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ABSTRACT

Cellulose acetate (CA)/graphene oxide (GO) nanocsitgp membranes were generated by an
assisted phase inversion process, based on thef @& CQ as non-solvent, operating at 200 bar and
40 °C; loadings of GO up to 9% w/w were tested. $tractures maintained the cellular morphology,
characteristics of CA membranes, also at the htgB&sloadings used, with a porosity of about 80%,
but the presence of GO influenced the pore sibas,ranged between about 9 and 16 um. The starting
GO and the nanocomposite structures were charaetielly the combination of various techniques that
evidences as Sulphur and Chlorinated impuritiest Were present in the starting GO material, were
completely eliminated by the interaction with SC-Qfdiring structures formation; moreover, a partial

reduction of GO to graphene was also observed.



1. INTRODUCTION

Graphene oxide (GO) is commonly synthesized by aiod of graphite using strong
mineral acids and oxidizing agents, typically vieatment with KMnQ@ and BSO, using the
Hummers methdd Compared to graphene, GO is heavily oxygenated iembasal plane
carbon atoms are decorated with epoxide and hytgyeyps and its edge atoms with carbonyl
and carboxyl groups. Hence, GO is highly hydrophdind the presence of these functional
groups reduces interplanar forces, which can imprbve interfacial interaction between GO
and some polymers and, thus, the dispersion of iGEplymer matrices® Many factors can
affect the final properties and applications of @@ymer nanocompositésamong these: kind
of GO used, its dispersion state in the polymeratrim and interfacial interactions, the amount
of wrinkling, its network structure in the matriraits purity.

Various attempts have been proposed in the litexaturealize GO/polymers composite
structure3™®. The processes proposed until néw.( phase inversion, casting, electrospinning)
present several limitations; for example, residoésorganic solvents of GO synthesis are
typically found at the end of these processes,isgyzoblems, in particular, for biomedical
applications. Moreover, a homogeneous distribugb&GO in the polymeric matrix is difficult
to obtain, since the cohesive forces among GO $ayend to produce restacking. GO
composites performance is strongly related to eteell of exfoliation i.e., separation of the
layers). Exfoliated GO allows the largest interéhcontact with the polymer matrix, improving
the properties of the composites. For this reaseweral techniques have been implemented to
increase the GO exfoliation degree. In particulsolvent-based exfoliation and thermal
exfoliation techniques emerged as two preferredesdor this stef§'° These techniques

achieved encouraging results, but, still presemyminitations; for example: high cost, use of



large quantities of hazardous chemicals, high hgagmperatures that can induce degradation
of the polymeric matrix.

A possible way to overcome the above mentionedtdithons, is the use of supercritical
carbon dioxide (SC-C£) assisted processes. Indeed, supercritical fl(8dds) possess near-
zero interfacial tension and a density that carnuned from gas- to liquid-like values. These
characteristics, along with the excellent wettifgsarfaces and high diffusion coefficients,
made SCFs useful to overcome the limitations oéss\traditional techniques; for example, to
control microparticles siZz&%?and to extract natural matt&tsSCFs techniques have been used
to produce polymeric structures with controlled ptarlogy and porosity2® Membranes and
aerogels loaded with pharmaceutical compothdstalyst® and active agents for packaging
application§’ have also been proposed using these techniquesiogmous composite
structures with controlled morphology and very reshi residual solvents were obtained,
confirming the possibility of overcoming the limitd the traditional procedures. SCFs assisted
techniques have been already used in graphene sginge In particular, a supercritical
exfoliation method has been test6¥ Due to molecular size of G@Gnd its polarizability, it
has the potential to pass through the solid polyers* and, when supercritical conditions are
reached, C@diffusivity can favor layers expansion and exfotéa®>® It is also possible to
add co-solventse(g., N-methylpyrrolidone (NMP), DMF and Isopropanadtd, increase the
polarity and the fluid-solid interactidh

Therefore, the aim of this work is to obtain honmoges Cellulose Acetate (CA)-GO
nanocomposite membranes controlling the interastiohGO layers and their behavior in a
polymeric matrix, using SC-COassisted phase inversfdnThe scope is to combine the
advantages of SC-GQassisted loading techniques with the possibilitycontrolling the

incorporation of GO. CA has been selected as tHgnmyic matrix, due to its numerous
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potential applications; for example, as scaffold bartilage regeneratidh neural
differentiatior?® cardiac applicatiori§ in dialysis membran&sand in ultrafiltration devicéa
We verified the process feasibility and its imptioas on GO composition and layers
arrangement. We also analyzed the effect of diffie@O loadings on morphology, pore size

and on mechanical and physico-chemical charadteyist the nanocomposite membranes.

2. MATERIALS AND METHODS
2.1  Materials

CA (average Mrca. 50 000 with acetyl content of 39.7%) and NMP (pu€9.7%) were
bought from Sigma-Aldrich. C£X(99.5% purity) was purchased form SON (Societades®

Napoli, Italy). All materials were used as received

2.2  Graphene oxide synthesis
GO was prepared according to the modified Hummesthad®. In a typical procedure,

graphite (1.0 g) was mixed with 23 mL o$$D, (95%) and the mixture was stirred for 30 min
within an ice bath. Potassium permanganate (3Way) added very slowly to the suspension,
with vigorous stirring, while maintaining a reactitemperature of 20 °C. The ice bath was
removed and the reaction mixture was stirred ogértrat 35 °C. Then, water was added to the
pasty solution with constant agitation: the colofithe solution changed to yellowish brown.
After 2 h of vigorous stirring, 25 mL of 30%.,8, were added and immediately the colour of
the solution turned to golden yellow. The mixturaswvashed several times with 5% HCI and,
then, with deionized water, until the solution bmeaacid free. At the end of the process, the

reaction mixture was filtered and dried under vaxwai 65 °C.



2.3  Preparation of CA/GO nanocomposite membranes

We produced CA/GO nanocomposites by a SG-@ssisted phase inversion proéass
First, solutions of CA in NMP with a concentratioh25% w/w were prepared. Subsequently,
GO was suspended in the polymeric solution at @ffe concentrations: 3 and 9% w/w with
respect to the polymer content. GO concentratiomsewselected studying the scientific
literature that reports as these amounts of G@aoeigh to modify/improve the properties of a
polymeric matrix (i.e., nanocomposite). The ternsygtem (CA/NMP/GO) was stirred at room
temperature until it became a stable suspensioan,Tthe suspension was spread on steel caps
(of about 2 cm diameter and 200 um height) insidristom-made high pressure vessel and
phase separated using SC-C4D 200 bar and 40 °C for 4 h (or 8 h), with a,Glow rate of
about 2 Kg/h. In particular, the vessel was fileith SC-CQ, up to the desired pressure, using
a high pressure pump (Milton Roy-Milroyal B, Porau®-Pierre, France). The pressure was
controlled by a manometer (mod. MP1, OMET, Italy)dathe temperature was set by a
controller (mod. 305, Watlow, Italy). A depressatibpn time of 30 min was used to bring back
the system at atmospheric pressure.

In the remainder of this work, the samples gendratél be noted as CA _GO_1 and
CA_GO_2, for GO fillings of 3 and 9% w/w, respeeliy. A longer experiment has been also
performed on GO 9% w/w polymeric solution (at 2@0 bnd 40 °C, for 8 h) and the sample

generated with this procedure will be noted as CA_& 8h.

2.4  Field Emission Scanning Electron Microscopy3SEM)
CA/GO nanocomposites were cryofractured using diguitrogen; then, the sample was

sputter coated with Gold (Agar Auto Sputter Coaerd. 108 A, Stansted, UK) at 30 mA for



150 s and was analyzed by FESEM (mod. LEO 1525| Zeiss SMT AG, Oberkochen,
Germany) to analyze pore size and the overall wtragnorphology.

Sigma Scan Pro 5.0 (Jandel Scientific, San Ra@&NADA) and Origin 8.5 (Microcal,
Northampton, USA) softwares were used to deterniveaverage diameter of pores in the
structure. Images taken at various locations insthecture were used for each calculation. We
measured about 300 pores for each sample analyZsidhg Origin software, we first
represented a histogram with the percentage opthnes having a given diameter; then, we

performed a curve fitting bpgnormal functiorto obtain the distribution curves.

2.5  Nanocomposite porosity

Porosity €) represents the “void space” of the structureyas calculated using the ratio
of the apparent volume to the true volume of theucttires. An ultrapycnometer
(Ultrapycnometer 1000, Quantachrome instrumentstidd, USA) was used to measure the
true volume of the structures at 25 °C in pure Argbree measurements were made on each
specimen and the mean was used in the porositylladtins. The apparent volume of the

structures was calculated from measurement of é€x¢arnal dimension, using a digital calliper.

2.6 Differential Scanning Calorimetry (DSC)

DSC analysis (DSC 30 Mettler, Toledo) was carried @ analyze and identify any
change in the thermograms of pure substances ceohparCA/GO formulations. Calorimetric
analysis was performed in the temperature rangedsst 0 and 300 °C, with a heating rate of

10 °C/min; the inert gas was Nitrogen.

2.7  Thermogravimetric Analysis (TGA)



The thermal decomposition behavior was investigatedg a thermo-analyzer (Q600, TA
Instruments) online connected to a quadrupole rdassctor (Quadstar 422, Pfeiffer Vacuum,

USA). The measurement was carried out in 1% wwN, and in air flow.

2.8  X-Ray Diffraction (XRD)

XRD measurements were performed using a Bruker B8yXdiffractometer (USA) with
CuKa radiation. The measurements were performed opdialer obtained after filtration. GO
X-ray diffraction measurements were taken using-#dx Rigaku equipped with a rotating
anode. The diffractometer operated at 40 kV andn0using with Cu anode and graphite
monochromator used to select the radiation €YK, using a scanning rate of 0.03°.seg -1. The
range of measurement varied between 5 and 509%iliragéon results in a thin carbon film, that
after drying consists of a fine and light powdehiaeh was loaded in the XRD sample holder to
full a window of 2 cm in diameter. Before the maasnents, the sample was leveled to the

holder surface using a glass slide.

2.9  Transmission Electron Microscopy (TEM)

TEM images were acquired using a FEI Tecnai eleatnacroscope, operating at 200 kV
with a LaBs filament as the source of electrons, equipped waithEnergy Dispersive X-ray
Spectroscopy (EDX) probe. The specimens for TEMyaismwere prepared by suspending GO
in water, homogeneizing the suspension and allowidgop of this suspension to evaporate on

an amorphous carbon-coated Cu grid.

2.10 Raman spectroscopy



Raman spectra were obtained at room temperatute avimicroRaman spectrometer
(Renishaw inVia, UK, 514 nm excitation wavelendgdser power 30 mW). A Leica DMLM
optical microscope is connected on-line with then@a instrument to focus on the sample. The
laser spot diameter was 1m, a value higher than the size of the GO sheele T
measurements were performed on the powder obtaiftedfiltration. The filtration results in a
thin carbon film, that after drying consists ofiaef and light powder, that was loaded for the

measurements on glass slide.

2.11 X-Ray photoelectron spectroscopy (XPS)

XPS analyses were performed with an Axis Ultra D{Patos Tech.). The spectra were
excited by the monochromatized AlKsource (1486.6 eV) run at 15 kV and 10 mA. GO
powder was pressed onto a Copper tape mountedsample rod that was, then, introduced
into the pretreatment chamber of the spectrometdrevacuated at room temperature. For the
individual peak regions, a pass energy of 20 eV wsed. Analyses of the peaks were
performed with the CasaXPS software, using a wetjlgum of Lorentzian and Gaussian

components curves after background subtraction.

3. RESULTS AND DISCUSSION
3.1 GO characterization

TEM images of GO produced in this work are showfRigure 1: thin layers with sizes in
the range of half to tens of square microns wesenked. GO exhibits a rough surface showing
wrinkles™*2. It has been reported that during the drying psecef GO, water exerts surface
tension due to high affinity to GO oxidized dom&m#nducing stresses during evaporatfon

which force the soft sheets to fold and wriflkl€'® and/or can exacerbate the wrinkled
9



structuré®, In particular, in Figures 1E and 1F nanosheetesaf about 5 nm can be detected
that correspond to the largest thickness obsenveldel sample. In the regions indicated by the
arrows in Figures 1E and 1F, 6 and 4 twisted laymas be seen, respectively. These
observations indicate that the starting GO materad organized as few-layers grapheres, it
was partly exfoliated. Thinner nanosheets can lem $e Figure 1G. Figure 1C shows the
energy dispersive TEM based EDX of the preparedosamvith a carbon/oxygen (C/O) ratio
of ~2.6 at, that is a value comparable to thosécaély reported in the literatur® Small
amounts of S and ClI, confirmed by the TG-MS analyBigure 1S and 2S), deriving from GO
preparation process are also present; indeed, khasvn that even a very accurate washing
process cannot completely remove these species®ofth

The formation of oxygenated groups due to the ddddaof graphite is confirmed by
XRD (Figure 3SA), Raman Spectroscopy (Figure 3S#) APS. In particular, the C/O ratio,
calculated from C 1s and O 1s core level specteaiehsed from 58.9 to 2.5 after the oxidation
process, clearly indicating a considerable degfaemxinlation. The C 1s XPS spectrum of GO,
shown in Figure 2, exhibited the characteristickseaf C—C skeleton, hydroxyl, epoxyl and

carbonyl groups at 284.4, 286.4, 287.7 and 288/ 7respectivel§’.
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10 nm

Figure 1. (A,B,D,E,F,G) TEM images of GO at different magstions, (C) EDX spectrum

taken in the area indicated with D.
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Figure 2. XPS - C 1s core level for GO.

3.2  CA-GO nanocomposites

In this part of the work, we focused our attentimm the feasibility of the SC-CO
assisted phase inversion process on the system @AMIBP. SC-CQ acted as a non-solvent
for the polymer and the phase inversion (or semarpaof the polymeric solution into two
phases was obtained: one with a high polymer cdredgan and one with a low polymer
concentration. The concentrated phase solidifieartlsh after phase inversion forming the
porous structure. The operative parameters weseteel considering a previous work on CA
membranes formation by SC-G@ssisted phase inversfdnin particular, a pressure of 200 bar
and a temperature of 40 °C were selected, sincg thpresent the optimized process
combination.

From a macroscopic point of view, the structuresdpced using CA alone, show a
white color (see Figure 3A); whereas, CA structuossled with 3 and 9% w/w GO, show an

uniform black color (Figure 4A, Figure 5A).
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lp,m - T ag= 1.00 KX
Figure 3. CA structures obtained at 200 bar 40 °C startioghf25% w/w CA/NMP solution:
A) macroscopic view, B) FESEM analysis of the sattiC) FESEM analysis of the top

surface.

13



Mag= 1.00 KX
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Figure 4. CA/GO structures obtained at 200 bar 40 °C stafftioign 25% w/w CA/NMF
solution and 3% w/w of GO: A) macroscopic view,l HHSEM analysis of the section,

FESEM analysis of the top surfa
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Figure 5. CA/GO structures obtained at 200 bar 40 °C staftioign 25% w/w CA/NMF

solution and 9% w/w of GO: A) macroscopic view,l HHSEM analysis of the section,

FESEM analysis of the top surfa
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From a microscopic point of view, we observed frBEBSEM images, that, even at the
highest GO content, the section of the structuresintain the cellular morphology,
characteristics of CA alone (Figure 3B comparechwitgures 4B-5B). Porous top surfaces
were obtained in all cases (Figures 3C-4C-5C) andasi-constant overall porosity (between
80-82%) was also measured. No stratification of @@ards top or bottom surfaces was
observed, also at microscopic level.

DSC analyses were also performed on CA membrands G&/'/GO nanocomposite
structures. They showed similar traces for allteéanaterials, confirming that GO addition did
not sensibly influence the physico-chemical chamstics of the final structures.

Summarizing, these results show that the morphotddyA structures loaded with GO is
similar to those produced with pure CAg, GO presence does not affect the structure
formation mechanism during the process assiste8@CQ. Moreover, when we performed
FESEM analyses at higher enlargements (up to 156000 aggregates of GO were no more
visible in the polymeric structure; this is an infation about the dispersion of GO in the
polymeric matrix even at micro/nano level. The ated morphologyi(e., cellular) suggests
that nucleation and growth of droplets of the patydean phase, with further solidification of
the polymer-rich phase is the mechanism of the mman&bformation.

Increasing the amount of GO in the starting sotytihe mean pore size of the structures
enlarges. This result is well evidenced by the mize distribution reported in Figure 6 and by
data in Table 1: increasing the amount of GO u@%ow/w, the mean pore size increases from

9.21t0 16.6 pum.
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Figure 6. Pore size distribution in CA/GO nanocompositectites obtained at different GO

loadings.

Mean pore size + standard

Sample deviation (um)
CA 9.2+2.1
CA_GO_1 14.0+ 3.9
CA_GO_2 16.6 +4.2

Table 1.Mean pore size of CA+GO structures obtained & iht GO loadings.

It indicates that even if the structures morpholbgg not been affected, the addition of
GO plays an important role during the structurerfation process. A plausible explanation for
this result is that the affinity of GO with many drgphilic groups can decrease the mass
transfer between the solvemte(, NMP) and SC-C@(i.e., the non-solvent) during the phase-

inversion: larger pore are formed due to the slowmss transfer. This hypothesis is also
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supported by the slight effect of GO content on pleosity of top surfaces. Increasing the
amount of GO, the top surface porosity decreasgpi@s 3C-4C-5C) and it is known that
porosity of membranes surface depends on the pbesaration rate: when the process is
slower, the top surface tends to become “densdréreas, in the case of faster process, the top
surface is usually “opened”.

Therefore, the addition of GO does not visibly efféhermodynamics of the phase
separation processi.€, the structure formation mechanism); but, it iefigces the
microstructure formation, acting on the kineticsha# process €., the phase separation rate).

Figure 7 shows two TEM images, at increasing magatibn, of the polymer-GO
nanocomposite. Dispersed GO nanosheets are vigilbligure 7A as black spots. Their lateral
size is consistent with the starting GO sheetsudber evidenced by the high resolution TEM

image (see Figure 7B).

Figure 7. TEM image of CA_GO_2_8h at different magnificason

In Figure 8 the TG-MS profiles, under a 1% v/v afi® N, flow, of tests CA, CA_GO_1,

CA _GO_2, CA_GO_2 8h, are reported as a functiaemiperature (the TG-MS profiles under
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an air flow are shown in Figure 4S). During therthal oxidation of CA, after an initial weak

release of water ~5.0% w/w, the weight loss to@celin the range 270-435 °C in which the
main mass fragments of CA (m/z=15, 30, 43, 55,Wéa)e detected, together with m/z=18 of
H,O and m/z=44 due to the formation of £@he remaining carbon is oxidized completely up

to 900 °C.
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Figure 8. TG-DTG-MS profiles for CA (A), CA_GO_1 (B), CA_GQ (C),CA_GO_2 8h

(D).

In all the nanocomposites an additional weight legas clearly visible at lower
temperature, between about 190 °C and 270 °C. Itegainly due to oxidation and

decomposition, at lower temperatures in the presen&O, of a CA fraction, as confirmed by
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the evolution of its main mass fragments. It ineesawhen GO content in the composites
increases too, and decreases when Sg{2@ressing time increases. No evidence of specific
weight losses due to GO oxyfunctional groups casden. For all the nanocomposites, unlike
CA, the residue at 900 °C is not zero; it is du& (see Figure 1S) and, obviously, increases
with GO content, but, also with SC-G@eatment times. This last observation, togethign w
the no relevant presence of oxyfunctional groupsase, suggests that the SC-Qfocess
promotes a GO patrtial reduction, which is probdhf/reason for the increased carbon skeleton
amount® and reduced weight loss between 190 °C and 27QHat is probably due to CA
fraction adjacent to the highly reactive functiogedups of GO). This effect of SC-GQhough
under different conditions, has been already repbtt but, it is the first time that it is
evidenced during the incorporation in a polymeriatmix. The results also suggest that the
reduction level could be modulated by varying thecpssing time.

No trace of SQ(m/z=48, 64) and Chlorine (m/z=35), initially retad in GO (see starting
GO characterization), can be seen. This resulteenes a further effect of SC-GProcessing:
the ability to remove residual solvent/impuritieBherefore, all residual traces from GO
preparation are removed. This capability of SC;®@s been evidenced in other supercritical
assisted processes, mainly SC-C@rying of alginate hydrogel beaflsand solvent
elimination/killing in pharmaceutics compounds ppstcessing. But, it is the first time that
this experimental evidence is shown for GO proeessit has very interesting implications
from the point of view of GO purification and contipdization with a biological environment,
since Sulphur and Chlorine residues are cytotoxic.

To better understand the evolution of GO under &%-@rocess conditions, CA from
CA_GO_2 8h was dissolved in NMP and the TG-MS pesfiunder a 1% v/v of On N

flow, of the recovered GO, has been reported asnatibn of temperature in Figure 9. The
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weight loss due to the oxyfunctional groups restiksirly reduced (compare with Figure 1'S)
moreover, the residue is considerably increaskelylidue to a GO reduction. For GO thermal
reduction under vacuum it has been repdftétht upon progressive thermal treatment: first of
all, the in-plane -COOH groups become highly unstatollowed by a formation of phenolic
groups and rapid removal of edge plane -C=0 at D<#D and basal plane -C=0 groups at
T>400 °C, finally resulting in a little survival gfhenolic groups. The profile of,B@ (m/z=18)
(Figure 9 bottom) observed in the temperature rai@f2200 °C, for the recovered GO, likely
suggests that it has reached an advanced levedattion in which the surviving species are
prevalently carbonyl groups. No trace of S@n/z=48, 64) and Chlorine (m/z=35), initially
retained in GO, can be seen, as already shownebgahocomposites thermal analysis. Starting
from the thermogravimetric residue in Figure 80D86% w/w, that is due to GO) and that in

Figure 9, we also measured the approximate GO amo@A GO _ 2 8h, that is 6.26% w/w.

100 \
80 S
5
g 60 g)
= =
.% 404 g
g [a]
20
0 T T T O
200 400 5
- Temperature () miz12 | @
g m/z 44 ‘E
> m/z 18 g
Z E
()
g M—_——

Figure 9. TG-DTG-MS profiles for GO, from CA_GO_2_8h, afteA removal in NMP.
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Figure 5S and Figure 10A show XRD patterns of tli® gdwder films obtained after CA
structure dissolution in NMP, from CA_GO_2 and CA®@_8h, respectively. The peak at
8.9° (compared to Figure 3SA) is broader and shanvsipshifted endset, a broad peak in the
range 20-30 @ became more and more visibte®® with increasing SC-COprocess time
indicating a partial reduction of G® >*°° due to removal of oxyfunctional groups and
intercalated water, and confirming the indicatidriT&-MS analysis. It should be noted that it
is similar to that of graphite. The peak, howeweas rather broad with respect to that observed

in the graphite XRD pattern.
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Figure 10. X-ray diffraction pattern of GO, from CA_GO_2_&ifter a CA removal in NMP
(A); Raman Spectra of CA, CA_GO_1, CA GO_2, CA_GWBI(B) and GO, from

CA_GO_2 8h, after a CA dissolution in NMP (C).
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Raman spectra of CA and of the nanocompositeshemiavenumber range 1000-3200
cm?, are shown in Figure 10B. Spectrum in green essilyipical Raman modes of CA. Both
CA_GO_1 and CA_GO_2 show an additional Raman lin¥583 cni (the G-line, due to the
in plane vibration of the C—C bonds of GO), morerqmunced at higher GO loading. The other
typical GO band, at 1357 ¢h(D line), is partially superimposed to the bandla70 cni of
CA. In CA_GO_2_ 8h the G band down-shifts to a positclose to the G band of graphite
(1586 cm), this is typical of reduced graphéhend can be attributed to graphitic “self-

®7 while the 2D band is more pronoun¥d&drhe Raman spectrum of GO, after the

healing
dissolution of CA in NMP, is shown in Figure 10G; @bserved in CA_GO_2 8h, the G line is
down-shifted and 2D band more pronounced. Moreoferband at 1357 cth becomes
prominent, indicating that SC-G@®rocess influences the size of the in-plarfedgmainsg®. In
particular, and/l¢ ratio of 1.25 can be measured, indicating an asirg L distancé” ®° This
value suggests again a partial GO reduction, ireagent with the results of TG-MS and XRD
measurements, for reduced graphene oxide (rGO).eCali®® found an /I ratio of 1.4, a
value of 1.9 was observed for rGO reduced by HILG@G® °C. However, it is difficult to

compare the results, since the measurements ar oftorded on GO with different edge

thicknes&® 62

4. CONCLUSIONS AND PERSPECTIVES

Homogeneous CA/GO nanocomposites were successfuépared using a SC-GO
assisted phase inversion, confirming the abilitysopercritical processing to treat polymeric
suspensions preventing stratification phenomenae FBlructures exhibited the cellular

morphology observed for CA membranes, also at itpeelst GO loadings (9% w/w).
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Moreover, a partial reduction of GO to graphene walas observed for the first time aBdand
Cl impurities, that were present in the starting @é&terial, were completely eliminated by SC-
CO, during the structures formation, producing an ioved material. This result is new and it

can be very useful, for example, for biomedicall@pgions of GO.
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