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요 약: 본 연구에서는 아세틸화된 메틸 셀룰로스를 복합박막 정삼투막의 지지층으로 사용하였다. 계면중합법을 이용하여
선택성이 우수한 폴리아미드 활성층을 다양한 지지층 위에 코팅하였다. 아세틸화된 메틸 셀룰로스 지지층 위에 코팅된 복합
박막 정삼투막의 구조와 성능을 다른 지지층 위에 코팅된 복합박막 정삼투막과 비교하였다. 실험적 결과는 아세틸화된 메틸
셀룰로스 지지층 위에 코팅된 복합박막 정삼투막의 성능이 다른 정삼투막들에 비해서 우수하였으며 이것은 구조적인 특성과
염의 낮은 역확산속도 때문인 것으로 사료된다.
Abstract: In this study, acetylated methyl cellulose (AMC) was successfully used as a support layer of thin film composite (TFC) forward osmosis (FO) membrane. A selective polyamide active layer, interfacially polymerized, was coated on
top of various substrate layers. The structure and performance of the TFC FO membrane based on the AMC substrate were
compared with those of TFC FO membranes with different polymeric support layers. The experimental results showed that
the AMC FO membrane performance was better than other FO membranes due to its characteristic morphology and lower
back diffusion rate of salts.
Keywords: acetylated methyl cellulose, thin film composite, forward osmosis

1. Introduction

membranes hasbeen studied intensively [2,3]. However,
there are some challenges to be overcome. It is necessary to develop a new material to reduce the resistance
ofwater transport, internal concentration polarization,
and back-transport of draw solutes from a draw solution to a feed solution.
Most FO membranes are asymmetric, which cause
concentration polarization (CP) phenomena. When a
composite membrane composed of a dense separating
layer and a porous substrate layer is used in FO, two

1)

Forward osmosis (FO) process is a natural phenomenon of osmosis, which can be defined as the net
movement of water molecules across a membrane from
a diluted solution to a concentrated solution [1]. The
FO can be applied in seawater desalination, wastewater
treatment, and food processing. Fabrication of FO
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phenomena can occur. When the porous substrate layer
of membrane faces the feed solution, a polarized layer
is established in the dense active layer as solution
propagates the porous substrate layer.
When the active layer of the membrane faces the
feed solution, solution permeates from the active layer
to porous substrate layer. Simultaneously, the draw solution within the porous substructure becomes diluted.
These CPs cause the osmotic pressure difference between the bulk feed and bulk draw solution [4].
The dense substrate layer provides a resistance to
diffusion, which causes severe CP that reduces the water flux. Therefore, suitable substrate layer for composite FO membrane is very thin and highly porous [5].
During the phase inversion process, slow exchange
rate between solvent and nonsolvent result in membranes with “sponge-like” morphology. In constrast,
fast exchange rate can produce membranes with large
“finger-like” macrovoids in the structure [6]. The porous support layer may influence the formation of the
ultrathin polyamide layer [7]. Morphology of support
layer can be important for membrane performance [8-12].
In this study, the structure and performance of the
composite FO membrane based on a newly synthesized
polymer were compared with those of composite FO
membranes based on different polymers.

2. Experimens
2.1. Chemicals and Materials

Dimethylacetamide (DMAc), 1,3-phenylenediamine
(MPD), and 1,3,5-benzenetricarbonyl chloride (TMC)
were used as received from Sigma-Aldrich (St. Louis,
MO). TMC was dissolved in ISOL-C (SK Chemical,
Korea). Acetylated methyl cellulose (AMC, Mw of
300kDa) was kindly supplied from Samsung fine
chemicals (Korea). Other polymeric materials of polyacrylonitrile (PAN) and polymethylmethacrylate (PMMA)
were used as received from Sigma-Aldrich (St. Louis,
MO). Polyvinylidenedifluoride (PVDF) was used as received from Solvay(Alpharetta, GA, USA). Polysulfone
(PSF) and polyethersulfone (PES) were used as re멤브레인, 제 23 권 제 3 호, 2013

ceived from BASF(Germany). A polyester non-woven
fabric (PET, Sanko, Japan) was used as a support.
Sodium chloride (Junsei, Japan) was dissolved in DI
water obtained from a Milli-Q water system (Millipore).
2.2. Membrane Fabrication
2.2.1. AMC Substrate Membrane

AMC was dissolved in DMAc by stirring at 60°C or
5 hrs (10 wt%). The AMC membrane was prepared by
phase inversion via immersion precipitation. The AMC
solution was poured and cast using a casting knife
with 150 µm on the PET fabric. The cast film was immersed into DI water at room temperature for 24 hrs.
Other polymers (PAN, PMMA, PSF, PES and PVDF)
were also dissolved in DMAc by stirring at 60°C for 5
hrs (16 wt%). The polymeric solutions were cast with
150 µm on the PET fabric. The cast films were immersed for 24 hrs in DI water bath.
2.2.2. Thin Film Composite (TFC) Membrane

Interfacial polymerization was used for the polyamide composite layer formation onto the substrate
membranes. The substrate membranes were immersed
in a 2 wt% MPD solution for 1 min and then, the excess MPD solution was removed by squeezing with silicon roller. The membrane was immersed in a 0.1 wt%
TMC solution for 1 min. The membrane was dried at
room temperature for 10 min and then, stored in DI
water [13].
2.3. Membrane Test

The performance of membrane was evaluated in a
cross-flow RO test unit. The water flux and salt rejection was measured. The effective membrane area
was 18.52 cm2. The flow rate, operating pressure, and
temperature was 3.0 L/min, 225 psi, and 20 ± 1°C
respectively. The concentration of NaCl solution was
0.2 wt%. The salt rejection was measured using a conductivity meter. The salt rejection R can be calculated
by equation 1.

지지층 구조가 다른 복합 정삼투막의 기공구조와 분리 특성

253

Fig. 1. Cross-section of membranes (a) AMC, (b) PES, (c) PAN, (d) PSF, (e) PVDF, (f) PMMA support layer.
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(1)

Where Cp is concentrationin permeate and Cf is concentrationin feed. The membrane performance was measured after running for 30 min. The same membrane
tested in the RO unit was used for forward osmosis
(FO) performance. 4 M NaCl solution and DI water
were used asa draw solution and a feed solution, respectively. The active layer was contacted with the
feed solution [14].

2.4. Membrane Characterization

A Field Emission Scanning Electron Microscope
(FE-SEM) was used for evaluating cross-section of the
membrane. The membrane samples were fractured in
liquid nitrogen and coated with gold by sputtering
machine. VEGA TCsoftware was used to determine
macrovoid size by taking measurements of macrovoid
size for each support layer [15].
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Table 1. Macrovoid Size of Membranes

Macrovoid size (µm)

AMC

PES

PAN

PSF

PVDF

PMMA

23.70

14.95

11.14

8.32

6.21

22.99

3. Results and Discussion

Table 2. Performace in RO Mode
Flux (l/m2hr)

Rejection (%)

AMC

60.57

92.3

PAN

8.69

83.54

PES

13.78

92.3

PVDF

16.18

56.93

PSF

17.3

63.79

PMMA

40.67

26.81

3.1. Membrane Morphology and Properties

The cross-sectional SEM images of membranes are
represented in Fig. 1. All the membranes contain macrovoids. SEM data show that the AMC-based composite membrane has the biggest macrovoids than other
membranes. The size of the macrovoids is as follow:
AMC > PMMA > PES > PAN > PSF > PVDF (Table
1). The result shows that the liquid-liquid demixing
rate of the AMC-based composite membrane may be
the fastest among all the membranes.
The choice of a solvent in the polymer solution can
control the membrane structure. The exchange rate between solvent and nonsolvent determines the cross-sectional structure. In other words, if polymer precipitation is fast in nonsolvent, finger-like structure is
produced. Slow polymer precipitation produces spongelike structure [16,17].
Generally, a goodsolvent for the polymers cannot be
diffused out easily due to its strong attraction with
polymers. It can be expected that slowerpolymer precipitation can be occurred. In contrast, a poor solvent
can be replaced easily by nonsolvent when polymer
solution is coagulated into nonsolvent due to its weak
interaction with polymers. As a result, using the good
solvent for the polymer lets membrane reduce finger-like structure of cross-section. From SEM pictures
in Fig. 1, in case of AMC, PSF, PES and PAN, finger-like structures were produced. However, in case of
PVDF and PMMA, slow polymer precipitation resulted
in the sponge-like structure of cross-section. In other
words, solvent power for AMC, PSF, PES and PAN
polymers was weaker than that for PVDF and PMMA
polymers.

3.2. Membrane Performance

Table 2 shows membrane performance in RO mode,
using a 2,000 ppm NaCl feed at 225 psi. Membranes
used in this experiment show high salt rejections.
Especially, AMC-based composite membrane has salt
rejection of 92.3%. Except for PMMA, high salt rejection of most membranes indicates that polyamide
active layer has high ability of salt separation [2,19].
Water flux of the FO membrane is considerably related with the cross-sectionalmorphology of the substrate membrane. The relationship (equations 2 and 3)
between flux and osmotic pressure was expressed by
Loeb et al. [18-21].
H i
   ln 
 Low

Where, Jw is the water flux,  Hi and  Low are the
osmotic pressures of the draw and feed solutions, and
K is appeared as the resistance to solute diffusion
within the membrane support layer. Therefore, K is a
measurementof the severity of internal concentration
polarization (CP).
τ
  
ε 
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Where, t is the membrane thickness of porous support layer, τ the tortuosity of the membrane support
layer, ε porosity of the porous support layer, and Ds
the diffusion coefficient of the draw solute. The value
of ε/τ expresses the inverse of inherent resistance to
diffusion provided by the structure. Value of porosity
is from 0 to 1 and value of tortuosity is greater than
or equal to 1. Therefore, the value can range from 0 to
1 which caused porosity and tortuosity. When the value of ε/τ is 1, effects of internal CP are minimized.
Increasing ε/τ anddecreasing the effective thickness of
the boundary layer improve FO performance. Generally
speaking, the membranes with the finger-like morphology have higher ε/τ value than thecorresponding membranes with the sponge-like morphology. The membrane with the finger-like and large macrovoids morphology reduces internal CP in FO operations. To
maximize performance in FO, the finger-like structure
with a high porosity and large macrovoids is needed.
Salt back-diffusions and fluxes of FO membranes
were measured using a DI feed solution and a 4M
NaCl draw solution for the various membranes, which
are shown in Table 3. Saltsdiffuse from draw solution
to feed solution. Back-diffusion of salts causes internal
CP. When water permeates across the membrane, the
draw solution at the active surface of the membrane is
diluted. The incomplete rejection of the FO membranes
lets the draw solute diffuse from draw solution to feed
solution. This diffusion makes the effective osmotic
pressure difference between draw solution and feed
solution be lower and results in reduced water flux.
The AMC-based composite membrane exhibits the highest water flux. Better FO performance of the AMCbased composite membrane results from much bigger
macrovoids of the substrate layer than those of other
membranes. As a result, size of the macrovoids (AMC >
PMMA > PES > PAN > PSF > PVDF) is considerably related to flux of FO membranes (AMC >
PMMA > PES > PAN > PSF > PVDF). It was reported that FO membranes with thinner, more porous,
and less tortuous substrate layers hadsmaller values of
resistance to solute diffusion K [22].

Table 3. Performance in FO Mode
Flux (l/m2hr)

Back diffusion (µS/cm)

AMC

18.6

20.2

PAN

12.55

87.6

PES

12.65

14.49

PVDF

6.57

34

PSF

8.39

2.65

PMMA

18.1

29.5

4. Conclusion
A composite polyamide membrane on AMC substrate was successfully used for FO process. The FO
membrane based on the AMC substrate showed better
FO performance than other polymeric FO membranes.
The finger-like structure with large macrovoids was
produced in case of the AMC substrate, which resulted
in betterFO performance. The FO and RO performance
of the composite polyamide membrane based on the
AMC substrate werecompared with other FO membranes. The composite FO membrane based on the
AMC substrateshowed much smaller back diffusion
rate and water fluxes than other FO membranes, which
resulted from lower transport resistance due to large
macrovoids and better salt rejection rate.
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