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ABSTRACT: A series of graphene oxide-magnetite (GQ&kzg composites with
various GO/FgO, weight ratios (i.e., GO/R®, = 1/20, 2/20, 3/20 and 4/20) was
successfully synthesized via chemical precipitattdnFeO, nanoparticles on GO
sheets. The chemical and physical properties alyathiesized GO-E©®, composites
were characterized by XRD, TEM and FT-IR. Resultenf XRD and TEM revealed
that cubic-phase BE@®, was in situ deposited on the surface of GO resulting in
GO-FgO, composites. The C-O-Fe bridging coordination ma@es determined by
FT-IR, demonstrating the k@4 nanoparticles were well coupled with GO sheets by
coordination bond. TEM images revealed that twaesypf geometrical structures of
GO-FgO, composites were formed by loading different amswft GO. With low
GO loadings (i.e., GO/R®, = 1/20, 2/20 and 3/20), a single layer structure
GO-FgO, composite was obtained. At a high GO loading,(I&O/FeO,4 = 4/20),
stacking structure of GO-g®, composite was formed. The as-prepared GeDfe
nanocomposites exhibited an excellent catalytidoperance in the degradation of
isatin in the presence of.8,. With GO/FgO, weight ratio of 3/20, GO-REO,
composites showed superior degradation efficientysatin, mainly due to the
effective functional combination between GO anglze
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1. Introduction

Over the past few years, more than 10,000 typeowimercial dyes with an annual
production of 7 x 10tons per yeaare globally produced [1]. Annually, over 50% of
these dyes are consumed in textile industry alf tve world [2,3]. After used, 10-20%
of textile dyes are directly discharged as aquesftlsents, leading to a pressing
environmental issue [4-7]. Dye is known to be asglaf reluctant pollutant and
dyeing wastewater is one of the most refractorystidal wastewater. Therefore, it is
difficult to degrade dye via conventional wastewateatment methods [8]. Effective
removing dye from the wastewater stream has beesidered as a huge challenge in

the field of wastewater treatment [9].

A number of wastewater treatment technologiesuatiolg physical (adsorption [10]
and membrane [11]), chemical (coagulation [12]dakion [13,14] and photocatalysis
[15]), biological (aerobic [16] and anaerobic [18], legradation) and electrochemical
[19] methods, have been developed and adoptedy®ingl wastewater treatment.
Because of its high efficiency, Fenton/Fenton-lecess, which used Fenton’s
reagents (i.e., Fé and HO,) at low pH, has been widely applied in dyeing
wastewater treatment [20]. However, homogeneoudoReprocess will inevitably
produce a large amount of iron-rich sludge. In negears, recyclable heterogeneous
Fenton-like catalysts such as hematitd-603) [21,22], magnetite (R©®,) [23] and
goethite §-FeOOH) [24,25] have attracted a great attentinoesiron-rich sludge will
be remarkably reduced in the case of using magigticecyclable catalysts. Within
these iron-based catalysts, magnetitesQge is a promising catalyst due to its
recyclability and superior catalytic performances-28]. Only using F, in
Fenton-like process, the removal efficiency of oiga is often unsatisfactory [29,30].
Coupling with materials could generally enhance ¢atalytic properties of E6,
based catalysts [29,30]. It has been reported dadion coating (humic acid [29],

polyhydroquinone [30], sodium carboxymethyl celkdegraft-poly(acrylic acid) [31]
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and multiwall carbon nanotubes [32-35]) could seag an electron shuttle in
Fenton-like reaction, which could remarkably inaedhe catalytic performance of
magnetite nanoparticles [36]. Zubir et al. [37] plmad magnetite nanoparticle with
graphene oxide and applied this composite in tiyeadiation of Acid Orange 7 (AQ7)
via a Fenton-like process. Although the catalyterfgrmance of GO-magnetite
composite has been experimentally documented innaber of studies [37-40], the
formation mechanism of GO-magnetite composite lnddaen fully revealed yet. As
a new Fenton-like catalyst, the knowledge of itemttal and physical properties,

catalytic behavior and practical application iselynneeded.

Isatin and its derivatives were commonly used tilee industry [41], resulting in
high COD value, colority and biotoxity in dyeing stawater [42]. Isatin cannot be
efficiently removed by traditional biodegradatiomogesses (e.g., aerobic and
anaerobic degradation) due to its particular chamstructure [43]. In this study,
isatin (2,3-indolinedione) is therefore used aaganic pollutant for the evaluation

of the catalytic property of as-prepared GO-magaebmposites.

This work synthesized a series of GOs®gecomposites with different GO and#n
loading ratios. The influences of GO loading ratiothe morphology, crystallization
and catalytic property of GO-g@, nanocomposites were investigated. FT-IR
technigue was employed to reveal the coordinatiehabior of C-O-Fe in the
as-synthesized nanocomposite. The formation mesmanifor GO-FgO,
nanocomposites was proposed. The catalytic perfucena of GO-FgO,

nanocomposites in the degradation of isatin isistud

2. Experimental
2.1 Materials

Ammonia solution (NHB H,O, 30-33 wt.%) was purchased from E. Merck, LTD.
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Concentrated sulfuric acid (BO,, 95 wt.%), di-phosphorus pentaoxide@®), ferric
chloride hydrate (Fe@l6HO) and hydrochloric acid (HCI, 35.4 wt.%) were
purchased from BDH Merck Chemical Co.. Ferrous mtdohydrate (FeGi6H,0),
potassium permanganate (KMf)@nd potassium persulfate B:0g) were purchased
from Sigma-Aldrich. Graphite (325 mesh) and mangardioxide (MnG, 75 wt.%)
was purchased from Beijing HWRK Chem Co., LTD. Hygkn peroxide (kD 33
wt.%) was purchased from Riedel-de Haen AG. IséilgHsNO,) was purchased
from ACROS Organics. GD120 glass fiber was purathdsem Toyo Roshi Kaisha,
Ltd..

2.2 Preparation of Graphene Oxide (GO) Sheets

Graphene oxide (GO) was prepared via a modifieddtep Hummers method [44].
At the first pre-oxidation step, 20 ml 95 wt.% 30, 3.0 g KS,0g, 3.0 g BOs and
3.0 g graphite were mixed in a 100 mL Erlenmeyerskl The mixture was
homogenized by magnetic stirring. The reactionesysivas maintained at 80 °C for 6
h through a water bath. Next, the mixture was dduby adding 500 ml deionized
water and this as obtained was statically agedandiient temperature for 12 h. Black
precipitate was collected by vacuum filtration witlass fiber filter paper and dried at
105 °C in an oven for 24 h. For the second oxidasitep, 3.6 g preoxidized sample
(black precipitate from the first step), 120 ml 95%S0O, and 15 g KMnQ were
slowly added into a 250 mL Bunsen flask under magrsgirring in an ice-bath to
10 °C. After the reaction was kept at 35 °C for, @0 ml deionized water with 20ml
35 wt.% HO,was slowly added into the reaction mixture. Thaultesy solution was
centrifuged by centrifuge (Eppendorf 5810R) at 8,00m for 10 min and washed
with 3wt. % HCI aqueous solution and deionized w#be several times. The final
product was diluted in deionized water and exfelilaby ultrasonic treatment for 2 h

to form GO solution (0.08 g/L).
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2.3 Preparation of Graphene Oxide-M agnetite (GO-Fe;0,4) Composites

For the synthesis of GO-f@,; composites, 0.041 g FebH,O and 0.0932 ¢
FeCk-6H,0 were added to 100 ml GO solutions (0, 0.02, 00086 and 0.08 g/L)
with magnetic stirring under Ar atmosphere in a&é#inecked flask. 20 ml N+H,0O
(30-33 wt.%) was dropwise added into FeE¢Ck-GO solution to keep the pH at
10.0. The reactive system was maintained at 50y’@dier bath. After 2 h reaction,
black product was collected by magnetite and washéd deionized water for
several times. Final products were ultrasonicaiépeérsed in deionized water to form
a homogeneous solution. The concentration @Ok all as-obtained homogeneous
solution is estimated to be 3 g/L.3Bg without coupling with GO was denoted as
Catalyst 1 and the as-prepared GQ&ze&omposites were denoted as Catalyst 2-5 for
GO/Fg0,4 weight ratios of 1/20, 2/20, 3/20 and 4/20, refipely. The as obtained
Catalysts were characterized by XRD (D8, Bruker AX&rmany), SEM (Hitachi
S-4800 field emission scanning electron microscdppan), TEM (FEI Tecnai G2 20
Scanning Transmission Electron Microscope, USA) drAdTR (Perkin-Elmer
Spectrum One FT-IR spectrometer, USA). The XRDgrast were recorded over & 2
range from 5 to 80° with a step width of 0.02° anslampling time of 0.3 s per step.

The FT-IR measurement used a potassium bromide) (glet method.

2.4 Catalytic Study

To examine the catalytic activities of the as-predacatalysts (i.e., E®; and
GO-FgO,composites), 2 ml of as-prepared homogeneous gplwith catalyst was
added into 8 ml of 50 ppm isatin aqueous solutibean 4 ml of 0.125 M kD, was
added into 25 ml Erlenmeyer flasks. Then, the reactolutions were diluted with
deionized water to 20 ml. The pH in the reactiosteyn was adjusted to 2.5, 3.5 and
5.0 by 0.1 M sulfuric acid. The reaction system wegnetically stirred in water bath
at different reaction temperature (25 °C,°8545°C and 55C). At different reaction

time (15, 30, 45, 60, 120 and 180 min), Mnfowders(0.05 g) were added to
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reaction solutions to terminate the reaction. Tihalfreaction solutions were filtered

by nylon syringe filter (0.4am, Filtrex) for UV-vis and TOC measurement.

3. Resultsand Discussion

3.1 Characterization of GO-Fe;04

The particle size and combination behavior of newlnerated R©, in the
as-prepared GO-E®, composites were revealed by TEM and SAED. In tA&3
patterns (Fig. Sle, S1h, S1k, S1n and 1q) of theb&sned products, various distinct
electron diffraction rings of the GO-k&, composites were observed. These
diffraction rings are corresponding to the (22@11), (400), (511) and (440) lattice
plane of cubic-phase E@, [45], respectively, confirming the black particl@sig.
la-1le) were F©,. The particle sizes of the newly generateglz@vere approximate
10 nm (Fig. S1d, Fig. S1g, Fig. S1j, Fig. S1m amgl B1p), as revealed by TEM.
With an increase of GO loading, the trend of dmttion density of F©, in the
GO-FgO, composites tends to decrease (Fig. S1f, Fig. Bgi, S1I and Fig. S10).
For instance, with a great GO#&Rn ratio (i.e., 4/20), GO sheets overlapped
significantly with FgO, (Fig. 1e). In Fig. 2a and Fig. 2b, the GO boureiafvere
able to be clearly observed and these boundaries axerlapped. We inferred that

the GO-FeO4-GO bedded layer structure might be formed [37].

XRD pattern of the unexfoliated GO is shown in F3g.It can be seen that GO
without ultrasonic exfoliation had a single broatfrdction peak at & of 10°. This

(001) diffraction peak corresponded to an intentaggacing of 0.88 nm, indicating the
presence of oxygen functionalities in the proddd&]] With an ultrasonic treatment,
GO sheets were well exfoliated and become a feerlajructure. Consequently, in
XRD pattern of as-synthesized GOsBg products (Fig. S1b), the (011) diffraction
peak of GO disappeared. A series of diffractionkpeat 30.0°, 35.5°, 43.0°, 53.5°,

57.0° and 63.0° was observed in the XRD patter@OftFgO, composites (Fig. 3).
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These diffraction peaks were indexed to be (22Z1)1), (400), (422), (511) and (400)
diffraction planes of cubic E@®, [47], respectively. The intensity of these;Bg
peaks progressively became weakened when the Gilngpaatio increased, which
indicated GO may render the crystallization o§®eduring the process of forming
GO-Fg0O, composites. When dried same amount of Gegbsamples at 105 °C for
24 h, the dried products exhibited different appeee at various GO loadings (Fig.
S2). For the samples with low GO loadings (e.qg./k&D, of 1/20), their appearance
are very similar to the product which only composé#e0O,4nanoparticles. With GO
loading increased, the appearance of Ggbkés different, for instance, folding fan,
fishbone and paper dust for GO4Bg of 2/20, 3/20 and 4/20, respectively (Fig.
S2a-2e).

FT-IR is a powerful tool to verify the vibrationatretching frequency of GO, k&
and GO-FgO, composites. Fig. 4 showed the collated FT-IR speat GO, FegO,
and GO-FgO, composites. The strong peak at 3401'cwas attributed the O-H
stretching vibration in GO [48]. Due to the O-Hetthing vibration of hydrogen
bonded carboxyl groups, peak broadening effectasasmonly observed in all FT-IR
spectra. In the FT-IR spectra of GO sample, twckped 1720 and 1620 chwere
observed, which are derived from the C=0 stretchithgation of carboxylate and
conjugated carbonyls [48,49]. A peak at 1231'csuggested the C-O stretching
vibration of epoxy ring in the as-prepared GO. Nthtat the characteristic peak at
1091 cnt was often attributed to the C-O stretching of htils. The peak at 618 ¢
was in-plane deformation vibrations of C-CHO fooraatic aldehydes. The peak at
585 cm' was the typical Fe-O stretching vibration of ;8¢ Two significant
vibrations were observed in the FT-IR spectra of-lBgD, composites, most likely
due to the carboxyl groups, such as an antisymestiretching ¥,(COQO)) at 1540
cm® and a symmetric stretching{(COO)) at 1407 crit. The observation of the

signals of these two vibrations further indicatbdttcarboxyl groups of GO sheets
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197  were deprotonated [50]. Thevalues of both/,(COO) andv(COO) was 133 cri

198 which were close to the ionic values [51], implyirtgat the carboxyl group
199  coordinated with F& or F€" ions in bridging coordination mode (Fig. S3). Neti
200 that the as above FT-IR results gave a strong eealéor the formation of C-O-Fe
201  coordination bond between GO sheets angDFeanoparticles. The coordination
202  behavior between GO and g was derived from the chemical bond. Notably, in a
203  Fenton process, C-O-Fe coordination bond playetvatg role for electron shuttle,
204  achieving a higher efficiency for the removal ofamics [36]. Higher GO loading
205 would provide more carboxylate group for the nuitten and growth of R,
206  crystallites, thus resulting in smaller 328 nanoparticles. As a consequent, the
207  diffraction intensities of F#€, decreased as GO loadings increased. Based on the
208 observation from our devised synthesis scheme lamdesults of FT-IR, a possible
209 formation mechanism for GO-g@, composites was illustrated in Fig. S3. First, iron
210 (I, M) ions were absorbed on the surface of G@narsheets, forming C-O-Fe
211  coordination bonds. Then, the nuclei of;®gcrystallization were generated. With
212 further addition of ammonia solution, #&& crystallites rapidly grew on the surface of
213 GO. The pH for the synthesis system was maintaai€eddl.0 to ensure the complete
214  precipitation of iron (11, 1ll) ions (eq. 1).

215

216 Fe&" + 2F€" + 8NH;- H,O = FeO, + 8NH," + 4H,0 (1)

217

218 As previously indicated, the amount of GO loadiegds to alter the quantity of
219 carboxyl groups for R©, crystallization. Higher loading of GO will produsenaller
220 FegO4nanoparticles in GO-E®, composites. When GO loading is as higher to 4/20
221  of GO/FgQ,, the free carboxyl group on GO surface will forrOSFe coordination
222 bond with FeO, nanoparticles leading to a stacking structure. péaks at around
223 3100 cm'for C-H stretching vibration of aromatic ring, 8@ for C-H bending

224  vibration of aromatic ring and 750 €nfor C-H bending vibration of aromatic ring
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were observed (Fig. 4). These peaks indicated istardte of two grapheme oxide
nanosheets was close enough to form a strong atitemaamong the aromatic rings of
two grapheme oxide nanosheets in GQdzeomposites. This is the main reason to
form two substantially different microstructures@D-FeO, composites. The overall
results from TEM, XRD and FT-IR evidently demonstrated that GQ@®e
composites were successfully synthesized in thidystWith the overall available

results, a route for the synthesis of GQ@&enanocomposites was given in Scheme 1.

3.2. Effect of GO L oading on Catalytic Activities

The catalytic performance of as-synthesized Gegbk-eomposites was examined by
removing isatin in the presence ob®4. Different loadings of GO formed various
GO-FgO, composites, and their catalytic activities may liéecent. In the isatin
removal system only added ;B or as-prepared GO-g@, composite, the
concentration of isatin was still very high, indiog isatin cannot be effective
removed within 3-h reaction (Fig. S4). In contrastthe presence of both GO-Jeg
composite and $D,, over 80 % of isatin could be removed (Fig. 5)n&ally, with
greater loading of GO in the catalyst, its cataldrctivities should be higher. For
instance, near 95 % of isatin was removed by G&f€3/20) composite. With the
combination of GO and E@,, the catalytic activities of GO-E@, composites were
significantly enhanced, as less than 40% of isais removed in RE®,-H,O, system
after 180 min. In order to further assess the nalimation efficiency of isatin by
GO-FgO, composites, total organic carbon (TOC) analysis warformed and the
results were shown in Fig. 6. As can be seen, &ItF&0O, composites exhibited
higher TOC removal efficiency of isatin rather th#mat of only using F©,
nanoparticles. Within all the catalysts, Catalysshbwed the highest TOC removal
efficiency (i.e., 60%). The removal efficiency cfatin by different catalysts was
concluded as follows: Catalyst 4 > Catalyst 3 arwl Gatalyst 2 > Catalyst 1. Since

the weight of FgO, was identical in all the GO-E®, composites, the varied GO

9/42



253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

loading is the key factor for the removal of isatBy increasing GO/R©®, weight
ratios, the catalytic activities correspondinglgreased from Catalyst 1 to Catalyst 4.
The reasons could be attributed as follows: (i3Czenanoparticles were well
dispersed on GO surface via coordination bonds tharkedly reducing aggregation
effect and enhancing effective surface area [32hak been demonstrated that the
enhancement of mass transfer of reactants towaradtive sites could stimulate the
degradation of organics in the Fenton-like prodéss54]. (i) Strong interactions
between GO and E®, via C-O-Fe bonds could facilitate the migrationebéctron
among FegO4 nanoparticles and GO nano-sheets. GO has beerregeljnized as a
n-conjugated system, electrons generated from Femtaction could be effectively
transferred to GO surface [55,56], which would #igantly enhance the catalytic
activities of GO-FgO, composites. The reductive GO could also facilitheeelectron
transports thus accelerate the redox cycle amangdtive sites [36,57]. Ferrous ions
could be regenerated during the reaction, mostéytduhe reducibility of GO. Notice
that Catalyst 5 is in highest concentration of G®did not show the highest catalytic
efficiency on isatin degradation. It is most likelitributed to the particular GO-§&,
bedded structure (Fig. 2a and Fig. 2b), which coelilice the effective surface of
product thus hinder hydroxyl radical generation. ohm the as-obtained catalysts,
GO-Feg0O, composite with weight ratio of 3/20 (Catalyst 4)owed the highest
catalytic activity for isatin degradation in thigdy. As indicated previously, Catalyst
4 had a single GO-E@, layer structure and with less#R aggregation. Catalyst 4 is

therefore used for further catalytic study.

It was reported that the intermediate products tmayabsorbed or bound with the
catalyst via GO-coupling or ionic interactions ahgrithe degradation reaction [52].
Fig. S5 showed the FT-IR spectra of Catalyst 4ectdld at 120 min and 180 min in
the Fenton process. The FT-IR spectrum of the @dlyst 4 was nearly identical

with that of fresh Catalyst 4, indicating that {hetential intermediate products from
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isatin degradation were not bound or absorbed ey ctalyst. The intermediate
products remained in the solution. Therefore, thgradation of isatin was mainly due

to the Fenton oxidation with GO-§®&, composite as catalyst.

3.3. Effect of pH on Isatin Degradation

As to Fenton-like reaction, pH is well known tod®e of the most critical parameters.
The effect of pH on the catalytic activities of @lgtst 4 was thoroughly investigated.
Fig. 7 showed the results from the degradatiorsatin by Catalyst 4 at pH 2.5, 3.5,
5.0 and 8.0, respectively. At pH 2.5 and 3.5, @@ of isatin was removed within a
short reaction time (i.e., 30 min). At pH 5.0, tremoval efficiency was relatively
high at the initial stage (first 15 min) and degthoh rate tended to be much slower
in the rest. In the case of pH 8.0 (without addintjuric acid), only 15% of isatin was
degraded over a period of 180 min. The experimeamslilts demonstrated that the
highest removal efficiency of isatin by Catalystvi& heterogeneous Fenton-like
process could be achieved at pH 3.5. In Fentonggsydnteractions among®; and
Fe-based materials will generate hydroxyl radichiclv could attack and completely
destroy the pollutant due to its high oxidationgmdial (2.8 eV)Tert-butanol is a kind
of hydroxyl radical scavenger, which could rapiglyavenge the hydroxyl radicals
during the degradation reaction. With the additdnert-butanol, the degradation of
isatin was significantly impeded, further implidaetgeneration of hydroxyl radical

was the major process for isatin degradation.

3.4. Effect of Temperature and lonic Strength on Isatin Degradation

Since dyeing water is usually with high salinitypdaits temperature may vary
significantly, the effect of ionic strength and t@enature was explored to assess the
application of GO-F¢, composites in the industrial dyeing wastewateattrent
(Fig. 8 and Fig. 9). As to the influence of tempere, the degradation of isatin was

undertaken at 25 °C, 35 °C, 45 °C, and 55 °C. Fighowed the results as a function
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of temperatures. By increasing the temperatures £6 °C to 55 °C, the degradation
rate of isatin was accelerated remarkably, whichoissistent with previous studies
[58,59]. For the ionic strength effect, it can B®is from Fig. 9 that the degradation
efficiency of isatin gradually decreased when Ne@icentration was increased from
0 mg/L to 3000 mg /L, indicating high concentrasoof NaCl tend to hinder the

catalytic activity of GO-F¢D, composites.

3.5. Durability and Reusability of GO-Fe;04 Composites

The durability and reusability of GO-§®&, composites were examined by conducting
the degradation of isatin with the same catalysyaked from various reaction cycles.
Fig. S6 showed the results from 5 successive wectiAfter the reaction, Catalyst 4
was magnetically collected from the aqueous saluaoad washed with deionized
water for several times. In next Fenton process,rédtycled Catalyst 4 was used.
Nearly all isatin could be removed by either freshrecycled Catalyst 4 (Fig. S6),
suggesting the recycled Catalyst 4 could maintairghly efficient removal of isatin.
XRD, TEM and FT-IR were employed to characterize tkecycled Catalyst 4 to
further investigate its stability. The phase stnoetand morphology of the recycled
Catalyst 4 are almost identical (Fig. S7 and Fig). SThough some new peaks
appeared at 1648, 1279, 1070 and 84I'amFT-IR spectrum of these recycled
sample (Fig. S9), these peaks belonged to C=Cclkingt of carbonyl group (1648
cm™®) and C-O stretching (1279 ) C-O-C asymmetric stretching (1070 ¢rand
ring vibration (841 cril) of epoxides. It suggested that some hydroxylcaddiwere
absorbed by GO sheets. In addition, the TOC ofrid solution increased with ca.
0.3 mg/L after Catalyst 4 was mixed with®4 (without isatin) at pH 3.0 for 15 h.
Comparing with GO loading of 45 mg/L for Catalystldss than 1% of GO was
oxidized after 5 cycles Fenton reaction, demonsgathe excellent reusability and

durability of GO-FgO, nanocomposites in Fenton-like process.
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337 4. Conclusions

338 Graphene oxide-magnetite (GOsBg) composites were successfully synthesized by
339 chemical precipitation of iron salts onto GO suefan the presence of ammonia.
340 FT-IR spectrum indicated that J&& particles integrated with GO via C-O-Fe
341 coordination bond. The loading of GO has a gregpach on the morphology,
342 appearance and catalytic activities of as-syntledstzO-FgO, composites. With GO
343 loading increased, less J&® particles were aggregated and smaller particlessof
344 Feg04 were observed in GO-g®, composites. Two GO-E@, structures could be
345 constructed at different GO loading. Single layeucure of GO-FgD, composites
346 was obtained at low GO loading (i.e., 1/20, 2/2@ &120 for GO/FgD,), and
347 stacking structure was formed at high GO loading.,(i4/20 for GO/F©,).
348 GO-FgO, composites could stimulate the formation of hygtosadicals in the
349 presence of bD,. Isatin was able to be degraded by these highiyea&GO-FgO,
350 composites, and 3/20 is the optimum ratio of G@czecomposites for the
351 degradation of isatin, as the highest catalyticvigtachieved. The suitable pH for
352 the isatin degradation by GO-& composites is 3.5. Evaluating temperature did not
353  show significant impacts on the removal efficiewdyen the reaction temperature is
354 long enough. The removal efficiency was hinderedenvtihe ionic strength is
355 increased. The high catalytic activity of the cggalwas mainly attributed to the
356 effective functional combination of GO and 3Bg nanoparticles. GO-E&,
357 composites have great potential to be the highepmdnce catalysts for practical
358 applications.
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554 Figure Captions

555

556 Scheme 1. Synthesis of GO-R®, composites and the degradation of isatin by
557 GO-FgO, composites.

558

559 Fig. 1. TEM images of F, and GO-FgD, composites as catalyst for isatin
560 degradation. (a) Catalyst 1 ¢&r), (b) Catalyst 2 (GO-R®,, 1/20), (c) Catalyst 3
561 (GO-FgQ4, 2/20), (d) Catalyst 4 (GO-E®,, 3/20) and (e) Catalyst 5 (GO,
562  4/20).

563

564 Fig. 2. TEM images of Catalyst 5 (GO-§&, 4/20). The arrows indicate the edge of
565 graphene oxide.

566

567 Fig. 3. XRD patterns of GO, BF®, and GO-FgD, composites.

568

569 Fig. 4. FT-IR spectra of GO, E@,, and GO-F¢gD, composites.

570

571 Fig. 5. Efficiency of isatin removal (Isatin concentratien20 mg/L, initial BO,
572  concentration = 25 mmol/L, @, suspension = 0.3 g/L, GO-f& composites
573  suspension = 0.3 g/L in concentration o§®gand initial solution pH = 3.5).

574

575 Fig. 6. Efficiency of TOC removal (Isatin concentration28 mg/L, initial HO,
576 concentration = 25 mmol/L, E®; suspension = 0.3 g/L, GO-f&& composites
577 suspension = 0.3 g/L in concentration o®# initial solution pH = 3.5 and T =
578 25 °C).

579 Fig. 7. The pH effect on isatin removal (Isatin concembrat= 20 mg/L, initial HO,
580 concentration = 25 mmol/L, @, suspension = 0.3 g/L, GO-f& composites

581 suspension = 0.3 g/L in concentration of®eand T = 25 °C).
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Fig. 8. The temperature effect on isatin removal (Isabmoentration = 20 mg/L,
initial H,O, concentration = 25 mmol/L, E®; suspension = 0.3 g/L, GO-f&,
composites suspension = 0.3 g/L in concentratioReg®, and initial solution pH =

3.5).

Fig. 9. The NaCl concentration effect on isatin removah{ih concentration = 20
mg/L, initial H,O, concentration = 25 mmol/L, E®; suspension = 0.3 g/L,
GO-Fg0O, composites suspension = 0.3 g/L in concentratibiregO, and initial

solution pH = 3.5).
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Supplementary Material

Inclusive of one table and nine figures over teggsa

Table 1. Synthesis of R, and GO-FgO, composites.

GO FeC}-6H,0 FeCk-6H,O | Weight Ratios
of GO-FeO,
Catalyst 1 0.000 g 0.405¢ 0.932 ¢ 0:20
Catalyst 2 0.020 g 0.405¢ 0.932 ¢ 1:20
Catalyst 3 0.040¢g 0.405¢g 0.932¢g 2:20
Catalyst 4 0.060 g 0.405¢g 0.932¢g 3:20
Catalyst 5 0.080 g 0.405¢g 0.932¢g 4:20

*The pH is 11.0, adjusted by NHH,O.

33/42



791

792
793

794

795

796

797

(311)

(400)

S1/nm
—

(220)
(400)

1k @1
(220)

e
-

(400) l

N

-
-~

S1/nm
I

(400)

51/ nm
_—_—

S

Fig. S1. TEM images of GO (a and b), && (c and d, Catalyst 1), GO-§&y (f and g,
Catalyst 2) with GO/F£,=1/20, GO-FgO4 (i and j, Catalyst 3) with GO/E©,=2/20,
GO-FeOq4(I and m, Catalyst 4) with GO/E®@,=3/20, GO-FgO,4 (0 and p, Catalyst 5)
with GO/Fe0,=4/20, and SAED pattern of Catalysfe), Catalyst 2 (h), Catalyst 3

(k), Catalyst 4 (n) and Catalyst 5 (q).
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Fig. Sb. FT-IR spectra of fresh and used Catalyst 4 (GEDE€3/20).
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HIGHLIGHTS

1. Recyclable graphene oxide (GO) - magnetite (FesO4) composites were successfully
synthesized.

2. Highly efficient removal of isatin by GO-Fe;0, composites was achieved.

3. The effective functional combination between GO and Fe;O, played a crucial role
on isatin mineralization.

4. The technology’s advantages are a facile and cost-effectiveness.



