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POLYAMIDE SYNTHESIS FOR REVERSE OSMOSIS MEMBRANES AND
SUBSTRATE OPTIMIZATION

SUMMARY

Because of growing population, global warming and increasing industrialisation, our
need for clean water is growing. Water treatment systems can be used to treat industrial
wastewater, sewage, etc., as well as sea water, and turn it into drinking water. There
are many systems for purifying water. Nanofiltration, microfiltration, reverse osmosis,
forward osmosis, and electrodialysis are the most common. 60% of the world’s water
purification systems are RO. In addition, the use of polymer membrane is common. In
general, the RO membranes work under the press, which is able to change the pressure
from 60 bar up to 100 bar. Reducing energy consumption is the most issue in RO
research due to the high pressure. The cost of RO systems can be reduced by reducing
the amount of pressure applied. When the amount of pressure applied is reduced, cost
effectiveness is achieved. Reverse osmosis is the process by which water is desalinated
using membranes that separate the dissolved components in the feed water but allow
the water to pass through. In the reverse osmosis membrane process, as water passes
through a membrane by the solution-diffusion mechanism, solutes are retained by
electrostatic forces in their size and dissolved ions on the membrane surface.
Polymeric RO is composed of three layers. The firs layer, a thin film, which is made
up of polyamide separates the components like salt ions. The second layer, a porous
polysulfone support layer, directs the flow of water. The final layer, a nonwoven PET
layer, increases mechanical strength. Polysulfone carrier layers can be produced by
electroblowing, electrospinning or solution blowing. The support layer produced by
nanofiber production methods generally has a more porous structure. The nanofiber
support layer leads to useful way by which the water flux conveniently pass through,
contrast to other support layer types. This results in a high water flow and a reduction
in the required applied pressure. This situation reduced energy concuption. The
supporting layers made by the phase inversion method have a low percentage of the
surface voidand the void size on the surface is relatively small compared to the others
support layer types made by nanofiber production methods. The advantage of the
phase inversion method is that is more suitable for industrial production. The reasons
for the selection of nanofiber production by electro-blow spinning method are that the
fiber optimization process is relatively easier and it is also efficient in mass production.
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TERS OZMOZ MEMBRANLAR ICIN POLYAMID SENTEZi VE ALTLIK
YUZEYI OPTIMIZESI

OZET

Biiyliyen popiilasyon, kiiresel 1sinma ve artan endistriyellesme ile birlikte temiz su
ihtiyacimiz da artmaktadir. Bunun igin su aritma sistemleri ile endistride kullanilan
atik sularin, kanalizasyon sular1 vs aritildig: gibi deniz suyu da aritilarak igme suyuna
doniistiiriilebilir.  Bir cok ¢esit su aritma sistemleri vardir. Nanofiltrasyon,
mikrofiltrasyon, diiz ozmoz membranlar, elektrodiyaliz ve ters ozmoz membralar
bunlardan bazilaridir. Ters ozmoz membranlar dinyada kullanilan su aritma
sistemlerinin %60’ini olusturmaktadir. Polimerik membranlar su aritma sistemlerinde
aktif rol oynarlar. Ters ozmoz membranlar yaklasik 60 ile 100 bar arasinda degisen
yiiksek basingta ¢alisma araligina sahiptir. Kullanilan basing araliginin diisiiriillmesi
tiiketilecek enerji miktarini da diisiirme egiliminde olacaktir. Bu durum maliyeti
diisiiriir. Ters osmosis prosesinde, besleme suyunda ¢éziinmiis bilesenleri ayiran ancak
suyun i¢inden akmasini saglayan membranlarin kullanilarak suyu tuzdan arindirmak
icin basing tahrikli prosediir olarak kabul edilir. Ters Ozmoziz membrane prosesinde
su, ¢ozelti-difiizyon mekanizmastyla bir zar vasitasiyla gegerken, ¢oziinen maddeler
kendi boyutu ve zar ylizeyinin ¢oziinmiis iyonlarda elektrostatik etkilesimleri ile
tutulur. Zardan gecen su akisi ve tuz reddi miktari enerji tiikketimi ile beraber
tyilestirilmesi gereken iki Onemli faktordiir. Arastirmalarda su akisi ile tuz reddi
arasinda bir ters orant1 genel olarak gozlenmistir. Su akisi artmasi suyun membrane
hizli bir bicimde gegmesine sebep olur. Bu durum suyun icindeki tuz iyonlarinin
reddini negatif etkiler. iki parametrede optimum degerlere ulasmak olduk¢a 6nemli bir
noktadir. Ters ozmoz membranin fiziksel ve kimyasal yapis1 tiiketilen enerjiyi, su
akisint ve tuz reddini dogrudan etkiler. Polimerik ters 0zmoz membranlar iig¢
katmandan olusur. Polyamide ile olusturulup {iist kisimda segici ultra ince deri polimer
tabakasi, ana ayirma igslemini yapar. Polysulfondan yapilan orta katman gozeneklidir
ve su akisinin yolunu kanalize eder. Alt tabaka dokunmamais olup, genellikle PET den
yapilmig olur ve mekanik dayanimi arttirir. Polyamide ince tabaka optimize edilmesi
gereken en onemli tabakadir. Polyamide ince tabakanin kalinlig1 su akisini negative
etkiler. Bunun ile birlikte aromatik polyamide sentezi sirasinda amin gruplarini
saglayan MPD monomeri konsantrasyonu artmasi ile tuz reddi iyilestirilebilir. MPD
monomeri orani artmasi ile polyamide katmanin kalinlig1 degisecektir. Bu ve bir ¢cok
sebepten polyamide sentezi optimizasyonu onem arz eder. Polysiilfon destekleyici
katman elektro egirme, iiflemeli egirme ve elektrikli {iflemeli egirme ile yapilabilir.
Bu yontemlerle yapilan destekleyici katmanin por orani ¢ok yiiksek olur. Nanolif
katmanlarinin kullanilmasi su i¢in daha genis yollar saglar. Boylece daha diisiik
basingta daha yiiksek aki saglanir. Bu ters osmozda enerji tiiketimini azaltacaktir.
Phase inversion yontemi ile yapilan destekleyici tabakalar por orani diisiik olmak ile
birlikte por biyiikliigii digerlerine gorece kiigiiktiir. Phase inversion metodunun
avantaj1 ise endiistriyel iretime daha uygun olmasidir. Elektro-iifleme egirme yontemi
ile nanolif iiretiminin secilmesinin lif optimizasyonu isleminin gérece daha kolay
olmasi ve seri iiretimde de verimli olmasi terhis sebepleri arasindadir. Elektro-iifleme
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egirme ile lif olusturmak i¢in belirli parametrelere dikkat edilmesi gerekmektedir.
Sistem parametreleri, ¢ozelti parametreleri ve ¢cevre parametreleri olmak iizere {i¢ ana
faktore ayrilmaktadir. Sistem parametreleri kapsaminda; hava basinci, besleme hizi ve
voltaj degeri optimize edildi. Cozelti parametreleri kapsaminda polimerin oram ilk
optimize edildi. Bu siiregte system parametreleri optimize edilmesi ve ¢dzeltinin
polimer orani optimize edilmesi es zamanli olarak yapildi. Sistem parametreleri
optimizasyonu tamamlandi ve ¢ozelti optimizasyonuna devam edildi. Baslangicta
DMEF c¢oziicli olarak kullanilsa da ¢ozelti optimizasyonu sirasinda NMP ve DMF
birlikte kullanildi. NMP ve DMF farkli oranlarda denendi. Polimerin ¢0zlinmesine
katki sagladig1 kanitlandi. DMF ve NMP’nin birbirinden farkli kaynama noktalarina
sahip olmas1 optimizasyon sirasinda NMP kullanilmasi ikinci avantaj olarak {iretime
yansidi. NMP ve DMF oranlant degistirilerek lif olusumu i¢in optimum kaynama
noktasi elde edildi. Ortam parametreleri kapsaminda nem ve sicaklik géz Oniinde
bulunduruldu. Ortamin nem orani lif olusumu i¢in kurutucu ile dengelendi. Yazin elde
edilen sonuglar kisin farkli ortam kosullarinda denendi. Ortam parametrelerini
degistirmesi sebebi ile mevsim lif olusumunu negative etkileyen bir faktor olsa da
¢Oziicli optimizasyonu sayesinde farkli kosullarda da optimum lif atim1 elde edildi.
Destek katmanin nanolif karakterizasonu SEM goriintli analizi ile yapildi. Droplet
(ylizey iizerinde lif olusturmamis yuvarlak polimer pargalari) ve lif caplari Imagel
bilgisayar program ile SEM goriintiileri kullanilarak analiz edildi. Droplet ¢cap dagilim
grafikleri origin ve excel ile ¢ikarildi. Bu dagilimlarin sonucu ile lif optimizasyonlari
yapildi. Elektro-iifleme egilme parametrelerinin lif ¢ap1 dagilimina olan etkileri analiz
edildi. Basin. 3 bar dan 4 bara ciktiginda lif ¢ap1 ortalamasinin diistiigii gézlemlendi.
Basing degeri 3.5 bar oldugunda bu orantinin bozuldugu gozlemlendi. Besleme hizi
azaldik¢a ortalama lif capinin azaldigir gozlenmistir. NMP ve DMF uygun oranda
kullanildiginda dropletlerden arinmis bir yiizey elde edildigi goézlemlendi. SEM
gorlntiileri analizleri disinda lif yapilarinin basitge ve gozle analiz edilebilmesi i¢in
yesil renkli mesler lizerinde lif liretimleri yapildi. NMP orani arttik¢a ¢6ziiciiniin 1slak
attigi, DMF oranmin arttikca is polimerin kuru attigi yani dropletlerin arttig1
gozlemlendi. NMP’nin kaynama noktasinin DMF’e oranla daha yiiksek olmasi ile
NMP orami arttikca ¢6zelti buharlasmasi zorlandi. DMF orami arttik¢a ¢ozelti lif
olusumundan 6nce buharlasti. Erken buharlasan ¢oziicli polimerin igne ucunu kisa
siireli tikamast ve droplet sayisinin artisi olarak sonuglandi. Basincin buharlagmaya
olan etkisi incelendi. Optimum soliisyon parametreleri besleme hizi ve voltaja ragmen
2 bar uyulandiginda soliisyonun igerisindeki solvent buharlasmadi. Por c¢aplar
optimize edilmesi i¢in liretimin yar1 zamanli yon degisimi saglandi. Boylece liflerin
konumu birbirine daha ¢ok yaklastirildi. Por ¢api optimizasyonu igin yapilan iki
uygulama ise tiretim siiresinin optimize edilmesi ve sicak basing uygulama iglemidir.
Sicak basing uygulamasi sadece por c¢apina pozitif etkisi yoktur. Por cap1
optimizasyonu diginda; elektro-iifleme egirme yontemi ile iiretilen nanolif altliklarin
mekanik dayanimi arttirilmasi igin de sicak basing uygulamasi yapildi. Sicak basing
uygulama islemi sirasinda yiizey porlar liflerin genisleyip yan yana gelmeleri ile
kiictiltiir. Sicaklik ve basincin etkisi ile liflerin dayanimi artar. Sicak press ile mekanik
dayanimi yapilan nanolif destek katmanin yiizey hidrofilikliginde iyilesme gozlendi.
Por biiytikliigli analizi i¢gin SEM analizi alinmis destek ylizeyleri ImageJ programu ile
analiz edilmistir. Por yapilan {i¢ boyutlu oldugu i¢in porlar1 temsilen lifler arasinda
kalan bosluklar 6l¢lilmiis; tek bir bosluk igin 6lgiim farkli noktalardan 6l¢tim alinmis
ve bir bosluk biiyiikligli icin Ol¢limlerin ortalamasi alimmistir. Yiizeyin SEM
goriintlisiinde bulunan biitiin bosluklar i¢in ayni 6l¢lim alinmistir. Yiizey iizerindeki
bosluk dagilimlart hesaplanmistir. Bir cok parametre polyamide sentezine etki eder.
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Bunlar destek ylizeyin parametreleri ve sentez parametreleri olarak iki temel basliga
ayirilip; bu parametrelerin poliamid sentezine olan etkileri incelendi. Destek yiizeyin
parametreleri sunlar olarak belirlendi: ylizey hidrofilikligi, yiizey hidrofobikligi,
polimer etkisi, por ¢ap1 orani, porosity yiizdesi. Sentez parametreleri su sekilde
belirlendi: kiirlenme siiresi, kiirlenme sicakligi, MPD konsantrasyonu, TMC
konsantrasyonu, MPD temas siiresi, TMC temas siiresi, ¢oziilerin yogunlugu,
coziiciilerin sicakliyt ve MPD ve TMC nin temas sirasi. Substrate yiizeyin
hidrofilikligi, por ¢aplarinin optimizasonu direkt olarak poliamid ince tabakanin
sentezine etki eden parametrelerdir. Bosluklu yapilarin fazla oldugu ve sicak basing
uygulamasimin yapilmadigi destek yiizeylerinde poliamid sentezi goriilmedi. Sicak
basing islemi ortalama bosluk biiyiikliigii ve poliamid sentezinin yilizeyi kaplama
oraninda gore optimize edildi. Optimum sicak basing uygulamasi ile poliamidin yiizeyi
verimli bir sekilde kapladigi SEM goriintiileri ile gézlemlendi. Poliamid sentezi FTIR
sonuglar1 ile dogrulandi.
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1.INTRODUCTION
1.1 Purpose of Thesis

The main aim of the thesis is the production of thin-film polaymide composite mebrane
that can be used in reverse osmosis systems. Within the scope of the thesis, the
nanofiber substrate surface was obtained using solution-blowing and electro-blowing.
The optimization of the substrate surface was performed in two stages. Firstly,
nanofiber optimization and secondly, average void size on the surface optimization of
the substrate surface were performed by utilizing hot-press. The experiments show that
surface hydrophobicity and void size on the surface increase negatively affected
polyamide synthesis, as a result substrate surface optimization was performed in order
to perform polyamide synthesis efficiently. According to experiments hot-press
treatment improved void size on the surface reduction and superhydrophobic surface

property.

1.2 Literature Review
1.2.1 Nanofiber substrate structure and nanofibers

Nanomaterials are categorized into zero-dimensional, one dimensional, two
dimensional, and three- dimensional forms. The classification of nanomaterials
according to size is depicted in the Figurel.1. One-dimensional nanomaterials are
comprised of up of nanofibers and nanowires, whereas zero-dimensional
nanomaterials are composed of metal nanoparticles and quantum dots. Graphene
sheets and thin films are examples of two-dimensional nanomaterials, while liposomes

are instances of three-dimensional nanomaterials [1].



NMs classification based on dimensionality
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Figure 1.1: Nanomaterials classification based on dimensionallyt [1].

Since nanofibers have diameters of 1000 nm or less, they are categorized as one-
dimensional structures [2]. There are numerous methods for producing nanofibers, as
depending on their application and cost-efectiveness. Additionally, articles highlight
solution blowing, electro blowing, phase inversion, template synthesis, and self-
asSEMbly as noteworthy methods. The most common method is electrospinning. Both
nanofiber and dense membrane substrate structures can be used for reverse osmosis
membranes [3]. Nanofibers create a high percentage of the surface voidsubstrate
structure, allowing for increased permability [4].

1.2.2 Nanofiber production techniques
1.2.2.1 Working princible

In 1964, Sir Goeffrey Taylor conducted an examination involving a small volume of
liquid subjected to a high electrical field. The small liquid volume transformed into a
conical shape with a 49.3° angle, progressively becoming thinner over time, and
exhibiting a helical motion. When similar shape is applied with a polymer solution, it
resulted in the formation of a Taylor cone and a helical motion [5] (Fig. 1.2). Under
appropriate parameters, nanofibers are generated in conjunction with the phenomenon

of solvent evaporation.



Figure 1.2: Illustration of nanofiber formation [34].

The Figure 1.3 shows how repulsive forces overcome the surface tension on the
droplet to form a Taylor cone [5]. These forces cause the cone to become thinner and

move randomly. The evaporation of a solution forms nanofibers
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Figure 1.3: Taylor Cone [5].
1.2.2.2 Electrospinning

Electrospinning is a popular technique for forming nanofibers from organic and
inorganic materials. Multistage processes are used to produce inorganic nanofibers.
Polymers, as organic materials, can easily be converted into nanofibers by adjusting
electrospinning parameters. Electrospinning devices can also be used to adjust
nanofiber diameter and void size on the surface. However, it has some disadvantages,

such as the usage of hazardous solvents. The cost of solvents may increase the cost of



an electrospinning system because majority of the polymer solution is consist of
solvent itself. Furthermore, the system is intrinsically inaccuracy for mass production
[6-7]. Electrospinning system consist of a syringe pump, a collector, a voltage source,
and a needle. Electrospinning creates nanofibers by utilizing electrostatic forces. The
voltage is effecting the surface tension of polymer solution, and forming the Taylor's
cone and polymer molecules alignment The solvent component evaporates at the right
time, resulting in the production of nanofibers. To optimize the morphology of the

nanofibers, voltage, feed rate, and collector-needle distance are used.

1.2.2.3 Electroblowing

Similar to the solution blowing method, electroblowing employs a nozzle, a syringe
pump, and an air pressure system (Fig. 1.4). Nevertheless, a pivotal differentiation
exist between electro-blowing and solution blowing. Air pressure play the role of the
driving force in the solution blowing process, whereas the electro-blowing system
relies on both air pressure and electrostatic forces. This dual driving force
characteristic gives the electro-blowing a substantial advantage. This situation

combines techniques of electro-spinning and solution blowing.
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Figure 1.4: Electroblowing system template.

1.2.2.4 Solution blowing

Solution Blowing systems generally involve collector, neddle, nozzle, pressure

system, and homogenizer (Figure 1.5). Pressure is utilized as a driving force. Pressure



is directed at a certain angle determined by the geometry of the nozzle. When the
polymer solution is exposed to pressure, Taylor’s cone develops, molecule chains
gradually align one after another in time. When the solvent evaporation occurs at the
ideal time, nanofibers are produced. The solution blowing process is depicted in the
Figure 1.5. Comparing the percentage of the surface voidrate of the same polymers
produced by solution blowing spinning and electrospinning, the solution blowing
spinning method produced a range of 75%-95%, while the electrospinning produced a
percentage of the surface voidrate of 67%. Solution blowing has higher (75-95%)
percentage of the surface voidratio In comparing to electrospinning method (67%).
Pore size in solution blowing spinning and electrospinning productions was compared
in the study. The findings demonstrated that pore size is 3 pm in electrospinning and

it was found 8-17 pum in solution blowing [8].

Fiber

Polymer
solution

Collector

Compressed . Outer nozzle

air

Figure 1.5: Solutionblowing system template [35].

1.2.2.5 Electro-blowing parameters for nanofiber formation

Fiber formation parameters include system parameters, solution parameters and
ambient parameters [9] (Fig. 1.6). Each type of parameter is discussed in detail to
optimise fiber formation. System parameters consist of solution feed rate, voltage,
nozzle geometry, distance between collector and nozzle, collector rotation rate. On the
other hand, air pressure and voltage are the two most important components of the
system parameters. As the feed rises, the diameter of the fiber increases. As the voltage
increases, the surface tension is overcome in a way that is comfortable for soluion with
a high viscosity. The formation of polymer jets is facilitated by electrostatic forces. In
addition, high voltage allows the fiber to stretch and elongate more, resulting in a

thinner fiber diameter [10]. Air pressure has a significant impact on fiber production,



including facilitating convenient evaporation [11]. Additionally, similar to voltage, air
pressure results in a decrease in fiber diameter [12]. The air pressure helps the surface
tension to form the Taylor cone by weakeing the flow of the polymer solution and
pushing the flow forward. Therefore increasing air pressure, obtaining more thinner
fiber diameter. According to a study, if the air pressure exceeds the optimum level, the
fiber will break off at thinner diameter than the normal range. Thus, it was observed
that these very thin fibers were entangled and scattered around [13]. The solution
parameters include viscosity, molecular weight, chain lenght, boiling pressure of the
solvent, diectric properties, solubulity, concentration of the solution temperature of the
solution and, surface tension. Molecular weight and chain lenght, concentration of the
solution are interrelated. Molecul chains entangled when fiber formation situation and
these chains form fiber. However, if the length of the chain is very short, it can be
insufficient to produce fiber. Furthermore, concentration effects on surface tension and
viscosity. Increasing the concentration of a solution results in a rise in viscosity and
surface tension [14]. The ambient parameters include temperature and humudity. The

evaporation of solvents is influenced by temperature and humidity [15].
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Figurel.6 : Parameters of electroblowing.



1.2.2.6 Phase inversion

Phase inversion is used to create dense membrane structures, and it is suitable for mass
production due to its simple mechanism and inherent stability. After preparing the
polymer solution under the determined optimum conditions, it is cast onto a glass
surface. This phenomenon takes place when the solvent in the casting polymer solution
dissolves in the coagulation bath and separates from the polymer structure. Therefore,
a porous structure is produced. Pores are then created as a result of the bubbles formed
when the solvent moves away from the polymer solution. In order to modify the pore
dimensions, percentage of the surface voidpercentage, and chemical properties of the
hydrophilic surface, specific parameters can be adjusted. The void size on the surface
is influenced by the solvents used, concentration of the solution, and components of
the pore former. When PEG polymer is added into the polymer solution, larger pore
surfaces are formed, and it dissolves together with the solvent in the coagulation bath.
When PEG dissolves in the coagulation bath, it leaves hydrophilic groups on the
substrate surface [16]. This situation increases the hydrophilic property of the substrate
surface. The temperature of the coagulation bath, the concentration of polymers, the
thickness of the doctor blade is casting are other parameters that determine the pore
structure [17].

1.2.3 Void size on the surface optimization techniques of nanofiber substrate

Electrospinning methods can create three-dimensional flufy structures. Although
nanofiber structures provide us with high porosity, pore size should be optimised with
different methods. Studies have shown that the void size should be 450 nm and below
for polyamide synthesis and strength of polyamide thin film [18]. When the substrates
produced with nanofibers are taken into consideration the strength of the structure and
the parameters affecting the polymerization, various improvement methods are used.
When the substrates produced with nanofibers are taken into consideration the strength
of the structure and the parameters affecting the polymerization, various improvement
methods are used [19]. Heat treatment, sintering, and hot-press are among these
methods. Hot pressing is a process in which pressure is applied at a specific
temperature using a device. This causes the nanofibers to flatten, reducing their
diameters, and the spongy structure becomes thinner. The hardness of the substrate

surface changes with heat treatment and pressure. Nanomaterials can be used for active



layer and substrate membrane. Thus, hot-pressing will optimize both the flufy structure

and the pore size by reducing the pore size [20].
1.2.4 Use of nanomaterials in reverse osmosis membranes

Applications of nanomaterials in membrane technology are numerous. Nano particles
enhance the membrane’s ability to reject salt and increase water permeability by
modifying the surface’ toughness and hydrophilicity. Graphene oxide, graphene
quantum dot, CNT and TiO2 are all frequently utilized nanomaterials in water
purification technology [20-21]. Nanofibers vary in how they affect surface
morphology depending on the size and concentration. The layer size of graphene oxide
get smaller lead to that the influence of graphene oxide on surface morphology change
as more hydrophilic maker. As the graphene oxide size decreases, the surface area
graphene oxide increases, and more hydrophilic groups are placed around it.
Therefore, graphene oxide can interact more with water molecules [22].

1.2.4 Polyamide thin film and thin film composite

Thin film composite made of non-woven, support layer and polyamide thin film. Salt
and water are separated by a polyamide thin film with a cross-linked aromatic
structures (Fig. 1.7). Two monomers containing acyl chloride and amine groups
dissolved in immiscible phases: m-phenylenediamine (MPD) or piperazine (PIP)
dissolved in water and trimesoyl chloride (TMC) dissolved in organic phase (e.g.
hexane,heptane) (Fig. 1.8). With the positive effect of the in solubility of the TMC
monomer in water, the MPD monomers diffuse towards the organic solution. While
MPD diffusion is initially fast, the rate of diffusion decreases with time. With the effect
of the polymer synthesis at the interface, the MPD diffusion and reaction stops [23].
The parameters affecting the synthesis of polyamide are demonstrated in the Fig. 1.8.
Production methods are generally by contacting the MPD-water solution and TMC-
organic solution with the support layer respectively. Solutions the main influencing
factor is the density of the solution. The high density solution should be contracted.

However, there is no single method. The methods in Fig. 1.7 are some of the is



methods. Properties of polyamide thin film including crossling-degree, toughness,
hydrophilicity and tickness affect on water flux and salt rejection [24-25].

Figure 1 7: Production methods of polyamide(A) [36] Microfluidic method, (B)
Electrospray method [37], (C) Vacuum filtration method [24], (D) Dual-slot coated
method [25].
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Figure 1.8: Parameters of polyamide synthesis.
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Figure 1.9: Polyamise synthesis process.

1.3 Hypothesis

In this thesis, it is aimed at increasing the percentage of the surface void by thinning
the fibers with the electroblow production method. This machine was used during
production. The effect of solution parameters on fiber optimization in the electro-
blowing system was predicted and proven. In addition, it was observed that the average
void size on the surface and surface hydrophilicity should be optimized in order for
the produced substrate surface to be suitable for polyamide synthesis, and polyamide
synthesis was successfully performed and proved by optimizing it with the hot press

treatment method.
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2. MATERIALS &METHOD
2.1 Nanofiber Substrate Optimization and Production

Due to its exceptional mechanical, chemical and thermal qualities, polysulfone is a
polymer frequently preferred in the production of membranes and nanofibers
Polysulfone was dissolved by utilising dimethyl formamide (DMF) and methyl
prolodone (NMP) as a organic solvent. The polysulphone utilized possesses an average
molecular mass of 35,000 daltons. The chemical materials used possess analytical
purity. Nanofiber produce on commercial non-woven. The nanofiber production and
nanofiber optimization were made by AREKA® miniaero machine. Optimization of
void size on surface was made by hydrolic hot press machine. Nanofiber optimization
and void size on the surface optimization of resulting substrate layer were
characterized by SEM, and contact angle.

2.1.1Nanofiber production and optimization
2.1.1.1 Solution optimization

The initial step was to establish the correct concentration of both the solvents and
polymers employed. Various polysulfone concentrations were initially tested, as
presented in the table, prior to observing the nanofibers within the electro-blowing
system. In this step, only N, N-Dimethylformamide was utilized as a solvent.

The proper concentration of polysulfone in the DMF solvent was determined after
SEM image analyses and observing the spun material on the green mesh. After
determining the concentration of polysulfone, identifying the optimal solvent type and
ratio utilized, as specified in the table A.1 (in the appendix). Second state, two different

solvents, DMF and NMP, were tested at varying ratios.
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Table 2.2: Properties of solution.

Propoties NMP DMF
Chemical Formula C5H9NO C3H7NO
Density g/cm3 1.034 0.9445
Molar Mass g/mol 99.13 73.095
Purity% 99.00-extra pure 99.00-extra pure
Viscosity mPa.s 1.65 0.92
Dielectric Constant 32.2 36.7
Boiling Point 204 155
Solunility in Water Yes Yes
Yiizey Gerilimi N/m 40.70 37.10

Table 2.3: Experimental groups of solvent optimization.

Exp. Conc. Solvent P FR \/
Group  (%wt.) (Bar (ml/h) V)
)

S9 %25 %90 DMF-%10NMP 3 5 20
S10 %25 %80DMF-%20NMP 3 5 20
S11 %25 %70DMF-%30NMP 3 5 20
S12 %25 %60DMF-%40NMP 3 5 20
S13 %25 %50DMF-%50NMP 3 5 20

2.1.1.2 Electro-blowing parameters for optimization

The second step was to establish the correct parameters of electro-blowing system
parameters. Fundamental electro-blowing parameters are pumping rate, air pressure,
and voltage. The initial, air pressure as driving force tested with different pumping
rates, as specified in the table . After determining the optimal air pressure, the voltage

values are evaluated at various pumping rates, as specified in the table.

2.2 Percentage of The Surface Voidof Substrate Layer Optimization

The substrate surface’s mechanical strength, void size on the surface, and percentage
of the surface voidratio have been optimised. For optimisation, production was carried
out at three different periots: 40 minutes, 60 minutes and 120 minutes respectively. To
optimise the void structure during production, half of the production was carried out
in the specified direction and the remainder of the production was carried out by

rotating the non-woven 90 degrees, as seen shown in the Figure 2.1.
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Figure 2.1: Rotation of the substra surface during production.

The void of the surface structure and mechanical strength of the substrate surface are
optimised by hot press. In order to optimise, hot pressing was carried out at different
temperatures, pressures and times as shown in the table 2.4. Owing to its high glass
transition temperature (Tg) value teflon is suitable for temperature testing in wide
ranges. For the same reason,teflon was used as a protective surface while hot-pressing.
The substrate surface was placed between the protective teflon surfaces and

experiments were carried out.

Table 2.4: Hot-press treatment optimization experiments.

Pressure (Bar) Time (Min.)
Experimental Temperature
Group Degree

HT40DK1 70 5 5
HT40DK2 70 5
HT40DK3 70 5
H40DKT4 70 5 10
HT40DK5 70 5 10
HT40DK6 70 5 10
HT40DK?7 70 7 5
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Table 2.4 continued

Pressure (Bar) Time (Min.)

Experimenta Temperature
| Group Degree

HT40DK8 70 7 5
H40DKT9 70 7 5
HT40DK10 70 7 10
HT40DK11 70 7 10
HT40DK12 70 7 10
HT60DK13 70 5 5
HT60DK14 70 5 5
HT60DK15 70 5 5
HT60DK16 70 5 10
HT60DK17 70 5 10
HT60DK18 70 5 10
HT60DK19 70 7 5
HT60DK20 70 7 5
HT60DK21 70 7 5
HT60DK22 70 7 10
HT60DK23 70 7 10
HT60DK24 70 7 10
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Table 2.4 continued

Pressure (Bar) Time (Min.)

Experimental Temperature
Group Degree

HT120DK25 70 5 5
HT120DK26 70 5 5
HT120DK27 70 5 5
HT120DK28 70 5 (1)
HT120DK29 70 5 é
HT120DK30 70 5 é
HT120DK31 70 7 5
HT120DK32 70 7 5
HT120DK33 70 7 5
HT120DK34 70 7 é
HT120DK35 70 7 (1)
HT120DK36 70 7 10

2.3 PolyamideThin Film Synthesis

The synthesis of polyamide was carried out by sequentially pouring monomer
solutions onto the substrate surface placed in vacuum filtration. In the first test group,
the aqueous MPD solution was first poured onto three different substrate surfaces that
had not undergone hot-pressed. The excess MPD aqueous solution on the surface was
removed with a glass roller. TMC organic solution is added to the substrate surface
impregnated with MPD aqueous solution. The substrate surface was held in an oven
at 70°C for 5 minutes to cure. The holding durations of the monomer solutions on the
substrate surface were in the ranges shown in the table 2.5. The optimal substrate
surfaces were identified through hot press optimization, based on SEM images.
Subsequently, polymerization was conducted on these surfaces using experimental
parameters documented in the table 2.6, table 2.7 and table 2.8. In the third

experimental group, the addition order of TMC organic solution and MPD aqueous
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solution to the substrate surface was altered. Firstly, TMC organic solutions were
added, followed by MPD aqueous solutions. The third experimental group was

completed with the parameters presented in the table.

Table 2.5: Properties of monomer solutions.

Propoties MPD Solution TMC Solution
Density g/cm3 1 g/cm3

Solvent DI Water Hexan
Concentration 5% 0.05 %

Table 2.6: Polyamide synthesis experiment groups.

Sample T™MC MPD Oven Curing
Exposure Exposure Temperature Time
Time Time (Degree) (Minutes)
(Minutes) (Minutes)
NPHT1 3 20 70 5
NPHT?2 3 20 70 5
NPHT3 3 20 70 5
NPHT4 1.5 3 70 5
NPHT5 1.5 3 70 5
NPHT6 1.5 3 70 5
NPHT7 1 3 70 5
NPHT8 1 3 70 5
NPHT9 1 3 70 5
NPHT10 1.5 20 70 5
NPHT11 1.5 20 70 5
NPHT12 1.5 20 70 5
NPHT13 1 20 70 5
NPHT14 1 20 70 5
NPHT15 1 20 70 5

Table 2.7:Polyamide synthesis experiment groups 2.

Sample T™MC MPD Oven Time First Hydrophilic
Exposure  Exposure  Temperature (Minutes) Monomer Surface
Time Time Position
(Degree)
(Minutes) (Minutes)
Hydrohilic
NHT16 3 20 70 5 TMC Surface on
Top
Hydrophilic
NHT17 3 20 Surface at
70 5 MPD the Bottom
Hydrophilic
NHT18 3 20 Surface on
70 5 MPD Top
Hydrophilic
NHT19 3 20 Surface at
70 5 T™C the Bottom
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Table 2.8: Polyamide experimental group 3.1.

Experi Hot-Press TMC MPD Curing Curing
mental Sample No Exposure Exposure Temperature Time
Grup Time Time (Minut
es)

PHT7 HT40DK1 3 20 70 5
PHTS8 HT40DK2 3 20 70 5
PHT9 HT40DK3 3 20 70 5
PHT10 HT40DK4 3 20 70 5
PHT11 HT40DK5 3 20 70 5
PHT12 HT40DK6 3 20 70 5
PHT13 HT40DK?7 3 20 70 5
PHT14 HT40DK8 3 20 70 5
PHT15 HT40DK9 3 20 70 5
PHT16 HT40DK10 3 20 70 5
PHT17 HT40DK11 3 20 70 5
PHT18 HT40DK12 3 20 70 5
PHT19 HT60DK13 3 20 70 5
PHT20 HT60DK14 3 20 70 5
PHT21 HT60DK15 3 20 70 5
PHT22 HT60DK16 3 20 70 5
PHT23 HT60DK17 3 20 70 5
PHT24 HT60DK18 3 20 70 5
PHT25 HT60DK19 3 20 70 5
PHT26 HT60DK20 3 20 70 5
PHT27 HT60DK21 3 20 70 5
PHT28 HT60DK22 3 20 70 5
PHT29 HT60DK23 3 20 70 5
PHT30 HT60DK24 3 20 70 5
PHT31 HT120DK25 3 20 70 5
PHT32 HT120DK26 3 20 70 5
PHT33 HT120DK27 3 20 70 5
PHT34 HT120DK28 3 20 70 5
PHT35 HT120DK29 3 20 70 5
PHT36 HT120DK30 3 20 70 5
PHT37 HT120DK31 3 20 70 5
PHT38 HT120DK32 3 20 70 5
PHT39 HT120DK33 3 20 70 5
PHT40 HT120DK34 3 20 70 5
PHT41 HT120DK35 3 20 70 5
PHT42 HT120DK36 3 20 70 5
PHT32 HT120DK26 3 20 70 5
PHT33 HT120DK27 3 20 70 5
PHT34 HT120DK28 3 20 70 5
PHT35 HT120DK29 3 20 70 5
PHT36 HT120DK30 3 20 70 5
PHT37 HT120DK31 3 20 70 5
PHT38 HT120DK32 3 20 70 5
PHT39 HT120DK33 3 20 70 5
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2.3 Production Devices and Characterization Devices

2.3.1 Nanofiber production machine

The nanofiber nets were produced using the Aerospinner machine, manufactured by
Areka Filtration Technologies Ltd. (Fig. 2.2).

Figure 2.2: Aerospinner.

The machine is suitable for both solution blowing and electroblowing and is equipped
with an air pressure system connected to a compressed air tank, voltage source,
collector with vacuum, homogenizator, syringe pomp, nozzle. The collector can
rotates and has a length of 30 cm and a diameter of 10 cm. This provides for the
gathering of an independent nanofiber network of 20 cm x 30 cm on the collector,
which allows the use of the electroblowing device. nanofiber network of 20 cm x 30

cm on the collector, which allows the use of the electroblowing device.

2.3.2 Scanning electron microscopy

Diameter of nanofiber analysis and void size on the surface analysis were made by
utilizing The TESCAN VEGA 3 SEM device. To improve conductivity, an Au/Pd
coating was applied to the surface for 165 seconds. Seconds. SEM images anayze

with Image J software.
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2.3.3 Contact angle

The hydrophilic and hydrophobic properties of the substrate surfaces and polyamide
thin film surface were evaluated using contact angle results. Contact angle values were
measured using a Theta Lite contact angle meter. The measurement involved pouring
5 microlitres of DI water and measuring the angle between the water drop and the

surface.

Figure 2.3: Contact angle measurement.

234 FT-IR

The polyamide thin film formation was investigated by utilizing the FT-IR analysis
method. The specific peaks of the polyamide thin film were observed through the
FT-IR analysis method.
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3. RESULT AND DISCUSSION

3.1 Polysulfone Nanofiber Optimization for Substrate Structure via Electro-
Blowing

3.1.1 Determined optimum parameters of working electro-blowing

Polysulfone nanofiber substrate structure was made with electro-blowing system.
Parameters of optimum working conditions for electro-blowing were determined with
three main factors. System parameters, solution parameters and prosess parameters
were determined and tested in different design of experiment tables. The solution
parameters and system parameters such as feed rate, air pressure, etc. were examined
on the SEM and green mesh and the fiber images were examined and compared with

the researches and the parameters were changed to find the optimum points.

Concentration variation, different solvents and their ratio were varied within the scope
of solution parameters. Here, according to the researches, it was observed that
concentration is an important effect for the formation of certain chain lengths
depending on the molecular weight. Firstly, the polysulfone concentration was
increased until fiber formation was observed. DMF solvent was used until the
minimum concentration at which fiber formation was observed. Fiber formation was
observed at 18 percent polysulfone concentration. The concentration was increased up
to 25 percent. At first, as the concentration increased, the solubility of DMF was
insufficient and the solution was left to dissolve for one fay and dissolved for two days
at night. Fewer droplets were observed when dissolved for two days. NMP solvent was
added and the solution was continued to dissolve for one day.

NMP and DMF have different evaporation points. The evaporation point of NMP is
204 degrees while DMF is 155 degrees. Evaporation points of the solvent are very
important for fiber formation. Depending on the evaporation points, solvents get rid of
the solution and form fibers. Different solvents can be used to evaporate the solvent
and get rid of the solution, the distance between the noozle and collector can be
changed, or production can be done at different humidity and temperature. Due to the

high moisture content, the dryer and electro-blowing device are heated, and the solvent
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evaporates more easily. The distance between the noozle and the collector is kept
constant. The distance is 30 cm between the noozle and the collector for the machine
used. To change the point at which the solvent evaporates, we varied the use of NMP
and DMF. NMP is a solvent with a high evaporation point and thus difficult to
evaporate. As the volume increase of NMP in the solution, which is difficult to
evaporate, beadings were observed more. As the DMF ratio increased, the solvent left
the solution before the fiber formation. However, this has also increased the droplet
formation. The optimal solvent ratio was found to be 60 per cent DMF and 40 per cent

NMP as shown the table 3.1.

Table 3.1: Optimize solution parameters.

Cons. of Dissolution Solvent Dissolution
PSU Temperature Ratio Time
(% wt.)
% 25 70 %60DMF-%40NMP 24 h

Voltage and compressed air were used as driving forces in the electro-blowing system
to overcome the surface tension and form the Taylor cone [26-28]. Air pressure and
voltage were tested at different values and their effects on fibers were examined. With
the increase in air pressure, the solution flow weakens and the solvent evaporation
becomes easier. Air pressure at 2, 3, 3.5 and 4 bar levels were tried respectively. At
pressures of 3 bar, 3.5 bar and 4 bar nanofibers were seen, however they were not
achievable at 2 bar. Applying 4 bars of pressure resulted in an increase in the quantity
of droplets. As air pressure increased, the solution more easily expelled solvent and
formed fibers. Surface tension and viscosity increased with concentration, and with
these increases, the shear forces created by air pressure were inadequate to form a
Taylor cone. Electrostatic forces generated by a voltage are able to overcome surface
tension, making it simple to convert the polymer solution into fiber form. 20 kV was

determined to be the appropriate voltage.

During the trials, it was observed that it threw wet at low feed rates. In addition to this,
it has been observed in the literature that as the feed rate increases; fiber diameters
increase due to more polymer molecules coming together to form fibers. However,
considering the small average void size on the surface and high percentage of the
surface voidratio, it was decided that this would not negatively affect the substrate

surface. When 5 and 7 ml/h feed rates were tried, the optimum result was obtained
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with 5 ml/h. 7 ml/h feed rate is the production of thicker substrate surface in a short
time as it will throw more polymer solution per unit time. Furhermore, selecting a
feeding rate of 7 ml/h resulted in an increase in nanofiber diameter. Parameters in the
Table 3.2 were determined as optimal parameters

The productions were performed in three time period groups as 40 minutes, 60
minutes, and 120 minutes. Halfway through each production, the non-woven was

rotated 90 degrees. Thus, it was aimed to reduce void on the surface structure.

Table 3.2: Optimize production parameters.

Experimental Concentration Solvent Pressure FD Voltage
Group of PSU (Bar) (mi/h) V)
(9owt.)
S13 %25 %60DMF-%50NMP 4 7 20
3.2 SEM Analysis of Samples

Each of the other details remain the same, except the sample in Figure 3.1.A was
prepared overnight, and the sample in Figure 3.1.B was prepared over two days. Figure
3.1.A exhibits droplets, whereas Figure 3.1.B, which has fewer beads, shows no
droplets at all. The reason for this variance is because, despite the solution's apparent

homogeneity, it is known that the polymer chains are not open.

= [
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Figure 3.1: (A) Result of the solution prepared overnight (B) Result of the solution
prepared for two days.
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After two days of stirring the solution, there was an improvement in dissolution and a
discernible decrease in the quantity of droplets. To enhance dissolving, an additional
solvent was added. The nanofiber diameter distribution of the solution mixed with

DMF for one day is shown in Figure 3.2.
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Figure 3.2: The nanofiber diameter distribution of the soluion mixed with DMF for
one day.

Twenty percent concentration and 7 ml/h feed rate was used to create the production
shown in Figure 3.3 to Figure 3.5. Dimethylformamide (DMF) was added as solvent.
The feed rate was 7 ml/h . The diameters of the droplets were decreased as with the
pressure drop. , the percentage of the substrate surface area that the droplets covered
was computed by ImageJ. The area that the droplets covered on the substrate surface
reduced in combination with the applied air pressure. As a result, the optimal air

pressure for the investigations was found at 3 bar air pressure level

Variable Parameter: 4 bars

0 | [ | —
0-50 50-100 150-200 200-250
Nanofiber Diameter (nm)
Figure 3.3: (A) SEM images of the sample produced with 5 mi/h, 4 bars, %20
PSU/DMF. (B) Nanofiber diameter distribution.
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Variable Parameter: 3 bars
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Figure 3.4: (A) SEM image of the sample produced with 5 ml/h, 3 bars, %20
PSU/DMF, (B) Nanofiber tdiameter disribution.
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Figure 3.5: (A) SEM image of the sample produced with 5 ml/h, 3.5 bars, %20
PSU/DMF, (B) Nanofiber diameter distribution.

The droplets constitute 65.87% of the total area in the SEM images illustrated in Figure
4.3. SEM image, the droplets compose 13.92% of the completely area (Figure 3.5).
SEM image, the droplets constitute 2.49% of the completely area (Figure 3.4).

Figures 3.6, 3.7, and 3.8 shows three distinct productions with 3 bar 20% PSU/DMF
content and the effect of feed rate on production, with feed rates of 3 ml/h, 5 ml/h, and
7 ml/h analyzed. Figure 3.6 shows that at a feed rate of 3 ml/h, 36% of the fibre
distribution has a diameter around 100 nm . Similarly, Figure 3.7 shows feed rate of 5

ml/h, 26% of the fibre distribution is around 100 nm . Again, as seen in Figure 3.8 feed
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rate of 7 ml/h, 28% of the fibre diameter distribution is around 100 nm or less.
Comparing the fibre diameter distributions in Figure 3.7 and Figure 3.8, it can be seen
that 68% of the fibre diameter distribution in Figure 3.7 is 150 nanometres, while this
ratio is 60% in Figure 3.8. Therefore, an overall increase in fibre diameters was

observed as the feed rate increased.
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Figure 3.6: (A) SEM image of the sample produced with 3 ml/h, 3 bars, %20
PSU/DMF, (B) Nanofiber diameter distribution.
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Figure 3.7: (A) SEM image of the sample produced with 5 ml/h, 3 bars, %20
PSU/DMF, (B) Nanofiber diameter distribution.
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Figure 3.9, Figure 3.10, and Figure 3.11 were generated using there diffirent feed rates
and a 3 bar 20% PSU/DMF solution. To optimize the process, the effect of three
different pressure values on droplet diameters was investigated The smallest droplet
was observed at a feed rate of 5 ml/h, with droplet diameters measured at feed rates of
3 ml/h, 5 mi/h, 7 mi/h.
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Figure 3.8: (A) SEM image of the sample produced with 7 ml/h, 3 bars, %20
PSU/DMF, (B) Nanofiber diameter distribution.
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Figure 3.9: (A) SEM image of the sample produced with 5 ml/h, 3 bars, %20
PSU/DMF, (B) Droplet diameter distribution.
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Figure 3.10: (A) SEM image of the sample produced with 3ml/h, 3 bars, %20
PSU/DMF, (B) Droplet diameter distribution.
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Figure 3.11: (A) SEM image of the sample produced with 7 mi/h, 3 bars, %20
PSU/DMF, (B) Droplet diameter distribution.

Compared to the samples produced for 15 min for optimisation, nanofiber diameters
did not exceed 1000 nm at a significant rate in long-term production. However, when
the nanofiber diameter distributions were examined, fibre diameters of 1000 nm and
above were observed in long-term production(B.1-B.6). When the average void size
on the surface of the non-hot pressed samples were examined, it was observed that the
average void size of them were above 1000 nm (B.7-B.9).
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3.2 The Void Size on The Surface Size Optimization by Hot-press Treatment

The optimization of the hot press was continued until the optimum void size on the
surface was achieved, as determined by the results of the polyamide synthesis
experiment. Specifically, the determination of the optimum the average void size on
the surface was based on the ability of the substrate surface to be coated with
polyamide. The void was defined as the voids formed between the nanofibers on the
surface. The size of the voids was calculated by taking measurements from several
places and averaging them in ImageJ software. Experiments were carried out by
changing the time and pressure values for hot press optimisation. SEM images of hot
press and distribution graphs of thi void size on the surface samples are given below
(Fig. 3.12-Fig. 3.15).

EHT = 5.00 kV Signal A = SE1 Date :19 Jul 2023
WD = 7.0 mm Photo No. = 97 Time :18:25:29

A T, =

Figure 3.12: SEM images of the sample pressed with 7 bars, 10 minutes-nanofiber

produced time is 120 minutes.
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Figure 3.13: The average void size on the surface distribution of the sample 7 bars,
10 minutes, the nanofiber production time is 120 minutes.

The sample with the smallest the average void size on the surface (177.6 nm) of the
hot press samples is shown in the Figure 3.18. The substrate with 120 minutes

production time was kept at 70° for 10 minutes under 7 bar pressure

The hot press image and void size on the surface distribution shown in the Figure 3.20
belong to the sample produced for 60 minutes. The applied hot press parameters are 5
minutes 5 bar 70 degrees. The average void size on the surface is 526 nm. The effects
of hot-press parameters on void size on the surface are analysed in the graph in the
Figure 3.16.
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Figue 3.14: SEM images of the sample pressd wih 5 minuteé, brs, the

production time is 60 minutes.
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Figure 3.15: The void size of the surface distribution of the sample 5 bars, 5
minutes, the nanofiber production time is 60 minutes.
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Figure 3.16: Pressure-void size on the surface-time analysis chart.

3.3 Contact Angle Analysis

The hydrophilic properties of the substrate surfaces were analysed by measuring the
contact angle. While the non-hot pressed samples had a contact angle between 135°
and 134°, it was observed that the hydrophobicity decreased after hot pressing. In 120
minutes of production, contact angle was measured as 124.57° when 7 bar 5 minutes
70° hot press parameters were applied (Figure 3.17). When 120 minutes production 7

Figure 3.17: (A) Contact angle of the sample pressed with 7 bar 10 minutes (120 minutes
is nanofiber production time), (B) Contact angle of the sample pressed with 7 bar 5
minutes (120 minutes is nanofiber production time.
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bar 10 minutes hot press parameters were applied, it was observed that the contact
angle decreased to 113.07° (Figure 3.18).
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Figure 3.18: Contact angle-void size pressure-time analysis chart.
3.4 Polyamide Synthesis by Interfacial Polymerization Method

Numerous parameters, including the average void size, curing time, monomer
concentration, oven temperature, interfacial polymerization techniques, and substrate
surface morphology, affect the synthesis of polyamide. The substrate, the duration of
contact between the monomers and the substrate surface, and the sequence in which

the monomers were added to the reaction were all optimized in this thesis.

3.4.1 Results of polyamide synthesis

SEM and FT-IR devices were used to analyze the polyamide synthesis. SEM was used
to examine the yield of void coatings. The FT-IR-IRvice detected the specific peaks
of the polyamide thin film and showed whether the synthesis of polyamide was carried

out successfully or not.
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3.4.1.1 FTIR characterization of polyamide surface

The characteristic peaks of aromatic polyamide produced by interfacial polymerization
on polysulfone are C=0, N-H, and C-N [29]. Special peaks for polyamide were
demonstrated in the Figure 3.25 1575 cm™, and 1660 cm™ are represented N-H
bending and C-N stretching [30]. 1720 or 1713 cm ! represented C=0 band [31]. As
Figure 3.25 seen, 1713 cm™and 1667 cm™ are represented characteristic peak for
aromatic polyamide, respectively. Furthermore, in the FTIR result in Figure 3.19, 1583
cmis assigned to the N-H bending. FTIR results show that the synthesis of polyamide

has been successfully carried out.

104,2
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Figure 3.19: FTIR result of polyamide layer.

3.4.1.2 Polyamide synthesis SEM analysis images

First, a non-hot press substrate was used for polyamide synthesis in order to assess the
impact of hot press and void size on the process. The sample created using a non-hot

press substrate is not suitable for polyamide synthesis, as shown by the SEM pictures
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of the sample in Figure 3.20 A. The polyamide synthesis did not have a general surface
coverage, despite non-hot-press sample showing a tiny quantity of coating. When
applying the hot press treatment, consideration was given to whether the substrate had
a polyamide coating. As a result, various substrate samples were subjected to various

hot press conditions throughout the polyamide synthesis process.
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Figure 3.20: Polyamide synthesis on the substrate without hot pressed, (B) the
sample was produced for 60 minutes with an application of 5 bar pressure for 10
minutes, (C) the sample was produced for 120 minutes with an application of 5 bar
pressure for 10 minutes.
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The sample was produced for 60 minutes with an application of 5 bar pressure for 10
minutes at 70 °C (Figure 3.20 B). Similarly, the sample was produced for 120 minutes
with an application of 5 bar pressure for 10 minutes at 70°C (Figure 3.20 C). The
surface of the sample in Figure 3.20 C has been coated with polyamide by interfacial

polymerization, indicating a high level of quality ( Figure 3.20 C).

The substrate surfaces exhibited a super hydrophobic property with an average contact
angle of over 130°. The absorption of the MPD aqueous solution was found to be very
low due to its hydrophilic structure. In contrast, the TMC-hexane solution was
absorbed upon contact with the substrate surface. Because of the hydrophobic surfaces
collecting the hydrophilic solution structure in certain areas, MPD solution can’t

penetrate the pore as shown in the Figure 3.20 A.

When MPD was the first monomer contacted for the synthesis of polyamide, the SEM
results shown in the Figure 3.22 and Figure 3.23 were observed. A high degree of
coating was visible in the SEM pictures in the Figure 3.23, although 100% coating was
not seen. In the FT-IR measurements, particular polyamide peaks were also found, as
a result these results show that polyamide synthesis was achived (Figure 3.19). On the
other hand, when TMC was the first monomer contacted for the synthesis of
polyamide, the SEM result in the Fig. 3.21 was observed. This SEM image
demonstrates that, when TMC was the first monomer contact, polyamide synthesis
would fail.
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Figure 3.21: The sample formed when the substrate surface was first touched to the

TMC organic solution

EHT = 5.00 kV Signal A = SE1 Date :20 Sep 2023
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Figure 3.22: Polyamide thin film produced with 20 minutes MPD contact time, 2

minutes TMC contact time.
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Figure 3.23: Polyamide thin film produced with 20 minutes MPD contact time, 1.5
minutes TMC contact time.

In this study we investigated the impact of contact time between TMC-Hexane
monomer solution and MPD aqueous solution on the coating.. Results showed that
coating increased with decreasing contact time of TMC-Hexane monomer solution.
Additionally, green discoloring was observed on the membranes that were kept after
polyamide synthesis on the samples. The experiments revealed that the green
discoloring were caused by the interaction of TMC monomers with moisture, as they
did not react with MPD. This was confirmed by the appearance of water groups in the
FT-IR results. The green discoloring decreased when the TMC-Hexane contact time

was reduced (Figure 3.24).
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The Figures 3.21 show the SEM images of the experimental results when the TMC-
Hexane solution is first contacted with the substrate surface. According to this, no
coating was observed on the substrate surface when TMC monomer was the first
contacting monomer. The density of TMC-Hexane solution is small compared to the
MPD aqueous solution. During polyamide synthesis, MPD molecules diffuse towards
the surface of TMC-Hexane solution. As the low-density TMC-Hexane solution is the
first monomer to make contact, it settles at the bottom of the solution layers. However,
its low density causes it to go up, disrupting the polymerization process and preventing

the formation of a thin film [32].

The Figure 3.25 shows a cross-section SEM image of the polyamide membrane sample
that was synthesized. During the polyamide synthesis, carbon monoxide gas was
released, which caused the thin film to curve and take on a life-like appearance [33].
The image in the Figure displays life-like patterns that formed on the polyamide thin

film.

Figure 3.24: Green colour change decreased when TMC-Hexane contact time
decreased (to the right).
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Figure 3.25:
SEM image of the polyamide thin film with 5 kx magnification.

polyamide thin film with 1 kx magnification, (B)
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6. CONCLUSIONS AND RECOMMENDATION

In this thesis, polyamide was synthesised on the optimised nanofiber substratesurface.
Furthermore, the nanofiber optimisation process is two-step. Electroblowing and
solution-blowing nanofiber production methods were usedto optimise the nanofiber.
Substrate surfaces produced by electroblowing were hot-pressed to optimise average

void size and improve surface properties.

Within the scope of nanofiber optimisation, solution optimisation and system parameter
optimisation were performed. For solution optimisation, the polysulfone concentration,
NMP, and DMF solvent usage ratios were varied. The optimum solution parameters

were determined by droplet size analysis of nanofiber SEM images with ImageJ.

The solution parameters determined in the analyses are as follows: 40 percent NMP, 60
% DMF, and 24 % polysulfone. Electroblowing system parameters are determined as

follows: 20 kV voltage, 5 ml/h feed rate, and 3 bar air pressure.

For void size optimisation, first-stage void size optimisation was performed byrotating
the substrate surface 90° during the production process and changing the production
hours. Surface properties and average void size were optimised by hot pressing. The
void size of the surface optimisation analyses were performed using ImageJ software
and polyamide synthesis achivement. The optimum hot press parameters and production
time determined by these measurements are as follows: 120 minutes of electroblowing
production time, 7 bars, 10 minutes, and 70° C. Within the scope of polyamide synthesis,
polyamide synthesis was optimised by varying the concentration of the monomer
solutions, the contact time of thesolutions, and the contact order of the solutions.

No polyamide synthesis was observed when the first contacted monomer solution was
contacted with TMC-Hexane solution. MPD and TMCconcentrations were determined
as 0.5 and 0.005 percent, respectively. Optimum contact times were determined as 3

minutes for MPD aqueous solution and 90 seconds for TMC-Hexane solutio
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APPENDICES

APPENDIX A: Tablo of nanofiber optimization.

APPENDIX B: SEM images and graphs for nanofiber optimization.
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APPENDIX A

A.1: Experimental groups of nanofiber opimization.

Pressure (Bar) Feeding Rate
Experimental Concentration Solvent (ml/h)
Group (%)
P2 FR
SAl %8 DMF 2 5
SA2 %10 DMF 2 5
SA3 %13 DMF 2 5
SA4 %15 DMF 2 5
SA5 %18 DMF ) 5
SA6 %20 DMF 2 5
SA7 %24 DMF 5 5
SB1 %8 DMF 3 5
SB2 %10 DMF 3 5
SB3 %13 DMF 3 5
SB4 %15 DMF 3 5
SB5 %18 DMF 3 5
SB6 %20 DMF 3 5
SB7 %24 DMF 3 5
SF1 %8 DMF 35 5
SF2 %10 DMF 35 5
SF3 %13 DMF 35 5
SF4 %15 DMF 35 5
SF5 %18 DMF 35 5
SF6 %20 DMF 35 5
SF7 %24 DMF 35 5
SF8 %25 DMF 35 5
sc1 %8 DMF 4 5
SC2 %10 DMF 4 5
SC3 %13 DMF 4 5
SC4 %15 DMF 4 5
SC5 %18 DMF 4 5
SC6 %20 DMF 4 5
SC7 %24 DMF 4 5
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Continued A.1

Pressure (Bar) Feeding
Experimental Concentration Solvent (El?/tﬁ)
Group (%)
P2 FR
SD1 %8 DMF 2 7
SD2 %10 DMF 2 7
SD3 %13 DMF 2 7
SD4 %15 DMF 2 7
SD5 %18 DMF 2 7
SD6 %20 DMF 2 7
SD7 %24 DMF 2 7
SE1 %8 DMF 3 7
SE? %10 DMF 3 7
SE3 %13 DMF 3 7
SE4 %15 DMF 3 7
SE5 %18 DMF 3 7
SEG6 %20 DMF 3 7
SE7 %24 DMF 3 7
SG1 %8 DMF 35 7
SG2 %10 DMF 35 7
SG3 %13 DMF 35 7
SG4 %15 DMF 35 7
SG5 %18 DMF 35 7
SG6 %20 DMF 35 7
SG7 %24 DMF 35 7
SH1 %8 DMF 4 7
SH2 %10 DMF 4 7
SH3 %13 DMF 4 7
SH4 %15 DMF 4 7
SH5 %18 DMF 4 7
SH6 %20 DMF 4 7
SH7 %24 DMF 4 7
SD1 %8 DMF 2 7

Continued

o1



Continued A.1

Pressure (Bar) Feeding Rate
Experimental  Concentration  Solvent (ml/h)
Group (%)

P2 FR
Si1 %20 DMF 3 3
SI2 %8 DMF ) 3
SI3 %10 DMF 2 3
Sl4 %13 DMF ) 3
SI5 %15 DMF 2 3
SI6 %18 DMF ) 3
SI7 %20 DMF 5 3
SI8 %24 DMF 2 3
SF1 8 DMF 3 3
SF2 10 DMF 3 3
SF3 13 DMF 3 3
SF4 15 DMF 3 3
SF5 18 DMF 3 3
SF6 20 DMF 3 3
SF7 24 DMF 3 3
ST1 8 DMF 35 3
ST2 10 DMF 35 3
ST3 13 DMF 35 3
ST4 15 DMF 35 3
ST5 18 DMF 35 3
ST6 20 DMF 35 3
ST7 24 DMF 35 3
SL1 8 DMF 4 3
SL2 10 DMF 4 3
SL3 13 DMF 4 3
SL4 15 DMF 4 3
SL5 18 DMF 4 3
SL6 20 DMF 4 3
SL7 24 DMF 4 3
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APPENDIX B

120 Minutes
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The Fiber Diameter Distribution

B.1: Nanofiber distribution of the sample PSU produced for 120 minutes.
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B.2: SEM image of the sample produced 120 minutes.
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60 Minutes
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The Fiber Diameter Distribution (nm)

B.3: Nanofiber distribution of the sample PSU produced for 60 minutes.
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B.4: SEM image of the sample produced with 5 ml/h, 3 bars, %25 PSU/DMF, 20 kV,
60 minutes.
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40 Minutes
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The Fiber Diameter Distribution (nm)

B.5: Nanofiber distribution of the sample PSU produced for 40 minutes.
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B.6: SEM image of the sample produced with 5 ml/h, 3 bars, %25 PSU/DMF, 20 kV,
for 40 minutes.
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40 Minutes Void Size on The Surface Distribution
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B.7: The void on the surface size distribution for the sample produced for 40
minutes.

60 Minutes Void size on The Surface Distribution
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B.8: The void on the surface size distribution for the sample produced for 60
minutes.

56



120 Minutes The Void Size on The Surface

Distribution
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B.9: The void size on the surface for the sample produced for 120 minutes.
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