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Abstract: The design and self-assembly of graphene oxide (GO)-based composite membranes have

attracted enormous attention due to their wide application in nanomaterial and environmental fields.

In this work, we have successfully developed a strategy to fabricate new composite membranes based

on poly(vinyl alcohol)/poly(acrylic acid)/carboxyl-functionalized graphene oxide modified with

silver nanoparticles (PVA/PAA/GO-COOH@AgNPs), which were prepared via thermal treatment

and the electrospinning technique. Due to the strong π-π forces and strong electrostatic interactions of

GO–COOH sheets, the prepared composite membranes and their lager surface areas were modified

by scores of AgNPs, which demonstrated that a high-efficiency photocatalyst removed the organic

dyes from the aqueous solutions. The prepared PVA/PAA/GO-COOH@AgNPs nanocomposite

membranes showed a remarkable photocatalytic capacity in the catalytic degradation of the

methylene blue dye solutions. Most importantly, the whole process was easy, mild, and eco-friendly.

Additionally, the as-prepared membranes could be repeatedly used after the catalytic reaction.

Keywords: composite membranes; electrospinning; graphene oxide; photocatalyst; dyes degradation;

wastewater treatment

1. Introduction

In the past few years, with the rapid development of the economy, most factories have been eager

to maximize profits at the expense of the environment. In recent years, environmental pollution has

drawn public attention because pollution has generated fear for human health and future generations’

ability to live on this planet [1,2]. This is especially true for water pollution, which is mostly attributable

to organic dyes released by chemical plants [3,4]. Photocatalysts demonstrate pronounced potential as

drivers of chemical reactions when illuminated by sunlight at room temperature [5,6]. Photocatalytic

degradation of organic pollutants in water is used as a new wastewater treatment technology, and has

become a research hotspot in the wastewater treatment field [7,8]. The current research of photocatalytic

technology is mainly concentrated on conventional semiconductor photocatalysts, especially TiO2

based materials [7]. Although TiO2 has many advantages, such as a wide range of sources and a low

price, it can only use the ultraviolet part of the sun. Ultraviolet light accounts for only 5% of solar

energy, which limits its practicality. Therefore, finding the catalyst that can respond to visible light,
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more than 43% of the solar energy, has become the main direction of research [9,10]. It is well known

that silver nanoparticles (AgNPs) not only exhibit considerable ultraviolet (UV) light absorption

due to the inter-band transition, but also can perform under visible light attributed to the so-called

surface plasmon resonance (SPR) effect [11,12]. Hence, silver NPs are promising photocatalysts

that exert the whole solar spectrum. Interestingly, it should be noted that various porous TiO2-Ag

nanostructures, including hollow microspheres and nanotube arrays, have demonstrated enhanced

visible light photocatalytic activity for reducing the variety of dyes in water and enhancing water

splitting [13–28].

On the other hand, a nanofibrous composite membrane has the advantage of easy recycling in the

field of wastewater adsorption treatment. Electrospinning is considered a simple and versatile technique

to fabricate polymeric micro/nanofibers continuously [29,30]. Prepared fibrous materials illustrate many

outstanding properties, such as large specific surface area [31,32], favorable porosity [33], and superior

controllable thickness [34,35]. These characteristics give the electrospun fibers potential applications

as nanocatalysts. Graphene oxide (GO)-based nanocomposite fibers have attracted enormous interest

due to their regulated dispersibility, large functional oxygen-containing groups, and preferred reactive

positions/sites for special chemical modification [36].

By employing the merit of graphene oxide (GO)-based nanocomposites and many novel

advantages of electrospun fibers in present research work, self-assembled electrospun matrical

membranes of PVA/PAA/GO–COOH@AgNPs can be processed. The obtained PVA/PAA/GO-COOH

membranes were synthesized using thermal treatment and the electrospinning technique while the Ag

nanoparticles from the reduction of AgNO3 by ascorbic acid solution were firmly immobilized on the

surface of the nanofibers with the help of hydrogen bonds and electrostatic interactions. The initial

considerations for this experiment follow. First, the prepared PVA/PAA/GO-COOH system was

selected as matrix materials for electrospinning due to the chemical and mechanical properties as

well as the large specific surface area [37]. Second, compared with the conventional organic solvents,

deionized water was used as a solvent to prepare the electrospinning solution, demonstrating low cost

and environmentally-friendly features. Finally and most importantly, the Ag nanoparticles showed

that they can achieve good stability between the flexible surface of fiber and efficient GO nanosheets,

and perform under visible light. The strong π-π forces in GO sheets can attach the powerful adsorption

for diverse dyes in water. In addition, the fixed carboxyl group within the GO nanosheet can create

strong electrostatic interactions by its highly negative-charged property, which can promote the target

dyes’ diffusion and enrichment.

Additionally, the prepared composite membranes acted as high-efficiency catalysts to degrade

organic dyes and were easily separated from dye solutions to reuse due to their mechanical

strength. This is crucial to the performance evaluation of catalysts. Moreover, presently prepared

nanocomposites also have the characteristics of low cost, easy preparation, and environmental

friendliness, which demonstrates important potential applications in the catalysis fields.

2. Materials and Methods

2.1. Materials

Polyvinyl alcohol (PVA, 98–99% hydrolyzed, molecular weight 57,000–66,000) poly(acrylic acid)

(PAA, molecular weight ~2000), and chloroacetic acid were provided by Aladdin Reagent (Shanghai,

China) and Alfa Aesar Chemicals (Beijing, China). Graphene oxide was synthesized from graphite

powder (8000 mesh, 99.95%, Aladdin Reagent) by a modified Hummers method [38]. Rhodamine B

(RhB), and methylene blue (MB) were purchased from Tianjin KaiTong Chemical Reagent (Tianjin,

China) and used without further purification. Silver nitrate and vitamin C were obtained from Aladdin

Reagent (Shanghai, China). Sulfuric acid (H2SO4, 98%), potassium permanganate (KMnO4), potassium

nitrate (KNO3), hydrogen peroxide (H2O2, 30%, w/w), and hydrochloric acid (HCl, 37%) were of
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analytical reagent grade and were used as received. Deionized (DI) water was used for preparing

aqueous solutions in the whole experiment process.

2.2. Preparation of Electrospun Composites

Graphene oxide (GO), due to its unique two-dimensional single or several-layer sp2-bonded

carbon sheets, has attracted plenty of research. Other reasons for the interest in graphene oxide include

its superior dispersibility and easy functionalization in wide applications. Hence, GO was selected as

the key moiety of the self-assembling matrix materials for electrospinning. Silver nanoparticles are

promising photocatalysts and are chosen as photocatalysts in present nanocomposites responsible for

photocatalytic degradation of organic dyes. The catalytic membranes were prepared via electrospinning

of matrix materials and adherence of Ag NPs. As shown in Figure 1, the preparation processes of

these composite catalytic membranes were divided into two steps. First, the matrical membranes of

PVA/PAA/GO-COOH were prepared through the electrospinning technique and the prepared matrical

membranes were insoluble after thermal treatment, which is attributed to the crosslinking reaction

between GO-COOH sheets and polymeric nanofibers. Next, the prepared insoluble membranes were

modified by Ag nanoparticles when they were immersed into the AgNO3 solution with ascorbic

acid. The preparation process is very environmentally-friendly, controllable, and easy to operate,

which demonstrates potential large-scale applications in dye removal of wastewater.

 

−

−

Figure 1. Schematic illustration of the fabrication of PVA/PAA/GO-COOH@AgNPs nanocomposites

by electrospinning and thermal treatment.

Carboxyl-functionalized GO (GO-COOH) was first prepared according to a reported method [39],

and freeze-dried in low temperature (−50 ◦C). The 10 wt. % aqueous solution of PVA was prepared

by dissolving PVA in deionized water at 80 ◦C for 12 h under magnetic stirring. PAA solution

(30 wt. %) was prepared in deionized water solvent under magnetic stirring at room temperature for

1 h. GO-COOH solid was then added to the above PAA solution and stirred at room temperature for

an additional 1 h to obtain the solutions. The above-prepared PVA and PAA/GO-COOH solutions

were then mixed with a 1:1 volume ratio and further stirred at room temperature for 1 h to achieve

a homogeneous solution for electrospinning [40]. For the electrospinning process, a syringe connected

to a stainless steel needle with an inner diameter of 0.6 mm was used to load 10 mL of the above

PVA/PAA/GO-COOH precursor solution. During electrospinning, a voltage of 20 kV and a flow

rate of 0.5 mL h−1 were applied to the spinneret. The produced electrospun nanofiber composite was

deposited on a flat aluminum collector placed 15 cm away from the needle, and then dried in a vacuum

oven at room temperature for 24 h, as demonstrated in Figure 1. After that, the obtained membrane
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samples were heated at 120 ◦C for 3 h to develop a heat-induced crosslinking reaction between carboxyl

acid groups in PAA/GO-COOH components and hydroxyl groups in PVA molecules.

The designed PVA/PAA/GO-COOH@AgNPs nanocomposites were prepared by modifying

literature reports [41]. After the heating treatment at 120 ◦C and the crosslinking reaction,

PVA/PAA/GO-COOH membranes change to insoluble material in the water through the esterification

reaction from carboxylic acid groups and hydroxyl groups. Next, the obtained insoluble composite

membranes were dipped into silver nitrate solution with concentration of 25 mg mL−1 with mild

stirring at room temperature. 1.0 mL of vitamin C solution (15 mg mL−1) was added to the above

solution. Afterwards, the reduced AgNPs were gradually anchored on the prepared insoluble

composite membranes. Thus, the as-prepared PVA/PAA/GO-COOH@AgNPs nanocomposite

membranes were regulated by changing the immersed time (30 min, 1 h, 5 h, respectively). After the

immersion step, the composite membranes were thoroughly washed with deionized water several

times to remove the free/non-adhered AgNPs, and dried in vacuum at 80 ◦C for 24 h.

2.3. Catalytic Tests

To estimate the photocatalytic activity of the PVA/PAA/GO-COOH@AgNPs nanocomposites at

room temperature, 30 mg of a freshly prepared PVA/PAA/GO-COOH@AgNPs nanocomposite catalyst

was added to 100 mL dye solutions that contains RhB (4 mg mL−1) and MB solution (10 mg mL−1),

respectively. After dispersing catalyst materials using magnetic stirring, the mixed solution was

stirred under dark conditions for 30 min to reach adsorption equilibrium state. After that, A UV lamp

(7 mW/cm2, wavelength range of 360–370 nm; LUYOR-3405; Shanghai LUYOR Co. Ltd., Shanghai,

China) was used to irradiate the obtained mixed solution at a 40 cm distance from a light source to

liquid surface. The use of a cold light source in a UV lamp can keep the temperature of the solution

below 40 ◦C even after working for 24 h. The dye concentrations in solutions were measured and

calculated at different time intervals. For the control group of PVA/PAA/GO-COOH nanocomposite,

similar experimental procedures were adopted except for the irradiation of the LV lamp. Upon removal

of the solid catalytic samples using the centrifugation process, the supernatant solutions were measured

via a 752 UV-vis spectrometer obtained from Sunny Hengping scientific instruments at wavelengths

of 632 nm (MB) and 554 nm (RhB) with the pre-established calibration curves, respectively. Thus,

the percentage of dye degradation (K) was calculated using Equation (1)

K =
(A0 − AT)

AT
∗ 100% (1)

where K represents the percentage of degradation; A0 represents the absorbance of the original solution;

AT indicates the solution absorbance at any time. In the next recycling experiments, the as-prepared

PVA/PAA/GO-COOH@AgNPs nanocomposite membranes (30 mg) were added into 100 mL MB

solution (10 mL mL−1) under mild stirring. After 4 h of photocatalytic reaction under light irradiation,

the composite membrane materials were washed completely with ethanol/deionized water several

times. The photocatalytic processes were investigated and repeated for eight consecutive cycles by the

same membrane and initial fresh MB solution.

2.4. Characterization

A transmission electron microscope instrument (TEM, HT7700, High-Technologies Corporation,

Ibaraki, Japan) and a field-emission scanning electron microscopy (FE-SEM, SUPRA 55 SAPPHIRE,

Carl Zeiss AG, Oberkochen, Germany) are used for evaluating morphology and observing size,

respectively. A SMART LAB X-ray diffractometer (Rigaku, Japan) with a Cu Kα X-ray radiation

source performed X-ray diffraction (XRD) characterization. A Raman spectroscopy study was

obtained via a confocal Raman microscope (Xplora PLUS, Horiba Jobin Yvon, Edison, NJ, USA)

with 532 nm excitation laser and laser power below 1 mW. X-ray photoelectron spectroscopy (XPS)

was measured using an ESCALAB 250Xi XPS (Thermo Fisher Scientific, San Jose, CA, USA) with
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200 W monochromated Al Kα radiations. Thermogravimetry-differential scanning calorimetry

(TG-DSC) analyses were measured using the NETZSCH STA 409 PC Luxxsi multaneous thermal

analyzer from Netzsch Instruments Manufacturing Co., Ltd. (Seligenstadt, Germany) in an air

conditioned environment.

3. Results and Discussion

3.1. Characterization of Nanocomposites

First, scanning electron microscopy (SEM) (Figure 2) and transmission electron microscopy

(TEM) (Figure 3) characterization were utilized to investigate the morphologies and nanostructures of

the prepared pristine PVA/PAA/GO-COOH composite materials. The membrane showed uniform

nanostructures with a main fiber diameter distribution of 300–500 nm and a clearly flat structure in

the surface of PVA/PAA/GO-COOH nanofibers. This further demonstrated that some GO sheets

successfully cross-linked with nanofibers in plane. In addition, the morphologies of nanofiber loaded

with silver nanoparticles at incubation time of 1 h are shown in Figure 2b,c. Clearly, the surfaces of

PVA/PAA/GO-COOH membranes were modified with lots of Ag nanoparticles stacked onto the

fibers’ surface. Energy dispersive X-ray spectroscopy (EDXS) of nanocomposite films (Figure 2d)

confirmed the presence of silver on the nanofiber membrane and the specific peak corresponded

to the silver metal. Additionally, the size of Ag particles increased in ascorbic acid as time went

along until one hour. As shown in Figure 3b,c, the diameters of obtained Ag nanoparticles changed

from several tens of nanometers to hundreds of nanometers. Image of Figure 3d indicate that Ag

nanoparticles were successfully loaded on the composite membrane with slight aggregation. It should

be noted that the synthesized AgNPs in aqueous solution have many hydroxyl groups on the surface

of particles. In addition, the environment of the AgNP aqueous solution is neutral, so hydrogen bonds

can be expected to form. On the other hand, there are large numbers of carboxyl groups in the PAA

molecules. Thus, the obtained nanofiber membranes also have many excess carboxyl groups on the

surface. Therefore, AgNPs with many hydroxyl groups can be easily anchored and aggregate together

on the surface of prepared nanofibers, mainly due to hydrogen bond interaction.

α

 

Figure 2. SEM images of the prepared PVA/PAA/GO-COOH nanocomposite by electrospinning and

thermal treatment (a); and next modified with Ag nanoparticles at 1 h (b,c); Picture (d) indicates the

EDXS taken on the Ag nanoparticles shown in (c). The Al and Au peaks originate from the aluminum

foil substrate and coated Au particles.
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Figure 3. TEM images of the prepared PVA/PAA/GO-COOH nanocomposite (a); the obtained Ag

nanoparticles at 5 min (b) and 1 h (c); and PVA/PAA/GO-COOH@AgNPs nanocomposite at a modified

time of 1 h (d).

In order to evaluate the strong affiliation between nanocomposite films and silver nanoparticles,

X-ray diffraction (XRD) was measured. Figure 4a shows the diffraction patterns of the

prepared GO-COOH solid and the PVA/PAA/GO-COOH nanocomposite together with the

PVA/PAA/GO-COOH@AgNPs nanocomposite at modified time of 1 h. The 2θ values were observed

at 11◦ (GO-COOH) and 19.7◦ (PVA/PAA/GO-COOH), suggesting the incorporation of GO component

in the obtained composites. At the same time, other characteristic diffraction peaks at 2θ values of

38.2◦, 44.3◦, 63.5◦, and 77.5◦ conformed with silver corresponding to the (111), (200), (220), and (311)

miller indices. This again proves that the nanocomposite membrane is well combined with the silver

particles. Thermogravimetry (TG) curves of different materials were also measured to further identify

the thermal stability of the membrane under an argon atmosphere, as shown in Figure 4b. The weight

losses below 150 ◦C can be related to the removal of absorbed water while the instant reduction of

weight of GO-COOH at 200 ◦C could be attributed to various oxygen containing chemical groups

and alkyl chains within the GO sheets [42–46]. From 200 to 600 ◦C, the sharp loss of weight could be

regarded as the thermal decomposition of the carbon skeleton in the PVA and PAA molecules [47].

With increments of temperature up to 600 ◦C, the retention quality of PVA/PAA/GO-COOH remained

stable. In addition, the weight loss of the PVA/PAA/GO-COOH@AgNPs nanocomposite films was

approximately 47.1 wt. % while the GO-COOH and PVA/PAA/GO-COOH nanocomposites lost near

100 wt. %. Therefore, compared to PVA/PAA/GO-COOH, PVA/PAA/GO-COOH@AgNPs composites

showed higher thermal stability due to the addition of silver nanoparticles in composite membranes.



Nanomaterials 2018, 8, 35 7 of 14

θ

θ

 

Figure 4. X-ray diffraction patterns (a) and TG curves (b) of the prepared GO-COOH solid,

PVA/PAA/GO-COOH nanocomposite, and PVA/PAA/GO-COOH@AgNPs nanocomposite at modified

time of 1 h.

In order to investigate the obtained nanofibers containing graphene oxide, we further monitored

the prepared composite membrane materials using Raman spectroscopy. It is well known that Raman

spectroscopy is the relevant methodology to characterize GO-based composite materials. The measured

Raman spectroscopy of prepared nanocomposite materials is shown in Figure 5a. There are two major

peaks of graphene sheets in Raman spectra. One band located at 1592 cm−1 can be regarded as

the G band owing to the in-plane bond-stretching motion of pairs of sp2-bonded carbon atoms.

Another band at 1354 cm−1 mainly originated from the D band, which was lower in intensity than

G bands. This shows a broader peak due to the reduction in size of the in-plane sp2 domains by the

creation of defects, vacancies, and distortions of the sp2 domains during oxidation [48]. The Raman

spectrum of prepared PVA/PAA/GO-COOH nanofibers displays the characteristic bands of graphene

sheets, which confirms that the GO was successfully introduced into the nanofibers during the

electrospinning process. In addition, we can also note that the two peaks of PVA/PAA/GO-COOH

becomes weaker, which may be attributed to the interaction between GO and PVA/PAA. Furthermore,

the D/G peak intensity ratio is used to estimate the sp2 domain size in materials containing graphene

including sp2 and sp3 bonds originated from G and D bands [49–55]. As shown in Figure 5b,

the D/G ratio shifted from 0.921 for GO-COOH to 1.66 for PVA/PAA/GO-COOH. This result

confirms the successful modification of graphene sheet in the electrospun membrane by esterification

reaction between the hydroxyl components in PVA molecules and carboxylic segments in GO-COOH

materials as well as the presence of the polymeric alkyl chains linked to GO sheets. The D/G ratio of

PVA/PAA/GO-COOH@AgNPs composites decrease to 0.792, which can be due to larger surface area

modified by scores of AgNPs.

−

−

 

Figure 5. Raman spectroscopy (a) and D/G ratios (b) of different samples.
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It is important to further investigate interfacial state and composition using X-ray

photoelectron spectroscopy (XPS) technique due to the adsorption and photocatalytic application

of the as-prepared membrane. Moreover, XPS has been widely used to characterize electronic

structures of metal nanoparticles on various substrates [56–65]. The survey data of XPS spectra

from PVA/PAA/GO-COOH and PVA/PAA/GO-COOH@AgNPs nanocomposites was shown in

Figure 6A. The peaks of C1s and O1s both appeared in PVA/PAA/GO–COOH and electrospun

nanocomposite materials containing the silver while a considerable discrepancy was revealed

in the PVA/PAA/GO-COOH@AgNPs membrane using the high resolution silver peak (Ag3d).

The membrane should have risen from the silver clusters on the surface. In addition, we analyzed

the deconvolution of Ag3d peaks for the PVA/PAA/GO-COOH@AgNPs membranes (Figure 6B).

Two strong peaks at ca. 368.1 and 374.1 eV ascribed to Ag(3d5/2) and Ag(3d3/2) binding

energies [66–69], respectively, were observed. These two bands could be further deconvoluted

into three main peaks, which are attributed to the Ag2+, Ag+, and metallic Ag0, respectively.

This is consistent with the results of previous reports [67,68]. In addition, according to the data

of deconvolution analysis, around 73% of silver were calculated to be in the Ag0 state, which confirm

the existence of metallic Ag0 in the obtained materials and further verifies the successful loading of

silver nanoparticles onto the prepared electrospun composite membrane.

 

−

−

−

−

Figure 6. Survey XPS spectra of both samples (A): a, PVA/PAA/GO-COOH nanocomposite;

b, PVA/PAA/GO-COOH@AgNPs nanocomposite at modified time of 1 h; (B) Ag3d deconvolution of

XPS peaks in spectra b.

3.2. Catalytic Performances

In addition, to further assess the dye degradation capacities of the fresh prepared

composite membranes, the kinetic experiments of the as-prepared PVA/PAA/GO-COOH@AgNPs

nanocomposites were measured and the results are shown in Figure 7. Two different models

of dyes, called MB and RhB, were selected to evaluate catalytic performance of the obtained

materials. Additionally, the present catalytic experiments were measured and repeated three times.

Classical kinetic models were utilized to demonstrate the present catalytic process through the

following formulas:

The pseudo-first-order model

log(qe − qt) = log qe −
k

2.303
t (2)

The pseudo-second-order model

t

qt

=
1

k qe
2
+

t

qe

(3)
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where qe and qt are the dye degraded amount (mg/g) at equilibrium and time t, respectively, and the

k1 or k2 values represent the kinetic rate constants. The kinetic results (Table 1) can be appropriately

characterized by either the pseudo-first-order model with a correlation coefficient (R2 > 0.9945) or the

pseudo-second-order model with a correlation coefficient (R2 > 0.9988). Compared to the control group

of PVA/PAA/GO-COOH nanocomposite without Ag modification, the removal performances of the

model dyes were significantly enhanced in the experiment group.

Table 1. Kinetic parameters of PVA/PAA/GO-COOH nanocomposite and PVA/PAA/GO-COOH@AgNPs

nanocomposite for RhB and MB degradations and removal at 298 K (experimental data from Figure 7).

RhB
Pseudo-First-Order Model Pseudo-Second-Order Model

qe (mg/g) R2 K1 (min−1) qe (mg/g) R2 K2 (g/mg·min)

PVA/PAA/GO-COOH 2.64 0.9981 0.0442 3.43 0.9976 0.0125
PVA/PAA/GO-COOH@AgNPs 2.71 0.9972 0.1445 2.90 0.9996 0.1072

MB
Pseudo-First-Order Model Pseudo-Second-Order Model

qe (mg/g) R2 K1 (min−1) qe (mg/g) R2 K2 (g/mg·min)

PVA/PAA/GO-COOH 27.19 0.9989 0.01405 36.97 0.9932 2.07 × 10−4

PVA/PAA/GO-COOH@AgNPs 26.01 0.9945 0.07784 26.36 0.9988 1.20 × 10−2

 

Figure 7. Photocatalytic kinetics curves of as-prepared PVA/PAA/GO-COOH@AgNPs nanocomposite

on MB (a,b) and RhB (c,d) at 298 K.

On the other hand, good recovery and stability are expected for the large-scale application of

composite nanomaterials for wastewater treatment. Here, we investigate the potential application of

the obtained PVA/PAA/GO-COOH@AgNPs nanocomposite materials for MB removal. The results

indicate that the catalytic amount toward MB stays at about 26.32 mg/g (about 99.8%, compared to

26.36 mg/g in the first catalytic process) for PVA/PAA/GO-COOH@AgNPs nanocomposite

membranes after eight consecutive cycles, as presented in Figure 8. In other words, the PVA/PAA/GO-

COOH@AgNPs nanocomposite membrane remained vigorous after eight cycles with repeated elution.

This demonstrates excellent stability and reutilization of the composite materials [70]. Such outstanding
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catalytic performance of the GO-COOH@AgNPs membrane benefits from the use of the electrospun

membrane as a support for the Ag catalysts. In summary, the prepared composite membrane materials

can potentially be applied for wide wastewater treatment.

 

Figure 8. Relative photocatalytic capacity and regeneration studies of as-prepared PVA/PAA/GO-

COOH@AgNPs nanocomposite towards MB at room temperature for different consecutive cycles.

4. Conclusions

Novel multifunctional catalysts of PVA/PAA/GO-COOH@AgNPs nanocomposite membranes

have been developed by modifying Ag nanoparticles on electrospun PVA/PAA/GO-COOH nanofibers

via an eco-friendly and self-assembled process. The prepared PVA/PAA/GO-COOH nanocomposites

provide beneficial support for AgNPs to be loaded on and effectively avoid agglomeration of AgNPs

with improved stability for the next catalytic degradation application. Then, the strong π–π forces in GO

sheets and the fixed highly negatively-charged carboxyl group within GO nanosheet promote the target

dyes’ diffusion and enrichment via the powerful adsorption for diverse dyes and strong electrostatic

interactions. For the catalytic degradation of MB, the prepared PVA/PAA/GO-COOH@AgNPs

nanocomposite membranes demonstrated significant catalytic activity, even after eight cycles of

catalytic degradation at room temperature. The present work thus offers a novel approach for designing

and processing new Ag nanoparticle-containing composite materials for catalytic applications in

wastewater treatment.
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