranes, but was not observed from fabrics before
grafting polymers [2]. This evidence shows the success of
surface modification for both polymers by Gamma radiation
induced polymerization with various conditions as shown in
Table 1.

3.1.2 OM images

Figure 4 provides representative OM images of Nylon
fibers before and after PAA and PIA modifications. Nylon
fibers before modification are uniform and straight, while
individual fibers after PAA and PIA modification for all
samples are shrunken, curl and non-uniform. The shrinkage
and curl possibly occurred due H-bonding between polymers
themselves, arising from O-H bonds between polymers and
Nylon fabrics N-H bonds, as previously reported [25].
Additionally, the average Nylon fiber diameters slightly
increased from less than 20 um to 2040 um after grafting
polymers, as seen in Table 2. It was shown in the literature
that the thin film polymer coatings on fiber surfaces were
found after polymer grafting [5]. However, from the OM
images in Figure 4, it is still unclear that the sizes of fibers
increased due to fiber shrinkage or polymer films on their
surfaces. The distributions of fiber diameters of Nylon
samples after polymers modification clearly increased,
especially for NPAA_1 5 and NPAA _5_1 samples.
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Figure 4 OM images of nonwoven Nylon, PAA and PIA modified nonwoven Nylon at various irradiation and heating times

Table 2 Average fiber diameter

Sample Diameter (um)
Nylon 19.74 £2.87
NPAA 1 1 30.00 +£5.59
NPIA_1_ 25.71 £3.56
NPAA 1 5 30.67 +£6.69
NPIA_1 5 26.97 £5.67
NPAA_5_1 3278 +8.34
NPIA_5_1 24.36 £3.94

samples, as shown in Figure 5. This was mainly due to the
non-uniformity of fibers.

3.1.3 SEM images

Since optical microscopy might not be able to check the
polymer coatings on the fiber surfaces, SEM was performed
at high-resolution to show images of the surface morphology
of fiber samples. In Figure 6, smooth surfaces are seen in
Figure 6A for unmodified nylon sample, while curl and non-
uniformity of fibers after polymer grafting were also
observed as reported by OM. Moreover, there are polymer
agglomerates on fiber surfaces that might be resulted by
polymer grafting. Small agglomerates are seen in
NPAA_1_1 and NPIA_1_1 samples. NPAA_5_1 samples
displayed larger sized agglomerates, possibly caused by
higher Gamma radiation dosage, resulting in more polymer

grafting. Barshay and Guven reported that polymer grafting
possibly produces the gelation of PAA [9]. Similarly,
polymer films of PAA and PIA were coated on regenerated
cellulose nanofiber surfaces after grafting [2].

3.1.4 Tensile strength

The strength of fabrics is important in direct-flow
membrane processes. Tensile strengths and extension at
breakage values of Nylon 6,6 nonwoven samples before and
after PAA and PIA modification were measured. From
Figure 7, the average maximum loads of Nylon samples
slightly increased after polymer grafting under some
conditions, especially for NPAA 5 1 and NPIA 5 1
samples, while their average extension at breakage decreased
insignificantly. The increased strengths were possibly caused
by shrinkage of fibers and polymer agglomerates on fiber
surfaces after polymer grafting. This is supported by OM and
SEM images.

3.2 Performance tests
3.2.1 Permeability

The water flux and permeabilities of unmodified, PAA,
and PIA modified Nylon fabrics were compared to study

membrane performance properties. Pressures, filtrate mass,
fabric areas and filtration times were measured to determine
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Figure 7 Tensile test of nonwoven Nylon, PAA and PIA modified nonwoven Nylon at various irradiation and heating times,

(a) maximum load and (b) extension at breakage

the water permeability following Eq. 1. Figure 8 demonstrates
that there are no significant changes in permeability values
after modification. Insignificant changes in permeability
possibly occurred due to the impact of non-uniform
shrinkage of fibers and polymer agglomeration on fiber
surfaces after polymer grafting. Obtaining high permeability
is an important factor indicating good performance of
membrane materials. However, it was shown that the
permeability values of all modified Nylon fabric samples
decreased with increasing applied pressure. This
phenomenon was also reported in the literature. The
permeability values of regenerated cellulose nanofiber
membranes decreased at higher applied pressures because of
material compaction [3]. Despite the decreases due to
compaction, the permeabilities of the modified Nylon fabrics
remain much higher than commercial membrane used in
processes such as reverse osmosis and nanofiltration. (e.g.,
polyamide RO membranes, Model: UB70, Toray) 2.8
L/m?/h/bar and polyamide NF membrane (Model: SB90,
Trisep, 5.8 L/m?/h/bar [5]).

Water permeate (L)
area (m?) x pressure(bar) X time(h)

@

Permeability =

3.2.2 Cadmium static ion exchange capacity

lon exchange capacity is an important property that
impacts membrane performance. The isotherms of cadmium
static ion exchange properties were constructed by
measuring equilibrium ion exchange capacities at various
initial concentrations (10-100 mg/L) at room temperature. It
was shown through application of the Langmuir model that
all ion exchange sites are identical since only one type of
functional group (both PAA and PIA) was grafted onto the
fabric surfaces. A further assumption that monolayer
adsorption occurred during ion exchange. The resulting data
were fitted to the Langmuir isotherm model. The association
coefficients for Cd?* (Kcd) and maximum ion exchange
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Table 3 Langmuir parameters of nonwoven Nylon, PAA and PIA modified nonwoven Nylon at various irradiation and heating

times
Sample Maximum Cd?* ion exchange capacity ~ Association coefficient for Cd?*, K R-square
(mg/g) (mL/mg)

Nylon 19.0 9.9 x 10! 0.9064
NPAA 1 1 82.3 4.8x 101 0.9745
NPIA 1 1 28.1 4.6x 101 0.7291
NPAA 1 5 23.6 6.6x 10! 0.2697
NPIA_1 5 77.72 5.4x 101 0.9292
NPAA 5 1 42338 3.7x 102 0.5815
NPIA 5 25.0 N/A 0.0152

capacities for Cd?®* (Qmax, Cd) are evaluated from obtained
isotherms following Eq. 2 [5, 26-27].

QCd — KCdCe,Cd (2)
Qmax,Cd 1+ KjCe,j

where Qcad is the equilibrium uptake of Cd per unit mass of
membrane, Ce is equilibrium concentration of ion j in
solution, and Kcad is the association constant of ion j [5]. The
calculated Langmuir parameters are summarized in Table 3.
However, according to R-square values in Table 3, it was
found that several samples did not fit the Langmuir model
with R-square values lower than 0.9. Table 3 and Figure 9
show that the maximum ion exchange capacity of PAA and
PIA functionalized nonwoven Nylon fabrics significantly
increased, especially for NPAA_1_1, NPIA_1_5, and
NPAA_5_1. For PAA modification, the increase of ion
exchange capacity might have been affected by the duration
of Gamma irradiation producing longer polymer chains with
more carboxyl functional groups. Alternatively, excessive
heating time might have caused lower capacity values. The
results show the opposite trend for PIA modification, where
longer heating times led to higher maximum capacity, but not
for longer irradiation times. Oddly, the NPAA_5_ 1 sample

provides extremely high ion exchange capacity and its
isotherm did not fit the Langmuir model well. Therefore,
higher initial cadmium concentrations may be required in
further work to obtain more information to develop better
isotherms. However, the maximum capacity and association
coefficient of the NPIA_5_1 sample did not fit the Langmuir
model as evidenced by its extremely low R-square value.
PAA and PIA exhibit different numbers of repeating
functional groups per unit. They are monocarboxylate and
bicarboxylate repeating units, respectively. Therefore, the
initial concentration of IA monomer used was twice the
initial concentration of the AA monomer during the grafting
step to produce similar carboxylate functional group
numbers in monomer solutions for all grafted samples.
Consequently, Cd-ion binding occurring with similar
numbers of carboxylate functional groups, but with different
interaction  structures of  monocarboxylates  and
bicarboxylates can be compared. However, the maximum Cd
binding capacity of PIA-modified Nylon was lower than for
the PAA-modified Nylon, which contradicts literature
stating that bicarboxylate functional groups show higher Cd
binding capacity due to higher complex stability than
monocarboxylate groups [2]. The lower capacity for PIA
modification might have been caused by the slower
polymerization kinetics of 1A, as previously discussed [12].
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Table 4 Summary of ion exchange data for Cd on ion-exchange materials

lon exchange materials Maximum Cd?* ion exchange capacity Reference
(mg/g)
Poly(acrylic acid) functionalized cellulose nanofiber 10-162.5 [5]
Poly(itaconic acid) functionalized cellulose nanofiber 222 [2]
Poly(acrylic acid) functionalized cellulose material 20.21 [18]
Oxolane-2,5-dione functionalized cellulose material 14.61-66.32 [19]
Poly(itaconic acid) cross-linking with glutaraldehyde or 331-405 [20]
epichlorohydrin modified chitosan powders
Poly(acrylic acid) functionalized cellulose material 11.53 [21]
Duolite CT-73 ion exchange resin 105.7 [28]
Amberlite 200 ion exchange resin 224.8 [28]
Cellulose/alginic acid IEX membrane 44.4 [29]
Activated carbon (Sigma C-3104) 15 [30]
Poly(acrylic acid) functionalized nonwoven Nylon 23.6-423.8 This research
Poly(itaconic acid) functionalized nonwoven Nylon 25.0-77.72 This research

Permeability results in the range of 70,000 to
100,000 L/m?/h/bar and maximum ion exchange capacities,
possibly up to 420 mg/g of Nylon fabric with PAA and PIA
functionalization, were compared to other ion exchange
materials. The results are shown in Table 4. PAA and PIA
functionalized cellulose or chitosan materials in previous
studies gave maximum Cd-ion exchange capacities in the
range of 11.53 to 405 mg/g [2, 5, 18-21]. It was reported that
ion exchange resins provide maximum Cd capacity for
Duolite CT-73 at 105.7 mg/g and Amberlite 200 at
224.8mg/g [28]. For an ion-exchange membrane, a
cellulose/alginic acid IEX membrane yields a maximum Cd
capacity of 44.4 mg/g and a permeability of 8.0 L/m%/h/bar
[29]. Even activated carbon (Sigma C-3104) gives a much
lower maximum Cd capacity of 1.5 mg/g [30]. Therefore,
these functionalized membranes show very high membrane
performance in terms of permeability and capacity.

4. Conclusions

A preparation of cation-exchange membranes by
polymer grafting onto nonwoven Nylon fabrics and an

evaluation of trace cadmium ion removal from water were
studied in this research. Irradiation induced polymerization
using Gamma-rays was used to graft polymers with carboxyl
functional groups. PAA and PIA functionalized nonwoven
Nylon fabrics show higher static cadmium ion exchange
capacities than unmodified Nylon fabrics. They are
competitive with commercially available ion-exchange
materials. Using the functionalized nonwoven Nylon fabrics
in membrane applications, the permeabilities of all samples
were found much higher than commercial membrane
processes such as reverse osmosis and nanofiltration.
Although RO and NF systems show higher capacity to
remove ions, more selective interaction between carboxylate
functional group and cadmium ions was obtained from these
ion exchange membranes. Polymer types and grafting
conditions produced polymers with longer chains resulting
higher ion exchange capacities. To improve membrane
performance, polymer types are not limited to only PAA and
PIA and polymer grafting conditions can be adjusted.
Additionally, dynamic binding capacity evaluation should be
further studied for these new membrane materials.
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