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Abstract 11	

A new self-regenerative and self-enhanced smart adsorbent is synthesized by 12	

hybridizing the photocatalyst Ag3PO4 nanospheres into the 3D graphene oxide (GO) 13	

hydrogel, and then used to absorb and mineralize the artificially synthesized dyes 14	

methylene blue (MB) and methyl orange (MO). The results indicate that Ag3PO4 15	

particles anchored on the GO sheets densely and firmly with the average diameter of 16	

~20 nm. The large specific surface area (SSA) (~100.29 m2/g) of the samples could 17	

provide many adsorption sites for organic dyes to get good removal effectiveness. The 18	

results showed that the 3D graphene/Ag3PO4 composites exhibit excellent removal 19	

effectiveness of MB and MO as well as reusability. Especially, the adsorption ability 20	

of the adsorbent increased greatly after one-time recycling. The negatively charged 21	

functional groups of rGO sheets can attract the silver ions (Ag+), which can help the 22	

Ag3PO4 particles anchored on the rGO sheets. Besides, the rGO hydrogel has 23	

adsorption ability toward dyes, which can help increase the contact chance between 24	

dyes and nanoparticles Ag3PO4. The positive effects between Ag3PO4 and GO could 25	

be contributed to adsorption activity and photocatalytic properties. This study 26	

provides a green way to fabricate self-regenerative and self-enhanced smart hydrogel 27	
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adsorbents under visible light.  28	

 29	

Keywords: Graphene; Ag3PO4; Hydrogel; photocatalysis;  30	
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1. Introduction 31	

Many thousands of artificially synthesized dyes are widely used in many 32	

industries, such as leather and printing factory, ever since the technique was invented 33	

and developed. As a result, much dye wastewater have been discharged1-3. At present, 34	

removal methods of dye wastewater are mainly divided into chemical, physical, and 35	

biological treatment methods4, 5. Adsorption method is low cost, simplicity, high 36	

efficiency and insensitivity to toxic organic compounds6-9. For the reason given above, 37	

adsorption is considered to be one of the most effective methods used in wastewater 38	

treatment. During the process of adsorption, pollutants continuously accumulate on 39	

the adsorbents surface10. After saturation, adsorbents turn out to be a hazardous and 40	

harmful waste. Thus, it is necessary to dispose of or regenerate them suitably. 41	

Disposal of adsorbents as waste is unfriendly to the environment and is uneconomic 42	

Because disposable saturation adsorbents are considered to be a waste of resources as 43	

well as lead to a significant danger to the environment11. Compared to disposition as 44	

waste, it is much better to regenerate adsorbents efficiently. Recycling adsorbents 45	

would reduce the cost of production as well as emission of waste residue to protect 46	

the environment. An excellent regeneration process also requires decomposition of 47	

toxic pollutants on the surface of adsorbents and regain the adsorbents’ adsorption 48	

capacity thus avoiding the secondary pollution. 49	

Regeneration methods can be divided into four major groups: thermal 50	

regeneration, chemical regeneration, microbiological regeneration, and vacuum 51	

regeneration12. Thermal regeneration is the most popularly and widely used method in 52	

the industry13, which heats the saturated adsorbents and provides enough energy 53	

necessary to discompose the residual pollutants. The thermal method could utilize hot 54	

inert gases and steam to make the adsorbents recover the adsorption ability, such as 55	

microwave regeneration, and ultrasound regeneration, etc.10, 14. However, there exist 56	

some problems such as rigorous energetic requirements and low regeneration 57	

efficiency. 58	
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Therefore, as alternatives to traditional thermal regeneration, chemical 59	

regeneration is developed. Moreover, solvent, wet air, electrochemical, supercritical 60	

and thermal oxidative regeneration are considered to be chemical regeneration. 61	

Solvent regeneration is easy to implement in practical production process15, but it 62	

cannot completely recover adsorbent’s absorbability. Wet air regeneration can achieve 63	

good results but needs rigorous requirements for the equipment. Previous reports 64	

showed that supercritical regeneration is one of the most efficient methods among all 65	

studied16, 17. However, its high critical constants (high temperature and high pressure) 66	

limit the in-depth investigation and application of this method until now.  67	

For the microbiological regeneration, microbes such as bacteria and yeast are 68	

used to degrade the adsorbed organic pollutants, and then the exhausted adsorbents 69	

can be regenerated18. However, being susceptible to external factors such as 70	

temperature and long-lasting times required make the method unfeasible; Vacuum 71	

regeneration changes adsorption equilibrium towards desorption by reducing the 72	

conditioned pressure. In fact, because this method is only applied to separate and 73	

purify gaseous streams, not to regenerate adsorbents 10, and then vacuum regeneration 74	

has not yet been employed to develop a true regeneration method. Some reports have 75	

been studied to removing CO2 from the air and air simulating streams by vacuum 76	

swing adsorption19-21.  77	

Given that adsorbents play a core role in the removal of pollutants from 78	

wastewater, further investigation of the new-typed and high efficient regeneration 79	

method is still necessary. Our group combines chitosan (CS) and the photocatalyst 80	

TiO2 to prepare cross-linking self-regenerative chitosan (SRCS) 12. The results show 81	

that novel SRCS composites possessed high adsorption capacity (~799.2 mg/g) for 82	

methyl orange (MO) and excellent self-regenerative advantages. However, as we all 83	

known that CS is an organic material, which could be oxidized during the process of 84	

photocatalytic self-regeneration. Some reports have reported that graphene oxide(GO) 85	

sheets could adsorb organic dyes, such as methylene blue (MB), rhodamine B and 86	

acid orange22 with a relatively high adsorption ability. Ag3PO4 photocatalyst has the 87	
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excellent photocatalytic ability under visible light irradiation, which could decompose 88	

pollutant. Cui et al.23 showed that graphene oxide (GO)-enwrapped Ag3PO4 89	

composites had highly efficient photocatalytic degradation of RhB. Chen Guodong et 90	

al.24 showed that the removal rate of MO is about 86.7% after 50min and RhB 91	

solution could be completely degraded within 30 min by Ag3PO4/graphene-oxide 92	

(Ag3PO4/GO) composite. Other reports25-28 also indicated the GO–Ag3PO4 composite 93	

had highly efficient and stable visible-light-induced photocatalysts for the removal of 94	

organic pollutants Hence, in this paper, we combined the visible-light-driven Ag3PO4 95	

photocatalyst and graphene oxide inorganic hydrogel. GO could enhance the contact 96	

opportunity of pollutants and Ag3PO4. More importantly, GO has excellent electrical 97	

performance, which could promote electron transfer and inhibit the recombination of 98	

holes (h+) and electrons (e-) pairs in the photocatalysts26, thus improving 99	

photocatalytic activity of Ag3PO4.  100	

In this paper, we synthesized self-regenerative and self-enhanced smart hydrogel 101	

adsorbents(rGO/Ag3PO4) by hybridizing the photocatalyst Ag3PO4 nanospheres into 102	

reduced graphene oxide hydrogel. Then the adsorption activity and photocatalytic 103	

properties of the composites were investigated Methylene blue (MB) and methyl 104	

orange (MO) were selected as representative target pollutants. Firstly, MB and MO 105	

have been adsorbed in the rGO/Ag3PO4 composites, and then photo-degraded under 106	

visible light. More importantly, the new rGO/Ag3PO4 adsorbent could be recycled 107	

easily by filtration and regenerated under visible light, and the adsorption activity 108	

could be improved greatly after regeneration. In a word, this study also provides a 109	

green way to fabricate self-regenerative and self-enhanced smart hydrogel adsorbents 110	

under visible light. 111	

2. Experimental 112	

2.1 Materials  113	

All reagents, such as AgNO3 and KH2PO4 were of analytical purity and 114	

purchased from Sinopharm Chemical Reagent Co,  Ltd. and used in the experiments 115	

Page 5 of 19 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



directly without any further purification. Deionized water was used in all process of 116	

experiments and preparation of the solution.  117	

2.2 Preparation of rGO/Ag3PO4 adsorbent 118	

    Graphite oxide was dissolved in deionized water to prepare graphite oxide 119	

aqueous suspension (2 mg/ml). After ultrasonic exfoliation for 6 h, reduced 120	

glutathione (L-GSH) was added to the graphene aqueous suspension, then keeping 121	

ultrasonic for 0.5 h to make L-GSH mixed uniformly with graphene. The mixed 122	

solution (5 ml) was added into a beaker(10ml), and then heated in water bath at 95℃ 123	

for 15 h to prepare graphene oxide hydrogel. The hydrogel was added into AgNO3 124	

aqueous solution (3 ml, 0.1 M) to shake 12 h in the dark to make sure that positively 125	

charged Ag+ can assemble on the surface of negatively charged rGO sheets by 126	

electrostatic interaction29. Subsequently, the hydrogel adsorbed Ag+ was added into 127	

KH2PO4 aqueous solution (3 ml, 0.1 M) to shake for 12 h in the dark, to form 128	

nanoparticles Ag3PO4 in the inner of the rGO hydrogel, which is named rGO/Ag3PO4  129	

adsorbent.  130	

2.3 Batch adsorption experiments  131	

    The adsorption of MO or MB could reach equilibrium after the contact time of 3 132	

days in preliminary experiments. Therefore, 3 days were selected as adsorption time. 133	

The two parallel adsorption experiments were carried out by putting rGO/Ag3PO4 134	

adsorbents (10 mg GO in the rGO/Ag3PO4 adsorbents ) and 40 ml dye solution of 135	

50mg/L of MO and MB, respectively in 50 ml glass bottles, in the dark for 3 days.At 136	

the same time, the blank experiments without the addition of rGO/Ag3PO4 adsorbents 137	

were conducted to confirm that the decrease in the concentration was mainly 138	

contributed to rGO/Ag3PO4 adsorbents，instead of other materials such as glass bottles 139	

wall.Then the concentration of dye in the aqueous solution got by UV 140	

spectrophotometer according to the maximum absorbance peaks of dyes (λmax=465 141	

nm for MO and λmax=665 nm for MB) The average values were analyzed. A 142	

calibration curve was carried out to describe the relation between absorbance and 143	
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concentration of the dye in terms of Beer-Lambert's law. For high concentration, the 144	

dye solutions were diluted with deionized water.    145	

    The adsorption capacity dye on adsorbents ( tq  mg/g) was defined as follows: 146	

    
m
VCCq tt ×−= )( 0                    (1) 147	

where 0c and tc  are the initial dye concentrations and equilibrium concentrations 148	

(mg/L), V  is the solution volume (L); and m  is a adsorbent weight (g)30.  149	

2.4 Regeneration process 150	

After absorbing the organic dyes (MB and MO, 50 mg/L) for 3 days, adsorbents 151	

turned to be saturated. The saturated adsorbents were put in deionized water (40 mL), 152	

then irradiated under visible-light illumination (1000 W Xenon Lamp, Shanghai) at 153	

ambient temperature for 1 h, finally put in an aqueous solution of organic dyes (MB 154	

and MO, 50 mg/L) for a new adsorption as a self-regenerative adsorbent. 155	

2.5 Characterization methods 156	

    The morphology characteristics and feature of the rGO/Ag3PO4 adsorbents were 157	

investigated by transmission electron microscopy (TEM, JEOL  Japan) with EDX 158	

analysis. X-Ray diffraction (XRD) experiments were conducted by using a X-ray 159	

diffractometer (Bruker D8 Advance, Bruker AXS, Germany)With Nickel-filtered Cu 160	

Ka radiation The specific surface area (SSA) and pore structure of samples were 161	

analyzed from the adsorption/desorption isotherms of N2 at 77K by multi-point BET 162	

and Barrett-Joyner-Halenda (BJH) method. The information of phase and crystallinity 163	

can get from X-Ray photoelectron spectroscopy (XPS) by a Kratos Axis Ultra DLD 164	

spectrometer, using monochromated Al Ka X-rays. The weight of Ag3PO4 anchored 165	

on rGO are estimated by thermogravimetric (TG) and Differential Scanning 166	

Calorimetry (DSC) analysis by TA Instruments® Q600 SDT thermal analyzer TG and 167	

DSC curves were obtained by heating approximately 10 mg of finely samples from 50 168	

to 1000 °C at a heating rate of 10 °C/min in air.  169	
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3 Results and discussion 170	

As shown in Fig. 1, reduced graphene oxide（rGO）hydrogel was fabricated by 171	

putting the prepared GO solution in a water bath at 95℃ for 15 h. The hydrogel was 172	

added into AgNO3 aqueous solution and KH2PO4 aqueous solution, successively, 173	

finally getting the smart rGO/Ag3PO4 adsorbent. Then the novel adsorbents were put 174	

in organic dyes solution. After absorbing dyes for 3 days, adsorbents turned to be 175	

saturated. The saturated adsorbent was irradiated under visible-light illumination for 176	

1h to regenerate the adsorbents. The process of adsorption and regeneration can be 177	

recycled in the same way given above. 178	

 179	

Fig. 1. Schematic diagram of adsorption and photocatalytic regeneration of 180	

rGO/Ag3PO4 composites 181	

3.1 Characterization of graphene/Ag3PO4 composites 182	

Firstly, the morphology and structure of the samples were investigated by TEM and 183	

SEM images, as shown in Fig. 2. It can be clearly seen that the light-gray films are the 184	

reduced graphene oxide sheets, and the black spots with the average diameter of 20 185	

nm are considered as Ag3PO4 nanoparticles. Apparently, Ag3PO4 particles anchored 186	

on the rGO sheets densely and firmly even after extensive sonication by ultrasound to 187	

disperse before TEM characterization31. During the synthesis of rGO/Ag3PO4 188	

composites, the negatively charged functional groups of rGO sheets can attract the 189	

silver ions (Ag+), and then forming particles when eventually KH2PO4 adding into the 190	

solution26, which is in good accord with the reports that rGO sheets could act as a 191	

support 32, 33. Besides, Ag3PO4 located on rGO hydrogel could be further verified by 192	
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EDS analysis in Fig. 2d, which shows the coexistence of C, O, P and Ag in the 193	

reduced graphene oxide hydrogel. The element C originates from GO. The atomic 194	

ratio of P and Ag is 0.9: 3.47, which is close to the chemical composition of Ag3PO4. 195	

The content of the rGO/Ag3PO4 composites was calculated to be around 30 wt % in 196	

terms of EDS analysis. The selected-area electron diffraction(SAED) pattern of 197	

Ag3PO4 was added, as shown in the Fig 2c. The diffuse rings of SAED pattern 198	

indicate the polycrystalline structure of Ag3PO4 nanoparticles, which could be 199	

indexed to the (220), (421), (422) of cubic Ag3PO4 phase34. Besides, from the 200	

SEM(Fig. 2e, f), we could easily observe the porous structure of rGO/Ag3PO4 201	

composites. The excellent feature could promote the adsorption of dyes. 202	

 203	

Fig. 2 TEM images of graphene (a) and rGO/Ag3PO4 composites (b), SAED images 204	

(c), the EDS pattern (d) of Ag3PO4 and SEM images (e, f) of rGO/Ag3PO4 composites 205	

    Fig. 3a displays the TG and DSC curves, indicating that the amount of Ag3PO4 206	

in the samples can be estimated at around 30 wt% in accordance with EDS analysis of 207	

TEM. The weight loss below 110℃ on the samples was regarded as the desorption of 208	

surface water35. A rapid weight loss from 180 ℃ and 200 ℃ on the samples could 209	
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be due to combustion of GSH. The weight loss before 600 ℃ was attributed to 210	

decomposition and combustion of oxygen-containing groups36, for different 211	

oxygen-containing groups have different temperatures of decomposion37. The clear 212	

step of mass loss at 638.2 ℃ is owing to complete oxidization of the carbon 213	

framework36. After 650 ℃, the samples weight stabilized around 30 wt%, which 214	

could be the amount of Ag3PO4. The TG curve (a) of graphite oxide was also analyzed 215	

in the Fig. S1 (EIS). The graphite oxide turns into graphene oxide after ultrasonic 216	

exfoliation for 6h. Therefore, the TG of graphite oxide could represent the TG of 217	

graphene oxide to some extent. The XRD analysis was carried out to confirm the 218	

Ag3PO4 nanoparticles anchored on the rGO hydrogel. The XRD patterns of GO, rGO 219	

hydrogel, as-prepared bare Ag3PO4, rGO/Ag3PO4 composites are shown in Fig. 3b. 220	

From the pattern of GO and rGO hydrogel, the obvious peaks at around 2θ=10.92° 221	

and 2θ=23.8 ° can be found, respectively, showing that the GO was reduced by 222	

L-GSH into rGO38. Then the XRD pattern of bare Ag3PO4 could be well-judged to the 223	

body-centered cubic structure (JCPDS card No.06-0505). Compared with the XRD 224	

pattern of bare Ag3PO4, some similar peaks of bare Ag3PO4 can be found in the XRD 225	

pattern of rGO/Ag3PO4 composites, confirming that the Ag3PO4 nanoparticles 226	

anchored on the rGO hydrogel.  227	
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Fig. 3. TG and DSC curve (a) and XRD pattern (b) of the rGO/Ag3PO4 composite 229	

 230	

The specific surface area (SSA) of the samples might play an important role in the 231	

process of reaction39. A large SSA could provide more adsorption sites for organic 232	

dyes, increasing the contact opportunities between organic dyes and photocatalyst 233	
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Ag3PO4 in the composites, finally achieving excellent removal of MB and MO. 234	

Therefore, the SSA and the corresponding pore size characterization of samples were 235	

performed by nitrogen (77.4K) adsorption/desorption experiments samples, as shown 236	

in Fig. 4. The SSA of the samples in this work is 100.29 m2/g, much more than the 237	

nanosized particles-graphene composite (18.7 m2/g) prepared by Xiang et al.25, which 238	

could facilitate the high adsorption ability towards organic dyes and high removal of 239	

dyes. Besides, the detailed information about the pore-distribution analysis is 240	

presented in Table 1 241	
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Fig. 4. N2 adsorption/desorption isotherms (a) and pore size distribution (b) of 243	

rGO/Ag3PO4 composite 244	

Table 1 Physical properties of rGO/Ag3PO4 adsorbentss 245	

Surface area(m2/g) Average pore size(nm) Pore volume(cm3/g) 

100.29 4.95 0.119 

    The XPS analysis was also carried out to ascertain further the chemical status 246	

of the composition, and then to validate Ag3PO4 bound to the graphene oxide 247	

hydrogel. As shown in Fig. 5b. The peaks at 374.63 and 368.58 eV are due to the 248	

binding energies of the Ag3d5/2 and Ag3d3/2 of Ag+, respectively, which confirmed 249	

the existence of Ag+ in Ag3PO4
40. The binding energies of the peak at 133.73 eV is 250	

corresponding to P5+ of PO4
3- in Fig. 5c. From the Fig. 5d, the peak C1s at 284.83eV 251	

of the simple is due to functional groups in GO29, which can be attributed to four 252	

functional groups as follows: C-C (284.7eV), C-O (285.6eV), C=O (286.5eV), 253	

Page 11 of 19 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



O-C=O(288.2eV), respectively. As shown in Fig. 5d, four characteristic peaks of C-C, 254	

C-O, C=O, O-C=O can be obviously seen in the XPS e spectrum of C1s for the 255	

samples 29. The appearance of Ag3d peaks and P5+ peak also indicates that the 256	

Ag3PO4 nanoparticles were located in rGO hydrogel during the synthesis process of 257	

samples. 258	
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Fig. 5 XPS survey spectra (a), the Ag3d region (b), P2p region (c), and C1s region of the 261	

rGO/Ag3PO4 composite. 262	

3.2 Renegeration performance under visible light 263	

As mentioned above, it is reasonably expected that the prepared samples may have 264	

excellent adsorptive and degradation performance of organic dyes and 265	

self-regenerative ability because graphene oxide(GO) sheets could adsorb organic 266	

dyes with a relatively high adsorption ability. Moreover, the photocatalyst Ag3PO4 can 267	

decompose the organic compounds such as dyes under the irradiation of visible light. 268	

To study the adsorption mechanism, the adsorption isotherm and adsorption kinetics 269	
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toward MB have been added in the paper. Adsorption isotherm and parameters as 270	

shown in Fig. S2 and Table S1(ESI) describes the interaction between solution and 271	

adsorbent41. As shown in Fig. S2 (ESI), the result was analyzed by Langmuir and 272	

Freundlich isotherm models, respectively. We could find that the process of 273	

adsorption obeys well the Langmuir isotherm that could be regarded as chemical 274	

adsorption. The experimental results at various times were fitted by pseudo-first order 275	

model and pseudo-second order model, in Fig. S3 (b,c). The kinetic parameters of 276	

pseudo first- and second-order adsorption kinetic models for MB on rGO/Ag3PO4 277	

composite could be found in Table S2 (ESI). The fact the correlation coefficient 278	

(R2=0.9494) of pseudo-first order kinetic model (R2=0.7084) is greater than the 279	

pseudo-second order suggests the process of adsorption follow the pseudo-first-order 280	

model.  281	

To investigate the practical application of the as-obtained new adsorbent, blank test 282	

and cycling degradation experiments were conducted to investigate further the 283	

recyclability, as shown in Fig. 6.    284	
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Fig. 6. The removal ability and adsorption reusability of MB (a, b) and MO (c, d) on 287	

the rGO/Ag3PO4 composite 288	

    We could also find that the prepared samples exhibit relatively high affinity 289	

for cationic dyes MB, but low adsorption for anionic dyes MO, which can be 290	

contributed to the large negative charge density of GO with various 291	

oxygen-containing groups42. More interesting, it was observed that the adsorption 292	

ability of the new adsorbent recycled once increased greatly (adsorption capacity of 293	

MB from 38.04 mg/g to 83.75 mg/g, the adsorption capacity of MO from 19.87 mg/g 294	

to 39.72 mg/g), as shown in stageI in Fig. 6. The enhanced adsorption ability of the 295	

new adsorbent after once recycling,such as the removal rate of MB and MO after once 296	

recycle improve 23% and 10%, in the initial concentration ~50mg/L, respectively. 297	

The enhanced performance can be due to the following reasons: Firstly, the structure 298	

of 3D rGO hydrogel might be changed by Ag+ because of its strong oxidability, 299	

adding the specific surface area (SSA) of the composite. Second, as shown in Fig. 7a 300	

and 7b, nanoparticles Ag3PO4 decomposed into smaller nanoparticles Ag during the 301	

photocatalysis, lead to an increase of the SSA. Furthermore, the nanoparticles Ag can 302	

also transfer the photogenerated electrons, inhibiting the recombination of 303	

electron-hole pairs and promoting the photocatalytic ability40. However, from the Fig. 304	

7b, we can find the with the further increase of recycle times, the photocatalytic 305	

ability decreases, Because the photo corrosion of Ag3PO4 lead to more nanoparticles 306	

Ag on the surface of the Ag3PO4 when cycling the rGO/ Ag3PO4 adsorbent again and 307	

again, so that hindering the contact between Ag3PO4 and dyes and reducing the 308	

amount of photocatalyst, thus reducing the photocatalytic ability, as shown in Fig. 7c. 309	

Nevertheless, after 10 runs the new adsorbent still had photocatalytic activity, 310	

indicating the composite material has good photocatalytic degradation efficiency of 311	

MB and MO. The synergistic effects26 between adsorption ability of rGO hydrogel 312	

and photocatalytic activity of Ag3PO4 facilitate the photodegradation of the organic 313	

dyes MB and MO. Meanwhile, the rGO hydrogel can also accept photoexcited 314	

electrons and inhibit the recombination of electron-hole pairs33, 43-46 during the process 315	
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of photodegradation due to the anti-bonding π* orbital of rGO (-0.75eV) lower than 316	

that of hydrogen (-0.046eV). As well known, previous investigations and reports29, 31 317	

give the mechanism of photodegradation: As shown in Fig. 8a, when the rGO/Ag3PO4 318	

composite was irradiated with visible light, the valence band (VB) electrons (e-) of 319	

photocatalysis could be motivated to the conduction band (CB), then transferring to 320	

the rGO sheets of the composite, leaving the holes (h+) in VB. The photogenerated 321	

electron can react with surface O2 to produce reactive oxygen species(O2
-). The holes 322	

(h+) and O2
- have strong oxidability, which can react with H2O to form active radical 323	

species ·OH. Then ·OH can decompose MB and MO into CO2, H2O, and other 324	

mineralization product47. Meanwhile, even if the GO sheets can transfer the 325	

photogenerated electrons and suppress the recombination of electrons and holes, it 326	

still is inevitable for Ag3PO4 to decompose into metallic Ag31, thus, reducing the 327	

photocatalytic ability. As shown in Fig. 8b, which is corresponding to the 328	

regeneration process stage II， the photogenerated electrons transfer to the rGO sheets 329	

and Ag nanoparticles, and then the electrons on the Ag nanoparticles can also transfer 330	

quickly to the rGO sheets, thus suppressing the recombination of electrons and holes.  331	

 332	

 333	

Fig. 7 Ag3PO4 photocatalysis regeneration process: stage I (a), stage II (b), and stage 334	

III (c) 335	
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   336	

Fig. 8 The energy band diagram corresponding to regeneration process stage I (a), 337	

and stage II (b) 338	

4. Conclusion 339	

In this work, we prepared a new adsorbent by introduced photocatalyst Ag3PO4 340	

into 3D reduced graphene oxide hydrogel, which makes it easy to be removed by 341	

filtration and be recycled by visible light. The resulting 3D reduced graphene 342	

oxide/Ag3PO4 composite adsorbents exhibit excellent removal effectiveness of 343	

methylene blue (MB) and methyl orange (MO). As well as reusability, especially for 344	

one-time recycling under visible light. The present prepared adsorbents could not be 345	

reused many times with poor recycling ability. Therefore, the design of stabilized 346	

rGO-based hydrogel composites is still a challenge in the future. Hence, the current 347	

research work provides a green way to fabricate self-regenerative and self-enhanced 348	

smart hydrogel adsorbents under visible light. 349	
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Graphical Abstract 
 

 
 

We prepared a new 3D adsorbent which makes it easy to be removed by filtration and 

be recycled. 
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