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ABSTRACT

Cellulose acetate (CA) is widely used in the preparation of ultrafiltration

membranes due to its many excellent characteristics, especially chemical activity

and biodegradability. To improve the inherent hydrophobic and antifouling

properties of CA membrane, in this work, CA was successfully modified with

dopamine (CA-2,3-DA) through selective oxidation and Schiff base reactions,

which was confirmed by FTIR and 1H NMR measurements. Then, CA-2,3-DA

membrane with high water permeability and excellent antifouling property was

prepared by the phase inversion method. Compared with the original CA

membrane, the CA-2,3-DA membrane maintained a higher rejection ratio for

BSA (92.5%) with a greatly increased pure water flux (167.3 L m-2 h-1), which

could overcome the trade-off between permeability and selectivity of the tra-

ditional CA membrane to a certain extent. According to static protein adsorption

and three-cycle dynamic ultrafiltration experiments, the CA-2,3-DA membrane

showed good antifouling performance and superior long-term performance

stability, as supported by the experimental results, including flux recovery ratio,

flux decline ratio, and filtration resistance. It is expected that this approach can

greatly expand the high-value utilization of modified natural organic polysac-

charides in separation engineering.
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Introduction

Membrane separation technology consists of micro-

filtration (MF), ultrafiltration (UF), nanofiltration

(NF), reverse osmosis (RO), and membrane distilla-

tion (MD), with the characteristics of high separation

efficiency, low energy consumption, and no pollution

of the environment [1]. In the context of global water

resource shortages and increasingly serious environ-

mental problems, membrane separation technology

has attracted widespread attention. Using such

technology, the molecular weight cut-off of ultrafil-

tration membranes can be controlled between 103 and

106 Da, and the pore size can be adjusted in the range

of 10–100 nm [2], which can effectively intercept

proteins, viruses, dyes, and other macromolecules. In

the current global COVID-19 outbreak, the unique

advantages of ultrafiltration membranes are further

highlighted. Due to its many advantages, ultrafiltra-

tion technology has been widely used in sewage

treatment, oil–water separation, biomedicine, and the

food industry. The membrane material is the main

factor that determines the membrane performance.

Currently, polymer materials, including cellulose and

its derivatives [3], polysulfone [4], polyolefins, [5],

and fluorinated materials [6] are most widely used in

membrane separation. However, due to the inherent

hydrophobic properties of these materials, they are

easily contaminated during the ultrafiltration

process.

Membrane fouling augments filtration resistance,

and even clogs the membrane pores, thus reducing

filtration efficiency, shortening the service life of the

membrane, and greatly increasing the operating cost

of membrane modules [7, 8]. To some extent, it hin-

ders the application and development of membrane

technology. To improve antifouling performance,

various methods, such as additive blending [9], sur-

face coating [10], and chemical modification [11, 12],

have been studied. In addition to the above research

strategies, dopamine, an exciting candidate material

in the field of separation technology, is also increas-

ingly considered [13]. Dopamine, a small molecule

that contains both amine and catechol groups, is often

used as an additive blended into the polymer matrix

to improve the hydrophilicity of various membranes.

Tian et al. prepared a polydopamine-modified MoS2
(MoS2@PDA) blended polyethersulfone ultrafiltra-

tion membrane. The membrane has excellent water

permeability and selectivity; in particular, the rejec-

tion ratio of Janus Green B is as high as 99.88% [14].

Mu et al. modified hydroxyapatite nanotubes via bio-

inspired polydopamine and polyethylenemine co-

deposition (HANTs@PDA/PEI) and added them to a

carboxylated polysulfone matrix to prepare ultrafil-

tration membrane. The results showed that the pure

water flux of the hybrid membrane was about 3.2

times higher than that of the unfilled membrane, and

the flux recovery ratio for BSA solution (1 g L-1)

reached 90.8% [15]. Kallem et al. fabricated hybrid

ultrafiltration membranes using different sulfonated

functionalized polydopamine (SPDA) loading levels,

with polyethersulfone as the polymer matrix, which

significantly improved the antifouling performance

of the membrane [16]. In some ways, although

additive blending modification has significant

advantages, there is generally no chemical bond

between the additive and the polymer matrix, which

makes it easy for modifiers to migrate, leading to

deterioration of membrane selectivity and long-term

stability.

Dopamine is of interest for modifying membrane

surfaces because it provides a facile route to

hydrophilization of (typically hydrophobic) mem-

brane surfaces to improve the antifouling perfor-

mance [17–20]. Choi et al. fabricated multifunctional

coating materials with biofouling- and oil-fouling-

resistant and bactericidal properties using monomers

containing mussel-inspired dopamine and plant-

based cardanol groups [21]. Chen et al. used poly-

dopamine to graft activated GO nanosheets onto

ultrafiltration membranes to enhance their antifoul-

ing properties [22]. Li et al. reported a method for

modifying mussel-inspired polyvinylidene fluoride

(PVDF) membranes by inkjet printing with dopamine

and then exposure to UV light irradiation. The opti-

mized membrane (DA80-60/PVDF) exhibited supe-

rior oil/water separation efficiency and antifouling

performance, and the oil rejection ratio was more

than 99% [23]. The above surface modification

methods have a significant effect on improving

membrane performance in a short time [24]. How-

ever, due to the self-polymerization and migration of

dopamine in the process of modification and use, it

agglomerates on the membrane surface, thus leading

to the blockage of membrane pores. At the same time,

the surface modification method has poor repeata-

bility, and it is difficult to achieve large-scale indus-

trial production. Therefore, there is an urgent need
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for a membrane material that not only has long-term

stable separation and antifouling performance but

also can realize continuous large-scale production.

Cellulose is a natural polymer with large reserves

in nature. The hydroxyl group in the molecule has

strong reactivity and easily undergoes chemical

modification, such as esterification [25] and amida-

tion [26], to prepare cellulose derivatives for different

applications. Among them, cellulose acetate (CA),

obtained by the acetylation part of the hydroxyl

group on cellulose, is a promising membrane mate-

rial with good pore-forming performance, high

selectivity, and large water flux [27]. In addition,

because cellulose acetate is the product of incomplete

esterification and contains many active sites, it allows

room for further modification. Given the advantages

of cellulose acetate and dopamine, this paper reports

a novel material comprising CA successfully modi-

fied with dopamine (CA-2,3-DA) through selective

oxidation and Schiff base reactions. Then, CA-2,3-DA

and CA were used as raw materials to prepare

ultrafiltration membranes, with the CA membrane

acting as the control.

Experimental part

Materials

Cellulose acetate (CA, 39 wt% acetyl), dopamine

hydrochloride (97%), polyvinylpyrrolidone (PVP

30 K), and sodium periodate (98%) were all supplied

by Aladdin Reagent, China. Calcium chloride (99%),

sodium borohydride (98%), and N,N-dimethyl acet-

amide (DMAc) were purchased from Beijing Chemi-

cal Reagent, China. Bovine serum albumin (BSA) and

phosphate-buffered saline (PBS, 0.1 mol/L, pH 7.4)

were used as received from Dingguo Biotechnology

Co. Ltd., China. All reagents were of analytical grade

and used without further purification.

Preparation of dopamine-modified cellulose
acetate (CA-2,3-DA)

The preparation of dopamine-modified cellulose

acetate involves two steps: selective oxidation and

Schiff base reactions. The specific process is shown in

Scheme 1.

Dialdehyde acetate cellulose (DAC): Under nitro-

gen atmosphere and light-proof conditions, 15 g of

cellulose acetate and 300 mL of distilled water were

added to a three-necked 500 mL flask. Then, 15 g of

sodium periodate and 22.5 g of calcium chloride

were added to the system and stirred at 45 �C. After

6 h, 75 mL of glycol was added to react with excess

sodium periodate in the system. After the reaction

was complete (about 0.5 h), the sublayer precipitation

was separated and cleaned repeatedly with deion-

ized water. Finally, vacuum drying was performed.

CA-2,3-DA: In a three-necked 100 mL flask, 3.0 g of

DAC was dissolved in 30 mL of DMAc. Then, 1.0 g of

dopamine hydrochloride was slowly added to the

solution, which reacted for 12 h at 50 �C. Then, 0.45 g

of sodium borohydride was added to the system to

continue the reaction for 3 h. After the reaction, the

products were washed thoroughly in deionized

water and ethanol successively. Finally, they were

dried in a vacuum drying oven for later use.

Preparation of ultrafiltration membrane

The polymer (CA or CA-2,3-DA, 15 wt%) and pore-

forming agent PVP (3 wt%) were dissolved in DMAc

(82 wt%) to prepare the casting solution. When there

were no bubbles in the system, a casting knife with a

thickness of approximately 200 lm was used to

spread the casting solution evenly on a clean glass

plate. To evaporate the solvent, it was left in the air

for a period of time, then transferred to deionized

water to allow the solvent, pore-forming agent, and

non-solvent to diffuse in both directions. Two pre-

pared membranes were washed several times with

deionized water to remove the residual solvent and

water-soluble pore-former and stored in fresh

deionized water before use.

Characterization

The chemical structure changes of CA before and

after modification were analyzed by FTIR-ATR

(Bruker Vertex 80 V) and 1H NMR (Bruker 510

spectrometer) using DMSO-d6 as solvent. TGA (Per-

kin-Elmer Pyris 1) was used to test the thermal sta-

bility of CA and CA-2,3-DA in a nitrogen

atmosphere, with a heating rate of 10 �C min-1. SEM

(JEOL JSM-7500F) was used to characterize the sur-

face and cross-section morphology of the ultrafiltra-

tion membrane. Sample sections were obtained by

the liquid nitrogen freezing fracture method, and

gold spraying was performed before imaging.
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The static water contact angle (WCA) of samples

was measured using a contact angle goniometer

(KRUSS GMBH, Hamburg 100). Each sample was

tested more than 5 times. Using the WCA data, the

surface free energy can be calculated by the following

formula:

cos h ¼ �1þ 2

ffiffiffiffi

cs
cl

r

e�b cs�clð Þ2 ð1Þ

where b is a constant with a value of 0.0001247, h is

the contact angle, cl is the surface free energy of the

liquid, and cs is the surface free energy of the

membrane.

By weighing the mass of the membrane in both dry

and wet conditions, the total porosity of the mem-

brane is calculated according to the following for-

mula [28, 29]:

e ¼ mw �md

qwAl
ð2Þ

where mw and md are the weight of wet and dry

membrane (g), respectively; A and l are the area (cm2)

and thickness (lm) of the membrane, respectively;

and qw is the density of pure water (g cm-3).

The mean pore diameter of the membranes was

calculated by the Guerout–Elford–Ferry equation

[28, 29]:

rm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2:9� 1:75eð Þ � 8glQt

e� A� DP

r

ð3Þ

where g is the viscosity of water (8.9 9 10-4 Pa s),

A is the membrane area (cm2), Qt is the penetration

rate of pure water (m3 s-1), and DP is the operation

pressure (0.1 MPa).

Performance test of ultrafiltration membrane

Static protein adsorption property tests

First, ultrafiltration membrane of a certain size was

immersed in phosphate-buffered saline (PBS, 0.1 M,

pH = 7.4), and sonication (200 W, KQ5200B) was

performed for 10 min. Then, the ultrafiltration

membrane was immersed in BSA-PBS solution (1.0 g

L-1) for 24 h for the adsorption test. At the end of the

adsorption process, according to the Lambert–Beer

law, the concentration of BSA-PBS solution was

measured with a UV–vis spectrophotometer

(UV3600, Shimadzu) to obtain the total adsorption

amount of BSA on the membrane.

Dynamic separation performance tests

A three-cycle dynamic ultrafiltration experiment was

performed in a dead-end filtration apparatus to study

the separation and antifouling performance of CA

and CA-2,3-DA membranes. To obtain stable perme-

ation flux, each membrane was pressurized with

deionized water at 0.15 MPa for 30 min. Subse-

quently, the ultrafiltration operation was conducted

for 1 h with pure water as the feed solution at a

pressure of 0.1 MPa. During this period, the quality

of filtrate was measured every 5 min and the pure

water flux (Jw, L m-2 h-1) of the membrane was

calculated according to the following formula:

J ¼ V

At
ð4Þ

where V represents the penetration volume (L), A

represents the effective filtration area (m2), and t

represents the penetration time (h). Subsequently, the

BSA-PBS solution was used as the feed solution, and

the ultrafiltration process was conducted for 1 h at

0.1 MPa. During this period, the water flux of the

protein solution (JP, L m-2 h-1) was recorded every

5 min. Meanwhile, the protein rejection ratio (R) of

the ultrafiltration membrane was calculated by the

following formula:

R %ð Þ ¼ 1�
Cp

Cf

� �

� 100% ð5Þ

In the formula, CP and Cf are the concentrations of

permeate and feed solutions, respectively, which can

be measured by UV–vis spectrophotometry. It should

be noted that when the pure water flux of the

Scheme 1 Preparation route

of CA-2,3-DA.
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membrane is measured again, the membrane needs

to be thoroughly cleaned with deionized water. To

evaluate the antifouling property of membranes, the

flux recovery ratio (FRR), total flux decline ratio (Rt),

reversible flux decline ratio (Rr), and irreversible flux

decline ratio (Rir) were introduced, which are calcu-

lated by the following equations [29, 30]:

FRR %ð Þ ¼ Jw;i
Jw;i�1

� �

� 100 ð6Þ

Rt %ð Þ ¼
Jw;i�1 � Jp;i

Jw;i�1

� �

� 100 ð7Þ

Rr %ð Þ ¼
Jw;i � Jp;i
Jw;i�1

� �

� 100 ð8Þ

Rir %ð Þ ¼ Jw;i�1 � Jw;i
Jw;i�1

� �

� 100 ¼ Rt � Rr ð9Þ

Darcy’s law, the basic formula describing fluid

flow through porous media, can be used to explain

the relationship between membrane flux and fouling

characteristics. The calculation equations are as fol-

lows [29, 30]:

Rt ¼ Rm þ Rf ¼ Rm þ Rc þ Rp ¼
DP

g� Jp;i
ð10Þ

Rm ¼ DP
g� Jw;i�1

ð11Þ

Rm þ Rp ¼
DP

g� Jw;i
ð12Þ

where Rt, Rm, and Rf are total hydraulic resistance,

membrane resistance, and fouling resistance, respec-

tively. Rf can be divided into Rp and Rc, which rep-

resent the pore blocking resistance in the membrane

and outer cake layer resistance on the membrane

surface. The former is due to irreversible fouling, and

the latter is related to reversible fouling [31].

Results and discussion

Chemical structures of CA and CA-2,3-AD

To have a clear understanding of the chemical

structures of the prepared novel materials, FTIR was

first used to characterize CA, DAC, and CA-2,3-DA.

As shown in Fig. 1, 2 characteristic absorption peaks

were found at 1739 cm-1 (C=O stretching vibration)

and 1221 cm-1 (C–O stretching vibration), which

should belong to the ester group of cellulose acetate

[32], so these absorption peaks existed in CA, DAC,

and CA-DA. In addition, as an intermediate product,

DAC had an absorption peak belonging to the

hemiacetal bond formed between the aldehyde group

and its adjacent hydroxyl group at 775 cm-1 [33],

indicating that it was successfully prepared. In the

spectra of CA-2,3-DA, 2 characteristic peaks of the

benzene ring appeared at 1517 and 815 cm-1 attrib-

uted to out-of-plane deformation vibration of C–H

bond [34, 35]. This result indicated that dopamine

was successfully modified to CA.

To further verify their chemical structures, CA and

CA-2,3-DA were characterized by 1H NMR mea-

surement. As shown in Fig. 2, compared with CA, the

spectra of CA-2,3-DA generated some new peaks at

7.10 and 2.53 ppm, which were the characteristic tri-

plet peaks of the benzene ring and the methylene

peak in the dopamine structure, respectively [36, 37].

Combining FTIR and 1H NMR characterization, it

was confirmed that CA was successfully modified by

dopamine.

Figure 3 shows the TGA curves of CA and CA-2,3-

DA in a nitrogen atmosphere with a heating rate of

10 �C min-1. Compared with CA, the thermal

decomposition temperature of CA-2,3-DA was sig-

nificantly lower, which might be due to the degra-

dation of polymer backbones caused by selective

oxidation and decomposition of the side groups.

Although the thermal decomposition temperature of

CA-2,3-DA decreased, it was still higher than 200 �C,
which could also meet the thermal stability require-

ment of ultrafiltration operation.

Characterizations of ultrafiltration
membranes

To compare the microstructures of the two types of

ultrafiltration membranes, SEM was used to charac-

terize their surface and cross-section morphologies

(Fig. 4). On the whole, both CA and CA-2,3-DA

membranes showed the typical characteristics of an

asymmetric microstructure, with a dense surface

layer and finger-like pore sublayer. Compared with

the CA membrane, the CA-2,3-DA membrane had a

larger average pore size and porosity (Table 1), and

many small pores were formed on its pore walls,

which are favorable for increasing permeability. In

addition, the CA-2,3-DA membrane had a smoother

surface, which could effectively reduce the adhesion

and adsorption of pollutants. This result might be
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attributed to the introduction of hydrophilic dopa-

mine accelerating the phase inversion rate during the

membrane preparation process.

Hydrophilicity is an important index to measure

the permeability and antifouling performance of

membrane materials. The water contact angle is one

of the most common and reliable techniques used to

characterize the hydrophilicity of solid surfaces.

Table 1 shows the water contact angles and surface

energies of CA and CA-2,3-DA membranes. Com-

pared with the original CA membrane (69.8�), the

water contact angle of the CA-2,3-DA membrane

decreased to 54.1�, which can be attributed to the

introduction of hydrophilic dopamine.

Figure 1 FTIR spectra of CA,

DAC, and CA-2,3-DA.

Figure 2 1H NMR spectra of CA and CA-2,3-DA.

Figure 3 TGA/DTG curves of CA and CA-2,3-DA.

J Mater Sci (2022) 57:6474–6486 6479



Static protein adsorptions of ultrafiltration
membranes

The static antifouling performance of the ultrafiltra-

tion membrane was measured according to the

amount of protein adsorption per unit area on the

membrane surface. BSA was used as a model pollu-

tant to measure protein adsorption, and the experi-

mental results are summarized in Table 1. The results

show that the protein adsorption amount of the CA

membrane was 41.4 lg cm-2, while that of the CA-

2,3-DA membrane was significantly reduced to only

21.5 lg cm-2. Due to the lack of polar interaction

between the CA membrane and water molecules, the

hydrophobic interaction is the main contributing

factor between the membrane and protein molecules,

resulting in a large amount of BSA adsorbed on the

surface of the membrane. However, there was less

BSA adsorption on the CA-2,3-DA membrane,

because the introduced dopamine can bind to water

molecules and form a hydration layer on the mem-

brane surface, thereby hindering the adsorption of

proteins [38].

Separation performances of ultrafiltration
membranes

The separation performance of ultrafiltration mem-

brane is mainly reflected in two aspects, pure water

flux and rejection ratio. Figure 5 illustrates the

experimental results of CA and CA-2,3-DA mem-

branes with distilled water and BSA as feed

Figure 4 SEM images of the

a CA and b CA-2,3-DA

membranes: (1) the overall

cross-section morphology

(magnification:300 9), (2) the

partial cross-section

morphology (magnification:

1000 9) and (3) the surface

morphology (magnification:

1000 9).

Table 1 Pore statistics, contact angles, surface energies, and BSA adsorption amounts of CA and CA-2,3-DA membranes

Membrane Porosity (%) Mean pore size (nm) Contact angle (�) Surface energy (mJ m-2) BSA adsorption amount (lg cm-2)

CA 69.3 ± 3.4 21.7 ± 1.5 69.8 ± 5.2 41.8 ± 3.3 41.4 ± 5.1

CA-2,3-DA 71.9 ± 4.3 28.3 ± 1.1 54.1 ± 4.7 47.5 ± 3.1 21.5 ± 4.5

Figure 5 Ultrafiltration performances of the CA and CA-2,3-DA

membranes.
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solutions. The water flux of the CA-2,3-DA mem-

brane was 167.3 L m-2 h-1, which was about 2.2

times that of the CA membrane (76.1 L m-2 h-1). One

possible explanation for the substantial increase in

water flux is that the membrane’s improved porosity

and average pore size, optimized microstructure

morphology, and improved surface hydrophilicity

jointly promote the penetration of water molecules

[28]. At the same time, concerning the BSA rejection

ratio, both membranes showed excellent perfor-

mance. Compared with the BSA rejection ratio of the

CA membrane, 91.1%, that of the CA-2,3-DA mem-

brane was slightly increased to 92.5%. In order to

evaluate our work, the CA-based membranes were

collected for comparison, and the comparison results

are shown in Fig. 6. In contrast, the CA-2,3-DA

membrane exhibited excellent comprehensive sepa-

ration performance. In general, the CA-2,3-DA

membrane maintained a high BSA rejection ratio

while having a high water flux, which overcomes the

long-term challenges of the trade-off between selec-

tivity and permeability in traditional CA separation

membranes to some extent.

Antifouling properties of ultrafiltration
membranes

A three-cycle dynamic ultrafiltration experiment was

carried out to evaluate the antifouling and recycling

performances of the CA and CA-2,3-DA membranes,

and the relevant time-dependent flux curves are

shown in Fig. 7 and the calculated data are summa-

rized in Table 2. In the first cycle, after the BSA

solution was filtered for 1 h, the flux of both mem-

branes showed a sharp decrease due to membrane

fouling. After being cleaned, the CA-2,3-DA mem-

brane showed a higher flux recovery ratio (70.9%)

than the CA membrane (64.6%), indicating that the

CA-2,3-DA membrane had better antifouling perfor-

mance. Moreover, both membranes showed a trend

of increasing rejection ratio and decreasing flux

during the three-cycle. This is due to the adsorption

and deposition of BSA molecules on the membrane

surface and in the pores. And this fouling cannot be

completely removed by simple physical washing.

Therefore, to comprehensively monitor membrane

fouling, three fouling parameters—total (Rt), rever-

sible (Rr), and irreversible (Rir) flux decline ratios—

were calculated, and the results are shown in Fig. 8. It

is worth noting that compared with the CA mem-

brane, the CA-2,3-DA membrane had a significantly

increased Rr based on a lower Rt. This indicates that

the fouling layer on the CA-2,3-DA membrane sur-

face was loose and could be removed more easily by

physical washing. However, the surface fouling of

the CA membrane was controlled by irreversible

fouling and could only be mitigated by chemical

washing or biological degradation [31]. Conse-

quently, the experimental results showed that the

antifouling property of the CA membrane modified

by dopamine was significantly improved, which is

advantageous for its application.

Figure 6 Comparison of BSA rejection and water flux of CA-

based membranes reported in the literature [39–48] with CA-2,3-

DA membrane used in this work.

Figure 7 Time-dependent filtration fluxes of CA and CA-2,3-DA

membranes during three-cycle protein ultrafiltration experiment.
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Through the calculation of filtration resistance, the

antifouling performance of the membrane can be

more objectively evaluated. As shown in Fig. 9, the

total hydraulic resistance of the CA membrane was

2.1 times that of the CA-2,3-DA membrane, which

was almost consistent with the relationship between

the pure water fluxes of the two membranes. The Rm

value of the CA membrane was about 1.9 times that

of the CA-2,3-DA membrane, which might be related

to the intrinsic properties, lower porosity, and aver-

age pore size of the CA membrane. In addition, the Rf

value of the CA membrane was 2.0 times that of the

CA-2,3-DA membrane, indicating a higher degree of

fouling. More importantly, for the CA-2,3-DA mem-

brane, Rc accounted for 55.4% of Rf, which means

membrane fouling was dominated by reversible

fouling. It was further proved that the introduction of

dopamine could improve the antifouling perfor-

mance of the CA membrane.

Figure 10 shows the flux recovery ratios of two

prepared membranes after different cycles of the

protein ultrafiltration experiment. In the first cycle,

Table 2 Summary of pure water fluxes, protein permeation fluxes, and rejection ratios of the CA and CA-2,3-DA membranes

Membrane Jw0 (L

m-2 h-1)

First cycle Second cycle Third cycle

Jp1 (L

m-2 h-1)

Jw1 (L

m-2 h-1)

R1

(%)

Jp2 (L

m-2 h-1)

Jw2 (L

m-2 h-1)

R2

(%)

Jp3 (L

m-2 h-1)

Jw3 (L

m-2 h-1)

R3

(%)

CA 79.8 37.3 50.5 92.5 30.2 43.9 94.3 65.8 98.6 96.3

CA-2,3-

DA

157.38 82.0 110.9 91.1 71.1 102.9 92.9 26.4 42.2 94.7

Figure 8 Flux recovery ratio (FRR), total flux decline ratio

(Rt = Rr ? Rir), reversible flux decline ratio (Rr), and irreversible

flux decline ratio (Rir) of the CA and CA-2,3-DA membranes

during protein ultrafiltration experiments.

Figure 9 Total hydraulic resistance (Rt), membrane resistance

(Rm), fouling resistance (Rf = Rc ? Rp), cake layer resistance

(Rc), and pore-blocking resistance (Rp) of CA and CA-2,3-DA

membranes during cycles of the protein ultrafiltration experiment.

Figure 10 Flux recovery ratios (FRR) of CA and CA-2,3-DA

membranes after various cycles of protein ultrafiltration

experiment.
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both membranes showed relatively low FRR values,

64.6% for CA and 70.9% for CA-2,3-DA, which were

caused by membrane fouling. In the following two

cycles, the FRR values of both membranes tended to

stabilize at a higher level; in particular, the value of

the CA-2,3-DA membrane was as high as 96.0% in the

third cycle. Also, after three cycles of ultrafiltration,

the pure water and BSA fluxes of the CA-2,3-DA

membrane were as high as 101.6 L m-2 h-1 and 68.2

L m-2 h-1, more than 2 times higher than those of the

CA membrane. The above experimental results

proved that the CA-2,3-DA membrane had out-

standing antifouling property and long-term perfor-

mance stability.

Conclusion

The problem of membrane fouling has largely

restricted the development and application of ultra-

filtration technology. Therefore, a scalable method to

produce antifouling membranes by the traditional

immersion precipitation phase inversion process is

proposed, using a specially designed and prepared

dopamine-modified cellulose acetate (CA-2,3-DA)

based on selective oxidation and Schiff base reactions

as the membrane material. In comparison to the

pristine CA membrane, the CA-2,3-DA membrane

maintained a higher rejection ratio for BSA (92.5%)

and had a greatly increased pure water flux

(167.3 L m-2 h-1). In addition, the experimental

results of static protein adsorption and dynamic cycle

ultrafiltration showed that the CA-2,3-DA membrane

had excellent antifouling performance and high

recyclability, which were supported from different

angles by parameters such as the high flux recovery

ratio, low flux decline ratio, and filtration resistance.

Even after three cycles of ultrafiltration, the water

flux recovery ratio of CA-2,3-DA membrane was still

maintained at 96.0%. Consequently, CA-2,3-DA is

expected to be widely used in various industrial

separation and purification applications, thus realiz-

ing the extensive and high-value-added utilization of

cellulose derivative materials.
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