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The paper presents results of research on the preparation of cellulose membranes with graphite oxide addition
(GOJ/CEL). Initially, a cellulose (CEL) solution in 1-ethyl-3-methylimidazole acetate (EMIMAC) was obtained, to
which graphene oxide (GO) dispersed in N,N-dimethylformamide (DMF) was added. From this solution, com-
posite membranes were formed using phase inversion method. It was observed that the GO addition influences
the physico-chemical properties of GO/CEL composite membranes, resulting in an increase in their mass per unit
area, thickness and density, and a decrease in sorption properties. In addition, the study of transport properties has
shown that GO/CEL membranes do not absorb BSA particles on their surface, which prevents the unfavorable
phenomenon of fouling. An important feature of the obtained membranes is the specific permeate flux which
reaches high values (~124 L/m*xh) at 3.8% of the GO addition to the cellulose matrix.
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INTRODUCTION

Cellulose is one of the most widespread, inexpensive
and biodegradable polymers used in the textile, chemical,
pharmaceutical, construction and energy industries'2.
Chemically, cellulose is a linear polymer linked with
stable glycosidic bonds, accompanied by intra- and inter-
molecular hydrogen bonds*™. The presence of this type
of bonds, as well as the presence of crystalline areas in
cellulose makes this polymer insoluble in water and in
most solvents®®, NaOH/CS,, NMMO/H,0, LiClI/DMAc,
DMSO/TBAF and ionic liquids are used for the process-
ing of cellulose’. Regenerated cellulose is used for the
production of fibers, films, membranes, hydrogels and
aerosols, microspheres and beads’.

A new group of solvents are ionic liquids, often referred
to as “green” solvents®. Due to the biodegradability and
low toxicity’ they are considered to be environmen-
tally friendly solvents, which may eventually replace
the traditional systems that are capable of dissolving
cellulose® *!°. The cellulose dissolved in ionic liquids
can be easily precipitated using polar solvents (water,
ethyl alcohol, acetone, methylene chloride, acetonitrile)*
to obtain “flocs”, fibers or membranes'*~. The regener-
ated cellulose thus obtained is less crystalline and more
porous than native cellulose™".

An interesting and modern material is graphene (RG)
and graphite oxide (GO), which are synthesized and
used for the production of polymer composites by the
authors of the article'. GO has a lot of different oxygen-
containing functional groups, such as epoxy, hydroxyl,
carbonyl, carboxyl”. Oxygen groups give hydrophilic
properties to GO, making it easy to form stable aque-
ous dispersions®**!. GO can also be dispersed in organic
solvents such as N,N-dimethylformamide, N-methyl-
-2-pyrrolidone, tetrahydrofuran and ethylene glycol®.
Graphene oxide has sorption properties, which is why it
is used to remove heavy metals®. In addition, it has anti-
microbial properties®®, which extends its use in water and
wastewater treatment processes. GO, along with carbon

nanotubes®2¢ and graphene** is used in membranes. It

allows obtaining thin, monolayer films**** which can be
used for desalination and purification?”2% 3435 a5 well as
membrane distillation®®. Graphene oxide is also used as
a component of composite materials. Literature provides
examples of preparation of GO/cellulose composite in
the form of granules. Zhang et al. described the method
of obtaining GO-containing microbeads in NaOH and
urea solution, which were coagulated in the presence
of HNO,”. Another team obtained such a composite
during the synthesis of cellulose by bacteria®. Nano-
composite aerogels, on the other hand, were obtained
from bamboo fibers dissolved in a NaOH/PEG mixture
to which water-dispersed GO was added*'. Rui-Hong et
al. obtained hydrogel by introducing NaOH and urea and
cellulose into the aqueous dispersion of GO, followed
by mixing it with PVA solution®. Liu et al. obtained
cellulose composite membranes by filtration of GO solu-
tion on pure cellulose membrane®. The paper-making
method was used to obtain paper with GO addition
in the presence of polyacrylamide®. Yang et al. mixed
the grinded bacterial cellulose with GO dispersion and
formed a composite film*. Other researchers mixed
subhydrolized microcrystalline cellulose in the form of
suspension with GO dispersion and dried the resulting
mixture*. Kim et al. obtained a GO/cellulose membrane
by dissolving GO and cellulose in NMMO?. The layer-
by-layer method (LbL) was used to apply a cellulose
solution in ionic liquid [Bmim]Cl on a glass plate, dry
it and coat with a GO dispersion®.

This paper presents a method of obtaining cellu-
lose membranes with GO addition that has not been
described in the literature. 1-ethyl-3-methylimidazole
acetate (EMIMAC), which is a room-temperature ionic
liquid, as recommended by the literature to dissolve the
biopolymer*® was used to prepare the cellulose solution.
A method has been developed to combine a solution of
cellulose dissolved in the ionic liquid with graphene oxide
dispersed in N,N-dimethylformamide. From this homo-
geneous solution, composite membranes were formed
by phase inversion method, and coagulated in distilled
water. It was observed that the amount of graphene
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oxide added to the cellulose solution in the ionic liquid
influences the physico-chemical and transport properties
of the resulting membranes.

EXPERIMENTAL

Material

Cellulose (long fibers), ionic liquid: 1-ethyl-3-methyl-
imidazolium acetate (EMIMAC), graphite powder <20
wm, bovine serum albumin (BSA) (Mw = ~66 kDa)
were purchased from Sigma-Aldrich. NaNO,, 98% H,SO,,
KMnO,, 30% H,0,, N,N-dimetyloformamid (DMF), an-
hydrous FeCl; and methylene blue (MB) were purchased
from Avantor Performance Materials Poland S.A.

Equipment

Thickness of the membranes was measured with
ELMETRON MG-1 thickness gauge. SARTORIUS
CP224S-0CE analytical balance with a reading accuracy of
0.0001 g was used with for mass measurements. Daewoo
laboratory microwave oven with 114 W heating power
and Inter Sonic IS-1 ultrasonic washer, with ultrasonic
frequency of 35 kH were used for the preparation of
the membrane-forming solution. Viscosity measurements
were made using Myr V2-L rotary viscometer equipped
with L3 and L2 spindles and a temperature sensor.
Transport properties of the obtained membranes were
tested using Millipore’s Amicon 8400 ultrafiltration cell
with a capacity of 350 cm® and a membrane diameter
of 7.6 cm, equipped with equalizing tank with a capac-
ity of 800 cm® and a stirrer. The UV-Vis Perkin Elmer
Lambda 35 spectrophotometer was used to determine
the concentration of the test solutions (FeCl;, MB and
BSA), and the wavelengths for the respective solutions
were: FeCl; (A = 260 nm), MB (A = 662 nm) and BSA
(A = 280 nm).

Synthesis of graphene oxide

Graphene oxide was obtained according to modi-
fied Hummers method™®. The process to obtain GO is
the same as described in our previous paper’!. 1 g of
NaNO;, 46 cm® of H,SO, and 2 g of graphite powder
were introduced in a flask placed in an ice bath and
stirred vigorously for 30 minutes. Then, portionwise, 6 g
of KMnO, was added, so that the temperature of the
system did not exceed 20°C. After adding all KMnO,
and waiting for five minutes, the reaction mixture was
heated to 35°C. The reaction mixture was stirred for 4
h at this temperature and then slowly 92 cm?® of distilled
water was added. Excess KMnO, was removed from the
reaction mixture by introducing a mixture of 80 cm® of
distilled water and 50 cm® of 3% H,0,. Finally, the ob-
tained graphene oxide was centrifuged and washed several
times with distilled water until neutralized (pH 7). Wet
graphene oxide was dried in a laboratory drier at 60°C

to obtain a brown precipitate which was then dispersed
in DMF on an ultrasonic bath to obtain a 3.7% GO/
DMF dispersion.

Preparation of cellulose solution and GO/CEL solution

Initially, a 5% solution of cellulose in the ionic liqu-
id — 1-ethyl-3-methylimidazolium acetate (EMIMAcC)
was prepared. The mixture of cellulose and EMIMAc
was thoroughly mixed and then heated in a microwave
oven in intervals of 3 x 5 seconds, taking care that the
temperature of the mixture did not exceed approx. 40°C.
The resulting cellulose solutions wre left for 24 hours
to deaerate. In order to prepare solutions for forming
GO/CEL composite membranes, adequate amounts of
cellulose and ionic liquid were first weighed (Table 1)
and cellulose solutions were prepared as described
above. Appropriate amounts of 3.7% GO/DMF solution
(Table 1) were then added to the cellulose solutions,
thoroughly mixed and sonicated for 15 minutes. The
obtained GO/CEL solutions were allowed to deaerate
for 24 hours. Then, using Myr V2-L rotary viscosity
gauge, the viscosities of the membrane-forming solutions
were measured at 25°C (Table 1), demonstrating that
the viscosity of the GO+DMF/CEL+EMIMAC solution
dramatically decreases with the increase in the graphene
oxide concentration.

Membrane forming

Cellulose membranes were prepared using phase
inversion method. For this purpose, pre-prepared so-
lutions were poured on a level, clean glass plate. Then
a polymeric film was formed using casting knife with
an adjustable thickness fixed at 0.2 mm. Finally, it was
rapidly coagulated in distilled water at room temperature
until the membrane detached from the glass. Precipitated
membranes were air dried. In our laboratory, a thin layer
of polyester fabric followed by layers of tissue paper
are used to separate the cellulose membranes. This
prevents the cellulose from sticking to the filter paper
and facilitates the drying of the cellulose. Membranes
were dried under glass plate load.

General characterization

At the beginning, using the analytical balance, 1 x 1
cm membrane samples were weighed and their thickness
was measured with the electronic thickness gauge. The
mass per unit area (W,) (g/em®) and the density (d,)
of the membranes (g/cm?®) were calculated using the
following formulas (1, 2):

w

Wy (1)

w
dm: 1 (2)

sx1

where: w — the weight of a membrane with an area
of 1 cm? s-membrane surface area [cm?], l-membrane

Table 1. The composition and viscosity of the solutions for the preparation of membranes

Membrane designation "0" A B C D E F

The amount of 3.7% GO/DMF solution [g] 0 0.135 0.34 0.67 1.35 6.76 13.5
The amount of CEL [g] 2.5 2.5 2.5 2.5 2.5 2.5 2.5
The amount of EMIMAC [g] 47.5 47.4 47.2 46.8 46.2 40.1 34.0
Wiw conc. of GO [%] 0 0.5 1.0 4.0 3.8 16.7 28.6
W/w conc. of CEL [%] 100 99.5 99.0 98.0 96.2 83.3 71.4
Viscosity [mPaxs] 14450 8970 6420 4670 3120 820 170




thickness [cm].

The sorption of water (U) was measured in such a way
that the membrane samples of 1 x 1 cm were weighed on
an analytical balance with an accuracy of 0.0001 g, and
then inserted into distilled water for 10 seconds. Then
they were blotted on filter paper and weighed again in
the wet state. The sorption of water (U) was calculated
according to formula (3):

MW 0094 3)
Wq

U=

where: W, — mass of wet membranes [g]; W, — mass of
dry membranes [g]

The porosity of the membranes (¢), which is defined
as the ratio of pore volume to the volume of the mem-
brane, was calculated using the following formula®? (4):

(W Wy)dw
~ (W Wo)/dy, +Wy/d,

€ x100% 4
where: w,,— wet sample weight (g); w,— dry sample weight
(2); d,, — density of water (0.998 g/cm?); d, — polymer
density (1.55 g/em?®)%.

In addition, the sorption properties of the membranes
were compared to the following standard solutions: 0.1
g/dm® FeCls, 0.00005 mol/dm® MB and 1.0 g/dm*® BSA.
1 x 1 cm samples of the membranes were weighed on
an analytical balance with an accuracy of 0.0001 g and
then introduced into flasks containing 10 cm® of the test
solution. The flasks were sealed with a stopper and left
for 24 hours. Subsequently, the membrane samples were
removed and the absorbance of the test solutions was
measured using UV-Vis spectrophotometer. Based on
the calibration curve, the concentrations of the solutions
in each sample were calculated. Sorption of individual
compounds (C) was calculated using the following for-
mula (5):

C—C,

C= x<100% ®)

1

where: C, — initial concentration of the test solution;
C, — concentration of solution after examining sorption
properties.

Transport properties

Transport properties were studied in an ultrafiltration
cell. For this purpose, dry membranes were introduced
into the cell, filled with distilled water and left for 1
hour to prevent cracking during measurements. Then
they were treated with distilled water for 2 hours un-
der a pressure of 0.2 MPa (which is beneficial for the
membrane stability). Tests were carried out at a working
pressure of 0.1; 0.15 and 0.2 MPa. Permeate flux (Jv)
was calculated using the following formula (6):

Q
JV= A_><t (6)

where: Jv is water flux [L/m?Xh], Q is the volume of
water permeate [L], A is the effective membrane area
[m?], and t is the permeation time [h].

Additionally, the transport properties of the membra-
nes were investigated using solutions of compounds with
highly varying sizes. For this purpose, reference solutions
with the following concentrations were prepared: 0.1
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g/dm* FeCl,, 0.0001 mol/dm® MB and 1.0 g/dm® BSA.
Then, 200 cm® of successive standard solutions were
added to the ultrafiltration cell with the test membrane
and the stirrer (stirring of the feed solution allows to
avoid fouling). The permeation process was carried out
at a working pressure of 0.2 MPa and 20 cm® doses of
permeate were tapped, measuring simultaneously the time
of the permeate discharge from the test tank. Permeate
flux (Jv) was calculated using the formula (6), assuming
that in this case Q is the permeate volume (specific test
solution).

RESEARCH RESULTS AND THEIR ANALYSIS

Characteristics of GO

Graphene oxide, which was used to obtain composite
GO/PAN membranes was studied using X-ray diffraction,
DSC thermal gravimetric analysis and FTIR spectrosco-
py. The results were similar to the ones obtained in our
earlier publication®'.

Physicochemical properties

The scope of research in the described paper are GO/
CEL membranes produced by phase inversion through
the polymer coagulation in a non-solvent (wet method).
Combining GO with cellulose in the form of a homo-
geneous solution may create the possibility of obtaining
a durable composite, not described in literature, in which
the components are linked together by hydrogen bonds,
covalent bonds and electrostatic interactions* *8. The
article presents how the GO concentration affects the
structure and physicochemical properties (thickness,
mass per unit area, density, sorption, porosity) of the
resulting GO/CEL composite membranes.

Studies (Fig. 1a) have shown that even a small GO
addition influences the membrane coagulation process,
resulting in an increase in the mass per unit area of
GO/CEL composite membranes. The mass per surface
area for pure cellulose membrane is 0.0026 g/cm* For
GO/CEL composite membranes, the mass per surface
area increases by 170~330%. Membrane B, containing
1% wiw of GO, is characterized by the largest mass per
surface area value (0.0082 g/cm?). On the other hand,
for E and F membranes, over 50% increase in the mass
is observed. Thus, it can be assumed that hydrogen
bonds are created between cellulose and graphene oxide
preventing the cellulose from being washed out during
membrane coagulation. Tang et al. proposed a pattern
for the formation of such bonds “. Graphite oxide af-
fects not only the mass per surface area of the resulting
membranes, but also their thickness. In Figure 1b it is
observed that the addition of cellulose of up to 0.5, 1 and
2% increases the thickness of the resulting membranes
3~3.5 times. On the other hand, in the case of D and
E membranes their thickness increase only by 50%. For
membrane F (containing almost 30% of GO) the large
amount of graphene oxide actually does not affect its
thickness. The results show that a small GO addition
influences the coagulation process of membranes A, B
and C, resulting in high thickness and therefore porosity
of the membranes obtained. By analyzing the density
results of the membranes (Fig. 1c), the lowest density
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Figure 1. Effect of GO addition on: a) the mass per unit area; b) the thickness; c) the density of membranes

is observed for membrane “0” (0.93 g/cm®) membrane,
which is characterized by lower density than the initial
cellulose. Such a result may indicate the amorphous
structure of the resulting membrane. All GO/CEL
composite membranes have a higher density than pure
cellulose membranes. The density of membranes A, B
and C is in the range of 1.07~1.24 g/cm®. And membra-
nes containing more than 4% GO are characterized by
high density values (1.7~2.3 g/cm?), which results from
their high mass per surface area and low thickness. The
obtained results confirm that GO addition to the cel-
lulose matrix has a strong influence on the coagulation
of composite membranes.

120 1179
100 -
— 85,6
X 84,5 79,9 —
o 76,7
= 80 e =R
D > 65,8
L w0 -
+—
o
:) 40 U DUNNNNN DN TR - NNEEEE SRR m—— —
f -
(O]
o
; 20 U DUNNNNN DN TR - NNEEEE SRR m—— —
0
a) " A B C D E F

Cellulose is a hydrophilic polymer, as confirmed by
cellulose membrane testing. Water sorption studies
(Fig. 2a) have shown that membrane “0” adsorbs
water best out of all membranes obtained (~118%).
The addition of graphite oxide in GO/CEL composite
membranes lowers the water sorption, which decreases
with the increase in GO concentration in the membrane
and is ~86% (for membrane A), ~80% (for membrane
B), ~77% (for membrane C) ~70% (for membrane
D), ~66% (for membrane E). For membrane F, the
water sorption is increased to ~86%, which can result
from the high content of hydrophilic GO (almost 30%)
in the composite membrane. Studies have shown that

80
70 5:2'72
_ 60 -
X
— 50 —freree
=
8 40 - RHE22%E2
pust
o
o 30 - e
20 —f
10 -~
0
b) "ot A B C D E F

Figure 2. Effect of GO addition on: a) the sorption of water and porosity of the membranes



graphene oxide, which has such functional groups as
epoxy, hydroxyl, carbonyl, carboxyl" can form hydrogen
bonds with cellulose hydroxyl groups*® . As a result
of these effects, the number of groups responsible for
the hydrophilic properties of the GO/CEL composite is
reduced, resulting in the reduction of water sorption.
The porosity calculations (Fig. 2b) showed that cellu-
lose membranes “0” have a porosity of ~64%, which,
considering their low mass per surface area, is a good
result. For GO/CEL composite membranes, a porosity
decrease of 45% is observed for membranes A and B
relative to pure cellulose. These membranes (A and
B) are characterized simultaneously by high thickness
and low density, which may indicate that during the
coagulation the structures characteristic for compact
membranes were formed. A similar conclusion can be
drawn for the membrane C, whose porosity is slightly
higher and amounts to ~53%. For membranes D, E
and F the porosity values are 74.63; 62.64 and 43.97%,
respectively, which results from their low thickness, high
density, and indicates the formation of porous structures
in the obtained membranes.

The sorption studies (Fig. 3) indicate that methylene
blue, which is a direct dye for cellulose, is well adsor-
bed on the membranes, with sorption on membrane
“0” diaphragm being the lowest (~62%). For GO/CEL
composite membranes, MB sorption increases with the
amount of GO addition up to 90~97%. The results
show that the GO addition facilitates the adsorption
of the dye on the composite membranes. Literature
reports indicate that bonds can be formed between
the negatively charged dye and GO*®, which may affect
dye retention in the membrane, as confirmed by the
results obtained in our experiment. Zhang et al.** used
GO caged in cellulose microbeads to remove another
dye — malachite green — from aqueous solutions. Upon
contact with aqueous solution of Fe’* iron ions with
the membranes, its amount adsorbed on pure cellulose
membrane as compared to MB is higher and amounts
to ~76%. In the case of GO/CEL composite membra-
nes, on the other hand, the amount of FeCl; adsorbed
on membranes A and B is slightly lower (~71% and
~T74%, respectively) compared to membrane “0”. The
increase in the amount of GO addition in membranes
C, D, E and F results in an increase in adsorption of
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Fe®* ions at the level of 87~91%. The results of FeCl,
sorption for GO/CEL composite membranes indicate
lower values than those obtained for dye. Liu et al.*®
explain the mechanism of retention of positively charged
particles on membranes containing GO, which, as they
believe, results from electrostatic interactions. In the case
of metal cations, it is also possible to find coordination
links between functional groups present in cellulose
and in graphene oxide. Examination of the sorption
properties of membranes using BSA indicates that the
adsorption of a compound with such a high molecular
weight is very low and is in the range of 1.5~11%. The
lowest adsorption values were recorded for pure cellulose
membranes, which may indicate no interaction betwe-
en the membrane and BSA. In the case of GO/CEL
composite membranes, it can be observed that the GO
addition improves, though slightly, the sorption of these
membranes with respect to the protein. The conducted
experiments allow to suppose that during the membrane
process using FeCl, and MB the first step is the adsorp-
tion of the test compounds on the membranes and only
then their separation. In the case of BSA, on the other
hand, it is expected that the protein molecules will not
be adsorbed on the membranes and probably will not
impede the permeation process.

Transport properties

An important parameter determining the transport
properties of membranes is the specific permeate flux
(Fig. 4). The pure cellulose membranes obtained in
the experiment were characterized by low flux: 2.3; 2.9
and 4.2 [L/m?xh] respectively for working pressures of
0.1; 0.15 and 0.2 MPa. The GO addition significantly
influences the transport properties of the GO/CEL
composite membranes, resulting in an increase in the
specific permeate flux values. A 0.5% GO addition to
cellulose increases the specific permeate flux nearly 3
times. While the addition of 1% of GO in the compos-
ite membrane increases its flux more than 4 times. For
other GO/CEL composite membranes, the increase in
the specific permeate flux is many times higher. The
2% addition of GO in the cellulose membrane causes
a 15-fold increase in flux through the membrane. The
highest values of specific permeate flux are characteristic
of membrane D and amount to 50.0; 83.6 and 123.9 [L/
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Figure 3. Sorption properties of membranes with solutions containing FeCl;, MB, BSA
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Figure 4. Specific permeate flux for GO/CEL composite membranes and pure cellulose membranes

m”x h] respectively for working pressures of 0.1; 0.15 and
0.2 MPa. It was also observed that the adding massive
quantities of GO to cellulose membranes impairs the
flux through the membranes. The values of the specific
permeate flux for membrane E are 74.3; 91.1 and 96.8
[L/m*xh] for respective working pressures. On the other
hand, for membrane E the flux decreases to 23.4; 33.0
and 58.6 [L/m*xh] respectively for working pressures of
0.1; 0.15; 0.2 MPa.

The research allows to conclude that the GO addition
in cellulose membranes favorably affects the specific per-
meate flux, increasing the water flow through the mem-
branes. The best results were obtained for membranes D
in which the amount of GO addition was 3.8%. Further
increasing of the amount of graphene oxide addition
above 4% results in a decrease in transport properties.

Aqueous solutions of FeCl;, MB and BSA were
used to study the transport properties of the obtained
membranes (Fig. 5). In the case of the BSA solution,
a slight decrease in the specific permeate flux over pure
water was observed. Membranes “0”, A, B and C were
characterized by very similar flux values. The flow of
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the solution was reduced by about 20% for composite
membranes D, E and F Such results may indicate that
the pure cellulose membrane and the GO/CEL composite
membranes do not have the properties that would favor
under these conditions (BSA) the unfavorable phenomena
of fouling. Other results were obtained using a dye (MB)
as the feed. It was found that for the membranes “0”,
A and B there is no drop in the specific permeate flux,
although, as shown by previous studies, these membranes
adsorb the dye. The result shows no fouling on these
membranes. Other composite membranes are character-
ized by a drop in flow values. For membrane D, which is
characterized by the highest value of specific permeate
flux, a flow decrease of 60% was recorded. On the other
hand, for membranes E and F the flow drop is 70 and
43%, respectively. The results show that the GO addi-
tion in excess of 1% causes the retention of negatively
charged dye particles on the membranes. The literature
describes the transport properties of membranes in the
presence of such dyes as Congon Red, Indigo Carmine,
Rodamine B and Methylene Blue®. However, comparison
of the research described by Liu et al. and our studies

Figure 5. Volume permeate flux for FeCl;, MB, BSA solutions (operating pressure of 0.2 MPa)



is difficult for many reasons. First, the authors® study
completely different composite membranes in which the
carrier layer is cellulose paper, while GO film is the skin
layer. Moreover, the GO layer is responsible for the
transport of the dyes in the described membranes. On
the other hand, in our GO/CEL membranes, graphene
oxide is dispersed, which makes it difficult to compare
the results we obtained with the literature®. By studying
the behavior of the membranes in the presence of FeCl,
solution, it was observed that iron (III) ions improve the
volumetric permeate flux parameters for membranes “0”,
A and B. Higher GO concentrations in the GO/CEL
composite deteriorates the membrane transport prop-
erties and decreases the flow values. The studies allow
to conclude that high concentrations of GO (over 1%)
used as an addition in GO/CEL composite membranes
adversely affect membrane performance, resulting in
fouling. This phenomenon can be closely related to
the electrostatic interactions between electro-negatively
charged membrane and Fe** ions and the possibility of
formation of coordination links between the functional
groups of the membrane and the metal cations.

CONCLUSIONS

The paper describes the technique of obtaining GO/
CEL composite membranes by wet phase inversion
method. The ionic liquid, 1-ethyl-3-methylimidazole
acetate was used for dissolution of cellulose, as the best,
recommended by authors of many publications®**. In
addition, cellulose regenerated with this method is more
amorphous® than native cellulose and devoid of such
low molecular weight compounds as lignin. The second
component of the described composite was graphene
oxide, which, in addition to the metal ion sorption
properties, has antimicrobial properties** .

The paper presents results of investigations of physico-
chemical and transport properties of GO/CEL composite
membranes obtained from cellulose with graphene oxide
addition. It was observed that GO affects the process
of membrane formation, preventing them from washing
out during coagulation, thereby increasing the mass per
unit area. In addition, the use of 0.5~2% GO as an
additive to the cellulose matrix increases the thickness
of the resulting membranes, which lowers their density.
Water sorption studies have shown that cellulose mem-
branes with added GO absorb less water than pure
cellulose membranes. The observed phenomenon may
be due to a decrease in the hydrophilic properties of
the GO/CEL composite membranes as a result of the
formation of linkages between cellulose and graphene
oxide functional groups. The results of specific permeate
flux studies show that the GO addition facilitates the
transport of water through the membranes. For GO/
CEL membranes, high flow rates (~124 L/m*xh) were
obtained for cellulose matrix containing 3.8% w/w of GO.
Studies have also shown that GO/CEL membranes do
not sorb BSA particles on their surface, which prevents
the unfavorable phenomenon of fouling, as confirmed
by a specific permeate flux research.

It was shown that cellulose composite membranes with
GO addition below 2% w/w feature adequate porosity,
water sorption, good transport properties and protein
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retention, but without lowering the volume permeate
flux. The technique of combining cellulose with graphene
oxide described in the paper, and the properties of the
resulting composite allowed to obtain a biomaterial which
could find potential application in dialyzers.
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