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a b s t r a c t
Magnetically recyclable and self-propulsive micron carbon fiber (CF) immobilizing Fe3O4 nanopar-
ticles with favorable solar-Fenton catalytic activity were successfully prepared by a combined two-
step method. In the first step, CF was synthesized from waste paper and subsequently modified by 
mussel-inspired polydopamine (PDA) with biomimetic adhesion function and highly active func-
tional groups. In the second, well-dispersed Fe3O4 nanoparticles were fabricated and anchored on 
the surface of the PDA modified CF. The solar-Fenton catalytic performance and reusability for the 
composites were fully evaluated. The results show the degradation rate of the prepared catalyst 
for methylene blue (MB) in a free agitating process reached 97.8% after 80 min under simulated 
Sunlight. After 10 repetitive catalytic cycles, the degradation rate for MB could maintain above 
95% meanwhile the magnetic properties of the catalyst remained strong indicating good recovery 
of the catalyst after the reaction. The possible degradation mechanism of MB is also discussed. 
It indicates that hydroxyl radicals play an important role in the catalytic degradation reaction, 
while hole trapping and superoxide radical are beneficial to the enhancement of decolorization 
efficiency of MB.

Keywords: Fe3O4; Carbon fiber; Solar-Fenton; Waste paper; Polydopamine; Reusability

1. Introduction

In recent years, dealing with the pollution from dye 
wastewater has become a critical issue with the growing 
demand and production of textile, paper, printing, leather, 
cosmetic, etc. [1–3]. Organic dyes have become a huge threat 

to the health and living environment of human beings due 
to their refractory, toxicity, and possible carcinogenic risk 
[4]. Therefore, it is highly important and urgent to degrade 
these dye pollutants from wastewater before discharge and 
water reuse via an efficient and economic way.

Advanced oxidation processes using a combination of 
strong oxidants and catalysts, together with the sources of 
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radiation or ultrasound has found wide application in dye 
wastewater treatment featured with high removal efficiency 
[5–7]. Particularly, nano-catalysts in a heterogeneous Fenton-
like catalytic degradation have shown an excellent catalytic 
activity because of good dispersibility and large specific 
surface as more catalytic active sites are exposed [8–10]. 
Among the nano-catalysts, iron oxides have been widely 
investigated due to their abundance, environmental benig-
nity, and the effective generation of surface iron complex and 
hydroxyl radicals under light irradiation [11–13]. However, 
the application of nano-catalysts in large scale is hampered 
before overcoming the challenges in recycling and potential 
ecological risk [14,15].

To solve the above-mentioned problems, carbon materi-
als, such as carbon nanotubes [16], graphene [17], activated 
carbon [18], are used to load and immobilize nano-catalysts 
due to their high specific surface area, excellent adsorp-
tion performance, good cycle stability, and environmental 
friendliness. On the other hand, magnetic functionalization 
is also adopted to better recycle the catalysts. Possessing the 
merits of good magnetic recovery and high catalytic activ-
ity, Fe3O4 has obtained considerable attention than other 
iron oxides [19–21]. Immobilize nano-sized Fe3O4 with car-
bon matrixes including carbon nanotubes, graphene, and 
other materials have shown impressive degradation prop-
erties for organic dyes, however high manufacturing cost 
remains to be solved properly for large-scale production. In 
addition, stirring and ultrasonication conditions are com-
monly used to enhance contact efficiency between catalysts 
and dyes in experimental research. However, it is difficult 
to carry out in natural ecological restoration and treatment 
of water bodies [22].

Here, a nano-Fe3O4/micro-carbon fiber composite was 
synthesized with waste printing paper as the precursor 
for micron carbon fiber (CF). Mussel-inspired polydopa-
mine (PDA) with biomimetic adhesion function and highly 

active functional groups was used to modify the surface 
of CF (PDA/CF). Well dispersed and immobilized Fe3O4 
nanoparticles on PDA/CF were realized by a hydrothermal 
method. And methylene blue (MB) was selected to evaluate 
the heterogeneous solar-Fenton activity of the nano-Fe3O4/
micro-carbon fiber composite. The results indicate that the 
prepared catalyst has a considerable solar-Fenton catalytic 
performance and reusability for MB degradation in a free 
agitating process. A possible degradation mechanism of MB 
was also discussed. Considering its facile synthesis, high cat-
alytic performance, good reusability, and high-value utiliza-
tion of waste resources, this catalyst exhibits great promise 
for practical wastewater treatment applications. The sche-
matic illustration of the fabrication and catalytic behavior of 
nano-Fe3O4/micro-carbon fiber composites (Fe3O4/PDA/CF) 
is shown in Fig. 1.

2. Experimental section

2.1. Chemicals and materials

Ascorbic acid, dopamine hydrochloride, Tris-HCl 
(NH2C(CH2OH)3·HCl) FeCl3·6H2O, Na2CO3, H2O2 (30%) 
and methylene blue (MB) are of analytical grade and pur-
chased from Sigma-Aldrich (Shanghai, China) which are used 
directly. Waste paper used in this study is received from 
ordinary waste printing paper.

2.2. Preparation of Fe3O4/PDA/CF catalyst

Waste printing paper was first crushed by a pulverizer, 
and the collected powder was washed with deionized water 
under ultrasonic for 1 h. After dried in an oven at 60°C, the 
obtained fibers were calcined at 500°C for 2 h in an argon 
atmosphere, denoted carbon fiber (CF). Then the CF was 
immersed into the dopamine hydrochloride solution (2.6 mg/
mL) with Tris-HCl at a pH value of 8.5, and stirred for 8 h at 

 

Fig. 1. Schematic of preparation of nano-Fe3O4/micro-carbon fiber composites (Fe3O4/PDA/CF) and solar-Fenton catalysis for water 
treatment.
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25°C, allowing for the deposit of a PDA layer on the surface 
of carbon fibers, denoted PDA/CF. PDA/CF was immersed 
into FeCl3 solutions by ultrasound for 30 min, then Na2CO3 
and ascorbic acid were added for a hydrothermal reaction at 
160°C for 24 h. The mass ratio of ascorbic acid, PDA/CF, and 
FeCl3 is 1:2:4, and the concentration of Na2CO3 is 0.6 mol/L. 
Finally, the sample was washed with deionized water sev-
eral times and dried for reserve, denoted Fe3O4/PDA/CF. 
For comparison, a pure Fe3O4 catalyst was prepared in a 
similar method without PDA/CF.

2.3. Characterization

Morphology of the prepared catalysts were observed 
by scanning electronic microscope (Nova, Nano SEM230, 
USA), and energy-dispersive system (EDS) of SEM were 
used to analyze the component of the catalyst surface. X-ray 
diffraction (XRD) patterns of catalysts were analyzed by 
using a Japan Rigaku D/MAX-2500 instrument with a Cu 
Ka radiation and a scanning rate of 5°C/min. X-ray pho-
toelectron spectroscopy (XPS, Thermo ESCALAB 250XI) 
has been used for the investigation of the surface chemical 
compositions of catalysts. Magnetic property of the cat-
alyst was measured using a physical property measure-
ment system (PPMS-9, Quantum Design). The 752N UV-Vis 
spectrophotometer with a detection wavelength at 664 nm 
corresponding to the maximum absorbance of MB was used 
to analyze the sampled suspension. Besides, the UV-Vis 
absorption spectra of MB at various reaction time were 
measured in the 190–1,100 nm wavelength using a UV-Vis 
spectrometer (UV-Vis, N5000PC). The chemical oxygen 
demand (COD) during the MB degradation of Fe3O4/PDA/
CF catalyst was tested by a COD determinator (HH-6).

2.4. Catalytic degradation experiments

The solar-Fenton catalytic activity was evaluated by 
degradation of MB under a xenon lamp light irradiation as 
solar simulation. In comparison, UV cutoff filter (λ > 420 nm) 
and Visible cutoff filter (λ < 365 nm) were used as the visi-
ble and UV light source, respectively. In a typical solar-Fen-
ton catalytic experiment, the catalyst (0.1 g) was suspended 
in an aqueous solution (200 mL) containing 1 mg MB, and 
30 mmol/L H2O2 was added into the suspension without 
pH adjustment. Reaction solution was taken out at given 
time interval and centrifuged for UV-Vis measurements. 
The decolorization rate of MB was attained by:

MBdecolorization rate =
−( )

×
C C
C

t0

0

100%  (1)

where C0 and Ct represent the concentration of MB at ini-
tial and desired time intervals, respectively. Single Fenton 
and photocatalytic reaction were performed in a similar test 
procedure.

To assess the stability and reusability of the catalyst, 
10 cycles were conducted with 60 min in every cycle of 
solar-Fenton catalytic reaction via magnetic separation and 
recovery. To study the mechanism of Fe3O4/PDA/CF in this 
solar-Fenton catalytic reaction system, Methanol (MeOH), 

triethanolamine (TEA) and benzoquinone (BQ) were added 
as obligate •OH, hole trapping agent and O2

•− scavengers, 
respectively.

3. Results and discussion

3.1. Characterization of catalysts

Fig. 2a shows digital photographs of the products in 
various processes including waste printing paper (1), fiber 
from waste printing paper (2), CF (3), PDA/CF (4), and 
Fe3O4/PDA/CF (5). It indicates fibers could be obtained from 
waste printing paper after simple treatment. And from the 
results of the settling process in Fig. 2b, it shows PDA/CF 
has a lower sedimentation rate than CF which indicates 
PDA modification contributes to increase the dispersibil-
ity of CF in aqueous solution due to modified hydrophilic 
amide and hydroxyl groups. It also implies PDA was suc-
cessfully coated on CF surfaces. The result of light micro-
scope image from Fe3O4/PDA/CF catalyst (Fig. 2c) indicates 
it possesses a regular micron fibrous structure and has a 
good dispersibility. Meanwhile, the light microscope images 
(Fig. S1) show fibers directly obtained from waste printing 
paper are dispersive and have a long and hollow fibrous 
structure with a diameter of about 20 μm. After carboniza-
tion, the fibers turn shortened and thin obviously due to 
carbonation shrinkage while aggregation in some degree 
exists. And Fe3O4/PDA/CF exhibits better dispersibility than 
CF mainly due to hydrophilic functional groups and Fe3O4.

In order to further study, the microstructure of Fe3O4/
PDA/CF catalyst, the SEM images of Fe3O4/PDA/CF were 
provided as shown in Fig. 3. From Fig. 3a and f, Fe3O4/
PDA/CF shows a typical micro-fibrous structure with a 
diameter of about 10 μm which is consistent with the results 
of Fig. S1, and at a higher magnification large number of 
nanoparticles are dispersed on the surface of PDA/CF. In 
order to identity the chemical composition and nano-Fe3O4 
distribution, the elemental mappings (Fig. 3b–e) under the 
magnifications of Fig. 3a are provided. It can be seen that 
N and Fe are homogeneously distributed on the surface 
of Fe3O4/PDA/CF. Moreover, the results of elements con-
tents from SEM–EDS spectrum of Fe3O4/PDA/CF are also 
provided in Fig. S2. It shows that high mass content of N 
(0.59%) and Fe (37.22%) is found. N element comes from 
amino groups on modified PDA, which indicates that PDA 
has successfully modified carbon fibers and these highly 
active functional groups are favorable to load and immobi-
lize nano-Fe3O4 on the surface of micro-carbon fibers.

XRD pattern of fibers from waste printing paper, CF, and 
Fe3O4/PDA/CF are as shown in Fig. 4. As shown in Fig. 4a, 
there are typical characteristic peaks of cellulose crystal at 
16.5° and 22.5° for fibers without carbonization [23]. And 
some obvious peaks (2θ = 23.1°, 29.4°, 36.0°, 39.4°, 43.2°, 47.6°, 
48.6°) are also observed which attribute to CaCO3 from addi-
tive in pulp and paper process (PDF#47-1743) [24]. After car-
bonization treatment (Fig. 4b), these two characteristic peaks 
of cellulose crystal are disappeared as the crystal structure 
of lignocelluloses was broken meanwhile these peaks of 
CaCO3 still exist. From Fig. 4c, it can be seen that the typical 
characteristic peaks of Fe3O4 crystals appear at 2θ = 30.1° and 
35.5°, respectively (PDF#65-3107). However, the character-
istic peaks of CaCO3 are dramatically weakened for Fe3O4/
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PDA/CF catalyst. It is mainly due to the cladding from PDA 
modification and nano-Fe3O4 loading.

The surface chemical compositions of PDA/CF and 
Fe3O4/PDA/CF were further investigated by XPS, and the 
results are shown in Fig. 5. Compared with the XPS survey 
spectrum of PDA/CF and Fe3O4/PDA/CF (Fig. 5a), the spec-
trum of the two samples both exhibit O 1s, C 1s, and N 1s 
peaks. Besides, two typical peaks of Fe 2p states (Fe 2p3/2 
and Fe 2p1/2) at 710.5 and 724.0 eV were observed for Fe3O4/
PDA/CF (Fig. 5b), which is the mixed oxidation state of Fe in 
Fe3O4 [25]. It also confirms that the catalyst contains a large 
amount of Fe elements. The results from XPS spectrum fur-
ther verify that PDA modification and nano-Fe3O4 loading 
on the surface of CF.

Fig. 6 exhibits the room temperature hysteresis curve of 
magnetic Fe3O4/PDA/CF catalyst. The result shows Fe3O4/
PDA/CF has a paramagnetic behavior, and the maximum 
magnetization at 30 kOe could reach above 20 emu/g. In 

 

Fig. 2. Digital photographs of the products in various processes including (a and b) waste printing paper (1), fiber from waste printing 
paper (2), CF (3), PDA/CF (4), and Fe3O4/PDA/CF (5) and the settling process of CF and PDA/CF. (c) Light microscope image of Fe3O4/
PDA/CF.

 
Fig. 3. (a and f) SEM images at different magnifications with (b–e) C, O, N, Fe elemental mapping of Fe3O4/PDA/CF catalyst.

 

Fig. 4. XRD patterns of (a) fibers from waste printing paper, 
(b) CF, and (c) Fe3O4/PDA/CF.
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addition, magnetization curve and demagnetization curve 
are consistent. There is no hysteresis phenomenon, mean-
while remanence and coercivity equal to zero. The prepared 
Fe3O4/PDA/CF catalyst has a satisfying magnetization, 
and as a consequence of it the micron-sized Fe3O4/PDA/CF 
catalyst can be easily separated by external magnetic field.

3.2. Photo-Fenton catalytic activity of catalysts

The decolorization kinetic curves of MB under dif-
ferent systems are presented in Fig. 7. It is found that 
the decolorization rates of MB without catalyst are only 
17.9% (illumination under Xenon lamp) and 3.0% (with 
H2O2) after 60 min, respectively. It indicates MB could be 
slowly degraded under Xenon lamp illumination while 
there is low decolorization efficiency only with oxidant 
in the absence of illumination. When Fe3O4/PDA/CF cat-
alyst was added, the decolorization rate is accelerated to 
some extent which could reach 36.1% (illumination under 

Xenon lamp) and 24.4% (with H2O2), respectively. While 
Fe3O4/PDA/CF catalyst was used as a solar-Fenton catalyst 
in presence of solar light and H2O2, the decolorization rate 
of MB is significantly increased and it reaches 95.4% and 
97.8% after 60 and 80 min reaction, respectively. The results 
indicate Fe3O4/PDA/CF catalyst has a higher solar-Fenton 
catalytic activity for degradation of MB than single Fenton 
and photocatalytic reaction. In order to study the effect of 
adsorption performance on the enhanced solar-Fenton cat-
alytic activity of Fe3O4/PDA/CF catalyst, its adsorption per-
formance without light and H2O2 is displayed. It shows the 
removal rate of 14.3% for MB in a 60 min adsorption could 
be obtained suggesting good adsorption ability which is in 
favor of increasing solar-Fenton catalytic activity of Fe3O4/
PDA/CF catalyst. On the other hand, the solar-Fenton cat-
alytic activity of Fe3O4/CF catalyst prepared without PDA 
modification was also studied to interpret the role of PDA. 
It’s obvious the Fe3O4/CF catalyst without PDA modifica-
tion has a decent solar-Fenton catalytic activity (60.5% for 

  
Fig. 5. XPS spectra of samples: (a) the survey scan of PDA/CF and Fe3O4/PDA/CF and (b) Fe 2p region of Fe3O4/PDA/CF.

 

Fig. 6. Room temperature hysteresis loop curve of magnetic 
Fe3O4/PDA/CF catalyst.

 

Fig. 7. Kinetic processes of MB decolorization in different reac-
tion systems.
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MB in 60 min), but it is still far behind Fe3O4/PDA/CF cat-
alyst. It suggests that PDA modification to CF can enhance 
its solar-Fenton catalytic activity which is mainly due to 
realizing the uniform and firm loading of Fe3O4 nanopar-
ticles on the surface of carbon fibers. Besides, the variation 
of COD removal percentage with time of MB degradation 
for Fe3O4/PDA/CF catalyst was also provided as shown 
in Fig. S3. It has a similar pattern with the variation of 
decolorization rate, and COD removal percentage could 
reach 90.8% after 80 min reaction.

Fig. 8a shows the variances in the absorbance of MB in 
solar-Fenton catalytic reaction with Fe3O4/PDA/CF catalyst 
which demonstrates the solar-Fenton catalytic efficiency 
of the catalyst explicitly. It can be seen the decoloration of 
MB aqueous solution has been almost accomplished after 
60 min solar light irradiation. For a better understanding 
of the solar-Fenton catalytic reaction with the designed 
catalyst, its kinetic model was discussed. The kinetic linear 
simulation curves of MB degradation with different sam-
ples were provided as shown in Fig. 8b. The results show 
that the MB degradation kinetics of the prepared catalysts 
can be well-described by the Langmuir–Hinselwood (L–H) 
model, and these follow pseudo-first-order kinetics as 
conformed by the linear transform. The formula is shown 
as Eq. (2) [26].

ln
C
C

kt
t

0







 =  (2)

Among them, C0 is the initial concentration of MB, Ct is the 
current concentration of MB, and k is the obvious first-order 
rate constant. The apparent first-order constants are deter-
mined as 0.0552, 0.0146, 0.0060, and 0.0027 for Fe3O4/PDA/
CF (solar-Fenton), Fe3O4/CF (solar-Fenton), Fe3O4/PDA/CF 
(photocatalysis), and Fe3O4/PDA/CF (Fenton), respectively. 

Clearly, the synthesized Fe3O4/PDA/CF catalyst in solar-Fen-
ton catalytic reaction has the highest reaction rate.

3.3. Reusability of catalyst and its degradation mechanism

Ten cycles were conducted with 60 min in every cycle 
of solar-Fenton catalytic reaction via magnetic separation 
and recovery, and the results are as shown in Fig. 9a. After 
10 cycles of repeated use, the MB decolorization rate could 
still remain above 95% in a 60 min solar-Fenton reaction, 
suggesting its excellent stability and reusability. And the 
XRD patterns of the catalyst after the photocatalytic reac-
tion (in Fig. S4) are provided to confirm the stability of the 
as-prepared sample. The result shows the typical character-
istic peaks of Fe3O4 crystal of the catalyst after the photocat-
alytic reaction could be still observed clearly. On the other 
hand, as seen from the results of digital images of Fe3O4/
PDA/CF catalyst dispersed in water with external mag-
netic field before (I) and after (II) 10 cycles (Fig. 9b), Fe3O4/
PDA/CF catalyst remains good magnetism after 10 cycles 
solar-Fenton catalytic reaction which is beneficial to its 
separation, recovery, and reuse.

The results of MB degradation under solar, UV, and 
Visible light irradiation using Fe3O4/PDA/CF catalyst are 
also presented as shown in Fig. 10a. As can be seen from 
Fig. 10a, the decolorization rates of MB over Fe3O4/PDA/
CF catalyst under UV and visible light irradiation for 
100 min are 62.6% and 40.6%, respectively. The Fe3O4/PDA/
CF catalyst shows degradation ability for MB both under 
UV and visible light irradiation, and it has a higher decol-
orization rate of MB under UV light. The result accounts 
for the considerable photo-Fenton catalytic performance 
under simulated solar light which mainly consists of UV 
and visible light. The degradation ability under visible 
light is probably because Fe3O4 has a narrow band gap in 
favor of absorption of visible light [27]. On the other hand, 

 
Fig. 8. (a) Absorption spectra of MB solution taken at different irradiation time using Fe3O4/PDA/CF catalyst and (b) Kinetic linear 
simulation curves of MB degradation with different samples: (1) Fe3O4/PDA/CF (solar-Fenton), (2) Fe3O4/CF (solar-Fenton), (3) Fe3O4/
PDA/CF (photocatalysis), and (4) Fe3O4/PDA/CF (Fenton).
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the effects of different capturing agents on the decoloriza-
tion rates of Fe3O4/PDA/CF catalyst under solar light were 
also discussed. TEA, BQ, and MeOH were added in the 
solar-Fenton reaction system as hole trapping agent, super-
oxide radical (O2

•−) trapping agent, and hydroxyl radical 
(•OH) trapping agent, respectively [26,28]. Fig. 10b shows 
the difference in the decolorization of MB with or without 
the addition of the scavenger. The results show that TEA 
has a positive effect on MB catalytic degradation and BQ 
has some negative effect on it. It indicates hole trapping 
and O2

•− are beneficial to the enhancement of decoloriza-
tion efficiency of MB. But a severe inhibitory effect could be 
observed when adding MeOH, indicating that •OH plays 
an important role in the catalytic degradation reaction. And 
it can be seen large amount of bubbles generate from H2O2 
solution with Fe3O4/PDA/CF catalyst which is from formed 
O2 during H2O2 decomposition process [23]. Besides, Fe3O4/

PDA/CF catalyst with a micron smallish fibrous structure 
could move without sedimentation during this process 
suggesting its self-propulsive function in solution without 
any stirring and ultrasound process. In addition, the decol-
orization rates of Fe3O4/PDA/CF and Fe3O4 catalysts for MB 
were also compared as shown in Fig. S5. Obviously, the 
presence of carbon fiber is beneficial to the decolorization 
of MB in the solar-Fenton reaction.

Based on the above experimental results and according 
to pertinent literatures, a possible solar-Fenton catalytic 
reaction mechanism is proposed. First, the degradation of 
MB begins with surface adsorption of MB onto Fe3O4/PDA/
CF catalyst through adsorption effect. Then, the decolor-
ization could be initiated by the •OH/O2

•− radicals and O2 
produced in solar-Fenton reaction which is from catalysis 
of H2O2 by Fe3O4/PDA/CF [26,29]. And formed O2 endows 
micron catalyst with self-propulsive function in solution 

 
Fig. 9. (a) Reusability test of Fe3O4/PDA/CF catalyst after 10-fold decolorization cycles and (b) digital images of fresh Fe3O4/PDA/CF 
catalyst (I) and the catalyst repeated 10 times (II) dispersed in water with presence of external magnetic field.

 
Fig. 10. Effect of (a) various light source and (b) different capturing agents on decolorization rate of Fe3O4/PDA/CF catalyst.
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enhancing the mass transfer of pollutants toward catalyst. 
Under solar light irradiation, the catalyst produces elec-
tron hole pairs, and then the photogenerated electrons are 
captured by H2O2 to produce •OH [30]. The results from 
the addition of TEA as a hole trapping agent with a posi-
tive effect on MB catalytic degradation illustrate it, as hole 
trapping is conductive to the separation of electron hole and 
more electrons are obtained. At the same time, Fe(III) on the 
surface of Fe3O4/PDA/CF could be photo-reduced into Fe(II) 
or directly reduced by the photogenerated electrons [26]. 
Subsequently, the generated electrons will also react with 
O2 to form O2

•− [31], which will further react with water to 
produce •OH with strong oxidation ability and destroy the 
dye molecule [32]. Then, the formed Fe(II) reacts with H2O2 
to form •OH/O2

•− and Fe(III) to keep the cycle of Fe3+/Fe2+, 
and it produces more •OH/O2

•− [33]. Finally, the produced 
•OH and O2

•− active species can attack the pollutants causing 
further degradation of MB, and •OH is dominant during the 
whole degradation process. Thus the enhanced decoloriza-
tion rate of Fe3O4/PDA/CF for MB would be observed.

4. Conclusions

In this study, Fe3O4 nanoparticles immobilized on PDA 
modified micron carbon fiber (CF) were successfully pre-
pared from waste paper and used as solar-Fenton catalyst. 
The synthesized Fe3O4/PDA/CF catalyst has magnetically 
recyclable and self-propulsive functions that contribute 
to good reusability and enhancing contact efficiency in 
the absence of stirring, respectively. The prepared cata-
lyst in a free agitating process exhibits considerable MB 
degradation rate under simulated sunlight and excellent 
reusability. Considering its facile synthesis, high catalytic 
performance, good reusability, and high-value utilization 
of waste resources, this catalyst would be easily scaled up 
and holds great promise for practical wastewater treatment 
applications.
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Supplementary information:

Fig. S1. Light microscope images of fiber from waste printing paper (a), CF (b), PDA/CF (c), and Fe3O4/PDA/CF (d).
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Fig. S2. SEM image (a) and EDS spectrum (b) of Fe3O4/PDA/CF catalyst.

 
Fig. S3. Variation of COD removal percentage with time of 
MB degradation for Fe3O4/PDA/CF catalyst.

 
Fig. S4. XRD patterns of the catalyst after the photocatalytic 
reaction.

Fig. S5. Decolorization rates of Fe3O4/PDA/CF and Fe3O4 cata-
lysts for MB.
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