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Abstract—Polyamide membranes are composed of three 

layers and can be used for desalination. However, construction of 
the separation layer of the membrane that is made through 
polymerization  is very difficult. In this paper, a new way to build 
membranes as opposed to the conventional way is provided. To 
this aim, SEM images of the structures are provided. According 
to our results, UV rays can be said to be unsuitable this type of 
membranes. Increased duration and stage of the polymerization 
process for making these membranes are effective, however 
 

Keywords— Polyamide membrane, MPD, TMC, UV-ray  
.  

I. INTRODUCTION 

ilm composite TFC membranes were introduced the first 
time in 1965 by Mogan due to the concept of the IP 

surface polymerization [8]. Due to the ultra-thin layers of 
separator layers, RO and NF membranes prepared by coating 
method, (these membranes) can be used as an excellent 
candidate for applications, especially in water and wastewater 
treatment processes [2].  Despite the TFC membranes in the 
industry, yet there is Interest for among scientists to make 
asymmetric membranes with the process of making it in one 
step [6]-[9]. In general, scientists have agreed that asymmetric 
membrane surface of the bridge Polyamide composite can 
withstand the high levels of chloride feed [16]. 

Apart from the surface polymerization method, IP, new 
techniques such as bonding, coating with a suitable slope, the 
initial plasma and electron beam radiation can be used as a 
way to create a thin layer on the support layer is assumed 
[16]-[19]- [20]. 
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II. THIN COMPOSITE FILM MEMBRANE 

As shown in Figure 1, TFC membranes are composed of 
three layers, the bottom layer is made of nonwoven polyester, 
and support layer (UF membrane), polyamide layer. 
Nonwoven polyester is a layer that has been made from warp 
and woof. Support layer is a UF membrane which consisted 
by phase inversion and stretched on a layer of polyester. 

 Third Layer is the dissolution of two monomers, one in 
aqueous solvents and other organic solvents and dipping the 
membrane is made of two monomers. Nonwoven polyester 
layer is a resistive layer can be used in increase of the pressure 

 
Fig.1- Schematic illustration of a TFC membrane highlighting the 

different layers of the composite film; (Top) typical chemical structure of 
the cross-linked aromatic polyamide barrier layer 

III. MATERIALS AND METHOD 

The materials used are given in Table 1, Also any material 
is described as follows. 
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Sulfones are defined as a class of polymers with high glass 
temperature, mechanical strength, high chemical and thermal 
power, and high solubility. Due to characteristic such as 
commercial availability, ease of processing and good 
selectivity it is selected as the original polymer membrane. 
[4]- [5]-[21] PES is hydrophobic and susceptible to many 
organic solvents. Therefore, it cannot carry movie asymmetric 
membranes that can be used in membrane evaporation. PES 
membrane is super oxidative, thermal stability and good 
mechanical properties of hydraulic and thermal against the 
show. Membranes always make asymmetric structure by 
phase inversion [20]. The main problem with this polymer is 
the relatively hydrophobic nature. This problem leads to more 
energy consumption, shorter membrane and unexpected 
performance [22]. Due to the hydrophobic nature of 
membrane modification leads to finding the proper integration 
between the hydrophobicity and hydrophilic [1]. 

Combining is the easiest way to change the nature of the 
PES membrane and widely used for membrane pages. Most 
compounds, polymers such as PVP, PEG is are hydrophilic, 
that leads to an increase in hydrophobic membrane pores and 
prevent membrane fouling. 

Polyvinylpyrrolide (PVP) is a water-soluble polymer made 
from the monomer N-vinylpyrrolide, and has excellent 
wetting properties in solutions.  PVP is widely used for 
biomaterials and industrial membranes hydrolysis. PVP is a 
synthetic polymer and, has been considered as non-toxic, so it 
can be used in processes for drinking water. Also the relative 
willingness to give and take electrons. Therefore, we can 
assume that interactions through hydrogen bonds between the 
NH groups of the polyamide active layer and C = O groups of 
PVP molecules occurs within the molecular [16]. 

PVP is an additive with high molecular weight. To increase 
the membrane hydrophobic, PVP is added to casting solution 
and used to prepare the membrane. This additive is priority 
component one because it mixes good with polyether sulfone, 
high solubility in water and other polar solvents, and an agent 
for deposition is a rapid .in terms of kinetic barriers, can be 
used as an agent to suppress the formation of macro- pores in 
the membrane phase-shift operation, it can also act as a 
penetration enhancer flux [17]. 

Solvent DMAc, is colorless and is soluble in water, due to 
the high boiling point, typically an organic solvent used is 
polar synthesis. DMAc is often soluble in many other 

solvents, but has poor solubility in aliphatic hydrocarbons 
[22]. High boiling point and low cost are advantages of this 
soluble. 

Two monomers are selected to review a proposal to build a 
thin layer of polyamide. As explained, the polyamide layer is 
consist of two monomers, one is soluble in water and is Amin 
Polymer and the other one is soluble in organic solution and is 
acyl chloride monomer. 

The organic structure of the newly formed monomers which 
is used to make thin film molecular weights reported as below. 
Active monomers are commonly aliphatic / aromatic demine 
such as Piperazine (PIP), m- phenyldemine (MPD), and p- 
phenyldiamine( PPD),  and acid chloride monomers such as 
trimesoyl chloride(TMC), isophthalyolchloride (ICP) and 5-
isocyanatoisophthaloyl chloride (ICIC). 

Aromatic polyamide composite membranes which are cross 
linked are polymerized by MPD and TMC are the most 
successful commercial products of the monomer in the past 
and present. Due to the cost and price of polymers it is better 
that NH2 is 2 and more and for COCL- more than 3 [3]-[10]-
[11]-[12]. 

IV. MEMBRANE FORMATION 

TFC membranes are typically fabricated through a two-step 
preparation:(1) a porous substrate with a tailored morphology 
generally formed through a phase inversion method ,and  a 
thin PA rejection layer prepared by the interfacial 
polymerization of acid chloride and amine derivatives such as 
m-phenylenediamine (MPD) andtrimesoyl chloride (TMC), 
respectively. Therefore a typical TFC membrane has a multi 
layered structure, usually consisting of one top PA selective 
layer, an intermediate porous polymeric membrane layer, and 
a base supporting substrate (such as non-woven). Each layer 
of the TFC membrane performs special functions and interacts 
with each other to achieve the desired separation performance. 
The advantage of TFC membranes includes independently 
tailoring support layer and the active thin film layer 
properties, permitted optimization of the overall composite 
membrane structure (i.e. permeability, selectivity, and 
stability) and separation performance [3]-[5]. 
 

A. Preparation of Polyethersulfone (PES) membrane 
substrates 

The PES membrane substrates were prepared by the 
conventional Loeb-Sourirajan wet phase inversion method.  
The casting solution was prepared by dissolving 23wt% dry 
PES in DMAc at room temperature. After completely 
dissolution, the polymer solution was degased for more than 
24 h at room temperature. Afterwards, the solution was cast 
using a knife blade at150  height over a clean glass plate at 
ambient temperature. Then the entire assembly was 
immediately immersed into a water bat hat room temperature. 
The phase inversed PES substrates were removed from the 
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water bath and washed thoroughly with deionized water for 2 
days and then stored in deionized water at room temperature. 
 

 
 

The stage where the membrane is removed from the glass 
surface and solid form to be like, Demixing is said and indeed 
anti-solvent water plays a role here. 
Demixing are classified into two types; Demixing immediate 
and delayed. In Demixing late, about 5-2 minutes it takes time 
to form the membrane but Demixing immediately,  it was 
taken about 60-20 seconds to recover its membrane-like solid 
formed is separated from the glass [14]. 

General support for making effective parameters are: type 
of polymer (molecular weight, molecular distribution), type of 
solvent, type of additives, polymer solution composition, 
temperature polymer non-solvent coagulation bath 
temperature, atmospheric humidity, spills Gary, film 
formation time of immersion (process Demixing), quickly 
form a uniform solution, forming a polymer film speed, film 
thickness, type of preservative film is formed on the drying 
conditions are. 

B.  Preparation of PA rejection membrane 

On the other hand, a solution containing 2% wt, MPD in 
distilled water, and the other placed in a solution containing 
0.2% wt, TMC in normal hexane is ready. (Ratio of MPD to 
TMC, 10 is.) Should be kept in mind that MPD monomer 
reacts immediately with light and color from colorless to red 
mode is changed, why is it that the polymerization process is 
carried out in a dark environment. Also, to prevent 
deterioration of the material, it should be refrigerated. 

The membranes were prepared based on the traditional 
interfacial polymerization approach described elsewhere [6]-[ 
7]. First, PES supported membranes taped to stainless steel 
plates were placed in an aqueous solution, with 2 wt. % MPD, 
for 120 s. Subsequently, MPD soaked supported membranes 
were placed on a rubber sheet and rolled with a rubber roller 
to remove the excess solution. Afterwards the MPD saturated 
PES supported membranes were immersed in a solution of 0.2 
wt.% TMC in hexane about  for 15 , 30 min. After removing 
the extra aqueous solution, the resulting composite 
membranes were heated to 80 ◦C in an oven about 7min for 
further polymerization, leading to the formation of the active 
skin layer. Finally, the obtained membrane. Can say that in 
this part, an admiration reaction takes place. 

NH2 Available at MPD with heads available in TMC 
(COCl-) will react with an amide bond forming on the 
membrane surface. HCL is a by-product of this process is the 
steam  that comes out. In this case the linear polyamide 
formed to the surface is fully optimized and can be formed of 
a polyamide network; they are placed in the oven. Most 
researchers have reported that the optimal time for 7 minutes 
or 10 minutes [4]-[7]. 

 

 
Fig. 2. Standard commercial polyamide membrane derived from m-
phenylenediamine (MPD) and trimesoyl chloride (TMC) via interfacial 
polymerization. 
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Fig 3 - SEM images of membranes made of polyamide. A - cross 
sectional area of the picture for 15 minutes, B - image of the cross section 
for 30 min. C-image of the membrane surface for 15 min, D-image 
surface for 30 min 
 
The Fig3 showing the polyamide membrane structure in the 
formation of surface roughness on the surface indicates the 
separator layer, and forming crosslink able monomers is 
known, the state level, The height of the membrane has been 
determined. Time can be said organic solvent monomer is 
more likely to result in high efficiency membrane separator 
layer increases. 
Top surface and cross-sections morphology of TFC 
membranes was evaluated by SEM (AIS-2100 SRON). 
The membranes were all cast from 23 wt% PES solutions with 
the concentration of DMAc in the casting solution increasing 
panels 3A to 3B, respectively. In all the investigated cases 
where DMAc is present in the solvent mixture, the structure is 
dominated by macrovoids (Fig. 3A–B). The fingerlike pore 
structure starts just beneath the top surface and spans the 
entire membrane thickness. This finding is consistent with the 
observation that macrovoids nucleate just beneath the free 
surface, and then grow into the film when the inward flux of 
nonsolvent exceeds the outward flux of solvent [23].  
 As shown in fig3(C-D) surface morphology is function of 
polymerization time. During the first stage of polymerization 
process (15 min), “nodular” and “leaf like” morphology were 
observed. However, as polymerization time increased, surface 
morphology changed to “hill and valley” and at the final stage 
of polymerization, surface became more coarse but more 
homogenous.  
In the other words, Freger theoretically predicted that a 
narrow reaction zone appeared at the initial stage of interfacial 
polymerization. In the IP system, the interfacial tension and 
solubility differences are greatly decreased due to the narrow 
miscibility zone, which possibly leads to formation of a loose 
and thin polymer layer at the early stage. Based on this layer, 
the thin dense layer is gradually formed, which gradually 
decreases the transfer rate of the MPD, delays the dense 
membrane formation and limits polymerization reaction to just 
beyond the incipient reaction zone. 

V. THE MODIFIED METHODS ON TFC MEMBRANES 

 We are here to enable support levels of UV radiation, we 
used the membrane so that before polymerization, and 
immersed in a solution of MPD and TMC, the support 
provided in the first phase for 15 min at a distance of 8cm-ray 
we are exposed to UV. Then we perform the polymerization 
process. This will lead to larger pores thus suitable for this 
type of membranes was observed. 

Another innovation deriving from this work is to change the 
polymerization process between the surface and admiration. 
This procedure can be performed as in Figure 4A typical 
polymerization is concerned. After process A set of B  
(re-polymerization in aqueous solution) or after process A can 

of C (re-polymerization in an organic solution) can be used.   
Duration of stay in solution or in the oven can also be 

increased. Between the B and C again in the organic solution 
was found more convenient and more efficient. 
In fig4B firstly, the polyether sulfone supported membrane 
was placed in an aqueous solution of MPD for some time to 
construct an aqueous phase on the surface, and the MPD 
soaked membrane was then placed on a rubber sheet and 
rolled with a rubber roller to remove excess solution. 
Secondly, the MPD saturated polyether sulfone supported 
membrane was then immersed in a solution of TMC in hexane 
to build the organic phase. The MPD dissolved in aqueous 
phase and TMC dissolved in organic phase contacted and 
reacted to form the active skin layer of thin film composite 
RO membrane. Since the growing thin polyamide film 
behaves as a barrier for diffusion of the MPD to the organic 
phase, there still existed lots of unreacted ACG–TMC on the 
surface of the active skin layer when the reaction stopped. 
Finally, after the excess hexane solution was removed, the 
membrane was then immersed in an aqueous solution of 
ordinary polyfunctional amines with double amino groups 
such as MPD for a few seconds to construct the second 
aqueous phase. It was supposed that the ordinary 
polyfunctional amines will react with the unreacted ACG–
TMC to form the second polyamide skin layer on the top 
surface of previous TFC membrane. 
In fig4C firstly, the polyether sulfone supported membrane 
was placed in an aqueous solution of MPD for some time to 
construct an aqueous phase on the surface, and the MPD 
soaked membrane was then placed on a rubber sheet and 
rolled with a rubber roller to remove excess solution. 
Secondly, the MPD saturated polyether sulfone supported 
membrane was then immersed in a solution of TMC in hexane 
to build the organic phase. The MPD dissolved in aqueous 
phase and TMC dissolved in organic phase contacted and 
reacted to form the active skin layer of thin film composite 
RO membrane.  
After about 10 seconds membrane was immersed in a solution 
of TMC in hexane to build the organic phase, again. This 
would increase the size of the separator layer and the amount 
of leaching TMC is few re-reconstructions. 



Journal of Middle East Applied Science and Technology (JMEAST) 
 

ISSN (Online): 2305-0225 
Issue 13, April 2014, pp. 514-519 
 

518 
 

The membranes produced by novel interfacial polymerization 
approach have a lower flux than tradition membrane. A 
possible reason is that the membranes synthesized by novel 
interfacial polymerization approach have thicker polyamide 
films than tradition membrane which increased the resistance 
for water to come through the membrane. According to 
analysis above, there must existed lots of unreacted acyl 
chloride groups and TMC monomers on the surface of thin 
film skin layer after the formation of the first thin active skin 
layer of polyamide. When the polyether sulfone supported 
membrane with nascent thin film skin layer dipped into the 
third phase, the MPD dissolving in the second aqueous phase 
reacted with the residual ACG–TMC to form the second thin 
active skin layer of polyamide. It is reasonable to believe that 
the thickness increase of the thin active skin layer on the 
membrane would decrease the water flux and increase the salt 

rejection at the same time. However, as the contact time with 
the second aqueous phase further increased from 20 to 60 s, 
the membranes have higher water flux. It may because that the 
longer immersion time with the second aqueous phase is apt to 
produce a membrane surface with larger area which was 
benefit to improve the water flux. 

Other ways to modify the support layer is using hydrophilic 
additives such as PVP or PEG and also used both in 
construction of the supporting layer [14]. When using NaOH 
and sodium dodecyl sulfonate in soluble in aqueous solvents 
salts such as LiBr, LiCl can be used, too. [13].  

In other words, it can be added to solvent or aqueous 
solution or support layer. Various Surfactants can also be 
added to the aqueous solvent solution [15]. You can also use 
auxiliary solvent such as acetone which is soluble in aqueous 
solvent. 

 

I. CONCLUSION 

Polyamide membranes are the membranes which are used to  
for desalination in industry. These membranes are consisting 
of three layers. The bottom layer is made of nonwoven 
polyester, and support layer (UF membrane), polyamide layer. 
In these membranes the polyamide layer is known as the 
separator layer and has essential role. Common methods are 
used to make these membranes. This layer is made by 
polymerization in two phases, soluble in aqueous solution and 

soluble in organic solution in order. We have survived new 
method and it is known that UV ray is not suitable to increase 
efficiency in these membranes. Experiments performed have 
shown that after polymerization in both solutions in first phase 
and dipping membrane in organic solvent solutions the 
membrane performance become multiple. 
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