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Introduction 

The fresh water scarcity that occurs in many regions as a 

result of world economic, urbanization and industrialization 

every year, will increase the billions of living creatures 

accumulated, especially in Africa and the Middle East. 

According to the 2022 reports of the World Health 

Organization (WHO), approximately more than 2.2 billion 

people do not have access to safe drinking and hygienic fresh 

water (1). Every year, approximately 3 million people are 

seriously affected and may even die by unsafe and 

contaminated water sources. Additionally, lack of access to 

clean water has led to approximately 50 % of total hospital 

beds being occupied by people suffering from related 

diseases (2-4). Many countries face serious problems in this 

regard. Various technological methods, such as desalination, 

have given hope to people in water-scarce regions. Among 

the biggest environmental challenges faced today, water 

scarcity is one of the most critical and rapidly emerging 

problems. This situation may become even more serious 

when the limitations in the availability of freshwater 

resources around the world are highlighted. Although 

approximately 97 % of the Earth is covered with water, it is 

too salty to be used for drinking, irrigation or industrial 

purposes. Therefore, only 3 % of the available water can be 

used by humans and other living creatures such as livestock 

and poultry (5).  

 Membrane desalination is an effective technology that 

produces fresh water from brackish water or seawater using 

nanofiltration (NF) membrane processes (6). Although porous 

semipermeable membranes are generally obtained from 

many polymers, cellulosic polymers, aromatic polyamides 

(PAs) and polysulfones (PSFs) are the most preferred polymer 

materials for today’s desalination and water purification 

technologies (7). Despite increasing interest in desalination 

membranes with improved chemical resistance and thermal 

stability, the separation performance of newly reported 

membrane material is generally measured by water flux and 

salt rejection. While high flux and high rejection are goals 

pursued by membrane scientists, both flux and salt retention 

testing are easily affected by salt feed concentration, 

membrane thickness and operating pressure and cannot 

accurately reflect the inherent desalination performance of 

polymer membrane materials (8). Research into the 
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Abstract  

Clean water is a vital resource for humans, animals, agriculture, as well as industrial processes, which are the most widespread activities 
using the global resource. Desalination of seawater is a promising method to obtain abundant and reliable clean freshwater. It is a new 

nanotechnology application that attracts attention as a method to improve the performance by improving the surface properties to 

obtain nanofiber membranes for seawater desalination or desalination applications. Nowadays, polymeric nanofibers are one of the 
promising materials due to their significantly high permeability flux and selectivity, high porosity, properties. The industrial hemp 

(Cannabis sativa) plant is one of the important natural green fiber products. So far, there has been no insufficient research on hemp-doped 

membranes for water desalination and ion retention. This study focused on the fabrication of composite materials from polyamide-66-

based nanofibers doped with hemp plant fibers in formic and acetic acid by the electrospinning method. SEM images showed an 
interconnected structure between PA66 and dissolved hemp plant fibers. Permeability properties and ion retention sensitivity studies of 

the filtration structure were performed. Contact angle study revealed its hydrophilic structure. This study can be a source of inspiration for 

researchers who can shed light on future research for hemp-doped nanofiber membranes, emphasizing sustainable development goals. 
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development of sustainable polymeric composite 

membranes has attracted increasing academic and industrial 

interest in recent years due to modern society’s increasing 

demand for accountable high-performance materials and 

more environmentally conscious consumers, industries and 

governments. 

 Electrospinning technology has attracted great 
attention in recent years due to its ability to continuously and 

uniformly obtain sub-micron and nanometer diameter fibers. 

Unlike traditional phase transformation membranes or melt-

spinning stretch membranes, electrospinning technology can 

offer membranes with significantly higher porosity (up to 90 

%), relatively uniform pore size distribution, high 

interconnectivity of pores, controllable pore size and large 

specific surface area. As a result, electrospinning technology 

has attracted widespread attention in the preparation of 

functional membranes, showing great potential in filtration 

and separation, biomedical-energy and many other fields (9). 

 PA66 membranes are the most common membranes 

used in nanofiltration and desalination due to their high 

permeability and excellent thermal and mechanical 

properties (10). PA66 has excellent chemical stability and 

thermal resistance. It is usually dissolved in formic acid and 

from there it can be easily converted into nanofibers (11). 

PA66 membranes are characterized by high permeability and 

filtration efficiency, making them the most widely used 

membranes in practical applications (12). 

 Hemp has great potential for versatile applications. The 

cannabis plant (Cannabis sativa L.) is one of the world’s oldest 

crops, widely grown for industrial (13), food (14), medicinal and 

psychoactive (15) uses. Hemp, if managed correctly, is a highly 

sustainable and ecologically benign crop that directly serves the 

European Green Deal and the Circular Economy Action Plan. 

Industrial hemp is of interest for agriculture, pharmaceutical, 

food, textile, construction and other industries and the inherent 

mechanical, thermal and acoustic properties of its fibers make it 

promising components for reinforcements in polymer 

composite materials (16). 

 Based on these existing studies, in this study, we 

embark on a new journey to obtain and illuminate hemp fiber-

reinforced PA66-based membrane surfaces using the 

electrospinning method, one of the most effective methods in 

nanofiber production. With the qualified outputs obtained, we 

have a comprehensive understanding that sheds light on the 

literature and closes the existing knowledge gap. The purpose 

of this study is to provide information that can shape the future 

course of hemp-reinforced membrane applications. 

 

Material and Methods 

Materials 

PA66 pellet (Formula Weight: 262.36 g/mol, Density: 1.19 g/

mL), formic acid (HCOOH, >98 %), sodium hydroxide pellet 

(NaOH >98 %), hydrochloric acid (HCl, 37 %) and acetic acid 

(CH3COOH, 100 %) were obtained from Sigma Aldrich. Hemp 

plant fiber (HF) plant was obtained from Yozgat Bozok 

University Hemp Research Institute in Turkey. 

 

Methods 

Preparation of hemp fibers 

First, hemp plant fibers were chemically pretreated (cleaning 

and bleaching) to reduce hemicellulose and lignin content. 

Pretreatment is usually done with sodium hydroxide (NaOH) 

to remove lignin and pectin found in the hemp fiber plant (17-

19). In this study, firstly, 2 % NaOH aqueous solution was 

prepared and then the hemp bast fiber mixture was 

autoclaved at 121 °C for 1 hr. Then, after neutralization with 

37 % HCl, the mixture was washed 3 times with distilled water 

and filtered. After the upper part of the mixture was 

discharged to room temperature and the precipitated fibers 

were dried, it was kept in the oven at 50 °C for 1 day. After 

chemical pretreatment, hemp fibers were ground into small 

pieces (0.1-2 mm) with a ball mill for better dissolution. 

Preparation of hemp-added solution 

To be used in the production of nanofiber membranes, 

solutions containing PA66 and HF in different mixing ratios 

were prepared with a total solid content of 10 % by weight. 

For this purpose, 5 different solutions were prepared by 

adding different ratios of PA66/HF (100/0, 99/1, 96/4, 92/8 and 

90/10 by weight). The products are named HF-0, HF-1, HF-4, 

HF-8 and HF-10, respectively. The mixing ratios of HF added 

to the PA66 solution are given in Table 1. Formic acid and 

acetic acid were used as solvents in a ratio of 3:1. Each 

solution was first mixed in a heated magnetic stirrer at 50 °C 

for 30 min and then at room temperature for 12 hr. These 

solutions were finally processed in an ultrasonic bath for 30 

min at room temperature. 

Electrospinning device and working process 

Performed on NanoSpinner. PilotLine model semi-industrial 

multi-nozzle electrospinning device (Fig. 1) is located at 

Kahramanmaraş Sütçü İmam University (KSÜ) Materials 

Research Laboratory at USKIM. While spinning the solutions 

from the device, parameters such as power, feed and needle 

tip-collector distance were determined precisely. The 

working process was carried out at a distance of 195 mm, a 

feed rate of 0.4 ± 0.1 mL/h and a voltage of 29 kV. In addition, 

each study was carried out at a winding speed of 10 (cm/min) 

for 50 times. The prepared polymer solutions were drawn into 

a 10 mL plastic syringe and then placed into the device. White 

polypropylene spunbond nonwoven fabric with a weight of 

12 g/m2 and a width of 48 cm was used as the base material in 

the electrospinning device.  

SEM analysis 

The surface morphologies of the produced PA66/HF 

composite membranes were analyzed using a scanning 

electron microscope (SEM), ZEISS brand EVO/LS10, at Yozgat 

Kode Total solids content (%) PA66 (%) HF (%) 

HF-0 

  
  

10 

100 0 

HF-1 99 1 

HF-4 96 4 

HF-8 92 8 

HF-10 90 10 

Table 1. Mixing ratios of HF added to the PA66 solution 
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Bozok University BILTEM laboratories. To obtain higher yield 

data from the analyses, the samples were coated with a thin 

gold layer on a gold coating device (Cressington 108 auto 

device) before SEM analysis. For each sample, X1000, X5000, 

X10000 and X20000 magnification parts were examined, but 

only 20 different fiber diameter measurement studies were 

shared in 2000 magnification images. 

Contact angle test measurements 

KSV Attension brand Theta model contact angle measuring 

device was used. The measurement technique used in this 

device is the method of dropping ultrapure water onto the 

membrane sample surface. Contact angle test measurements 

were performed on the surface of dry membrane samples. As 

a method, at least 10 measurements were made for each 

membrane sample. 

Dead-end mixing cell filtration process 

The performance tests of the membranes obtained by the 

electrospinning method against pure water and salt water 

were performed. Pure water flux was measured using the 

dead-end mixing cell filtration system mentioned above. The 

membrane was pre-compressed at 0.6 bar applied pressure 

until a constant water flux was obtained. Water flux at 25 °C 

was measured at 0.6 bar applied pressure. The following 

equations were used to calculate the hydraulic permeability 

of the membrane. The characteristics of the vacuum 

membrane filtration system used are given in Table 2. 

The performance tests of the membranes 

The performance tests of the membranes obtained by the 

electrospinning method were carried out by measuring the 

permeability of pure water and salt water (containing NaNO3) 

using a vacuum membrane filtration system. The pressure 

filtration cell shown in Fig. 2 was used to determine the 

permeability values of the produced membranes for pure 

water and 0.4 M NaNO3. Before the permeability experiments, 

the produced membranes were immersed in pure water for 

120 min at room temperature. The purpose of the wetting 

process is to prepare the membrane nanofibers for the 

process before the membrane flux process. After the wetting 

process, the flux at 0.6 bar pressure was calculated according 

to Eqn. 1. The permeability values were determined using the 

calculated flux value. Each sample was processed 10 times 

and the average values were considered (20). 

  Jw = V/(A × Δt)                                            (1) 

Here; 

Jw is calculated as flux (L/m2·h), V is calculated as permeation 

volume (L), A is calculated as membrane active area (m2) and 

Δt is calculated as time (hr). 

Permeability value (Eqn. 2); 

Permeability = Jw/P (L/(m2·h·bar )                (2) 

It is obtained with the formula (20). 

 The air permeability test of the membrane samples was 

carried out in the PROWHITE Air Test-2 device located in the 

physical examination laboratory of the Textile Technologies 

Department of the Technical Sciences Vocational School of 

KSU. The test samples were prepared with an area of 20 cm2 

and were carried out at an air pressure of 100 ± 10 Pa. Five test 

procedures were carried out for each test sample and their 

average values were considered. 

 In this study, the average pore size (rm) (Eqn. 3) was 

calculated with the filtration rate using the Guerout Elford-

Ferry equation (20-22). 

 

 

 

Here; 

ɛ: Membrane porosity ratio (%), 

ŋ: Viscosity value of pure water (8.9 × 10-4), 

i: Membrane thickness (m), 

Q: Permeable volume per unit time, 

A: Effective area of the membrane, 

ΔP: Applied bar (Mpa). 

Also in this study, the gravimetric method based on the 

weight of the liquid in the membrane pores was preferred to 

calculate the membrane porosity ratio (ε), which is the ratio 

of the pore volume of the membranes to the membrane 

geometric volume (Eqn. 4) (23-26). 

(3) 

 

Fig. 1. INOVENSO semi-industrial multi-nozzle electrospinning device. 

Technical data Technical value 

Filter Membrane Area (m2) 0.00138 

Maximum Filter Volume (mL) 250 

Filter Vacuum Value (Bar) 0.6 

Table 2. Technical information of vacuum filtration system 
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Here; 

Ww: Wet weight of the membrane (g), 

Wd: Dry weight of the membrane (g), 

A: Area of the sample (cm2), 

L: Average thickness of the sample (cm), 

ρ: Density of pure water (0.998 g/cm3). 

 In the study, the ion retention performances of the 
produced membranes were analyzed using 0.6 bar pressure 

and 0.4 M NaNO3 salt solution. At this pressure value, the salt 

permeability values of the ionic salt solutions were calculated 

using Eqn. 5. For salt removal rates, the conductivity values of 

the filtrate and fed solutions were measured in mV and the 

ion removal rates were expressed as % using Eqn. 5 (27, 28). 

Three separate studies were performed for each sample and 

the average value was considered. 

 

 

 

 In the formula, R represents the retention (%), Cf 
represents the electrical conductivity values of the feed 

solution and Cp represents the electrical conductivity values 

of the filtrate solution. 

Measurement of swelling property 

The swelling properties of the membrane samples were 

tested in 50 mL of phosphate salt buffer (pH 1.0 and 37 °C). It 

was kept for 15, 30, 45 and 60 min. Then, surface water was 

removed with moistened towel paper and the samples were 

weighed at predetermined time intervals. Dry and wet 

weights were recorded and put into the percentage swelling 

equation (%SD). The degree of swelling (SD) of the 

membranes was calculated by the following Eqn. 6 (43).  

SD (%) = [(Mt-M0)/M0] × % 100                  (6) 

In the formula, Mt: weight of wet membrane, M0: weight of dry 

membrane.  

(4) 
(5) 

Fig. 2. SEM images of fiber at ×20000 magnification.  
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Results and Discussion  

Solution characterization studies 

The operating parameters and system requirements for the 

electrospinning manufacturing process can vary greatly 

depending on the choice of polymer and solvent. The density, 

viscosity and conductivity of the solution are critical factors 

that affect the spinnability of the solution as well as the 

morphology of the spun fibers (30). 

 Table 3 shows that as the hemp content in hemp-

doped PA66 solutions increases, the solution viscosity 

increases significantly, whereas the solution conductivity 

decreases slightly (31, 32). 

Morphological analysis 

To verify the aggregation effect on hemp fibers in hemp-

doped PA66 polymer solution, the morphology of hemp fibers 

before and after doping was observed by scanning surface 

electron microscopy. It was found that the microstructure of 

hemp-doped and doped nanofiber samples exhibited fiber 

diameters with a diameter in the nanometer scale. Fig. 2 

shows the SEM images of the fiber diameter distribution of 

nanostructured fibers obtained by electrospinning from 

hemp-doped and non-doped PA66 polymer at different 

mixing ratios at ×20000 magnification. Table 4 shows the 

diameter measurement values of the fibers. From the shared 

images, all samples have a distinct fibrous structure and the 

obtained surfaces prove that a bead-free and nanostructured 

fibrous membrane surface can be produced. 

 The average fiber diameter of the nanofibers obtained 

from the hemp-free PA66 polymer is approximately 124 nm, 

while it is seen that problem-free, randomly oriented fibers are 

obtained. However, with increasing ratios, the average fiber 

diameter of the hemp weft nanofibers was determined to be 

approximately 140, 160, 167 and 172 nm, respectively, 

depending on the additive ratio. It was determined that the 

fiber diameter value increased significantly with the increase of 

the hemp additive ratio. The increase in the average diameter 

of the nanofibers can be explained by the fact that the viscosity 

of the hemp added to the PA66 solution increases the viscosity 

of the PA66 solution and as a result, the same thing happens 

when there is a certain amount of hemp added to it. However, 

we can also explain this by determining the decreasing 

conductivity value depending on the hemp doping ratio (29). It 

was understood that as the amount of hemp fibers in the PA66 

polymer solution increased, they all exhibited a smooth fiber 

structure depending on the spinning viscosity. As a result, it 

was determined that the addition of hemp fibers to the PA66 

polymer solution did not have a great effect on the spinning 

process and that problem-free and bead-free fibers could be 

obtained. 

 The histogram of fiber diameter (Fig. 3) clearly shows 

that fibers with increasing diameter are produced within a 

narrow range as the hemp content in the PA66 polymer 

solution increases. These results indicate that the diameter of 

the fibers can be controlled simply by changing the bulk 

compositions of the component polymers. 

Contact angle 

Contact angle analysis was performed to determine the 
hydrophobic and hydrophilic characteristics of the obtained 

membranes and is shared in Fig. 3. It is known that the PA66 

polymeric membrane surface without hemp additive has a 

relatively hydrophobic surface. However, it is observed that 

the hemp-added PA66 polymeric membrane surfaces gain a 

hydrophilic structure depending on the hemp additive ratio 

(34). This may be related to the presence of a significant 

number of hydrophilic groups in PA66 and the fact that the 

hydrophilic groups become dominant on the surface as the 

lignocellulosic hemp is distributed homogeneously in the 

mixing system (35). The hydrophilic structure of the 

membrane material shows that it is less resistant to the 

passage of water. In addition, the wettability of the surface 

prevents bacteria and organic substances from adhering to it 

and contributes to the ability to be washed more easily. 

 Most importantly, water molecules bind to the 
hydrophilic membrane surface via hydrogen bonds, forming 

a thin water barrier between the membrane surface and the 

permeable solution. This acts as a boundary that prevents the 

residues of unwanted hydrophobic membrane contaminants 

on the membrane surface (36). The presence of hydrophilic 

surfaces in membrane structures is expressed as an 

important factor in improving antimicrobial agent loading 

and antimicrobial performance. The membranes with 

hydrophilic surfaces can load more antimicrobial agents and 

show higher antimicrobial performance than hydrophobic 

surfaces were explained (37). Therefore, hemp-doped PA66 

composite membrane is expected to offer promising 

potential in antimicrobial agent loading. 

Water flow and permeability 

In the permeability performance tests of hemp-added PA66 

nanofiber membranes obtained with Eqn. 1 and 2, the effect 

of two different flux values (water and salt water) on 

nanofiber membrane performance is given in Fig. 4. 

 When the obtained results are evaluated, it is seen that 

as the hemp weight percentage increases, there is a decrease 

in pure water and salt water flux values. In addition, the 

permeability value decreases visibly under 0.6 bar pressure. 

When the permeability values are examined, it is seen that 

the best pure water permeability value belongs to the HF-10 

sample. 

  
Density 
(gr/cm3) 

Conductivity 
(ms/S) 

Viscosity 
(cP) 

HF-0 1.112 401 701 

HF-1 1.139 381 812 

HF-4 1.142 370 1115 

HF-8 1.162 350 1178 

HF-10 1.198 346 1512 

Table 3. Density, conductivity and viscosity values of solutions 

  Density (nm) 

HF-0 124 ± 34 

HF-1 140 ± 61 

HF-4 160 ± 72 

HF-8 167 ± 40 

HF-10 172 ± 50 

Table 4. Fiber diameter values of nanostructured fibers 
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 The results showed that as the mass fraction of hemp 

in PA66 increased the flux through the membrane decreased. 

As the amount of hemp in the polymeric solution increased, 

the voids along the cross-section of the membrane were 

filled. In addition, the nanofiber with a higher amount of 

hemp added increased the surface roughness, resulting in 

greater adhesion of water droplets on the membrane surface 

and the formation of a resistant layer that could prevent 

hemp from contacting the surface water, thus leading to an 

overall decrease in flux. Lignocellulosic membrane material 

also swells when exposed to water (38, 39). The swelling of 

the polymer reduces the overall porosity of the membrane. As 

a result, it forms a compact structure with less porosity and 

ultimately less flux. Fig. 4(A, B) shows that both flux and 

permeability decrease with the hemp flux rate, respectively. It 

was observed that the membrane hydrophilicity trend is in 

strong agreement with the permeability and flux trends (42). 

 In general, we see in literature studies that flux and 

permeability values are related to membrane nanofiber 

diameter and porous structure and are also proportional to 

membrane thickness values. In this context, it is generally 

observed that the flux value increases as membrane 

thickness increases (40). In addition, these results confirm 

that flux decreases as the contact angle decreases. This 

confirms that the hydrophilic structure also decreases 

gradually. Rana and colleagues argued that all three concepts 

are related to each other. In the literature, the rapid decrease 

in flux is attributed to the decrease in membrane porosity 

(41). The increase in flux value as the hemp ratio in the 

solution concentration increases can be explained by the 

hydrophilic structure of lignocellulosic doped membrane 

structures. 

Pore ratio and pore size analyses 

The porosity of the membranes was measured by the 

gravimetric method and the average pore sizes of the 

membranes were calculated by Guerout-Elford-Ferry (Eqn. 4) 

based on pure and salt water flux data (Fig. 5). 

 

Fig. 3. Contact angle analysis of membranes. 

Fig. 4. Flux (A) and permeability (B) performance test graphs of hemp-doped PA66 nanofiber membranes. 

https://plantsciencetoday.online
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 The pore size of the nanofiber-structured HF-0 

membrane surface obtained without hemp additive was 

calculated as an average of 60 % using Eqn. 3. It was 

determined that the porosity of the surfaces decreased due to 

the porous structure of the PA66 nanofiber membrane 

surfaces with increasing hemp additives depending on the 

weight percentages. It was determined that the porosity 

decreased by approximately 20 % in the HF-10 sample. It was 

determined that the pore size of the HF-0 sample, which was 

216 nm, decreased depending on the hemp additive rate and 

this value was calculated as 188 nm, decreasing by 

approximately 13 % for the HF-10 sample. 

 In Fig. 5, the results show that the average pore size 
decreases with decreasing fiber diameter and can be argued 

as evidence that nanofibers have a high surface area. This 

study also confirmed this thesis put forward by previous 

studies. In addition, the results showed that membranes with 

larger fiber diameters have a larger porous structure between 

the fibers. There are other studies in the literature supporting 

this statement (40). We can say that these decreases are due 

to the decrease in the diameter of nanostructured fibers. 

These results show that hemp additive increases the 

permeability properties of the membranes. 

 It is seen in Fig. 6 that as the hemp contribution of the 

ion retention percentage increases in the aqueous solution 

prepared as 1 M in the presence of NaNO3, the ion retention 

efficiency of the membranes also increases. 

 A noticeable improvement in the ion exchange 

capacity of the nanofiber-structured membrane surfaces 

obtained by increasing the hemp mixture ratio in the polymer 

solution was detected. This can be attributed to the 

hydrophilic property of the hemp in the lignocellulosic 

structure, which causes more water adsorption in the 

prepared membrane and thus facilitates the transport of ions 

between the solution and the membrane phase. This 

increases the ion retention possibilities. The presence of 

hydroxyl groups in hemp causes the development of 

hydrogen and Van der Waals bonds through PA66 mixtures. 

As these electrostatic interactions increase, cross-linking 

occurs, which allows the adhesion of salt ions. 

 

Fig. 5. Porosity (A) and pore size (B) performance test graphs of hemp-reinforced PA66 nanofiber membranes. 

 

Fig. 6. Ion retention performances of hemp-doped PA66 nanofiber membranes. 
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Measurement of swelling property 

Swelling test of membrane samples, percentage values 

depending on time are shared in Fig. 7. Swelling effect of 

cellulosic hemp on PA66 as seen in Fig. 7, the swelling ratio of 

nanofiber increased with the increase of hemp additive ratio. 

The negatively charged OH molecule of hemp contributes 

significantly to the absorption of water. The water absorption 

is caused by hydroxyl groups in cellulose and hemicellulose. 

Higher hydroxyl group content leads to higher water 

absorption and swelling coefficient (44). The results obtained 

showed that, depending on the fiber diameters, as the 

surface area increases, swelling increases along with the 

water absorption of the materials as a result of the roughness 

caused by hemp on the surface (45). 

 

Conclusion  

As a general result, an electrospinning process that will allow 

the production of membranes with uniform and homogeneous 

distribution by preparing a solution suitable for both PA66 and 

hemp-added polymer mixtures has been successfully carried 

out. The formation of nano-sized fibers was observed in the 

hemp-added PA66 polymeric nanofiber membranes obtained 

and a material that can be used for the filter was produced. We 

can understand this from the high filtration efficiency on the 

fiber diameters and the network structure that provides 

homogeneous distribution. As a result of these results and 

evaluations obtained depending on the material and method 

used, the study prepared with 10 % additive was the most 

ideal in terms of ion retention efficiency, while the average 

value of the nanofiber diameter was calculated as 172 nm. 

This value is the highest among the other membrane 

samples. This study also conducted market research on PA66 

polymers used for cost analysis in obtaining membrane 

surfaces with a nanofiber structure. Considering that the 

PA66 sales price is higher than the hemp sales price, it is 

possible to say that increasing the hemp ratio in the polymer 

ratio will create a more affordable membrane. All the results 

obtained can be said to be a study that can shed light on 

future scientific studies on water treatment and ion retention 

filtration applications, where hemp can provide filtration 

efficiency at high vacuum values with polymer additives 

(depending on the type and mixing ratios of the polymer). 
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