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A B S T R A C T   

Mixed matrix membranes (MMMs) are typically fabricated by mechanically mixing presynthesized polymers and 
fillers together in a solvent to form a membrane solution, which often causes poor filler dispersion in the polymer 
matrix. In this work, an in situ polymerization method was proposed by which 2,6,14-triaminotriptycene (Trip), 
octanedioyl chloride, and graphene oxide (GO) reacted in the polymerization to form a polyamide@GO mixed 
matrix polymer. Different characterization methods, such as Raman analysis, XRD (X-ray diffraction), and TGA 
(thermogravimetric analysis), were used to verify the chemical linking between GO and polyamide. The per-
formance of the polyamide@GO membrane in the separation of cyclohexane/nitrogen mixtures was evaluated 
and compared with that of pure polyamide membranes and mechanically mixed polyamide + GO membranes. 
The polyamide@GO membrane with a GO content of 0.3 wt% exhibited the highest separation performance. The 
permeability increased from 427 Barrer to 1098 Barrer under the same rejection (99.4%) conditions compared 
with that of the pure polyamide membrane. Because incorporation of GO disrupted the efficient stacking of 
polyamide chains, more amorphous domains were formed, providing more transport channels. This work pro-
vides an alternative way to overcome the trade-off phenomenon in the synthesis of new MMMs.   

1. Introduction 

VOCs (volatile organic compounds) are common solvents that are 
widely used in industry. However, the difficulty of airtight operation 
makes VOC leakage unavoidable, and VOC leakage not only harms 
humans and the environment but also results in wasted resources and 
limited economic benefit. Therefore, the development of suitable sepa-
ration technology with low energy consumption and a timely response 
for the control of VOC emissions, especially unorganized VOC emissions, 
is extremely necessary. Membrane-based VOC recovery will be a good 
approach. 

Membrane-based separation methods, which are highly energy effi-
cient separation methods [1,2], have been intensively studied for several 
decades, and many industrial applications in various fields have been 
successfully realized worldwide. In the course of their developments and 
applications, membrane performance, such as selectivity and perme-
ability, is always the key factor that determines the feasibility of in-
dustrial applications. Many membrane materials have thus been 
developed and investigated and can be roughly classified into three 
categories: polymer materials, inorganic materials and mixed matrix 

materials. 
Polymer materials usually possess many advantages, such as excel-

lent film-forming properties. However, the trade-off phenomenon in 
polymer membranes causes them to have either good permeability or 
good selectivity, but it is generally difficult to achieve both, which re-
stricts the industrial utility of membranes to a certain extent [3–5]. In 
contrast to polymer membranes, inorganic membranes can have both 
good permeability and selectivity. However, the difficulty in membrane 
fabrication also limits its wide industrial application to a certain extent 
[4]. Therefore, mixed matrix membrane materials, which contain a 
polymer bulk phase and a dispersed filler phase and take advantage of 
the benefits of these two materials, have been proposed; mixed matrix 
membranes can exhibit enhanced separation performance over pure 
polymer membrane materials in a range of applications, including 
alkene/alkane separation and carbon separation. They are hence 
regarded as next-generation membrane materials [2,6]. 

In mixed matrix membrane materials, the properties of fillers can 
greatly affect the separation performance. Many different fillers from 
inorganics to organics, such as zeolites and their derivatives [2], metal 
organic frameworks (MOFs) [7], covalent organic frameworks (COFs), 
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and graphene oxide (GO) [8], have been synthesized to improve the 
separation performance of mixed matrix membranes for gas separation. 
GO is a promising material for the preparation of mixed matrix mem-
branes, mainly because of its abundant oxygenated functional groups on 
both basal planes and edges [8–13]. These oxygenated groups, including 
carboxylic acid and hydroxyl moieties, can be readily used to signifi-
cantly enhance the properties of GO-based polymers, such as mechanical 
properties and separation performance [8]. Liang et al. [14] synthesized 
a GO/γ-poly(glutamic acid)/Ca2+ composite membrane, which showed 
impressive mechanical properties due to the synergistic combination of 
hydrogen bonding and ionic bonding between GO, γ-poly(glutamic 
acid), and Ca2+. Over 99% filtering efficiency for methyl blue can thus 
be observed, making them promising candidates for applications in 
water purification. 

MMMs can typically be prepared by simply mixing presynthesized 
polymers and fillers together in a solvent to form a membrane solution, 
which often causes poor filler dispersion in the polymer matrix due to 
the polymer-filler interface adhesion problem that is associated with the 
different physical-chemical properties of the filler and the polymer 
matrix [5,15]. Different approaches, such as GO modification with long 
alkyl chains, have been proposed to enhance filler dispersion in the 
polymer matrix and the interface compatibility [16]. As expected, a 
clear enhancement in permeability or (and) selectivity compared to pure 
polymers can be observed. However, one more modification step could 
complicate the membrane fabrication process, increasing the cost of 
industrial application. Moreover, the traditional mechanical mixing 
method of filler and macromolecule polymer chains cannot realize 
molecularly mixed MMMs due to the relatively large polymer chain, and 
the rigidity of the polymer structure, especially the glassy polymer used, 
may also hinder the complete embedding of fillers, leading to a lower 
separation performance than the theoretical prediction. To achieve 
molecular mixing between the insoluble GO and polymer, the in situ 
polymerization method is a good choice because GO is added during the 
polymer synthesis process, which can directly react polymer monomers 
to be grafted onto the polymer structure for the realization of molecu-
larly mixed MMMs, resulting in high separation performance. Tien-Binh 
et al. [5] employed the in situ interface crosslinking method to prepare 
UiO-66-NH2 filler mixed MMMs, and improved separation performance 
was observed. 

In this work, an in situ polymerization method is used for the prep-
aration of GO-based MMMs. Our previously synthesized glassy poly-
amide was used as the polymer matrix because its formed membrane 
showed good rejection and permeability for the separation of nitrogen/ 
VOC mixtures. Moreover, as previously reported, the performance of 
MMMs is ultimately constrained by the polymer properties [17]. Poly-
mers with higher performance are a better choice for improving the 
separation performance of MMMs. The reactions between GO and 
monomers were first evaluated. Different preparation methods, such as 
the in situ polymerization method and mechanical mixing method, were 
used to fabricate MMMs. Different characterization methods, such as 
SEM, XRD, BET, Raman, etc., were used to verify the molecularly mix-
ing. Then, the separation performance of the membranes was deter-
mined and compared by assessing the molecular sieving of nitrogen over 
VOCs. Molecular dynamics simulations were also conducted to explain 
the separation mechanism. 

2. Experiments 

2.1. Materials 

2,6,14-Triaminotriptycene (Trip) was synthesized according to our 
previous paper [18]. GO DMF solution with a GO sheet size of approx-
imately 500 nm and a height of approximately 2 nm (Fig. S1) was 
purchased from Nanjing Yoshikura Nanomaterials Technology Co., Ltd, 
China. Octanedioyl chloride, tetrahydrofuran, and N, 
N′-dimethylformamide were purchased from Aladdin Biological 

Technology Co., Ltd, China. Pyridine and methanol were purchased 
from Shanghai Ling Feng Chemical Reagent Co., Ltd, China. Deionized 
water was prepared in house. Cyclohexane was purchased from Sino-
pharm Chemical Reagent Co. Ltd, China. All purified gases were sup-
plied by Nanjing Special Gas Co. Ltd, China. 

2.2. Synthesis of polyamide and polyamides@GO polymers 

The procedure of synthesizing polyamide followed that described in 
our previous report [18]. The procedure of synthesizing polyamide@GO 
polymers is shown in Fig. 1. In brief, 1 mmol 2,6,14-triaminotritylenes 
was dissolved in 20 ml N,N-dimethylformamide in a 50 ml 
three-necked flask, then a certain amount of GO (1 mg/ml) was added to 
the three-necked flask to obtain 0 wt%-0.6 wt% (GO in the polymer) GO 
content, followed by the addition of 8 mmol acid binding agent pyridine 
in an ice bath with nitrogen as a protective gas. After 30 min of reaction, 
1.5 mmol of octanedicarbonyl chloride was slowly added. After 3 h of 
reaction, the synthesized solution was poured into deionized water for 
precipitation, and GO@polyamide was obtained by filtration, washed 
with water and methanol at least three times and dried in an oven at 
70 ◦C for 36 h. Polyamide@GO-0.15 (PA@GO-0.15) indicates that 0.15 
wt% GO was added to the polyamide. 

2.3. Fabrication of composite membrane 

Six milliliters of DMF solution was added to 0.25 g of synthesized 
polymers to form a membrane solution, which was stirred at room 
temperature for more than 8 h before vacuum degassing. The degassed 
membrane solution was cast on a dry 0.1 μm nylon-6 MF substrate using 
a casting knife. This nascent membrane was put into a vacuum oven to 
evaporate DMF solution and further crosslinked at 80 ◦C for 3 days. 

2.4. Characterization methods 

The element contents of pure polyamide and GO@polyamide were 
analyzed by X-ray photoelectron spectroscopy (XPS, Thermo ESCALAB 
250). The crystal structures were investigated by X-ray diffraction (XRD, 
Bruker, D8 Advance) using Cu Kα radiation in the range of 5–80◦ at 
increments of 0.02◦ at room temperature. The infrared absorption 
spectra of GO, pure polyamide and GO@polyamide were obtained by 
Fourier transform infrared spectrometry (FTIR, Thermo Nicolet 8700), 
and the test range was 4000–500 cm-1. The 1H NMR spectra of poly-
amide and GO@polyamide at 500 MHz were characterized on a mag-
netic resonance hydrogen spectrometer (1H NMR, Bruker, AVANCE III 
HD spectrometer), and deuterated dimethyl sulfoxide (DMSO‑d6) as the 
1H NMR solvent was used. The addition of graphene oxide to the 
polyamide was verified by a laser confocal Raman microscope (LabRam 
HR800). The thermal stability of pure polyamide and GO@polyamide 
was determined by thermogravimetric analysis (TGA, Netzsch Corpo-
ration). Qualitatively, the nitrogen flow rate was 25 ml⋅min-1, and the 
temperature test range was 30–800 ◦C. The membrane morphologies 

Fig. 1. Synthesis procedure of polyamide@GO  
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were determined by scanning electron microscopy (FE-SEM, Hitachi- 
4800). 

2.5. Molecular dynamic simulations 

Simulation of pure polyamide and mixed matrix GO@polyamide was 
conducted by Materials Studio software [19]. The interactions between 
atoms in the membranes were optimized using the COMPASS force field, 
and a 21-step method was used for the dynamic equilibrium calculation. 
Ten repeated units, shown in Fig. S2, were used to construct the models 
of pure polyamide and GO@polyamide in the amorphous cell; the 
number of chains and the number of GO sheets are shown in Table S1, 
and the initial density was set to 0.001 g/cm3. After balance calculation, 
the simulation parameters and models are shown in Table S1 and 
Fig. S3, which shows that with the incorporation of GO, the volume 
gradually increases and the density decreases, indicating that the addi-
tion of GO can reduce the stacking density of polyamide, and more free 
volume can thus be obtained, resulting in higher permeability. 

2.6. Measurements of membrane performance 

The membrane separation performance for separating nitrogen and 
VOCs was determined according to the method reported in our previous 
work [18]. The feed flow rate was 2 L/min. The effective membrane area 
was 12.56 cm2. The gas flux(Ji, L/(m2⋅h)) through the membrane is 
measured by a soap bubble flowmeter and a stopwatch and calculated by 
the formula: 

Ji =
Vi

At
(1) 

The permeability coefficient of component i is calculated by the 
calculation formula: 

Pi = l ×
Ji

δP
×

273.15
T + 273.15

×
p0

76
(2) 

In the calculation formula, Vi is the gas volume permeating the 
membrane at room temperature, A is the effective membrane area,t is 

the time, Pi is the gas permeability in Barrer (1 Barrer = 10− 10 cm3(STP)⋅ 
cm/(cm2⋅s⋅cmHg),ΔP is the transmembrane pressure difference of 
component i, T is the temperature and l is the selective membrane layer 
Thickness, P0 is the upper stream pressure. 

The VOC retention(R) was calculated by the calculation formula: 

R=(
Cf − Cp

Cf
) × 100% (3) 

In the calculation formula, Cp is the test concentration of VOC on the 
permeate side, and Cf is the test concentration of VOC on the feed side. 

3. Results and discussion 

3.1. In situ polymerization of GO with polyamide 

Graphene oxide contains oxygen functional groups such as alcohols 
and carboxylic groups [12], which can react with monomeric acyl 
chloride [20]. Therefore, a polyamide@GO mixed matrix polymer can 
theoretically be synthesized when GO sheets are added to the polyamide 
synthesis solution. To characterize the presence of oxygen functional 
groups on GO, XPS characterization of GO was first conducted, which is 
shown in Fig. 2. 

Fig. 2(a) shows the presence of oxygen on the GO sheet, and the ratio 
of O/C is 3/7, as shown in Table S2. Moreover, Fig. 2(b–d)) clearly 
shows the presence of hydroxyl (-OH stretching vibration: 3398 cm− 1, 
–OH bending vibration: 1372 cm− 1 and C–O vibration of C–OH: 1233 
cm− 1), carboxyl (C––O stretching vibration: 1731 cm− 1), and epoxy 
(C–O stretching vibration: 1074 cm− 1) groups [10,21,22], which make 
the reaction of GO with acyl chloride possible in the polyamide synthesis 
solution. Fig. S4 shows digital pictures of the reactions of GO with acyl 
chloride, acyl chloride with 3a, GO + acyl chloride with 3a, and acyl 
chloride+3a with GO, which clearly shows that the polyamide@GO 
polymer can be synthesized. A color change in the polyamide can be 
observed with the increasing incorporation of GO, as shown in Fig. 3 and 
Fig. S5. Higher GO contents resulted in a darker color because of the 
darkness of GO. 

Fig. 2. Characterizations of GO: a) XPS spectra of GO, b) C1s spectra of GO, c) O1s spectra of GO, d) FTIR spectra of GO.  
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3.2. Characterizations of PA@GO polymers 

Fig. 4 shows the FTIR spectra of GO, mixed polyamides and pure 
polyamide. The peaks at approximately 1660 cm− 1 and 3294 cm− 1 

belong to the stretching vibration of the C––O band and the symmetrical 
stretching of the N–H band in the amide group, respectively. The N–H 
band of amide II and the C–N band of amide III shown at 1602 cm− 1 and 
1417 cm− 1, respectively, indicate the formation of polyamide. 
Furthermore, comparing pure polyamide and PA@GO mixed polymer, 
similar FTIR spectra can be observed, suggesting that the addition of GO 
does not greatly affect the polymerization reaction during the process of 
in situ polymerization of GO and polyamide because the carboxylic acid 
groups on GO can also react with 3a to form amide groups. The bands at 
2855 cm− 1 and 2930 cm− 1 are ascribed to symmetric stretching vibra-
tions and antisymmetric stretching vibrations of CH, respectively, which 
are mainly from the alkyl acyl chloride monomer. The band of free 
primary amine at 3400 cm− 1 in the synthesized polymers indicates the 
presence of unreacted primary amines, which may be further reacted 
during the membrane-forming process [19]. 

As shown in the FTIR spectra, the characteristic absorption band of 
GO, the stretching vibration of an aromatic sp2 carbon bond, is at 
approximately 1630 cm− 1 [10], but it is not detected in the synthesized 
PA@GO polymer. This result may occur because of the small amount 
added. Raman characterization was thus used, which is shown in Fig. 5. 
The G band and D band of GO are clearly observed on the GO and 
PA@GO polymers at 1594 cm− 1 and 1351 cm− 1, respectively [22]. For 

pure polyamide, there is no G band or D band, indicating the successful 
incorporation of GO in the synthesized polymers. Furthermore, the D 
band derives from structural imperfections because of the presence of 
oxygenated functional groups such as carboxyl groups on the GO sheet 
[21]. Fig. 5 shows that the intensity of the D band of GO in polyamide 
decreases compared to that of free GO, suggesting that some oxygenated 
functional groups on the GO sheet react during the synthesis processes, 
leading to a decrease in the intensity of the D band. This phenomenon 
indirectly supports the in situ polymerization of GO with polyamide in 
this work. 

Fig. 6 shows the X-ray diffraction profiles of GO, pure polyamide and 
PA@GO polymers, which is similar with the simulated XRD spectra, 
suggesting that the simulated model is reasonable. All polymers show 
typical amorphous structure. The characteristic peak of GO is observed 
at approximately 2θ = 9.8◦, corresponding to a d-spacing of approxi-
mately 8.91 Å, and this peak does not appear in the PA@GO polymers 
owing to its low content. When GO was incorporated into the polyamide, 
the half-peak width was broadened, and the peak intensities were also 
low compared to those of pure polyamide, suggesting that the 

Fig. 3. Digital picture of polyamide@GO polymers with different GO contents.  

Fig. 4. FTIR spectra of PA@GO polymers and GO.  

Fig. 5. Raman spectra of GO, pure polyamide and PA@GO polymers.  

Fig. 6. XRD spectra of GO, pure polyamide and PA@GO polymers.  
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incorporation of GO sheets in the polyamide affects the stacking of 
polyamide chains and increases the amorphous phase and the average 
interlayer spacing. This is also consistent with our previous work 
showing that incorporation of fillers can reduce the crystallinity of the 
polymer because polymer chain stacking is disrupted and a larger 
amount of amorphous domains can thus be formed [23,24]. With 
increasing amorphous domain, a high BET surface area and lower den-
sity, as shown in Figs. S7 and S8, can be seen. 

Fig. 7 shows the 1H NMR spectra of pure polyamide and PA@GO 
polymers. The resonance peak at 12 ppm is ascribed to the hydrogen in 
the –COOH group [25], which derives from the hydrolysis of unreacted 
acyl chloride during the washing procedure of the polymer synthesis 
process. The peaks at 9.7 ppm can be assigned to the amino hydrogen. 
The presence of aromatic hydrogen at 7–8 ppm and the methylidyne 
bridge hydrogen of triptycene at 5.5 ppm can be seen. The hydrogen in 
methylene of alkane acyl chloride is observed at 1–3 ppm, verifying the 
polymerization of triaminotriptycene and alkane acyl chloride. 
Furthermore, the comparison of 1H NMR spectra of pure polyamide and 
PA@GO polymers reveals that the incorporation of GO did not affect the 
formation of polyamide. 

Thermal stability is a critical factor that can reflect the structural 
stability of polymers [26]. Therefore, TGA of pure polyamide and 
PA@GO polymers was conducted as shown in Fig. 8, and the slight 
weight loss during 300 ◦C–425 ◦C may be ascribed to the degradation of 
side groups or the vaporization of bound water or residual solvent in the 
polymers [26]. After approximately 425 ◦C, a rapid weight loss occurs 
owing to the decomposition of the polymeric backbone, suggesting good 
thermal stability. Moreover, a high GO content also results in a high 
residual weight, indicating that crosslinking between GO and monomers 
occurs because increasing the crosslinking degree leads to an increase in 
the residual weight [27]. 

3.3. Separation performance 

According to the above characterizations, GO was confirmed to have 
reacted in situ in polymers to form PA@GO polymers that were fabri-
cated into membranes. Their SEM images are shown in Fig. 9. Dense and 
smooth surfaces can be seen, indicating the good dispersion of GO 
dispersed in the mixed matrix membranes. Based on cross-sectional 
images, the boundary of the selective layer and substrate is clear, indi-
cating little intrusion of polyamide into the porous substrate. This 
indirectly proves that in situ incorporation of GO in the polyamide did 

not affect polymerization of polyamide, and good membrane solution 
viscosity can still be obtained. Higher separation performance can thus 
be obtained, as shown in Fig. 10. 

It is shown that under a flux of 60 L/m2 h, a higher GO content en-
hances the permeation of nitrogen because of the increasing amorphous 
domain in the GO-added mixed polymers discussed in the XRD charac-
terization. Simultaneously, Figs. S7 and S8 also show that with 
increasing GO content, the BET surface area increases and the mem-
brane density decreases. More transporting channels were thus available 
for smaller molecular nitrogen permeation through the membrane, 
which is also consistent with the simulation of mean square displace-
ments (MSDs), as shown in Fig. 11. It has been reported [19,23,28] that 
a higher slope or displacement in the MSD curve means higher molec-
ular mobility, and higher permeability can thus be observed. For 
rejection, the rejection for all membranes is good because the synthe-
sized membrane follows a molecular sieving mechanism, while the ki-
netic diameter of cyclohexane is higher than that of nitrogen, leading to 
a lower number of channels or pathways in the membrane for cyclo-
hexane, as shown in Fig. S9. The highest value at 0.3 wt% was observed, 
even though the membrane flux increased to 120 L/m2 h and 180 L/m2 

h, as shown in Fig. S10. This is because the GO interlayer distance ob-
tained from XRD is approximately 0.89 nm, which ideally favors the 
transportation of both nitrogen and cyclohexane. However, due to the 
hydrophilic property of GO, hydrophobic cyclohexane is blocked to a 
certain extent, leading to an increasing rejection with increasing GO 
content. However, when excessive GO content is added to the poly-
amide, aggregation of GO may occur in the same parts of the membrane, 
resulting in the formation of nonselective voids. Higher permeability 
and lower rejection can thus be observed. Simultaneously, similar re-
sults can be obtained by the analysis of the simulated fractionally 
accessible volumes of the four polyamides shown in Fig. S11. 

Based on Fig. 10, we can see that when the GO content is 0.3 wt%, 
the highest rejection can be obtained for the in situ synthesized poly-
amide@GO membrane. Therefore, this GO content was used for the 
fabrication of a mechanical mixed membrane, and the comparison of 
separation performance for the pure polyamide membrane, in situ syn-
thesized polyamide@GO membrane and mechanically mixed poly-
amide + GO membrane is illustrated in Fig. 12. The lowest rejection for 
the mechanically mixed polyamide + GO membrane is obtained owing 
to the aggregation of GO sheets, as shown in Fig. S12; this figure shows a 
rough surface and cross-section instead of a smooth surface because if 
the GO sheets form aggregates and cannot uniformly disperse in the 
matrix mixed membrane, a rough surface can thus be formed. 

Fig. 7. 1H NMR spectra of pure polyamide and PA@GO polymers.  

Fig. 8. TGA curves of pure polyamide and PA@GO polymers.  
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Simultaneously, although incorporation of GO sheets can also affect 
staking of polymer chains, increasing the amorphous domains, as shown 
in Fig. S13, the half-peak width is wider than that of pure polyamide. 
The broader the half-peak width is, the higher the amorphous domain 
[29]. Therefore, a higher permeability than that of pure polyamide can 
be obtained. However, due to the aggregation of GO sheets in the me-
chanically mixed polyamide + GO membrane, nonselective voids may 
be formed, leading to lower rejection. Fig. S13 also shows that the 
d-spaces of the mechanically mixed polyamide + GO membrane are also 
higher than those of the other two membranes due to the expansion of 
polymer chains by the aggregated GO, weakening the rejection for the 
separation of the cyclohexane/nitrogen mixture. 

4. Conclusions 

In this work, a polyamide@GO mixed matrix polymer was success-
fully synthesized by an in situ polymerization method, which was easily 
fabricated into a membrane by a solution coating method. The reactions 
between 2,6,14-triaminotriptycene, octanedioyl chloride, and GO were 
first studied and confirmed. Different characterization methods, such as 
Raman, and TGA, were conducted, and the results showed the successful 
incorporation of GO in the polyamide. The optimal GO content in the 
polyamide was investigated, and the results showed that the addition of 
GO affects the efficient stacking of polyamide chains instead of 

Fig. 9. SEM images of pure polyamide and PA@GO polymers (upper row: surface; lower row: cross-section).  

Fig. 10. Effect of GO content on the membrane performance for the separation 
of nitrogen/cyclohexane mixture (Feed concentration 30000 ppm ± 1500 ppm, 
temperature 25 ◦C, flux 60 L/m2h). 

Fig. 11. MSD of nitrogen in pure polyamide and PA@GO polymers.  

Fig. 12. Comparison of separation performance for pure polyamide membrane, 
in situ synthesized polyamide@GO membrane and mechanical mixed poly-
amide + GO membrane (Feed concentration 30000 ppm ± 1500 ppm, tem-
perature 25 ◦C, flux 60 L/m2h). 
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polyamide polymerization. When the GO content was 0.3 wt%, the 
fabricated polyamide@GO membranes showed the highest separation 
performance for the separation of the 3000 ppm ± 1500 ppm cyclo-
hexane/nitrogen mixture. Molecular dynamics simulations were also 
conducted to show that incorporation of GO can enhance the movement 
of nitrogen in the membrane due to the increased fractional free volume, 
and high permeability can thus be observed for the polymaide@GO 
membrane. Finally, the comparison of polyamide@GO, polyamide +
GO, and pure polyamide membranes in the separation of cyclohexane/ 
nitrogen mixtures was investigated, and the results showed that the in 
situ synthesized polyamide@GO membrane exhibited the highest sep-
aration performance. These results confirmed the advantages of in situ 
polymerization: the filler can be uniformly dispersed in the polymer 
bulk, and the polymer-filler interface adhesion problem can also be 
overcome. It is expected that the in situ polymerization method will be a 
good alternative method for future MMM development. 
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