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ABSTRACTS: This study focus on the preparation and nanofiltration properties of a novel 

thin-film composite polyamide membrane formed by the interfacial polymerization of 

1,4-Diaminocyclohexane (DCH) and trimesoyl chloride(TMC) on a porous polysulfone 

supporting membrane. At the same time, we find that the introduction of Sodium 

N-cyclohexylsulfamate (SCHS) can improve a degree of the water flux and salt rejection. The 

active surface of the membrane was characterized by employing SEM and AFM. The performance 

of nanofiltration membrane was optimized by discussing the preparation condition, including 

monomer concentration, reaction time, curing condition and SCHS concentration. The result NF 

membrane prepared under the optimum condition exhibited Na2SO4 rejection of 98.1% and the 

water flux of 44.6L⋅m-2⋅h-1
 under 0.6MPa. The pore size of the NF membrane is about 

0.33-0.42nm which was calculated from the rejection of PEG and carbohydrates, respectively. 

Keywords: Nanofiltration membrane interfacial polymerization Sodium N-cyclohexylsulfamate 

1,4-Diaminocyclohexane 

 

 

                                                             

* To whom all correspondence should be addressed. 

Dr. Gui-E Chen, Email :chenguie@sit.edu.cn ; Tel : 86-21-64941192; Fax: 86-21-64941192. 

Page 1 of 22 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



1. Introduction 

In the current progress of urbanization and industrialization in the word, the scarcity of 

potable water has become an alarming question, especially in arid region. To deal with water 

scarcity, many efforts have been made to remove heavy metals before its discharge and reuse 

wastewater. Nanofiltration (NF), as an important and environment-friendly separation technique 

between ultrafiltration and reverse osmosis, has attracted more and more research attention due to 

its low-energy consumption 
1
, higher rejection of multivalent salts and molecular weight 

compounds (>300), and broad applications in the desalination of brackish water and seawater
2
, 

wastewater treatment
3
, and industrial substances separation

4
, etc. Therefore, nanofiltration 

membranes with good separation performance and other excellent property are required for more 

complicated applications. 

At present, among the different successful NF membrane preparation techniques, interfacial 

polymerization is of particular interest because the selective layer and the porous support layer can 

be optimized separately
5, 6

.Though the number of applications for NF by interfacial 

polymerization increases steadily, this technology still suffers from some drawbacks , such as 

membrane fouling and insufficient separation factor
7
. Compared with membrane modification 

improvement, it is more accessible to ameliorate NF performance by finding out a novel monomer 

and adding to a outstanding additive. To address different separation requirements, a series of 

negatively charged nanofiltration membranes were prepared by exploiting new monomers or 

adding a new additive with special functional groups. These new monomers include 

polyhexamethylene guanidine hydrochloride
8
, tannic

9
, polyvinylamine

10
, N-aminoethyl piperazine 

propane sulfonate and PIP mixtures
11

, 2,2’-bis(1-hydroxyl-1-trifluoromethyl-2,2,2-trifluoroethyl)- 

4,4’-methylene- dianiline
12

, disulfonated bis[4-(3-aminophenoxy) phenyl] sulfone
13

,etc. Some 

additives are listed as follows: silica
12

, poly(styrene sulfonic acid) sodium salt
14

, TiO2, Al2O3, 

ZrO2, Al2O3 and TiO2 mixtures
15

,etc. Among all preparation methods, there is little report that 

aliphatic cyclic diamine as a monomer or amine salt as a additive.  

In order to improve the nanofiltration membrane performance, such as salt rejection, water 

flux and antifouling performance, the information on the inherent material properties and surface 

structures of the active layer polymers are necessary. In this paper, we chose 1,4- 
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Diaminocyclohexane as water monomer to prepare a novel NF membrane, considering aliphatic 

amine has a ability of anti-fouling. Besides, Sodium N-cyclohexylsulfamate (SCHS) dissolved in 

aqueous phase was introduced as the additive during the interfacial polymerization process. The 

resulting NF membranes are measured by a cross-flow nanofiltration system (Fig.2), 

demonstrating their great potential. Remarkably, as an inorganic salt with negatively charge in 

solution, SCHS could not only improve the hydrophilicity and flux of the membrane, but also can 

enhance the anti-fouling of the membrane. In this work, different polymerization conditions on 

membrane performance were investigated, and the NF membrane performances were evaluated 

using different methods. 

NH2

NH2                                

COCl

ClOC COCl 

DCH                                    TMC 

Fig.1. Chemical structure of the monomers used: 1,4-Diaminocyclohexane (DCH) and 

trimesoyl chloride (TMC). 

2. Experimental 

2.1 Materials 

1,4-Diaminocyclohexane (DCH, purity>98%)was purchased Tansoole; Trimesoyl 

chloride(TMC, purity>98%) was bought from Qingdao Ocean Chemical Company. Their 

chemical structures are shown in Fig.1. 

Polysulfone ultrafiltration (PSF-UF) supporting membranes (MWCO=70,000 Da) were 

fabricated in our lab. Sodium N-cyclohexylsulfamate (SCHS) was purchased from Tansoole; 

Other reagents were purchased from Sinopharm Chemical Reagent company which are of 

analytical grade purity without further purification. 

2.2 Preparation of composite nanofiltration membranes 

The composite NF membranes were fabricated by interfacial polymerization technique. PES 

ultrafiltration membranes were used as the porous support. PES ultrafiltration membranes were 
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washed thoroughly with water over 24h before using as porous support. Aqueous solutions of 

DCH and n-hexane solutions of TMC at different concentrations were prepared, respectively. PSF 

membranes were first soaked into aqueous solutions about 5min to ensure that DCH monomers 

can diffuse into porous support. The residual water on the surface was draining off by air knife. 

Second, the organic phase was poured on the top of the PSF UF membrane for a predetermined 

time (10-60s) for interfacial polymerization. The excess organic solution was removed from the 

surface, and the coated surfaces were air-dried in an oven at a certain temperature (post treatment 

temperature) for further polymerization reaction and hexane evaporation for a certain time (post 

treatment reaction time). Finally, the composite NF membranes were rinsed with deionized water 

and stored in 1% NaHSO3 solution until it was tested. 

2.3 Characterization of composite nanofiltration membranes 

Membrane samples used for ATR-FTIR, SEM and AFM analysis were rinsed with de-ionized 

water for several times and dried under vacuum at 40°C for 24h. 

The chemical structures of TFC membranes were characterized by FTIR-ATR (Perkin-Elmer 

Spectrum 2000 FTIR spectrometer) to confirm the existence of SCHS in the membrane and the 

interfacial polymerization reactions. 

Scanning electron microscopy (SEM, S-3400N, Hitachi) was used to analysis the surface and 

cross-sectional morphologies of the composite NF membrane. Membranes were fractured in liquid 

nitrogen to obtain clean cut for cross sectional view. The samples were then gold sputtered for 

producing electrical conductivity. 

Atomic force microscopy (AFM, Veeco, NanoScope III a Multimode AFM) was used to 

analyze the surface morphology and roughness of prepared membranes. The membrane surfaces 

were imaged in scan size of 5�m × 5�m. The surface roughness was reported in terms of root 

mean square (RMS). 

Contact angle measurement instrument (JC2000D, PowerEach, China) was utilized to 

determine the water contact angle of NF membrane. 

2.4 Permeability, rejection, pore size 
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Separation performance test of the resulting thin-film composite membranes were carried out 

at 0.6 MPa and 25.0°C employing a cross-flow nanofiltration system. The system (Fig.2) used for 

filtration contains membrane cell, plunger pump, pressure gauge and solution vessel. Membranes 

with an effective area of 75cm
2
 were loaded into the cell for filtration. The feed for permeation 

test was de-ionized water or de-ionized water with added solutes such as Na2SO4, MgSO4, MgCl2, 

NaCl, or polyethylene glycol (PEG) of different molecular weights. The permeability  was 

calculated by: 

tA

V

×
=F  

Where V  (L) is the total volume of the permeate collected under transmembrane pressure 

0.6MPa on a time scale t  (h) and A is the effective area of the membrane (m
2
). The solute 

rejection rate (R) was calculated by: 

( )
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
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f
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C

C
R 1100%  

Where pC and fC are the solute concentration in permeate and feed solutions, respectively. The 

ion concentrations were measured by DDS-11A conductance meter (Shanghai Neici Instrument 

Company). According to the conductivity-concentration curves, the salts rejection rate was 

measured. The concentrations of organics were determined by TOC analyzer (TOC-VCPH, 

SHIMADZU, JAPAN). The results presented are average data with standard deviation from at 

least three samples of each type of membrane.  

Pore size, pore size distribution and molecular weight cut-off (MWCO) of the SCHS /DCH- 

TMC NF membrane were calculated through two series permeation tests respectively, of which 

one test used a group of five PEG with molecular weights of 200, 400, 600, 1000, 2000Da as 

model solutes
16

 and the other test used glucose, sucrose, raffinose as model solutes. Pore size 

distribution was calculated with the assumption of no gap and hydrodynamic interactions between 

the membrane material and the organic solutes. The MWCO value is taken by the molecular 

weight of the solute at the rejection by the membrane to 90%. The mean effective pore radius of 

the membrane ( pr ) is assumed the same with the geometric mean radius of the solute ( sr ) when 

R  equals to 50%. The geometric standard deviation of the membrane ( pσ ) is assumed to be the 
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geometric standard deviation ( gσ ), which is the ratio of Stoke radius when R equals to 84.13 to 

that when R equals to 50%. Based on the hypothesis, the pore size distribution of membrane can 

be expressed as probability density function
17-22

 

( ) ( )
( ) 


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


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 −
−=

2

2
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σπσ
 

Where pr is the Stokes radii of the organic solutes
23

. 

The Stokes radii of the organic solutes used during the pore size distribution tests can be 

calculated from the following formulas
18, 24

: 

For PEG, 
557.0121073.16 Mrp ××= −

 

For small molecules, Mrp ln4654.04962.1ln +−=  

Where M is the MW of the organic solutes. 

 

1-Solution vessel, 2-Heat exchanger, 3- conductance meter, 4-Plumger pump, 5-Crossflow 

cell filled with membrane, 6-Permeate, 7-Flowmeter, 8- Bypass, 9- Concentrate valve. 

Fig.2. Assessment equipment of nanofiltration 

2.5 Anti-biofouling performance assessment of composite nanofiltration membranes 

In the antifouling experiment, BSA was chosen as representative of protein in nature water 

source to evaluate the antifouling property of the NF membrane. A 500 mg/L BSA was forced to 

permeate through the membrane under an operation pressure of 0.6MPa, and the flux was 

recorded as wJ . The antifouling experiment was carried out over time of 24h.To analyze the 

antifouling properties in details, several ratios were defined
11, 25-27

. The flux decay ratio (DR) was 

calculated as follows: 
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%1000 ×
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J
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Where 0wJ and wtJ are fluxes at the initial and t time of antifouling test, respectively. The lower 

DR value means the better antifouling property of the nanofiltration membrane corresponding to 

slight deposition or adsorption of fouling on the membrane surface. After flux decay 

measurements, the solutions were then poured out and water was added in the filtration cell. The 

used nanofiltration membranes were cleaned directly in the cell for 30min under magnetic stirring. 

At last, the cell was emptied and refilled with water again. The water flux ( 2wJ ) of the cleaned 

membrane was measured. The flux recovery ratio ( FRR ) was calculated as follows: 

%100
0

2 ×







=

w

w

J

J
FRR  

The higher FRR value, The better antifouling property of the nanofiltration membrane. 

2.6 Long-term stability test of composite nanofiltration membranes 

A long-term test was conducted at a pressure of 0.6MPa with 2000ppm Na2SO4 aqueous 

solution at PH 7.0 and 25.0°C to investigate the durability and performance stability of the result 

NF membrane. Periodical measurements were carried out to check the water flux and salt rejection 

of the membrane. 

3. Results and discussion 

3.1 Chemical structures of membrane surface 

FTIR spectrum of DCH and SCHS sample, ATR-FTIR spectra of PSF support membrane, 

DCH-TMC composite membrane and SCHS /DCH-TMC composite membrane are presented in 

Fig.3 to analyze the chemical structural changes of the composite membrane. Beside the typical 

PSF bands of the substrate, DCH-TMC composite membrane and SCHS /DCH-TMC composite 

membrane possessed additional peak at 1651cm
-1

(C=O stretch), 1619cm
-1

(N-H stretch) and 

1434cm
-1

(C-N stretch) that corrected to amide group
28-30

. It can be seen from the figure that the 

interfacial polymerization among DCH and TMC had occurred out and a polyamide active layer 

was formed. Moreover, compared with DCH-TMC composite membrane, SCHS /DCH-TMC 
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composite membrane exhibited new peaks at 1111 and 951cm-1, which are the characteristic 

absorbance of the S=O and S-N bond of sulfonamide group
31

. Based on the results of ATR-FTIR 

analysis, the chemical structure of the active skin layer formed through the reaction of TMC with 

DCH and SCHS is schematically shown in Fig.4, which also gives the formula for the 

polymerization step. 

 

Fig.3. FTIR spectrum of (a) DCH and (b) SCHS, ATR-FTIR spectra of (c) PSF support 

membrane; (d) DCH-TMC composite membrane and (e) SCHS /DCH-TMC composite 

membrane. 
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Fig.4. Structure of polyamide skin layer formed by interfacial polymerization of CHD with 

TMC and SCHS 

3.2 Analysis of membrane morphology 

The structure and surface roughness of the membrane were characterized by using SEM and 

AFM, respectively. The surface and cross-section morphology of membranes were visualized by 

SEM. It can be seen clearly that DCH-TMC composite membrane takes on a composite structure, 

namely a thin and dense active function layer existing on the porous polysulfone supporting 

membrane, and that adding SCHS results in an increase in skin layer density of the resulting 

membrane. After further measurement, the dense layer thickness of is about 200 nm. Quantitative 

analysis of the roughness of the surface area was made possible by image statistics in AFM. 

Average roughness (RMS) is defined as the mean of the root for the deviation from the standard 

surface
23

. In Fig.6, the RMS of various membrane are as follows: polysulfone support membrane 

is 5.57nm, DCH-TMC composite membrane is 227.34nm,  SCHS /DCH-TMC composite 

membrane is 128.37nm, which is in good agreement with the SEM results. 
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3.3 Effects of preparation conditions on filtration performance of the nanofiltration 

membranes 

It’s well-known that the performance of the composite nanofiltration membranes is 

determined by the chemistry and the preparation conditions of the thin selective layer
32-38

. In this 

section, NF performance of DCH-TMC/PSF composite membranes prepared with variable 

conditions was investigated to determine the optimized fabrication parameters. 

3.3.1 Monomers concentration 

Influence of DCH concentration on filtration performance of nanofiltration membranes was 

first investigated and presented in Fig.7. The DCH-TMC NF membranes were prepared using 

different concentrations of DCH under the conditions of TMC concentration = 0.15%(w/v), 

reaction time = 15s, curing temperature =80°C and curing time = 5min. 

Fig.5. SEM images of  the membrane (left: 

surface; right: cross section)(a) polysulfone 

support membrane, (b) DCH-TMC composite 

membrane, (c) SCHS /DCH-TMC composite 

membrane,  

Fig.6. AFM images of surface 

morphologies of (a) polysulfone support 

membrane, (b) DCH-TMC composite 

membrane and (c) SCHS /DCH-TMC 

composite membrane 
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It can be seen clearly from the figure that, when the DCH concentration aqueous phase was 

increased from 1.0 to 2.0% (w/v) at a fixed TMC concentration of 0.15% (w/v), the salt rejection 

of the membranes kept on increasing, while the water flux was decreased. When the DCH 

concentration exceeded 2.0% (w/v), the salt rejection changed slightly. 

Similarly, the effect of the concentration of the TMC in organic phase was also investigated 

to optimize the performance of the DCH-TMC NF membrane. Fig.8 shows the performance of the 

composite membranes prepared under conditions of DCH concentration = 2.0% (w/v), reaction 

time = 15s, curing temperature =80°C and curing time = 5min. The salt rejection of the 

membranes increased at first until the TMC concentration in organic phase reached 0.25% (w/v), 

and then changed slightly while the water flux of the membranes decreased rapidly with the 

increasing TMC concentration to 0.50% (w/v). 

This observation can be explained following the work of Freger on PA film formation 

kinetics and Nadler and Srebnik
5, 39-42

. The concentrations of monomers in both the aqueous and 

organic phases have great effects on the rate of the interfacial polymerization. The interfacial 

polymerization occurring between a diamine and an acid chloride take place on the organic side of 

two phase interface. When DCH and/or TMC are at low concentration, the rate of reactions is 

expected to be lower and the polyamide skin layer is formed by low molecular weight polymer, 

which caused the lower salt rejection and higher water flux. With increase in DCH concentration 

and/or TMC concentration, the formation of thin barrier layer tends to be the maximum thickness 

and density since the film thickness remains almost unchanged. So the water flux is decreased and 

the salt rejection is increased. Further increase in the concentration of DCH and/or TMC, however, 

tends to have little effect on the rate and extent of polymerization. So the water flux and salt 

rejection change slightly. 
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Fig.7. Effect of DCH concentration on salt rejection and water flux of the resulting 

membrane tested with 2000ppm Na2SO4 aqueous solution at 0.6MPa, 25°C and PH 7.0. 

 

Fig.8. Effect of TMC concentration on salt rejection and water flux of the resulting 

membrane tested with 2000ppm Na2SO4 aqueous solution at 0.6MPa, 25°C and PH 7.0. 

3.3.2 Reaction time 

The effect of the reaction time on membrane performance is shown in Fig.9. The membrane 

flux decreased quickly from 10 to 20s, and then decreased slightly from 20 to 60s. However, the 

membrane rejection increased quickly as the reaction time increased from 10 to 15s, and the 

increased slightly from 15 to 60s.  
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It’s well known that the interfacial polymerization between DCH and TMC occurs on the 

organic side of the aqueous-organic interface, and the reaction is diffusion-controlled and exists in 

a self-limiting phenomenon. The reaction time plays an important role in determining the extent of 

polymerization, and thereby the cross-linking degree and thickness of top skin layer as well as the 

resulting membrane performance
12, 42-45

. The thickness of the active layer of the NF membrane 

increases with increasing reaction time. When the thickness of the active layer is enough to 

prevent DCH diffusing from aqueous phase into the organic phase, the top skin layer thickness 

will stop growing. So the density of the active layer had no significant change as the prolonged of 

reaction time from 20 to 60s. In this study, short reaction time lead to higher permeation of the 

water flux. As the reaction time increased, the water flux decreased and the salt rejection increased. 

Considering both good salt rejection and high water flux, the reaction time 15s was selected as the 

optimism reaction time to prepare the membranes. 
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Fig.9. Effect of interfacial reaction time on salt rejection and water flux of the resulting 

membrane tested with 2000ppm Na2SO4 aqueous solution at 0.6MPa, 25°C and PH 7.0. 

3.3.3 Curing temperature and time 

The treatment to the nascent polyamide composite membrane was helpful to the diffusion of 

the monomers into the interface for polymerization, which increased the cross-linking degree of 

the polymer film. The denser cross-linking structures led to a decreasing mass transport across 

membrane and a better mechanical property of the NF membrane
5, 46

. Table 1 shows that with the 
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increasing curing temperature from 40 to 80°C, two processes took place simultaneously: pore 

size kept decreasing appreciably and densification of the ultra-thin layer increased gradually 

which resulted in higher rejection with a marginal decreased in water flux. However, further 

increased in curing temperature or time resulted in the pore shrinkage of the support membranes 

and a much more compact structure of the skin layer with the consequent decrease in water flux
46

, 

which led to an overall decline in salt rejection. Considering the Na2SO4 rejection and water flux 

together, the optimal curing time is for 5min at 80°C. 

Table 1 Effect of curing conditions on the performance of DCH-TMC NF membrane. 

Curing temperature
a
 (°C) Curing time

a
  (min) Na2SO4 rejection

b
 (%) Water flux

b
 (L/m

2
h) 

40 5 75.62±1.21 47.08±1.23 

60 5 80.78±1.34 44.57±2.78 

80 3 90.73±0.89 37.81±1.97 

80 5 96.83±0.72 31.56±2.73 

80 10 97.31±1.01 23.43±1.99 

100 5 85.39±2.01 28.56±2.33 

a The membrane preparation condition: DCH concentration=2.0% (w/v), TMC concentration = 0.25% 

(w/v),reaction time =15s. 

b Test conditions: feed= 2000ppm Na2SO4 aqueous solution, pressure=0.6MPa, temperature=25.0°C and pH= 

7.0. 

 

3.3.4 Sodium N-cyclohexylsulfamate(SCHS) concentration 

The SCHS concentrations of composite NF membranes from 0 to 1.0% (w/v) were 

investigated under the following membrane preparation: 2% (w/v) DCH and a certain 

concentration of SCHS in the aqueous phase; 0.25 (w/v) TMC in the organic phase; reaction time 

for 15s and curing temperature at 80°C for 5min. Fig.10 shows the effect of SCHS concentration 

on salt rejection and water flux. With the SCHS concentration increased from 0 to 0.07% (w/v), 

the salt rejection increased from 96.8 to 98.1% (w/v) and the water flux increased from 31.6 to 

44.6 m
-2

h
-1

. When the SCHS concentration was further increased from 0.07 to 1% (w/v), the salt 

rejection decreased whereas water flux increased. It could be concluded that the proper SCHS 

concentration should be controlled near 0.07%. This phenomenon can be explained as follows: 

The rejection rate of the charged nanofiltration membrane to salt is mainly determined by both the 

size and Donnan exclusion effects
47

. With the increasing SCHS concentration, both the negative 

surface charge and pore size of the formed composite membrane increased, and the increased pore 

size would weaken the size exclusion effect, while the increased surface charge would enhance the 
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Donnan exclusion effect between the membrane surface and the anions. For salt Na2SO4, the 

enhancement of Donnan exclusion effect was dominant for the composite NF membrane prepared 

under the SCHS concentrations lower than 0.07% (w/v). Such phenomenon fit well with the result 

of rejection to different inorganic salts for NF composite membranes as Fig.11. As a result, the 

incorporation of SCHS led to the formation of composite NF membrane with improved Na2SO4 

rejection. However, the reverse was true for the composite NF membranes prepared with the 

SCHS concentrations higher than 0.07% (w/v), under which the weakening of size exclusion 

effect would be dominant, resulting in a decline of decline of rejection to Na2SO4. 

Furthermore, when comparing the result composite membrane with other nanofiltration 

membrane which were described by other references like membrane PAMAM/PAN
48

 (15.3 m
-2

h
-1

, 

Na2SO4 rejection86.7%) and membrane MPD
49

 (water flux: 22.8 m
-2

h
-1

, Na2SO4 rejection95.5%), 

the result composite membrane (water flux: 44.6 m
-2

h
-1

, salt rejection98.1%) has higher water flux 

or Na2SO4 rejection. 
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Fig.10. Effect of SCHS concentration on salt rejection and water flux of the resulting 

membrane tested with 2000ppm Na2SO4 aqueous solution at 0.6MPa, 25°C and PH 7.0. 

3.4 Separation performances of the optimized composite nanofiltration membrane 

In this section, DCH-TMC/PSF NF membranes prepared with the optimized conditions were 

investigated to evaluate its potential application. The optimum condition is as follows: 2.0% (w/v) 
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DCH and 0.07% (w/v) SCHS in the aqueous phase; 0.25% (w/v) TMC in the organic phase; 

reaction time for 15s and curing temperature at 80 °C for 5min. 

3.4.1 Inorganic salts and PEG rejection 

The rejection rate of different inorganic salts was compared for membranes prepared from 

DCH-TMC and SCHS /DCH-TMC as shown in Fig.11. Four kinds of salt solution were used in 

the experiment. It was seen that the salt rejection of DCH-TMC or SCHS /DCH-TMC composite 

NF membrane decreased in the following order: Na2SO4>MgSO4>MgCl2>NaCl, which 

demonstrated that the composite NF membranes were negatively charged membranes. In addition, 

the salt rejection of SCHS /DCH-TMC composite NF membrane was higher than DCH-TMC 

composite NF membrane’s, which was more obviously for bivalent salts. The improvement in salt 

rejection was arising from the introduction of strong negatively charged function group on the 

active layer of SCHS /DCH-TMC composite NF membrane
50, 51

. 
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Fig.11. Rejection of different inorganic salts for (A) DCH-TMC composite membrane and (B) 

SCHS /DCH-TMC NF membrane. 

3.4.2 Pore size, pore size distribution and molecular weight cut-off (MWCO) 

Table 2 shows the rejection of neutral solutes used during pore size distribution. Based on 

this, the pore size, pore size distribution and molecular weight cut-off (MWCO) of the SCHS 

/DCH-TMC NF membrane were calculated and showed in Fig.12. The probability density 
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function curves of the pore size distribution calculated on the rejections of PEG and carbohydrates 

were indicated in Fig.12 (a1) and Fig.12 (b1) respectively. It can be found that about 90% of the 

pore size is less than 1.5nm. The pore size obtained from the rejections of PEG and carbohydrates 

were presented in Fig.12 (a2) and Fig.12 (b2) respectively. It was found that the pore size is about 

0.33-0.42nm. From the rejection behavior, it was found that the MWCO of the result membrane is 

about 1000Da. In addition to these, they also have small σ, indicating that they have narrow pore 

size distributions. Two tests using different solutes all proved it a nice NF membrane in pore size, 

pore size distribution and MWCO. 

 

Table 2 Rejection of neutral solutes used during pore size distribution. 

Solute MW (g·mol
-1

) Rejection (%) 

PEG200 200 64.52±4.23 

PEG 400 400 90.69±2.37 

PEG 600 600 94.72±2.07 

PEG 1000 1000 97.34±1.56 

PEG 2000 2000 97.69±2.11 

Glucose 180 63.56±3.72 

Surcfose 342 82.79±2.83 

Raffinose 504 92.50±1.79 

 

 

Fig.12. (a1), (b1) cumulative pore size distribution curves and (a2), (b2) probability density 

function curves of the DCH-TMC/PSF NF membranes.  

3.4.3 Anti-biofouling performance of the composite nanofiltration membranes 

Biofouling caused by bacterial film formation on the surface of membrane is a severe 

problem during nanofiltration process
52, 53

. Foulants can absorb to the membranes surface due to 

hydrophobic interactions, hydrogen bonding, van der Waals attraction, and electrostatic 
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interactions
54

. In this study, the effect of biofouling on the result NF membrane was evaluated by 

measuring the variation of water flux. It was clearly seen from Fig.13 that the flux declined 

notably within the first 1.5h, which was caused by concentration polarization and membrane 

fouling. In the sequential operation and re-suspension of BSA reached equilibrium due to the 

rigorous stirring near the membrane surface, so that a stable flux was obtained. At this moment, 

the DR value of SCHS/DCH-TMC composite membrane and DCH-TMC composite membrane 

were 12.9% and 52.5% respectively. Finally, the flux recovered to a stable high-level after simple 

water washing. The FRR  value of SCHS/DCH-TMC composite membrane and DCH-TMC 

composite membrane reached to 98.9% and 73.7%. In the above test, the result NF membrane 

exhibited the excellent antifouling property, which attribute to the addition of SCHS . 
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Fig.13. Time dependent fluxes of the result NF membrane in antifouling evaluation. The 

filtration operation was carried out at a temperature of 25°C and operation of 0.6 MPa. 

3.4.4 Dynamic water contact angle of the composite nanofiltration membranes 

Dynamic water contact angle of membranes (Fig.14) demonstrates that the hydrophilicity of 

PSF supporting membrane was improved. This is because DCH-TMC composite membrane has 

many hydrophilic groups. They are carboxyl, amine and acylamino. Obviously, the hydrophilicity 

of SCHS /DCH-TMC composite membrane is superior. This is attributed to the hydroxyl group of 

SCHS. This result also indicates that the active layer successfully formed in the surface of NF 

membrane. 
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Fig.14. Dynamic water contact angle of the membranes 

3.4.5 Stability of the composite nanofiltration membranes in long-time running 

Long-time stability of the composite nanofitration membrane was also very important for the 

practical application. The water flux and salt rejection of the result membrane during 10 days of 

filtration were presented in Fig.15. The results showed slight variation in water flux and rejection 

of Na2SO4, which showed the excellent stability during 10days of operation. The composite 

nanofiltration membrane with 0.07% (w/v) SCHS added kept a high permeation flux 

(approximately 40L·m
-2

h
-1

 pure water flux) and identical rejection (approximately 98% Na2SO4 

rejection) during the whole testing period. 
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Fig.15. Long-term testing of the result NF membrane during 10 days tested with 2000ppm 

Na2SO4 at 0.6MPa, 25°C and PH7.0. 

4. Conclusions 

In this work，a simple and effective approach has been demonstrated for a novel NF 

membrane. Thin-film composite polyamide nanofiltration membranes were successfully prepared 

by interfacial polymerization technique from DCH and TMC, which was proved by ATR-FTIR 

and SEM images and measured by NF system (Fig.2). 

The key finding is that the addition of SCHS has significant influence on the NF performance 

of the resultant DCH-TMC composite membrane. The result NF membrane prepared under the 

optimum condition exhibited Na2SO4 rejection of 98.1% and the water flux of 44.6Lm
-2

h
-1

 under 

0.6MPa. The rejection of Na2SO4, MgSO4, MgCl2 and NaCl follows a decreasing in order of 

98.1%, 92.0%, 80.6 % and 27.0 % respectively. The pore size of the NF membrane is about 

0.33-0.42nm and the MWCO of the NF membrane is about 1000Da which was calculated with 

two different methods. In addition, the NF membrane also showed the ability of 

anti-fouling, hydrophilic and good stability. 
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