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ABSTRACT 

 

In a one-pot step polymerization, epoxy nanofiltration membrane were made utilising a diamine 

and a diepoxide. These membranes were stable in organic solvents and were utilised for 

dichloromethane chemical partings. In chemical partings, the epoxy membrane exhibited high 

selectivities of above 100:1. The membrane's selectivity was improved by adding a triepoxide to 

the polymerization process to enhance cross-link density. For specific chemical partings, 

optimization of the membrane improved selectivity up to 250:1. 

Epoxy membrane are also the first stimulus-responsive membrane that rely on a disulfide-bond 

mechanism. When exposed to a chemical stimulu, the labile disulfide bond is broken, cleaving the 

cross-links inside the membrane and increasing pore size. Before and after a chemical stimulation, 

the flow and selectivity of substances across the membrane were regulated. The membrane were 

used to generate three-purity enhanced fractions from a three-component mixture in a 
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multicomponent chemical separation. The purity of compounds increased from 33% to 82 percent, 

with retrieval yield reaching 88 percent. 

 

The construction of novel epoxy nanofiltration membrane that are extremely discerning in 

chemical partings is described in this thesis, demonstrating their potential to contend with 

traditional separation methods. Epoxy membrane are also utilised in industrial settings and may 

provide a solution for multicomponent chemical separation, which is a difficult issue for existing 

manufacturing membrane to solve. 

 

INTRODUCTION 

Organic Solvent Nanofiltration 

 

A layer is distinct as a situation that can isolate two substances from one additional, and experts 

learning films more than a period since exclusive aptitude to distinct manmade molecules. Layer 

science has grown in popularity throughout time, since it encompasses a broad range of film 

designs, packaging, and wall types. Water desalination1, dynamic drug fixing (API) purification2, 

and different gas partings3 are all mechanical partitions that movies are responsible for. In this 

phase, I'll focus on improving responsive layers and natural dissolvable nanofiltration (OSN), two 

lesser-known but rapidly growing areas in layer technology. OSN is made up of a department of 

manufactured compounds with atomic weight fluctuating from 100 to 1,000 g mol-1, which are 

operated on by herbal solvents. Development responsive movies are essential for all other ages of 

responsive materials, and those layers may alter their physical and division houses as a result of an 

outside improvement. This section will help as a short overview to each manage, cover some of the 

most significant twists of events and applications, as well as some of the most recent compounds 

and helpful gatherings. 

The Membrane of Loeb-Sourirajan 

Perhaps the most significant breakthrough happened in devised a technique for producing roughage 
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acetic acid derivation films free of critical flaws. 

These layers are created using a level reversal technique, as shown in Figure 1. 

A combination of CH3)2CO, water, and magnesium perchlorate is mixed with cellulose acetic acid 

and cast on a glass plate. The film is decreased shower to border the layer via rainfall after allowing 

the CH3)2CO to vanish for a set time frame length. Because the film's apex layer comes into touch 

with water, cellulose acetic acid derivation promotes rapid formation of a thick. The polymer 

hastens step by step under the pores and epidermal layer, forming the porous foundation of the 

film. The thickness of the skin layer determines how short synthetics penetrate, and this layer is 

frequently responsible for movie selectivity. Artificial chemicals soak freely with almost no 

hindrance (depending on their length) inside the permeable foundation of the film, and this residue 

also serves as the film's primary support. Cellulose acetic acid derivation films have been 

successfully used in a desalination cycle, with a 99% expulsion rate of disintegrating Na+ and Cl-

particles in water. Many people remember this as the advance that led to the of anti-assimilation 

films. Most OSN movies are now produced using a degree reversal method, such as Loeb- 

Sourirajan's, and are referred to as critically cleaned awry layers, or anisotropic layers.. 
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Figure 1. 1. polymer membrane  

 

Sourirajan proposed the first application of membrane within the separation of natural solvents 

round a yr after his pioneering work in production disorder-unfastened cellulose acetate 

membrane6. The Loeb-Sourirajan method become utilised to fabricate cellulose acetate and 

polyethylene membrane, which have been used to divide combos of xylene and n-heptane, xylene 

and ethanol, or ethanol and n-heptane. as an alternative, the permeate of every combination turned 

into amassed with extra than ninety% purity, and within the case of a 1:1 combination of xylene 

and ethanol, the permeate have become enriched in xylene with up to 98.five percentage purity. 

Sourirajan posted a paper in 1983 on using cellulose acetate membrane to break up natural and 

inorganic solutes in methanol7. The penetration of the solute thru the membrane and the Stoke 

radius of the solute have been proven to be relatively correlated in this have a look at. The greater 

the solute's Stoke radius, the much less probably it changed into to penetrate the membrane. 

Sourirajan's groundbreaking paintings has sparked the increase of the region of OSN,which is now 

being used in a variety of industrial projects and is starting to gain widespread acceptance. 

Diffusion and Pore-flow Models In the 1980s, there were significant advancements in mass 

shipping models, resulting in a better knowledge of how chemical substances pass across a 

membrane. Chemical compounds must first diffuse into a go-connected polymer membrane, bodily 

and go-hyperlinks in the membrane. The holes inside a membrane are the spaces amoung the 

biological and chemical cross-hyperlinks bureaucracy. The solution-diffusion model8 and the pore 

glide model9 are the two most often used mass shipping models in OSN and membrane research. 

Each fashion follows a basic mathematical equation like the one below (Equation 1). 

 

The assumptions about what utilising force controls the permeation of chemical substances vary 

amoung the solution-diffusion model and the pore-flow model. The solution-diffusion model 

implies that the membrane's strain gradient is uniform and that the attention gradient is the only 
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driving force governing chemical flow across the membrane. The equation and derivations may 

become fairly complex, however the solution-diffusion version is described by Fick's rule, which is 

given in equation 2. 

 

 

The mathematical descriptions of each design are identical, but the which typically have pore 

diameters of one.5 nm or more. The majority of nanofiltration membrane are in the middle range, 

with holes ranging from 0.five to ten microns. 

1.5 nm, and it is extensively recognised that such membrane are thick nor merely microporou, and 

that they no longer accurately observe one or the other. However, owing to the difficulty of 

integrating both models, most researchers choose one or the other to explain chemical substance 

flow across the membrane, and the solution-diffusion model often corresponds well with new result 

in organic solvent nanofitration. 
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Figure 1. 2. different types of chemicals  

Materials Used in Organic Solvent Nanofilteration 

 

Natural polymer are the most often utilised material in the production of OSN membrane (Fig 

1.three). The large number of easily produced or commercially available natural polymers offers 

with exact characteristics for key factors like as selectivity, permeability, and mechanical energy. 

Srinivasa Sourirajan developed the first polymeric OSN membrane from cellulose acetate, and it 

was utilised to separate different combinations of made up of cross-linked polymers. The gap amid 

the bodily and chemical cross-hyperlinks defines the holes in the polymer membrane. Membrane 

constructed of polymers are very high-quality due to their simplicity of fusion and ability to scale 

up to commercial levels. However, owing to ageing and compaction, polymer membrane see 

significant reductions in their permeability residences over time, finally to the point that nothing 

passes through the membrne11. 
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Figure 1. 3. Some common organic and inorganic materials  

 

Some researchers have resorted to inorganic materials for OSN membrane to address this problem. 

Inorganic materials are less likely to be compacted and have a crystalline structure with well-

defined pores (Fig 1.3). This is in contrast to polymeric membrane, which allow the polymer chains 

to move about freely, resulting in polydisperse pore diameters. examples of inorganic materials 

used to construct membrane, but they are difficult to deal with more research in the manufacturing 

of inorganic membrane is required. 

Organic Solvent Nanofiltration's Applications 

Dewaxing using a Solvent Lubricant 

Gould et al. released a seminal article in 2001 describing For the safe and effective functioning of 

heavy equipment, trucks, and pumps, lubricants are critical. 
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The manufacture of lubricants, on the other hand, is a costly and energy-intensive process that 

necessitates the use of organic solvents and distillation for ultimate purification. It's necessary to 

separate a combination of paraffin wax, lubricating oil, and organic solvent (Fig. 1.4a). Distillation 

is used to separate the organic solvents from the lubricant during the manufacturing process, 

shadowed by a refrigeration phase to recuperate the solvent. In the lubrication manufacturing 

process, Gould et al. used polyimide membrane to distinct the organic solvent from the lube oil, 

which had a substantial effect on prices, energy consumption, water usage, and lubricant output 

(Fig. 1.4b).  

 

 

 

 

Figure 1. 4. a) A conventional set-up for solvent lube dewaxing. b) Solvent lube dewaxing with an 

OSN membrane.  

HIGHLY CROSS-LINKED EPOXY NANOFILTRATION MEMBRANE FOR THE 

SEPARATION 

Chemical separation are an essential factor of the chemical industry, accounting for up to 70% of a 

chemical plant's electricity fees and about 6% of the whole strength used by the chemical industry 

inside the United States99-100. Distillations and column chromatography – which entails disposing 

of a flush through heating – are well-developed strategies, however they may upload a large 
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amount of rate to a purification and generate massive portions of waste within the form of silica gel 

and solvent. those methods are powerful. 

 

heat-sensitive molecules, people with, or those with a boiling point near an impurity, are difficult to 

use. Membrane partings require little electricity, may be done at room temperature, are reasonably-

priced, and can be scaled up speedy. while compared to distillation, membrane techniques may 

additionally decrease our carbon footprint by as much as 50%17. currently, membrane are 

employed to split gases3, liquids101, proteins102, and viruses103. numerous membrane that may 

separate gases and drinks with low boiling factors were membrane are used to separate compounds 

with molecular weights starting from a hundred to 1,000 g mol-1. because of their tiny sizes and 

conformational flexibility, which reasons molecules to anticipate more than a few configurations 

and dimensions, those compounds are difficult to separate the usage of a membrane. Many 

compounds within the chemical industry have molecular weights of one hundred to 1,000 g mol-1, 

consequently membrane-primarily based purification strategies might be reasonably-priced. We 

provide a series of OSN polymeric membrane primarily based on polyepoxies with adjustable 

porosities that can be utilised to split a diffusion of natural compounds in this bankruptcy. these 

membrane are the first to natural compounds, huge progress inside the location of OSN5 has been 

done. OSN membrane can purify mono and oligosaccharides108, separate organometallic catalysts 

from response products51, 55, maintain highly-priced phosphine ligands107, get rid of genotoxins 

from lively medicinal ingredients27, and isolate organometallic catalysts from reaction products51, 

fifty five. Many partings described inside the literature are amoung molecules with tremendous 

molecular weight differences alternative. Because molecules with comparable molecular weights 

may additionally have comparable flow, those giant discrepancies are required for a hit partings.  

 

Finally the marker enzyme assays were performed to check the purity of the obtained membrane 

and cytoplasmic fractions. Described in general methods section. Glucose-6- phosphate 

dehydrogenase (G6PD) and nitrate reductase were used as cytoplasmic and membrane marker 

enzymes and measured their activity to ascertain their purity. The obtained membrane pellet was 
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suspended in 10ml of 20mM sodium phosphate buffer pH 7. 4. (150mM NaCl, 5% glycerol). After 

suspension the amount of protein present in membrane fraction was estimated and the isolated 

membrane was dissolved by adding DDM (n-dodecyl β-D-maltoside) to a final concentration of 

10mg of DDM/5mg of protein. Membrane proteins were solubilized by incubating the contents at 

4°C for 1hr with a constant rotation. The solubilized membrane fraction was centrifuged 40,000 

rpm for 1 hour to remove lipids and protein aggregates. The clear supernatant containing dissolved 

membrane proteins were taken for further purification. The protein concentration and OPH activity 

were assayed both in the pellet and supernatant fractions and the process was repeated till the 

complete OPH activity is found in supernatant fraction. The obtained solubilized membrane 

fraction (5mg/ml) was incubated with anti-OPH antibodies coupled A/G agarose beads and left 

overnight with head-to-head rotation at 4°C. After incubation the contents were centrifuged at 

3000g to sediment anti-OPH protein A/G agarose beads. The beads were washed 3-4 times with 

20mM SPB pH 7.4, (150mM NaCl, 5% glycerol) and the bound OPH was eluted by 1ml of 0.1M 

glycine-HCl pH 2.2. The eluted OPH was immediately neutralized by adding 100μl of 100mM 

Tris-HCl pH 9.0. The eluted fractions were concentrated by using amicon centrifugal filter unit 

(10kDa cut off) (Merck, India) and analysed on BN-PAGE and the purified OPH complex was 

precipitated by adding 250μl of ice cold (1:0.5) methanol/chloroform and proteins were analysed 

on Tricine SDS-PAGE. 

 

Blue Native PAGE was performed to further ascertain the molecular weight of the complex. The 

OPH complex was purified by using the protocol described earlier.  

 

Tricine-SDS PAGE was performed according to the protocol described elsewhere(Schagger et al., 

2006). A gradient Tricine-SDS PAGE containing 10% to 16% resolvinggel and 4% stacking gel 

was prepared by using stock solution containing 48% of acrylamide, 1.5% bis-acrylamide in 3x gel 

buffer (3M Tris HCl, 0.3% SDS, pH 8.45)glycerol (10%) was used in preparation of resolving gel. 

After polymerization, the gels were placed into the buffer tank with the electrode assembly and 

filled initially with cathode buffer containing 100mM Tris-HCl, 100mM Tricine, and 0.1% SDS, 
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pH 8.25. The protein samples were loaded into the wells of the stacking gel along with a molecular 

weight marker. After loading the samples, the tank was filled with anode buffer containing 100mM 

Tris-HCl, pH 8.9. The whole electrophoretic setup was maintained at 4°C and running conditions 

were maintained at a voltage of 50V. The gel was fixed using 50% methanol, 10% acetic acid; 

stained and visualized using Proteo Silver, silver stain kit (Sigma-Aldrich, India). 

Fabrication of the E-5361 Membrane on a Solid Support 

To eliminate air bubbles produced by mixing, a mild vacuum was applied to the vial. The monomer 

solution (1.5 mL) was applied to a PZ flatsheet membrane square of 12.5 cm × 12.5 cm. Next to the 

membrane was a tiny beaker of DMF (10 mL). To saturate the environment with DMF, a glass 

cover was put over the membrane and the beaker of DMF. The reaction took 48 hours to complete 

at room temperature. 

Fabrication of the E-5161 Membrane on a Solid Support 

Membrane E-1 Fabrication with a Solid Support 
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Figure 2. 11. SEM micrograph of the top view of polyester fibers. 

 

 

Figure 2. 12. SEM micrograph of the top view of polyacrylonitrile solid support layer. 

 

 

Figure 2. 13. SEM micrograph of the top view of membrane E-5 fabricated on the polyacrylonitrile 

solid support. 
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Figure 2. 14. SEM micrograph of a cross-section of membrane E-5 to examine the surface 

roughness. 

 

 

Figure 2. 15. SEM micrograph  
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Monitoring the Amine-epoxide Reaction by FT-IR Spectroscopy 

In the experimental part of the article, the method for obtaining FT-IR spectra of the membrane 

was detailed. The FT-IR spectra of membranes E-5361, E-5161, E-6, and E-1361 are shown here. 

For the course of the experiment, the identical location on a NaCl salt plate was examined in each 

picture. The disappearance of the epoxide peaks at 910 cm-1 and 860 cm-1 is monitored in these 

studies to determine the extent of the interaction amoung amines and epoxides.-1 (Figures 2.16-

2.19). 

 

 

 

 

Figure 2. 16. FT-IR spectrum for membrane E-5361. 
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Figure 2. 17. FT-IR spectra for membrane E-5161. 
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Figure 2. 18. FT-IR spectra for membrane E-6. 
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Figure 2. 19. FT-IR spectra from membrane E-1361. 

Permeation of Chemicals through PZ Flat Sheet Membrane (solid support) 

 

The peptide finger print of 17kDa protein (Fig. 3. 9. Panel-I) has perfectly match with the mass 

fingerprint pattern of outer membrane porin OmpW encoded by the genome of 

Sphingobium fuliginis. The Mascot score of 367 (Fig. 3. 9. Panel III) clearly indicate that the 

comparative data generated is beyond error zone. In order to gain further identity of the17kDa 

protein, the MS/MS analysis was done to the prominent peaks identified in the massfingerprint 

profile (Fig. 3. 9. Panel IV). The sequence of the peptides generated throughMS/MS analysis was 

then matched with the sequence of the protein, identified usingpeptide mass fingerprint. The 

peptide sequences have perfectly matched at the differentpositions of the outer membrane porin 

OmpW of the Sphingobium fuliginis ATCC 27551(Fig. 3. 9. Panel V). Based on the peptide 

fingerprint pattern and sequence identity between OmpW and the sequence generated for the 

selected peptides, the identity of 17kDa OPH associated protein was established as outer membrane 

porin OmpW each pattern acquired 0.four mL of zero.023M tetraethylene glycol dissolved in 

DCM, and the solvent became eliminated via evaporation. The samples were tested the usage of 1H 
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NMR spectroscopy to determine the chemical concentrations on both aspects of the membrane 

(desk 2.five). The findings suggest that the stable aid has no selectivity for the three compounds 

that have been evaluated in this take a look at. 

The peptide fingerprint of 14kDa protein (Fig. 3. 10. Panel I) has perfectly match with the mass 

fingerprint pattern of energy transducing component ExbD encoded by the genome of 

Sphingobium fuliginis. The Mascot score of 364 (Fig. 3. 10. Panel-III) clearly indicate that the 

comparative data generated is beyond error zone. In order to gain further identity of the 14kDa 

protein, the MS/MS analysis was done to the prominent peaks identified in the mass fingerprint 

profile (Fig. 3. 10. Panel IV). The sequence of the peptides generated through MS/MS analysis was 

then matched with the sequence of the protein, identified using peptide mass fingerprint. The 

peptide sequences have perfectly matched at the different positions of the energy transducing 

component ExbD of the Sphingobium fuliginis ATCC 27551 (Fig. 3. 10. Panel V). Based on the 

peptide fingerprint pattern and sequence identity between ExbD and the sequence generated for the 

selected peptides, the identity of 14kDa OPH associated protein was established as ExbD. 

 

SEPARATION OF SATURATED FATTY ACIDS AND FATTY ACID 

 

Short, medium, and long n-alkyl chains are used in the composition of various fuel types such as 

gasoline, jet fuel, and petrodiesel, respectively. Membrane provide a potential and environmentally 

friendly alternative to distillation, which is both costly and energy intensive17. The Beaumont 

refinery of ExxonMobil was one of the most effective instances of OSN membrane installation. 

During the refinement of lubricating oil, the membrane were employed to recover solvent. The 

membrane are expected to save the plant 20,000 tonnes of greenhouse gas emissions per year, 4 

million gallons of cooling water per day, 200 tonnes a 20 percent reduction in process energy 

intensity16, 150. 

Biodiesel is growing more popular as a high-quality on-road fuel in the United States, with output 

exceeding 4 billion gallons since 2014151. When compared to petroleum diesel, proven to lower 

gas such as CO2, NOx, hydrocarbon emissions, and particulate matter152-153. Despite being a 
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popular alternative fuel source with many advantages, purifying. 

 

This shows that these partings have the potential to be useful in industry.. 

 

 

Figure 3. 1. a) An example of the reaction amoung a diamine and a diepoxide  

 

Experimental 

Fatty Acid Permeation Across an Epoxy Membrane in a Diffusion Apparatus 

 

Since iron acquisition is an important physiological event, the tonB dependent transport system 

involving in iron acquisition process is very well characterized in E. coli and certain other gram-

negative bacteria. The siderophore enterobactin after binding to ferric iron complexes with TonB 
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dependent receptor by interacting with substrate binding domain identified as part of N-terminally 

located plug domain. The ferric-enterobactin binding to N-terminal plug domain is released into 

periplasm by using energy transduced from cytoplasmically located ExbB, ExbD and TonB 

complex. The ferric-enterobactin released into periplasm need to be hydrolysed to facilitate the 

release of iron bound strongly [3.03 E-05 KD (M)] to the enterobactin. A periplasmically located 

esterase hydrolyses cyclic ferric-enterobactin to generate linear trimer of 2, 3-

Dihydroxybenzoylserine or its dimer or monomeric form. Such hydrolysis of enterobactin 

facilitates release of iron from the ferricenterobactin. The data generated in this chapter clearly 

indicates existence of OPH as part of TonB dependent transport components. The physiological 

relevance of such association is unknown. OPH is a known triesterase. It hydrolyses third ester 

linkage found in OP compounds such as insecticides and nerve agents The samples were examined 

using 1H NMR spectroscopy to determine the chemical concentrations on both sides of the 

membrane. 

Considering its extraordinary catalytic efficiency the OPH is shown to have evolved from quorum 

quenching lactonases in response to OP insecticide residues accumulated in soil. In support of this 

proposition a weak lactonase activity was also identified in OPH. (Afriat et al., 2006). If this 

triesterase and lactonase activities of OPH are examined together with its association with TonB 

dependent receptor, it prompts to make the following observations. Since OP insecticides are more 

than 600Da, the Sphingobium fuliginis must be using TonBDT system for transport of OP 

insecticides into periplasmic space. Once transported in to periplasmic space, due to triesterase 

activity of periplasmically located OPH, it is hydrolysed to generate inorganic phosphate pool, to 

be transported into cytoplasm. Alternatively, it can also promote iron acquisition process by 

hydrolysing triserine lactone ring, due to its lactonase activity, to facilitate release of iron strongly 

bound to enterobactin. In order to gain better insights in to the aforementioned propositions further 

experiments were conducted and the inferences drawn were described in subsequent chapters of 

this dissertation. 

 

FAMEs Permeation Across a Membrane in a Diffusion Apparatus 
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Amoung two glass containers, an epoxy membrane was clamped. 0.17 mL methyl laurate 

This size of native OPH complex as determined by BN-PAGE (4-16%) was approximately 292kDa 

(Fig. 3. 4. Panel A). The purified OPH complex was initially analysed on gradient Tricine-PAGE 

(10-16%) by running electrophoresis till bromophenol blue reached the bottom of gel (Fig. 3. 4. 

Panel C). A number of well resolved bands have separated on Tricine-PAGE (Fig. 3. 4. Panel C). 

However in these gels proteins with higher and lower molecular weights were not properly 

resolved (Fig. 3. 4. Panel C). Therefore electrophoresis was performed for longer duration (1hour 

45 min at 150volts) to achieve clear resolution of higher molecular weight proteins (Fig. 3. 5. Panel 

A). Similarly a shorter electrophoretic separation was done (45 min at 150volts) to get proper 

resolution of lower molecular weight proteins (Fig. 3. 5. Panel B). The purified complex analysed 

on gradient Tricine-PAGE (10- 16%) (1hour 45 min at 150volts) gave clear resolution of high 

molecular weight proteins and indicated existence of 85kDa, 52kDa, and 36kDa as part of OPH 

complex (Fig. 3. 5. 

Panel A).The lower molecular weight proteins were resolved for 45 min at 150volts on 12. 5% 

Tricine-PAGE shown in fig. 3. 5. panel B, gave bands with a molecular mass of 25kDa, 17kDa, 

and 14kDa. The OPH complex was purified twice from the independently grown cultures. The pure 

OPH complex was then resolved on Tricine-PAGE to assess consistency in OPH associated 

proteins. Interestingly there was consistency with the OPH associated protein profile. 

 

°C min-1 °C min-1 °C min-1 °C min The oven was then heated at 30 °C min-1 from 230 °C to 270 

°C, then maintained at 270 °C for 3 minutes. This experiment was replicated with the shorter chain 

length FAMEs methyl butyrate, methyl hexanoate, methyl octanoate, and methyl decanoate at the 

same doses. Due to the lower boiling temperatures of certain FAMEs, the GC-MS input conditions 

were somewhat altered. With an initial oven temperature of 40 °C, a DB-1701 column was utilised. 

The starting temperature was maintained for 3 minutes before being raised to 230 °C at a rate of 10 

°C min-1. The oven was then heated from 230 to 270 degrees Celsius. °C at 40 °C min-1 for 3 

minutes at 270 °C. 

Spin-coated Epoxy Membrane Fabrication 
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FT-IR Spectroscopy for Monitoring the Reaction of a Spin-Coated Membrane 

As previously stated, the epoxides and amines were combined together. Two droplets of the 

polymer solution were extracted and put amoung two polished NaCl salt plates. A FT-IR spectra 

was obtained soon after the salt plates were put in a sample holder.  

AFM of a Membrane with a Spin-Coated Surface 

Methyl Undecylenate Synthesis 

In a round-bottom flask, mixed. For 24 hours, the reaction was stirred at room temperature. To 

neutralise the acid, saturated NaHCO3 was added to the flask. Diethyl ether was used to extract the 

organic phase, which was then dried over MgSO4. Filtration was used to remove the MgSO4 and 

vacuo was used to remove the diethyl ether. In 92 percent of the cases, was recovered. With 1.5 mL 

of polymer mixture, a spin-coated epoxy membrane A-2 was created. 

The membrane with an area of about 1.47 cm2 was inserted in the metal dead-end after curing. 

filtering system at the end The pressure apparatus was filled with methyl undecylenate (0.83 mL, 

3.7 mmol) and methyl stearate (1.1 g, 3.7 mmol) diluted in DCM (25 mL). The permeate was 

collected at various time periods after the device was inflated to 300 psi. The device was 

depressurized once the experiment was finished, and the retentate was collected. To identify the 

composition of the permeate fractions, all samples were examined using 1H NMR spectroscopy. 

3.7 mmol) in DCM (25 mL) were dissolved and added to the pressure apparatus. The permeate and 

retentate were collected as previously stated after the device was compressed to 300 psi. All 

samples were GC-MS analysed using the same method as described above. 

Discussion of the Findings 

Characterization and Synthesis of Membrane 

As previously reported and detailed in the experimental section158, membrane were produced and 

analysed using FT-IR spectroscopy and SEM. The membrane were 61 m x 21 m thick on average, 

and all reactions were completed after 72 hours at room temperature. Membrane A-1 refers to a 

membrane created from amine A and epoxide 1. The membrane is characterised as A-1a3b if a 

comonomer combination of epoxide 1 and 3 is employed, where the superscripts indicate the molar 

equivalents of the different epoxides. 
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Figure 3. 2. a) The structures of the FAs 

 

The molecular weight cutoff (MWCO), which is frequently used to characterise the selectivity of 

organic solvent nanofiltration membrane, may be utilised to explain the variations in partings for 

the three membrane. A membrane is used to separate a sequence of similar compounds, such as 

long chain alkanes, in order to get the value for MWCO.  

With encouraging first findings, we set out to improve the membrane for high selectivity and rapid 

flow. The selectivity and flow of the membrane were varied by changing the molar equivalents of a 

diepoxide and triepoxide in the polymerization158, which was based on previous work. The 

selectivity of the membrane was improved by increasing the proportion of triepoxide in the 

membrane. One potential explanation for this result is because each triepoxide produces an extra 

crosslink, while diepoxides produce no extra crosslinks. The density of crosslinks in the membrane 

will rise as the quantity of triepoxide in the polymerization increases. 
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Chemicals must diffuse via the space amoung the membrane's cross-links, thus a greater cross-link 

density would result in smaller holes. 

Membrane were constructed with various quantities of diepoxide and triepoxide monomers and 

tested for their selectivities to further explore their capacity to segregate FAs (Tables 3.1- 3.5). As 

the molar equivalents of triepoxide were raised, membrane produced with epoxides 1 and 3 showed 

an improvement in selectivity and a reduction in flow. 

When membrane A-1 was compared to membrane A-1133, the separation of C4 and C18 FAs rose 

from 5.8:1 to 23:1. When screening membrane produced with epoxides 2 and 3, similar tendencies 

for improved selectivity amongst the various FAs were discovered. Membrane A-2133 provided 

the greatest increase in selectivity, with a flux differential of 60:1 for the C4:C18 FA. Different 

molar equivalents of epoxides 1 and 2 were also used to make a variety of membrane, however 

these membrane produced poor partings of the model FAs (Table 3.5). 

Conclusion 

The far-reaching investigations of an approach to make epoxy nanofiltration layer, the best 

approach to utilize these film for a number substance partings in natural solvents, and the best 

approach to consolidate improvement responsive linkages into the film for multicomponent 

synthetic partings has been given in this proposition. these film are extreme and specific, and that 

they've given OSN another material to artworks with.  

 

It became regardless indispensable to choose diamines and diepoxides that molded a cross-

associated polymer grid. To make the film, a polymer grid transformed into cast on top of a solid 

system that gave underlying uprightness. The layer had been dissected the use of toes-IR to verify 

that the responses had finished and that they were ready for use in synthetic partings. while 

contrasting the float of p-nitrobenzaldehyde with tri(p-tolyl)phosphine across an epoxy film, 

fundamental examinations discovered layer with selectivities of above 100:1. these partings were 

progressed by comprehensive of a triepoxide into the polymerization way, which better move-

interface thickness, diminished pore size, and progressed layer selectivity.  
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Subsequent to showing high selectivities for adaptation substance partings, scientists investigated 

partings comprehensive of significant worth presented mixtures such omega-3 FAEEs, immersed 

FAMEs, and FAs. the primary film to part EPA and DHA ethyl esters were epoxy nanofiltration 

layer, which permitted EPA-EE to sidestep through an epoxy film 1.4 examples speedier than 

DHA-EE. model FAMEs methyl butyrate, methyl undecylenate, and methyl stearate have been 

utilized as model mixtures to explore the infiltration of short, medium, and extended chain FAMEs 

all through epoxy layer for the partition of soaked FAMEs. The wide assortment of carbons in the 

standing spine decides the overall coast of FAMEs across the layer, that is relative to the amount of 

carbons inside the standing spine.  

 

The partition of C4 methyl butyrate from C18 methyl stearate gained selectivities of as much as 

100:1. Partition of soaked FAMEs turned out to be likewise performed out in a metal pointless end 

sifting device at pressing factors of 300 psi using turn covered epoxy film that have been 

essentially 150 nm thick at mechanically important conditions.  

Numerous novel monomers might be employed in the polymerization to create OSN layer because 

of the capacity of the epoxide response. The dianiline monomer four-aminophenyldisulfide 

(monomer B from chapter 11 4) has a labile disulfide hyperlink amoung the 2 fragrant hoops. while 

this monomer is utilized to make epoxy layer, it makes OSN film with a boost responsive disulfide 

interface this is severed while revealed to a synthetic upgrade. because of the reality the disulfide 

bond is found amoung film move-joins, breakage of the disulfide bond additionally severs the layer 

cross-hyperlinks. We depicted the assembling of improvement responsive epoxy nanofiltration 

layer the utilization of this method. The consideration of disulfide bonds inside the film sooner than 

and after openness to a synthetic improvement controlled the drift and selectivity of compound 

substances all through the layer. The breakage of disulfide bonds duplicated the pore length of the 

film after exposure to a compound improvement, bringing about a blast in synthetic float and a 

decrease in layer selectivity.  
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