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ABSTRACT

In this paper, chitosan/nano-TiO2-modified liquid was coated on the surface of

cellulose membrane by negative pressure suction filtration and a new method of

preparing oil–water separation membrane was completed based on the pure

nitrocellulose membrane. The performance parameters of cellulose composite

membrane modified by chitosan and titanium dioxide with different concen-

tration ratios were studied in terms of microstructure, element distribution and

composition, wettability, using SEM, XPS, contact angle and other characteri-

zation methods. The optimal ratio of chitosan and titanium dioxide in the

modified solution was selected to determine the optimal process parameters for

the preparation of the new membrane. Because of the existence of nano-TiO2

particles in the new membrane, further study the effect of light on the mem-

brane flux is required.

1 Introduction

Renewable biomass resources are widely distributed

and abundant in nature. Cellulose, as one of the main

components of biomass resources, is considered as

one of the main substitutes of petroleum-based

polymers [1, 2]. This substitute has a series of excel-

lent characteristics such as biocompatibility,

biodegradability and sustainable utilization. Cellu-

lose is a kind of dehydrated glucose with direct chain

connection. They have hierarchical structure,

including aligned and misaligned chains, which

make them superior to other materials in physical

and chemical properties [3–6]. The molecular aggre-

gation in cell structure increases their excellent

material properties. Cellulose is widely used in

experiments because of its large capacity, low cost,

innocuity, easy modification and good interaction

and reaction performance in chemical reactions.

Cellulose is widely found in plants, algae and other

biomass. Products containing cellulose are generally

environmentally friendly and biocompatible.

Chitosan is the product of N-deacetylation of

chitin, also known as deacetylation chitin. Chitosan is

the product of natural polysaccharide chitin to

remove part of acetyl group. It has many physiolog-

ical functions such as biodegradation, biocompati-

bility and non-toxicity. It is widely used in many

fields such as food additive, textile, medical fiber,

medical dressing, drug development and other daily
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chemical industries. Chitin, chitosan and cellulose

have similar chemical structures. Cellulose is hydro-

xyl at C2 position, chitin and chitosan are replaced by

an acetyl amino group and an amino group at C2

position, respectively. Chitosan has a series of other

unique properties, such as biodegradability, cell

affinity and so on. Especially when chitosan contains

free amino group, its various chemical reaction

properties will become more active, and this kind of

chitosan is the only basic polysaccharide in natural

polysaccharide. The amino group in the molecular

structure of chitosan is more active than the acety-

lamino group in chitin. Hence, chitosan has more

excellent biological function and is easy to carry out

chemical modification reaction. Therefore, chitosan is

considered as a functional biomaterial with greater

application potential.

In this study, chitosan/titanium dioxide-modified

nitrocellulose composite membrane was prepared by

vacuum filtration with different mass ratios of chi-

tosan/titanium dioxide-modified solution. The

material source of the membrane contains SiO2, chi-

tosan and cellulose, and therefore it has the same

chemical properties. Through the separation test of

the emulsion, the following results can be obtained.

When the membrane is completely blocked by the oil,

the nano-titanium dioxide particles contained in the

membrane will decompose the oil on the membrane

surface into water or molecular groups by the way of

photodegradation to clean the membrane surface and

extend the service life of the separation membrane.

2 Methods and materials

2.1 Materials

Glacial acetic acid was used in the experiment, Kemat

(Tianjin) Chemical Technology Co., Ltd.; deionized

water, Tianjin Weike Biotechnology Co., Ltd.; chi-

tosan, Tianjin xiensaopude Technology Co., Ltd.;

glutaraldehyde, Beijing inokai Technology Co., Ltd.;

pure nitrocellulose membrane, Tianjin Solomon

Biotechnology Co., Ltd.; petroleum ether, Shanghai

Anpu Experimental Technology Co., Ltd.; n-hexade-

cane, Tian He, a chemical laboratory of Tianjin

University of science and technology.

2.2 Experimental equipment

Magnetic heating agitator, model 78-1 Changzhou

sepu experimental instrument factory, electric agita-

tor, model JJ-1A Changzhou Nuoji Instrument Co.,

Ltd., air drying oven, model DZF Shanghai Heng

Scientific Instrument Co., Ltd., pure water machine,

model GT-30 Changsha Keyi Instrument Co., Ltd.,

photochemical reaction device, model cel-lab500

Beijing Zhongjiao Jinyuan Technology Co., Ltd.,

scanning electron microscope, model JEOLJSM-6700,

Japan JEOL company, X-ray photoelectron spec-

trometer, model thereto escalab 250xi, Thermo Fisher

technology company of the United States, ultraviolet

visible near infrared spectrophotometer, model UV-

3600plus, Shimadzu company of Japan, contact angle

meter, model OCA20, Germany DataPhysics

company.

2.3 Experimental steps

2.3.1 Chitosan-modified nitrocellulose composite

membrane

The first step is to use a pipette to measure 1 mL of

glacial acetic acid solution and dissolve it in 99 mL of

deionized water. A room temperature ultrasonic

stirring device is used to stir for 5 min to make the

solution mix evenly. Then the weight 20 mg of chi-

tosan (CS) with deacetylation degree greater than

90% is measured and dissolved in the above-men-

tioned acetic acid solution, mixed with magnetic

force for 30 min. Then the chitosan acetic acid solu-

tion is prepared. The second step is to use a pipette to

measure 0.3 mL of 50% glutaraldehyde (GA), add

into the chitosan solution, and mix with magnetic

force for 10 h to obtain chitosan-modified solution.

The third step is to measure 5 mL of the above chi-

tosan-modified solution, add 5 mL of deionized

water into it, mix evenly at room temperature, and

then filter evenly to a pore diameter of 200 nm and a

diameter of 40 by means of negative pressure suction

filtration Mm pure nitrocellulose membrane (NC).

Then, the obtained membrane was quickly put into a

constant-temperature drying oven with a drying

temperature of 35 �C. After drying in the oven for

5 h, it was evenly rinsed once with deionized water,

and then dried for 2 h in a constant-temperature oven

with the same temperature. Finally, the chitosan cel-

lulose composite membrane was prepared and
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labeled as NCM. At the same time, the pure nitro-

cellulose membrane was labeled as PNC.

2.3.2 Chitosan/titanium dioxide-modified nitrocellulose

composite membrane

In the preparation of chitosan/titanium dioxide-

modified nitrocellulose composite membrane, the

difference between the preparation procedure and

NCM membrane lies in the third step as described in

Sect. 2.3.1. In the third step, firstly, 5 mg, 20 mg and

35 mg titanium dioxide powder, respectively, were

weighted and dissolved in 50 mL deionized water,

dispersed with ultrasonic for 15 min to make them

mix well. Secondly, a pipette is used to measure 5 mL

of titanium dioxide solution of different concentra-

tions, respectively, and put it into three clean beakers.

Thirdly, 5 mL of chitosan-modified solution was

added to the beakers so that the mixed solution in the

beakers can be mixed evenly and then quickly

pumped and filtered to the chitosan cellulose com-

posite membrane. Fourthly, the obtained membrane

was put into a constant-temperature drying oven

quickly, and dried for 5 h at a drying temperature of

35 �C. After that, the film was evenly rinsed by

deionized water once, and then dried in a drying

oven at a constant temperature of 35 �C for 2 h.

Finally, the chitosan/titanium dioxide-modified

nitrocellulose composite films were labeled as NCTM

(2:1), NCTM (2:4) and NCTM (2:7), respectively.

2.4 Emulsion preparation

Three different types of emulsified oils were pre-

pared: sixteen alkane, petroleum ether and diesel

emulsions, respectively. Three groups of control

group were set up. One gram of three different oils

were added to 1 L of deionized water respectively,

and 0.1 g of twelve alkyl sulfonates (SDS) was added

to the ultrasonic machine. The ultrasound was

maintained for 1 h at room temperature, and then the

solution was stirred for 3 h at 2800 rpm/min. The

emulsion was obtained, which is emulsified oil nee-

ded for the experiment. The emulsified oil can be

stable for several hours at room temperature.

2.4.1 Characterization method of emulsified oil

separation experiment

The experiment of oil–water separation was carried

out by solvent filter under negative pressure. The

cellulose composite membrane was placed between

the filter cup and the sand core, respectively. Before

each oil–water separation experiment, deionized

water was used to wet the cellulose composite

membrane to ensure that the membrane was placed

under water. The simulation of oily wastewater was

realized by negative pressure filtration. In order to

meet the experimental background of underwater

super thin oil, all the cellulose composite membranes

were dewetted and wetted by deionized water. They

were placed between two glass devices and clamped

with iron clamps. Then, the 50 mL O/W emulsion

was poured into the filter cup, and the vacuum pump

was opened to vacuum at 0.08 MPa. The oil–water

separation test was carried out under this constant

pressure. The effective area of the membrane is cal-

culated as 1:256� 10�3m2. After each oil–water sep-

aration experiment, the positive and negative sides of

the membrane are washed twice with deionized

water, and the next oil–water separation operation is

carried out. Each type of oil–water separation

experiment is repeated three times. The flux and oil

removal rate of each experiment are measured and

calculated, and the average value is calculated. The

oil–water separation experiment can measure the

filtration flux and oil removal rate, which can further

verify the filtration performance of the membrane.

In the experiment, the filtration flux is expressed by

Eq. (1).

J ¼ V

AT
ð1Þ

where J is the filtration flux, unit: L/(m2 h); V is the

solution volume, unit: L; A is the filtration area, unit:

m2; and T is the filtration time, unit: h. After filtration,

the content of oil in the filtrate was determined by

ultraviolet spectrophotometry according to

SL93.2–1994 and HJ970-2018 standards.

The calculation equation of oil removal rate in oil–

water separation experiment is as follows:

g ¼ C0 � C1

C0
� 100%: ð2Þ

In Eq. [2], g is the oil removal rate of the oily

wastewater. C0 is the oil content of the original oily
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wastewater, unit: mg/L; C1 is the oil content of the

oily wastewater after the oil–water separation

experiment, unit: mg/L.

3 Results and discussion

3.1 SEM analysis of chitosan titanium
dioxide composite film

The results show that the roughness of the surface

structure and the hydrophilic groups or chemical

bonds have a significant effect on the hydrophobic,

anti-pollution and hydrophilic diffusion ability of the

membrane materials [7–9]. Figure 1 is the SEM

characterization of pure nitrocellulose membrane and

cellulose-modified membrane under different

conditions.

Through the analysis of Fig. 1a, it can be found that

the pore diameter of pure nitrocellulose membrane is

large, and the retention rate of small and medium-

sized substances in oil-bearing wastewater is greatly

reduced. Hence, this kind of emulsified oil cannot be

effectively separated. According to the analysis of

Fig. 1b, there is a layer of micro-nanomaterials on the

surface. It can be concluded that these micro-nano-

materials are coated chitosan, which is a good

hydrophilic material. Therefore, the wettability of the

membrane is better than that of the pure nitrocellu-

lose membrane. For the comparative analysis of

Fig. 1c–e, it can be found that the surface roughness

of the cellulose composite membrane is becoming

larger and larger, and the membrane pore is gradu-

ally reduced. Hence, the inorganic nano-titanium

dioxide particles can be coated on the pure nitric acid

fiber membrane pore and the membrane surface.

According to the theoretical analysis of Wenzel

equation, the larger the surface roughness of the

hydrophobic film material is, the larger the contact

angle of the oil drop on its surface is. Therefore, the

conversion of the surface of the cellulose composite

film to the ultrahydrophobic film can well retain the

oil in the water.

3.2 Analysis of surface wettability
of chitosan titanium dioxide film

The effect of membrane on oil–water separation

mainly depends on its wettability. Especially the

hydrophilicity of membrane surface and the super

hydrophobicity under water are very important for

oil–water separation. The water contact angle (WCA)

and the oil contact angle (OCA) are usually used to

evaluate the membrane wettability. In this paper, the

wettability of pure nitrocellulose and various kinds of

modified cellulose composite membranes WCA and

OCA were measured to analyze their wettability, and

then the composite membrane with the best wetta-

bility could be selected for the simulated oil–water

separation experiment.

Fig. 1 SEM characterization is a PNC, b NCM, c NCTM(2:1), d NCTM(2:4), e NCTM(2:7)
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3.2.1 Analysis of contact angle characterization results

As shown in Fig. 2a, compared with that of pure

nitrocellulose membrane, the contact angle (WCA) of

water in the air of pure nitrocellulose membrane is

97.7 ± 5�, and the WCA of chitosan-modified nitro-

cellulose membrane is 61.2 ± 4�. At the same time,

the WCA of NCTM (2:1) membrane is 32.6 ± 3.5�,
and the WCA of NCTM (2:4) membrane and NCTM

(2:7) membrane is 0� with TiO2 in the modified

solution. The increasing mass and the amount of TiO2

loaded to the cellulose membrane form more rough

structures on the surface of the membrane. Nano-

TiO2 had excellent hydrophilic inorganic materials,

which greatly reduced the WCA value of the chi-

tosan/TiO2 cellulose composite membrane, and

made the performance of the super water affinity.

As shown in Fig. 2b, it can be seen that the OCA of

pure nitrocellulose membrane is 86.3 ± 2.6� and that

of chitosan-modified cellulose composite membrane

is 127.6 ± 3.1�. This is formed by the formation of

rough micro-nanostructure on the membrane surface

by the active amino and hydroxyl groups in chitosan

and its chitosan-modified solution. The oil repellency

of the membrane, however, is weak under water,

which is not suitable for oil–water separation exper-

iment. The OCA of NCTM (2:1), NCTM (2:4) and

NCTM (2:7) films is 148.9 ± 3�, 153 ± 2.5� and

156.2 ± 3.3�, respectively. The hydrophilicity of the

film surface and the micro-nanostructure of the film

surface are improved with the application of nano-

TiO2 to the cellulose film. The results show that the

composite membrane shows super hydrophobicity

under water when the mass ratio of chitosan to

titanium dioxide is 2:4 and the mass ratio of chitosan

to titanium dioxide is 2:7. Based on the comprehen-

sive analysis of WCA and OCA of different cellulose

composite membranes, it can be found that the cel-

lulose composite membranes with the mass ratio of

chitosan to titanium dioxide of 2:4 and 2:7 have good

super hydrophilic and super hydrophobic properties,

which are suitable for oil–water separation

experiments.

It can be concluded from the data that the charac-

teristics of super hydrophilic and super hydrophobic

oil on the membrane surface are determined by the

rough hierarchical microstructure and the chemical

composition of the membrane surface [10, 11]. In this

study, the WCA and OCA values of pure nitrocellu-

lose membrane and chitosan-modified cellulose

composite membrane were compared. It was found

that the amino and hydroxy hydrophilic groups in

chitosan improved the wettability of the membrane

surface, and the rough microstructure of chitosan-

modified cellulose composite membrane improved

significantly, which further improved the wettability

of the membrane.

3.3 X-ray photoelectron spectroscopy
analysis of CS/TiO2 composite films

The X-ray photoelectron spectroscopy was used to

determine the energy spectrum of the related series of

cellulose composite films, and the changes of chem-

ical composition and structure on the surface of the

membrane were analyzed.

The XPS spectra of different cellulose composite

films are shown in Fig. 3. As shown in Fig. 3a, the

Fig. 2 a Contact angle of water in the air of different cellulose composite membranes, b contact angle of oil in the air of different cellulose

composite membranes [A:PNC, B:NCM, C:NCTM(2:1), D:NCTM(2:4), E:NCTM(2:7)]
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XPS spectra of different cellulose composite films

show that O, Ti, N and C have corresponding

absorption peaks. On the surface of pure nitrocellu-

lose nitrate membrane and cellulose composite

membrane, C (283.98 eV), o-element (532.9 eV) and N

element (407.3 eV) can be detected on the surface of

pure nitrocellulose nitrate membrane and cellulose

composite membrane with different modifications.

The N element is found on pure nitrocellulose and

chitosan. The N-element content in chitosan is smal-

ler than that of N in pure cellulose nitrate film. It can

be seen from the figure that the relative content of N

is lower than that of pure cellulose nitrate membrane,

indicating that chitosan is applied to the surface of

cellulose membrane. In addition, it can be seen that

Ti2P has a strong absorption peak, and Ti2P increases

with the increase of TiO2 content in the modified

mixture. The stronger the absorption peak, the more

successful the surface of cellulose film was loaded

onto the nano-TiO2 particles. As shown in Fig. 3b,

there are three apparent absorption peaks at 287.09ev,

286.1 eV and 283.9 eV, respectively, corresponding to

the -CHx (C–C bond and C–H bond), C=N bond and

C–O bond. The C=N bond in the spectrum shows that

the cross-linking of chitosan with glutaraldehyde

makes the amino group and aldehyde group cross-

linking reaction. As shown in Fig. 3c, there are two

distinct characteristic peaks at 463.6ev and 457.4 eV

of different cellulose films, which indicates that the

binding energy of Ti2p1/2 and Ti2p3/2 is 463.6ev and

457.4ev, respectively. As shown in Fig. 3d, the high-

resolution N1s spectrum of different cellulose films

corresponds to the characteristic peak of N1s at

457.4 eV. With the coating of titanium dioxide and

chitosan on pure cellulose membrane, the content of

N decreases gradually, and the characteristic peak of

n1s decreases obviously.
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Fig. 3 a XPS spectra of different cellulose composite membranes, b C1s spectra of different cellulose composite membranes, c Ti2p

spectra of different cellulose composite membranes, d N1s spectra of different cellulose composite membranes
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3.4 Stability analysis of chitosan titanium
dioxide composite membrane

In fact, the composition of oil-bearing sewage is

complex and difficult to separate, and a large amount

of oil-bearing sewage is in a strong acid–base and

high salinity environment. If the membrane separa-

tion technology is used to treat this type of oil-bear-

ing sewage, there will be higher requirements for the

acid and alkali resistance and high salinity resistance

of membrane materials.

It is known from the above discussion that the

prepared NCTM (2:4) membrane is the best formula

proportion of oil–water emulsion separation. There-

fore, in order to explore the stability of NCTM (2:4)

membrane prepared under strong acid base and high

salinity environment, the PH 1, PH 13 and mass

fraction of 5% NaCl diesel oil emulsion were,

respectively, prepared by hydrochloric acid, NaOH

and NaCl. Under the conditions of pH 1, pH 13 and

mass fraction of 5% NaCl, the filtration flux of NCTM

(2:4) membrane is 3507.9 L/(m2 h), 4218.3 L/(m2 h),

4065.7 L/(m2 h) and the oil removal rates are 98.4%,

98.7% and 98.2%, respectively, by ultraviolet spec-

trophotometry. The specific situation is shown in

Fig. 4.

In order to better study on the filtration stability

and pollution resistance of modified cellulose com-

posite membrane, high-throughput, high oil removal

rate and excellent infiltrative NCTM (2:4) membrane

were used to verify and elaborate. In the test of diesel

oil emulsion separation cycle using NCTM (2:4)

membrane, the filtration flux of each filtration test can

be shown in Fig. 5. In addition, the oil removal rate of

NCTM (2:4) membrane in the tenth oil–water sepa-

ration test was still high, reaching 98.5%.

In order to directly test the separation ability of

NCTM (2:4) membrane, NCTM (2:4) membrane was

immersed in 50 mL deionized water and put into a

negative pressure filtration device. An appropriate

amount of oil red solution was added to the O/W

emulsion of diesel oil and oil red diesel emulsion was

added to the filter cup of the negative pressure filter.

After opening the vacuum pump switch, the water in

the oil quickly penetrated into the cone bottle. The oil

red and diesel oil droplets were trapped on the

membrane surface. The visual oil–water separation

test process is shown in Fig. 6a–c to compare with the

emulsion before separation. The filtrate is transparent

under the optical microscope, without any contami-

nants, and there is no oil droplet.

3.5 Analysis of photocatalytic properties
of composite membrane

3.5.1 Overview of titanium dioxide photocatalysis

Photocatalysis technology is gradually rising in the

1970s. Photocatalyst can convert light energy into

chemical energy under the condition of light and

accelerate the redox reaction between materials,

which is a new purification technology. Nanoparticle-

assisted photocatalysis technology is used to remove

organic pollutants from industrial and domestic

sewage. There are various ‘‘sensitizers’’ that can

accelerate the process. This process is a combination

of heterogeneous catalysis and solar energy technol-

ogy [12, 13]. Photocatalytic processes decompose

alcohols, carboxylic acids, amines, herbicides and

Fig. 4 Filtration flux and oil removal rate of NCTM (2:4)

membrane under the conditions of pH 1, mass fraction of 5%

NaCl and pH 13
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Fig. 5 Filter flux corresponding to ten times of oil–water

separation test of NCTM (2:4) membrane
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aldehydes into carbon dioxide, water and simple

inorganic acids [14]. Titanium dioxide is a common

photocatalyst. The wide bandgap energy of titanium

dioxide can stimulate electrons to produce hydroxyl

radicals in ultraviolet energy, which is the key to

photodegradation of pollutants.

In this paper, titanium dioxide nanoparticles are

coated on the surface of pure nitrocellulose mem-

brane by coating method. This technology has the

advantages of simple operation and high working

efficiency. Compared with other methods (physical

method, chemical method and physical–chemical

combination method) [15, 16], it is faster, more eco-

nomical and controllable. In this paper, through the

configuration of different concentration ratios of

modified solution, the purpose is to achieve the

cleaning of the membrane surface and prolong the

service life of the membrane.

3.5.2 Analysis of oil pollution on cellulose membrane

by photocatalysis

In order to explore the photocatalytic effect of nano-

TiO2 particles loaded in NCTM (2:4) membrane on oil

pollution, seven cellulose composite membranes with

membrane flux less than 400 L/(m2 h) after 12 times

of oil–water separation operation were prepared. The

NCTM (2:4) membrane is vertically placed in a bea-

ker filled with a proper amount of deionized water.

The surface of the contaminated membrane is to face

the UV light source and then the beaker is placed in

the photocatalytic reaction device produced by Bei-

jing Zhongjiao Jinyuan Co. Ltd. The light source of

the device is placed in the middle of the box body

and irradiated by the UV light source of the mercury

lamp. For the surface of NCTM (2:4) membrane pol-

luted by oil pollution, due to a lot of heat produced

by mercury lamp, the light source switch is turned on

and the cold water valve is timely turn on to ensure

the normal operation of the cooling circulation sys-

tem. Each NCTM (2:4) membrane polluted by oil

pollution is place one by one in the ultraviolet light

for 3 h, 6 h, 9 h, 12 h, 15 h, 18 h and 21 h. The process

of photocatalytic reaction device and its photocat-

alytic composite membrane are shown in Fig. 7.

After the light is over, the separation test of diesel

O/W emulsion is carried out by using negative

pressure filtration device. The flux and separation

rates of different light time films are calculated as

shown in Fig. 8. The results show that the photocat-

alytic effect of titanium dioxide has a certain effect on

the degradation of oil contamination on the surface of

the polluted membrane. Before 15 h of illumination,

the filtration flux of the corresponding membrane

increases with an increase of illumination time, which

indicates the oil contamination on the surface of the

blocked membrane is degraded into H2O and CO2 by

TiO2. For the intermediate organic matter of oil pol-

lution with smaller particles, the accumulation of oil

pollution in the internal pores of the membrane is

reduced, and water molecules are easier to penetrate

the membrane surface. As a result, the filtration flux

is improved obviously. The oil removal rate of the

membrane, however, is slightly reduced due to TiO2.

The photocatalytic degradation process is not thor-

ough enough, and some large particles of oil are

Fig. 6 Intuitive oil–water separation process (where a is that the

membrane is wetted by water before oil–water separation; b is that

50 mL of oil red solution is added to the device; c is the state

diagram after oil red solution filtration); d is an optical microscope

comparison of diesel O/W emulsion and filtered filtrate
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transformed into small particles of oil organics,

which has a negative impact on the content of filtrate

oil. The results show that TiO2 on the membrane

surface and inside the membrane pore can photo-

catalyst diesel oil to accumulate oil, and reasonable

utilization of TiO2 can prolong the life of the mem-

brane, which can be used in practical engineering.

4 Conclusions

In this experiment, chitosan-modified solution and

chitosan/titanium dioxide-modified solution with

different mass ratios were coated on the surface of

hydrophobic pure cellulose nitrate membrane by

negative pressure suction filtration, which turned it

into super hydrophilic in the air and super

hydrophobic in the water. The special wettability of

pure cellulose nitrate membrane and CS: TiO2 Com-

posite membrane with different mass ratios was

studied. SEM, contact angle and other

characterization methods were used to systematically

study the properties of different cellulose composite

membranes. The microstructure, elemental distribu-

tion and composition of the cellulose composite

membranes were compared. The optimum mass ratio

of 2:4 for O/W diesel oil emulsion filtration and oil

removal rate was through different cellulose com-

posite membranes.

In this paper, chitosan-modified solution and chi-

tosan/TiO2-modified solution with different mass

ratios were prepared, respectively. Different types of

modified solution were evenly filtered onto the sur-

face of hydrophobic pure nitrocellulose membrane by

negative pressure filtration method, and then the

corresponding cellulose composite membrane was

prepared. According to the indexes of wettability,

filtration flux, oil removal rate and cycle times, the

cellulose composite membranes with the best com-

prehensive performance were selected from different

series of ratios. NCTM (2:4) membrane, pure nitro-

cellulose, chitosan and titanium dioxide have the

Fig. 7 a Photocatalytic reactor

device, b the polluted

membrane is evenly

distributed around the

photocatalytic lamp source,

and c the UV lamp is turned on

to carry out photocatalytic

reaction on the membrane

Fig. 8 Change of recovery filtration flux (a) and oil removal rate (b) of oil contaminated NCTM (2:4) membrane with light time

(Corresponding time: A:3 h, B:6 h, C:9 h, D:12 h, E:15 h, F:18 h, G:21 h)
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advantages of low cost and environmental protection.

In addition, the membrane filtration of oil–water

mixture has the advantages of simple operation and

no secondary pollution caused by dosing. The cellu-

lose composite membrane prepared has great

potential in engineering application. However, fur-

ther research is needed to put it into practical pro-

duction smoothly. The following research can be

carried out from the following aspects:

(1) Further expand the research gradient, optimize

the preparation conditions, and prepare a cel-

lulose composite film with low cost, environ-

mental protection, high oil removal rate,

corrosion resistance and stability.

(2) In order to further study the specific effect of

the ratio of various substances in the modified

solution on the membrane thickness, we can

establish relevant models to analyze and dis-

cuss. The specific effect of the membrane

thickness on the filtration flux of this type of

membrane can be further studied.
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