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Abstract 

A well-defined crystalline structure of zeolite-Y, having particles size in the range from 100 to 270nm, was prepared using 

hydrothermal method. The obtained zeolite was further used to fabricate polyamide-6/zeolite-Y (PA6/ZY) hybrid membranes. 

The addition of ZY modified the smooth surface of PA6 membrane, and the Scanning Electron Microscopy (SEM) images of 

PA6/ZY became rough with increasing porosity. X-ray diffraction (XRD) revealed an exfoliated structure of the hybrid 

membranes. Moreover, Fourier transforms infrared spectroscopy (FTIR) of PA6/ZY membranes indicated the presence of 

some interaction between the PA6 and ZY, which was manifested itself by the slight increase in the intensity of PA6 bands 

after the addition of ZY. 

The results indicated that the tensile strength and failure strain decreased linearly with the increase of ZY content in the hybrid 

membranes. On the other hand, porosity and bubble point pore diameter increased gradually and reached a maximum when 

4% ZY was added. It was concluded that 4%w loading of ZY in the hybrid membranes gave a balance of desirable properties 

and the hybrid membrane could be considered promising for water separation technology. 
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Introduction  
Membranes have gained an important position in 

chemical technology, and they have been used in a 

broad range of applications. The key property of 

membranes is their ability to control the permeation 

rate of a chemical species through them [1]. A 

microporous membrane is very similar in structure 

and function to the conventional filter. It has rigid, 

highly voided structure with randomly distributed, 

interconnected pores [1,2]. Synthetic membranes 

have been fabricated from a wide variety of organic 

(e.g. polymer) or inorganic (e.g. zeolites) materials 

since early 1960s. However, hybrid membranes that 

utilize both inorganic and organic materials are still 

less common [3]. The most widely used synthetic 

polymers in membranes are polyamide-6 (PA-6), 

polyamide-66 (PA-66), polysulfone (PS), 

polyethersulfone (PES), polyvinylidene difloride 

(PVDF) and polypropylene(PP) because they have 

good chemical, thermal and mechanical stabilities 

[4]. 

Among them, polyamide-6 has an excellent 

combination of desirable properties, including 

hydrogen bond in molecular chains [5], fatigue 

resistance, high tensile strength, abrasion and good 

toughness [6]. These properties make it one of the 

major engineering and high performance plastic [5], 

and a good choice in the prepareation of the hybrid 

membranes [7,8,9]. Addition of inorganic 

nanoparticles (clay) considerably improves the 

filtration of membrane by controlling the formation 

and growth of macrovoids [6]. It also increases the 

number of small pores and as a result improves 

hydrophilicity, porosity, permeability, mechanical 

and antifouling properties [6]. Different types of 

nanomaterials have been investigated for such 

applications including zeolite, silica, carbon 

nanotubes, mesoporous carbon, pure metals and 
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nanometal oxides [10]. Among various nano 

particles, zeolite nano particles are now the most 

frequently used [10]. Recently, multi-layer 

polyamide-6 nanofibrous membranes were prepared 

by electrospinning and hot pressing methods for dye 

filtration [11]. In addition, Electrospun PA6 

nanofiber hybrid membranes with superior 

performance were made and used in reverse osmosis 

[12]. Our work was directed to prepare PA/ZY 

hybride membranes utilizing hydrothermal method 

under the influence of self- pressure at 120°C and the 

immersion precipitation method. The resultant hybrid 

membranes were characterized using XRD, FTIR, 

and SEM. In addition, their characteristic as filtration 

and/or reverse osmosis membranes were evaluated by 

measuring the physical and mechanical properties. 

The prepared hybrid membrane will serve as the heart 

of a future practical device for water purification. 

 

Materials and Methods 
Materials and sample preparation: 

Silica (Silica gel DG for thin- layer chromatography, 

Riedel-Dehaenvag Seelze- Hannover) , Polyamide-6 

for column chromatography (Sigma-Aldrich), 

Sodium aluminate NaAlO2 ( Al(as Al2O3):50-

54%,Na(as Na2O):40-45%, Sigma-Aldrich), Sodium 

hydroxide (>99% w/w NaOH, Panrace), Formic acid 

( d=1.22 g/cm
3
, Purity 98%, Merck), Sodium 

metabisulfite solution (sham-lab) were used without 

any modifications. All solutions were prepared using 

distilled water. Zeolite-Y was prepared according to 

the method described by Karami et al [13] with some 

modification. NaOH (0.2g) and NaAlO2 (0.145g) 

were added to 2 mL of water using the reactor shown 

in Figure 1. The mixture was stirred until a clear 

solution was obtained. The resulting solution was 

added to 0.5g of silica in a 40 mL Teflon bottle and 

stirred for 2 h, then left for 48-120 h for aging. The 

bottle was heated to 120 °C in an oven for 48 h under 

the influence of self-pressure, then it was cooled to 

room temperature before opening the reactor cover. 

The product was suspended in water and filtered by 

vacuum. The final product was dried at 100°C for 2 

h. Immersion precipitation method was applied to 

prepare the membrane. A (22 % w) of polyamide-6 

and (0-6) % w of zeolite were dissolved in 72–78 % 

w of formic acid with continuous stirring by a high 

speed homogenizer for 10 min. Then continue 

stirring using magnetic stirrer for a 24h, which 

insured complete admixture. The solution was spread 

on a glass plate with a glass stick. The solvent was 

left to evaporate partially from the casting solution 

until the membrane becomes white in color, then the 

glass plate was immersed in a precipitation bath 

containing formic acid (10%) [6]. After precipitation, 

the membrane was removed and washed with 

distilled water. The membrane underwent thermal 

treatment by placing them in a water bath at 100 °C 

for one hour [4], then stored in sodium metabisulfite 

solution (Na2S2O5 1%) in a cool and dark place until 

used[14]. 

 
 
 
 

Instrumentation: 

 

Elemental Analysis for zeolite, FTIR, XRD and 

SEM were used to determine the chemical 

composition of zeolite Y and the prepared 

membranes. Tensile test machine (K&H, Syria), 

Grinder (NU-5999 , Korea), Digital balance 

(Pricesa 240 A, Switzerland), Electronic Digital 

Caliper (N 610676, Austria), Reactor(K&H, Syria) 

were used. FTIR (JASCO FT-IR-4200, Japan), Xray 

diffraction ( STOE STADI P, Germany) and 

SEM analysis (UEG IIxmu, Czechia) were provided 

by Atomic Energy Commission of Syria. 

 

Characterization: 
Membrane porosity 
The membrane porosity (ε) is defined as the pores 

volume divided by the total volume of the porous 

membrane. It was calculated using (Equation (1)) [8]. 
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Where: m3 is the dry membrane weight, m0 is the 

wet membrane weight, m1 is the weight of 

pycnometer full of water and m2 is the weight of 

pycnometer after putting wet membrane into the full 

pycnometer. Measurements were repeated 3 times. 

Pore size: 
The bubble pressure test is based on measurements over 

come the pressure necessary to blow air through a water-

filled porous membrane, where the pressure 

is enough to over come the surface tension of the liquide in 

the largest pore, where liquid is then rejected from the pore 

[15]. The equilibrium condition can be expressed in the 

Washburn equation presented in equation (2) [16]: 

 
Where: D is equivalent diameter, γ is surface 

tension (N/m). θ is contact angle (water/air), where 

θ ≈ 0 ( cos θ=1), and ΔP is pressure difference across 

the membrane given in (pa). All measurements were 

repeated three times and calculating the average. 
 

Mechanical properties of membrane: 
The tensile strength (ζ)given in (pa)is the ratio of 

tensile load (F) at break applied on the specimen to its 

original cross-sectional area (A0), before any load was 

applied, as in equation (3) [17]: 

 

Where: F is the force required to pull the specimen 

apart (N), and A0 is specimen area (cm2) A0= b 

specimen width (cm) × δ specimen thickness (cm). 

The specimen width is b (=0.8 cm), the specimen 

thickness is δ (=0.23cm). 
Failure strain (ε) is a ratio of increase of 

specimen gauge length ΔL at rupture to its original 

gauge length L0 as in equation (4) [17]: 

 
Where: L0 (=1.2 cm) is the original length before any 

load applied, and L is instantaneous length (cm). Figure 2 

represents the sample dimension used to measure the 

mechanical properties. 

All measurements were repeated three times and the 

average was taken for all results. 

 
 

Results and Discussion 
Elemental Analysis: 

Quantitative determinations of major elements in the 

zeolite were carried out with classical gravimetric method 

after complete dissolution of the sample. Table 3.1 shows 

the resulted percentage of Na2O, Al2O3, SiO2 and H2O in 

prepared zeolite sample. 

Table 3.1 : Percentage of major compounds in the  

prepared zeolite  

Elements % 
Na2O 14.36 

Al2O3 16.12 

SiO2 49.76 

H2O 19.76 

Ratio (SiO2/Al2O3) 3.09 
 

The results (in the table (3.1)) indicated that the ratio 

SiO2/Al2O3 is 3.09, which is in the range from 2 to 

6, conforming that the prepared zeolite was of type Y 

[18,19,20]. 

FTIR Spectroscopic Analysis: 
The FTIR spectrum of the crystalline structure of 

prepared zeolite Y is shown in Figure 3. The peak 

around 1600 cm-1 refers to bending vibration of 

adsorbed water molecule and the band in the range 

3365-3489 cm
-1

 is assigned to OH stretching [20]. 

The band in the range 1020 – 1098 cm-1 corresponds 

to the internal vibrations of T-O-T where (T = Si or 

Al) tetrahedral structure [21]. Absorption between 

443-465 cm
-1

 is assigned to Si-O-Al stretching, where 

Al is in the octahedral coordination [20]. Vibration in 

the range 950-1250 cm
-1

 is assigned to T-O stretching 

[22]. It can be seen that the FTIR spectrum of the 

zeolite prepared in the present work matches the 

typical absorption peaks of a commercial type [18]. 

The FTIR spectrum of the PA6 membrane is shown 

in Figure 4, in which the band at 3291cm-1 is 

characteristic of N-H stretching [5], the 1637 cm-1 

band is due to C=O stretching [5], the1542 cm-1 band 

is related to vibration of N-H bending in amide[8], 

the narrow peaks between 1000 and 1200 cm-1 

correspond to the C-O stretching vibrations in pure 

PA membrane [23] and the 685 cm
-1

 related to 
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vibration of NH swing [8]. Moreover, the spectrum 

shows two bands at 1415 cm-1 and 1477 cm
-1

 which 

are relate to the vibration of the CH2 groups adjacent 

to NH and CO respectively [9]. It is also possible to 

identify bands in the range of 2915- 2935 cm
-1

 due to 

CH molecular stretching [5], 

Moreover, the 2850 cm -1 band is characteristic of 

CH2 molecular stretching [9]. On the other hand, 

Figure 5 shows the FTIR spectrum of PA6/ZY 

membrane, where bands at 929 cm-1 and 957cm
-1

 

refer to the stretching of Si-O-T group[18]. The 

narrow peaks 420-500 cm
-1

 are due to T-O band in 

zeolite [18]. A slight increase in the intensity 

of PA membrane spectrum was observed when 

zeolite was added, which was consistent with the 

literature [10, 23] and due to weak interaction 

between functional groups of the zeolite and that of 

the polyamide [10]. The results of FTIR analysis 

reflect the nature of binding in the hybrid membranes 

PA6/ZY, by van der waals force or hydrogen bonds 

as refers literature [24]. Both membranes, PA6 and 

PA6/ZY, exhibit FTIR bands at 1200 cm
-1

, 1415 cm
-1

 

and 1477 cm
-1

, related to α-crystalline phase 

vibrations. However, there is an absorption peak at 

1169 cm
-1

, related to amorphous phase’s vibrations 

[9]. 

 

 

 
X-Ray Diffraction (XRD): 
The diffractograms of laboratory prepared Zeolite 

Y is shown in Figure 6, where X-ray diffraction 

analysis was used to determine the degree of 

crystallinity. A 2ɵ range of 3° to 50° is usually 

adequate to cover the most important regions of the 

XRD pattern, and each peak represents at least one 

diffraction. Relative peak intensities are related to the 

extent of sample crystallization, and are determined 

by the type and position of all atoms in the unit cell 

[21]. The width of peaks is related to the size of 

crystallite, i.e. they can give an indication of samples 

crystalline quality [21]. Peaks observed by prepared 

zeolite Y in Figure 6 are similar to peaks of standard 

Zeolite Y shown in Figure 7(JCPDS 48-0038). The 

major peaks of identification on XRD pattern were 

located on 2ɵ =23.6°, 2ɵ = 26.9°, and 2ɵ =31.3°. The  

XRD pattern also shows a peak in the range of 2ɵ = 

20-35°, which refers to crystallinity’s degree [21,25], 

confirming the crystallization of prepared zeolite Y 

The diffractograms of the membranes PA6 and 

(PA6/ZY) are shown in Figure 8. It is noticed that the 
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characteristic peaks of the zeolite Y disappears when 

it is incorporated to the polymeric matrix, indicating 

that a nanocomposite with exfoliated structure or 

partially exfoliated was obtained as shown in Figure 

9. This result is consistent with others [6,7,9], where 

bentonite and montmorillonite were added to PA6 

membranes . Peaks in the range of 17-26° in Figure 8 

correspond to reflections related to the crystalline 

planes (200) and (002) of the α phase of polyamide- 

6, they were also observed in literatures [6,9,26]. 

There are also peaks in 2ɵ =30° and 2ɵ=45° refering 

to transmission intensity of the XRD [26]. Thus, it 

can be observed that crystallinity of membranes with 

inorganic filler is different from that of PA6, except 

the peak in 2ɵ=45° which increased in intensity. This 

behavior is due to hybrid membrane, which not only 
allows wide morphology variety but also influences 

the crystallinity of the polyamide. 

 

 

 

 
Scanning Electron Microscope (SEM): 
The SEM images of prepared zeolite Y particles, 

shown in Figures 10 and 11 with scale bars of 500nm 

and 5µm, respectively, confirm the crystalline nature 

of the obtained zeolite. Zeolite crystals appear in the 

form of heterogeneous crystalline structures with 

cube and rectangular shapes. The cubic shape 

dominates by different diameters ranging from 100 to 

270 nm. It is worth noting that the size of crystals 

was smaller than that of crystals obtained by Karami 

et al [13], due to the higher temperature (120° C) 

used during preparing zeolite.  

Some particles apparently were connected to other 

particles, which was caused by long reaction 

associated with heating, as the mechanism of 

zeolitezation is closely related to this effect [21]. Our 

results were in good agreement with that reported in 

literatures [13,20,21] and with X ray diffraction 

analysis. 

The SEM image of PA membrane (Figure 12) 

shows a smooth surface with low gaps and low 

porosity. With zeolite in the membrane of PA/1% ZY 

and PA/4% ZY shown in Figures 13 and 14, the 

structure became more crystalline due to the presence 

of the crystalline zeolite. It was noticed that the gaps 

became more uniform in distribution, and increasing 

in number with increasing zeolite content in 

membrane. Nevertheless, Figure 1 3 shows that the 

amount of zeolite load in membrane (PA/1% ZY) 
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was insufficient to cover the entire surface. It also 

revealed that there were areas where the zeolite was 

agglomerated and areas with limited porosity. Figure 

14 shows that, the amount of zeolite in the membrane 

was sufficient to be distributed over the entire 

surface, increasing rotghness and porosity. Figure 15 

shows the obtained PA/4% ZY membrane. 
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Membrane porosity and pore size  
Figure 16 shows the dependence of the porosity of the 

prepared membranes upon ZY loading, and Figure 17 

shows their bubble point pressure and bubble point pore 

diameter. 

 

 
It is clearly observed that the addition of zeolite 

increased porosity and bubble point pore diameter 

while decreased bubble point pressure of the 

membranes as results of SEM analyzes shows, 

section (3.4). These effects can be attributed to weak 

interface between micro-pores PA6 and zeolite due 

to poor compatibility between this inorganic particles 

and polymer,as FTIR analyzes proves, section (3.2). 

Whereas, when the content of zeolite exceeded 4% 

the porosity and bubble pore diameter declined. This 

may be attributed to the excessive content of zeolite, 

which plugged some micro-pores and reduced 

penetration properties of the membrane. 

A similar phenomenon was found by hui Jiang et al 

[8] when adding SiO2 to polyamide in concentrations 

of 5, 10 and 15%, where their results showed that the 

concentration of 10% yeild the best results in 

porosity and bubble point pore diameter. 

3.6. Tensile strength and Strain: 

The presence of nanoparticles within the membrane 

was supposed to improve the mechanical properties 

of the membrane, which depends on the amount of 

compatibility between the organic material (polymer) 

and the inorganic (zeolite) added to membrane. The 

improvement may be weak and limited owing to the 

difficulties associated with the intercalation of 

nonpolar chains inside the polar silicate interlayers 

[27]. 

The addition of zeolite decreased tensile strength and 

strain according to linear relationship as shown in 

Figure 18. This was attributed to clusters 

nanoparticles inside the membrane caused by the 

non-dispersion of enough zeolite granules inside the 

membrane. These results could be reflected on the 

crystallization behavior of the membrane, hence its 

properties, e.g. increasing the density of nanozeolite 

reduces the degree of crystallization [27], as shown 

in XRD study, section(3.3). In addition, the 

interaction of functional groups of PA6 with the 

zeolite surface were not strong enough to appear in 
the FTIR study, section (3.2), This refered to the 

limited amount of compatibility between PA6 and 

prepared zeolite. This indicated that the surface hardness 

increase with increasing the Zeolite content in the 

membranes. 

Thus, the integration of zeolite into the PA6 matrix 

changes the surface characteristics of the composite 

materials significantly. 

 
Conclusions  

The zeolite Y has been successfully prepared using 

Sol-gel method under the influence of self-pressure 

at 120°C. XRD and SEM showed that the obtained 

zeolite Y nanocrystals were highly crystalline and 
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appeared in the cubic shape with different diameters 

ranging from 100 to 270 nm. The zeolite Y 

nanoparticles were embedded into the polyamide 

layer via interfacial polymerization with formed 

hybrid membranes (PA6/ zeolite Y). The hybrid 

membranes presented crystalline phases α. SEM also 

showed increasing the number of gaps in hybrid 

membranes with increasing of ZY content in the 

membrane. The optimum zeolite loading was 

determined to be 4% from polymer blend. Addition 

of zeolite to membranes increased its porosity, 

bubble point pore diameter, but its tensile strength 

and Failure strain decreased linearly. The presence 

of Zeolite nanoparticles changed the structure of the 

polyamide membrane by forming nano-gaps at the 

organic interfaces, which can reduced the 

crosslinking density of the polyamide layer. These 

obtained results show that membranes can be used 

effectively in water filtration subsequently. 
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 ودراسة خصائصها  Yزٌىلٍت  \6تحضٍر وتىصٍف أغشٍة بىلً أمٍد 

 .الفٍسٌائٍة والمٍكانٍكٍة
 .مٍض وإٌمان مصطفى البكريحعلا عدنان 

 .سوريا –جاهعة دهشق  –كلية العلوم  –قسن الكيوياء 

  :الملخص
بالطريقة الهيدروحرارية ، ثم استُخدم في تحضير أغشية  Y حضر الزيوليتت

وفتت اأغغشية الهجينة  ُ .Y والزيوليت (PA6) 6اميد بوليهجينة من 
، ومطيافية اأغشعة تحت )X )XRD والزيوليت المحضر بانعراج أشعة

درست خوا   ُ .)SEM( ، وماسح المجهر الالكتروني)FTIR(الحمراء 
التيزيائية (حجم المسام والمسامية) واالميكانيكية (قوة الكسر  اأغغشية
  .)والانتعال
ئج أَ ن لمزيوليت بنية بمورية محددة، يت اروح حجم الحبيبات فيها أظهرت النتا

وأن اأغغشية المهجنة ذات بنية مقشرة. تظهر دراسة  )nm 270-100( من
وجود زيادة طتيتة في شدة جميع العفابات  ZY/PA6 أغشية FTIR طيف 
بسبب قوى الارتباط الضعيتة في اأغغشية  PA6 مع طيف غشاء بالمقارنة 
ذو سطح أممس وفيه عدد  PA تظهر نتائج المورفولوجيا أن غشاء .ةالمحضر 
التجوات وبإضافة الزيوليت أفبح سطح الغشاء خشن وفيه عدد  قميل من 
% وزناً تمثل أفضل تغطية لمزيوليت في 4التجوات. وأً ن  أكبر من 

مورفولوجيا اأغغشية تتغير تبعاً لمحتوى  النتائج أَ ن اأغغشية. كما تُظهر
أأشارت الدراسة الريولولجية للأغشية أن إضافة الزيوليت إلى  .يوليت فيهاالز 

أَ ن المسامية  اأغغشية يختض خطياً من قوة الكسر والانتعالية في حين
 والقطر المكافئ لممسام

 

 
 

 

 

 

 


