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GROWTH FACTORS & STEM CELLS ENTRAPMENT IN BIO COMPATIBLE & BIODEGRADABLE NANO 

PARTICLES TO PREVENT EARLY DEGRADATION & FACILITATE GRADUAL RELEASE 

ABSTRACT 

The use of growth factors and stem cells as the core treating agents is one step into creating a biocompatible 

Solid Lipid Nano Particles (SLNP) for treatments. Apart from obtaining these growth factors and stem cells 

from the patients, using the bi-product of the extraction process which is the lipid of the patient for the 

production of the SLNP assures the final product to be biocompatible and of a unique structure. The use of 

autologous cells and proteins from the patients makes the entire process medically ethical and more viable 

for treatment procedures. This article, thus discusses on the experimental process of developing such SLNP 

and the introduction of the relevant medical contraption designed uniquely for the procedure inclusive of a 

specified membrane. 

 

INTRODUCTION 

The invention of the device 

The device was conceptualized with the initial goal of keeping the design manufacturing procedures as 

simple as possible. Providing a quality and durable product maintaining the cost at an affordable rate was 

also a key focus in the design process. Thus, materials common and already certified for applications in the 

medical field were utilized for the project. Thereby the device could be certified as biocompatible. The device 

design focused on creating compartments necessary for the formation of Solid Lipid Nano Particles (SLNP), 

the process to mix the SLNP formed with the treatment materials, and a final extraction for relevant 

applications. 

The development of a unique membrane 

As the study focuses on creating SLNP which can be categorized as biodegradable and biocompatible, the 

filtration process to obtaining these SLNP is considered an important step. The filtration and extraction are 

to be done from body fat thereby the procedure should be of preciseness, good hygiene as well as adhering 

to the environmental conditions suitable for the procedure. As the outcome of the SLNP Solid Lipid Nano - 

Particle will be used for the formation of Lysosomes to be induced in treatments directly, it is mandatory to 

maintain form, size and quality consistency in the final outcome. In order to assure that the desired and 

effective characteristics can be created consistently when needed while considering specifications also 

features and characteristics of ceramic membranes in the market were analyzed. As the existing membranes 

could not achieve the requirements a specific membrane for the filtration process was designed. 

Membrane characterization analyzed through Scanning Electron Microscopy (SEM)/ X-ray diffraction (XRD)/ 

Specific Gravity etc. 

In the process of designing the new membrane, the suitability of the application of Quartz and mixing it with 

another pore -forming agent such as dolomite for the final material were studied through various 

procedures. The experiments were done to observe the quality and characteristics of the final membrane 

based on the outlined requirements. The material composition was altered and analyzed to find the most fit 

membrane material that could be used. The SEM and XRD tests were done to observe the material 

characteristics in detail thus enabling the analysis of pore sizes, distribution, porosity, strength of membrane 

and such characteristics. Verifying such prominent characteristics made the designed membrane more 

accurate and durable. 
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Production of SLNP with a range of dimensions 

Varying the materials, temperature and other elements mixed with the core material of the membrane 

enabled the formation of the desired SLNP size through the designed permeable membrane. The analysis 

was done by altering materials and temperature also provided knowledge on possibilities of creating SLNP 

within a varied size range. With changes done through the study three main categories of SLNP sizes were 

identified where the size ranged from 50 µnm up to the larger size of 400 µnm. 

Autologous component (Stem Cells/ Growth Factors/ Human lipids as biproducts) 

The highlight of the overall study is the formation of the desired Lysosomic Liposome structure for treatment 

procedures. The final product consists of the extracted SLNP particles as well as the stem cells and growth 

factors obtained from the patients which are all in all the autologous components in the final product. It 

should be noted that even the SLNP are formed from the lipids obtained as the bi products in the process of 

extracting the stem cells from the patients. Therefore 95% of the entire composition will be of autologous 

components. The effectiveness and value of using autologous components will be discussed in detail in the 

latter part of the article. 

 

METHOD 

Application of Surfactants instead of Chemical Substances 

In the process of mixing all components and forming the final treatment cell, no harmful chemical is used. 

Only non-ionic surfactants that are unharmful are used to enhance the emulsification process of the 

component. And phospholipids are being used as the surfactants to avoid any application of any strong or 

harmful chemical substances that could create any side effects to the patient. Therefore, the entire 

treatment cell produced can be considered to be free of external and any harmful chemical substance. Based 

on the materials used and their bio compatibility the final substance can be easily categorized as 

biocompatible and ethical for the application for human beings. The necessary samples were obtained by a 

volunteered patient of mine who went under the surgery for an abdominoplasty. As the surgery provided 

with a considerable amount of body fat that was to be discarded, along with the patients consent the 

samples were obtained for necessary experimental analysis of the formation of desired SLNP. Further note 

that the process of obtaining the samples was under aligned ethical codes of the National Nanotechnology 

Policy of the National Science foundation of Sri Lanka. The material production for the device was done at 

the University of Moratuwa, Department of Materials Science and Engineering under the relevant ethics and 

regulations. The analyzed data which is represented was conducted within the premises under required 

standardized conditions. 

Mechanical filtration and the Mixing Procedures 

In the process of forming the final product, the initial component formed mechanically is the SLNP. By 

undergoing a mechanical filtration process through compression, the applicable lipid substances can be 

extracted as SLNP through the unique designed ceramic membrane.  

In the device designed the filtration is done within the first compartment. The walls of the barrel in which 

the lipid is to be placed for compression are lined with the unique ceramic permeable membrane also 

designed specifically for this procedure. Details of the membrane are further discussed later on, in this 

article. Its function remains simple.  

The obtained SLNP thus will fall into the larger barrel within which the first barrel where the filtration of the 

lipids was processed. The larger barrel is also where the aqueous medium consisting of surfactants, growth 

factors, and stem cells will be introduced. As most of the particles thus formed could yet retain on the outer 
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walls of the filtering membrane the device is made so that the medical personal handling it could simply 

shake the device a few times to assure that the final mixing procedure is completed. Thus, through a simple 

process of emulsification, the particles combine to form the final structure. 

Final Expected Product of Liposomes  

The final structure of the Liposomes consists of a 

hydrophilic core and a hydrophobic bilayer (Gunay, 2018; 

Ozer, 2018). The aqueous solution consisting stem cells 

and growth factors becomes the aqueous volume 

entrapped at the core of the Liposomes. Based on the 

hypothetical analysis the phospholipids consisting the 

hydrophobic tails and hydrophilic heads form the bilayers 

within the Liposome creating hydrophobic and hydrophilic 

environments surrounding the aqueous core. The actual 

Liposomic structure is yet under investigation and the 

hypothetical diagram is depicted herewith in figure 1.  

The SLNP will then penetrate the formed Liposome structures filling in the gaps within the hydrophobic 

layers concealing the structure. The entrapped aqueous solution is thereby well protected for a longer period 

providing better control on treatment procedures. The phospholipid structure consisting of bilayers of 

protection and a core which can be considered as its innermost environment makes the liposomes 

biocompatible. Simple degradation avoiding any toxic and immunogenic effects enables to create a superior 

value in the final product. Though the procedure sounds intricate with many steps involved the outlined 

suggested process would take only a short time with a minimum amount of procedures and less complicated 

measures taken based on the designed device functionality tested. 

 

A Closed System Treatment That Is Cost-Effective and Less Time Consuming  

Based on the research done the overall process would take about 2-3 hours for all procedures. And one of 

the highlights of this procedure is that multiple procedures can be done simultaneously reducing the time 

taken and effort in the overall process than the usual. As discussed within the research most Stem Cell and 

Growth Factor treatments are done through intricate procedures that consume many steps, many hours and 

even requires storage in certain methods. This makes such treatments readily unavailable for most patients 

and unaffordable for patients as well as expensive for the providers. But, as a turnover with the upcoming 

demand in cell therapies in the medical industry this report provides evidence for easier, cost effective and 

a readily available procedure.  

Obtaining the suitable components of the human lipid and the mixing procedure of all elements to complete 

the final process of forming the final cell a specified appliance is needed. The introduced device can achieve 

the targets and subsequently inject the final product for treatment in a matter of seconds, making it 

applicable at that instant for the patients. The coating created from the SLNP will help increase the lifetime 

of the Growth Factors and Stem cells which in existing scenarios are environments that cannot be controlled 

(Ho et al., 2016) thus reducing the cell lifetime in general procedures to half of what can be provided through 

the new method introduced. Being a closed system, a minimum contamination possibility is identified. 

The simple structure of the device introduced thus can create a step forward in the medical industry. 

Creating an almost effortless, yet effective and affordable device for the subsequent treatment procedure 

introduced. As the materials used for its production are readily available and not of the high cost. The 

procedure being simple steps will allow the process to take minimum time to complete the treatment. 

Figure 1 – Hypothetical structure of Liposomic structural Solid 

Lipid Nano Particle 
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Further study opens possibility in the application for treating systematic illness 

Designing a new membrane that is medically ethical and biocompatible as well as cost-effective while 

achieving other unique specifications created an opening on studies of what the membrane could be used 

for. As of now the device designed will only allow to treat open wounds but with further detailed studies on 

the Liposomic structure treatment methods for systematic illnesses can be achieved. With suitable 

alterations and improvements on the structure application of the final product can be expected to lie within 

a wider range with further studies provided. 

 

 

 

 

 

RESULTS 

The Invention of the Device and its Functionality 

The device as explained was designed so as to create a simple system where several procedures can be done 

simultaneously in the simplest manner possible. Therefore, the invention was designed as in the structure 

below. 

Based on the outlined structure in figure 2 above, it can be identified that the device consists of a closely 

relatable structure of two syringes combined. The raw material of the compartments used or compression 

and mixing are designed with the application of polypropylene which is used for the production of syringes. 

Yet an interesting design tactic was applied, to convert the usual plunger of the syringe into a screw. This 

was done so as to increase the control over the compression filtration process of the extracted lipids. Thus, 

a more uniform product of SLNP could be obtained through the device. Intricate details as such were clarified 

by experimental and trial-based procedures. 

The compression compartment is where the obtained lipids as a bi-product of the adipose-derived stem cells 

from the patient are being pressed for filtration.  

The walls of the barrel in which the lipid is placed for compression is lined with the unique ceramic permeable 

membrane also designed specifically for this procedure. Details of the membrane are further discussed later 

Figure 2 – Invented devise (line diagram) 
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on in this article. Its function remains simple. As it acts as the main filtering membrane through which the 

desired SLNP should be filtered. 

The obtained SLNP thus falls into the larger barrel within which the first barrel where the filtration of the 

lipids was processed. The larger barrel is also where the aqueous medium consisting of surfactants, growth 

factors, and stem cells are introduced. It initially acts as a collection chamber of the formed SLNP. 

As most of the particles thus formed could yet retain on the outer walls of the filtering membrane the device 

is made so that the medical personal handling it could simply shake the device a few times so as to assure 

that the final mixing procedure is completed. And specified expertise will not be needed to operate the 

device for the procedures. This eases the use of the device enabling the procedure to be done at minimum 

experience but with necessary guidance at initial stages. Once observed, within a theatre system the device 

can be operated and the treatment can be performed by an individual due to the simplicity of the device 

and procedure. 

Research and experiments have provided satisfactory results of the final product obtained. Thus, the simple 

process of compressing and mixing the elements to obtain the final treatment cells can be considered as 

successful. The functionality of the device itself presents the ease of use of the equipment and the speed of 

treatment procedures.  

Another highlight of the device and its design can be considered as the protection of the highly sensitive 

growth factors and stem cells used with the closed system structure. As these cells once within the device 

will not be in contact with the external environment unless it is coasted with the protective layers and the 

final Lysosome structure is obtained ready for treatment. The entire procedure therefore can be considered 

to be one that cycles from patient to device and directly back to the relevant patient. The simplicity and the 

high efficiency of the device functionality itself draw the benchmark for this unique innovation. 

The device is built as a single disposable unit. The low cost for the production therefore enables the usage 

of a new unit per patient. This increases the hygiene in the treatment procedure. The cost of the production 

of the membrane used in the device was also controlled and built in a manner that it can be affordable. The 

overall production procedure even in stages of producing the membrane was identified as low cost. The 

entire device was estimated to be of low cost and can be provided to the public at affordable rates allowing 

any patient to receive the treatment. 

 

Unique Membrane Designed 

Membranes used for microfiltration purposes in the medical field are generally composites, symmetric, or 

asymmetric which are fabricated from polymeric or inorganic materials (Hogan B., Breiter S., 2006). Such 

membranes are usually made from ceramic which can be fabricated by classical techniques through 

fabrication, sol-gel techniques or by employing alkoxides. Such filtration procedures have shown several 

flaws that were mandatory to be avoided for this purpose. Most studies have been done on permeable 

ceramic membranes where the permeability has been achieved by mixing a certain ratio of clay and starch 

(Youmoue et al., 2017). The disadvantage in such membranes made by mixing the regular materials is that 

the pore size cannot be controlled as desired and would rather have a fixed range of pore formation with 

other relevant variables given (Yakub et al., 2012). Therefore ceramic membranes were studied  to clarify 

the exact characteristics to be improved to create the suitable membrane for the membrane contactor 

process, to produce the SLNP.  
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Porous Ceramic Membranes Used 

Within the existing industry of medicine, microfiltration is mostly done with the use of ceramic porous 

membranes. The pores are generally formed with the help of a pore-forming agent such as sawdust or starch 

(Abd Aziz et al., 2019). Such membranes are made with materials that consist of good chemical stability. The 

use of ceramic as the core ingredient prevents in causing any corrosive condition in the process of using the 

membrane (Ben Ali et al., 2018). This is a must to be considered especially in medical applications.  The 

strength and rigidity are also mandatory characteristics maintained in general to increase the durability of a 

membrane manufactured. The question thereby arises as to why the already designed ceramic membranes 

cannot be used for the extraction of SLNP in the introduced process of the stem cell and growth factor 

treatment. 

 

Requirements in Specified Membrane 

One of the main issues in the existing ceramic permeable membranes is the variation of the pore sizes, the 

inconsistency throughout the surface (Youmoue et al., 2017). The challenge was to identify a pore-forming 

agent where its chemical reactivity and the reacting characteristics can be controlled as desired as the pore-

forming agents were found to be the cause of this inconsistency observed.  The final membrane designed 

needed to be bio compatible, and the overall production was to be framed at a reasonable cost so that it 

will not affect the final designed device production. The device and membrane were designed to be used 

per individual patient therefore mass production were considered and the easiest methods for production 

was studied experimentally. The distribution of the pores in the permeable membrane was an essential focus 

as this would overall affect the treatment procedure. Varied pore sized will not allow to create uniform-sized 

SLNP which will not be effective in the successive steps. Therefore, evenly distributed pores with a specific 

dimension were required to be maintained. 

 

Material Selection 

Referring to chemical engineering industry studies, the mineral Quartz was identified as a potential pore-

forming agent for the inventive membrane. The raw material itself depicted characteristics that were 

required (Peng & Redfern, 2013) and desirable as per the initial study. Through various experimental 

procedures, the material was studied and determined as the best-fit pore-forming agent applicable. The 

structural and chemical stability of Quartz as a material as well as its behavior based on temperature 

differentiations (Rosenbrand, n.d.) were noted as desirable and supportive in the process of creating a 

suitable pore size. Further, the study developed into interesting levels wherein the process of studying the 

pore-forming process of Quartz in ceramic it was discovered that the pore shape can be controlled and a 

much desirable conical shape can be formed which could enhance the overall filtration procedure of the final 

system.  

This article introduces Quartz as a pore-forming agent with specifications that can be considered as a medical 

advancement useful for generations to come. The suitability in the application of Quartz as the pore-forming 

agent is studied based on experiments done on its; chemical stability (Kilikoglou et al., 1998), structural and 

chemical behavior with the temperature difference, material phase changes due to temperature (Peng & 

Redfern, 2013) and also the material strength and the fineness of the final product and applicability in the 

prescribed medical procedures. 
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Raw Material Qualities and Characteristics 

In general, the average grain size of Quartz starts of their sedimentary history from around 0.6mm with 

about 40% mono-crystalline grains. Quartz is porous media that consist of solids and pores. The porosity is 

the ratio of the volume of pores to that of the bulk volume. The behavior and structure of such pores can be 

studied through the study of the porosity of the material. For this, the volumetric flow rate based on Darcy’s 
law (1856) is applied in general. Darcy’s law states that the flow rate depends on fluid viscosity; thus, for a 
general fluid, flow can be expressed through the equation given below. 𝒒 = 𝑸𝑨 = 𝒌𝝁 ∆𝑷 

ΔP : the pressure gradient 

q : the specific discharge, henceforth referred to as the flow rate 

Q : the volumetric flow rate 

A : the cross-sectional area perpendicular to  

μ : the dynamic viscosity of the fluid 

k : the permeability 

 

The porosity, therefore, is the volume of the cylindrical capillaries normalized by the bulk volume. Thus, the 

permeability can also be expressed in terms of the pore size and porosity. Likewise, the pore size can be 

defined using the equation for permeability as given below (Rosenbrand, n.d.).  𝒌 =  𝟏𝟖 𝒓𝒑𝟐 ∅ 

 

As per the findings of Berryman and Blair (1987) Quartz is generally modeled with the use of the Kozney 

(1927) equation. The equation is stated below, 𝒒 =  𝑸𝑨 =  𝟏𝝁 𝒄𝟎∅𝟑𝑺𝟐  ∆𝑷 

Through research done based on all data collected it is clarified that in Quartz the permeability is generally 

controlled due to the smaller pores existing within its structure. The larger intergranular pores are connected 

through the smaller pores which helps to limit the flow rate in larger pores. Therefore, the higher 

permeability in these pores would have a dominant effect on the measured permeability. 

 

α QUARTZ - β QUARTZ Phase Transitions 

The α-β Quartz phase transition is categorized as a transition of the second order. This transition has been 

defined by many researches to be an order to disorder transformation (Spearing et al., n.d.). As used in many 

occasions the Landau theory along with the use of ab initio molecular dynamics are used in this experimental 

observation. This experiment was done to obtain a qualitative description of the macroscopic behavior of 

the Quartz phase transition. 

The macroscopic behavior of the α-β phase transition is observed through the experiment done using the 

Landau Theory. The transition that occurs usually is where the β-quartz changes into the α-quartz through 
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the SiO4 tetrahedral structure rotations given that there are minimal distortions. Though the Landau theory 

assures clear results for displacing transition as the microscopic mechanism for the phase transition are not 

clear and accurate molecular dynamics are used in order to clarify this phase of the material. The experiment 

did pave the way to explore the effects of phase transition on dielectric properties as well. The atomic 

displacements in different directions during the phase transition where the temperature is accurately 

estimated from the calculated structural parameters based on ab initio molecular dynamics were also 

observed. It has been observed through experimental findings that during phase transitions the temperature 

of Quartz change within wide ranges (Xie et al., 2012). 

At the phase transition point, the temperature reaches high degrees during which the dielectric behaviors 

of Quartz are observed. Results have been obtained depicting that the dielectric behaviors of Quartz are 

affected due to the phase transition (HnrvrrNcwlv, n.d.). In order to observe the phase transitions clearly 

and quantitatively calculate the properties dependant on the transition phases in quartz, thus the addition 

molecular dynamics simulations were carried out. The dielectric properties were measured with the initial 

temperature starting at room temperature. Thus, it was observed that at room temperature Quartz 

appeared at the α state and when the temperature increased it changed into the β phase. Thereby it is clearly 
derived that the phase transition occurs as a result of the change in temperature (increasing from room 

temperature to a higher degree). 

The Structural Stability of natural Quartz 

Compared with most other primary minerals Quartz is found in abundance and consists of relative 

mechanical and chemical stability. Due to the existing greater specific surface of fine silt and clay-sized 

particles Quartz when obtained in fine grain size can be more reactive to the sedimentary geochemical 

environment. (Stevens, 1991) 

Discussing the chemical stability and chemical nature of Quartz which is a compound made with one-part 

silicon and two parts of Oxygen (SiO2) at room temperature it is almost inert and therefore does not react 

with any other substance. The chemical composition of Quartz which was found by a Swedish chemist named 

JönsJakob Berzelius in 1823 shows that the Si-O bond strength is very high and for this reason shows a low 

reactivity in any instance. This can be proved by studying the chemical and macromolecular structure and 

characteristics of the compound.  (A.C. Akhavan 2005-2013) 

 

The Chemical Stability of natural Quartz 

Quartz is also derived as anhydrite of acid itself (orthosilicic acid, H4SiO4). Except for the reaction with 

hydrofluoric acid Quartz in general cannot be attacked by any other acid. On the other hand, the reaction of 

Quartz with alkaline substances will depend on the modification and crystal size of the material. Where 

amorphous quartz will readily dissolve at room temperature 

and crystalline Quartz will dissolve very slowly in hot watery 

alkaline solutions. It is observed also that Quartz acts as an acid 

in many geological environments and therefore reacts with 

many alkaline minerals but as stated previously the reaction 

rate depends and at times can be considered as almost not 

reacting. 

The chemical stability of Quartz in water depends on several 

factors. These factors can be listed out as the temperature, 

pressure, surface structure of Quartz, and its structural 

SUBSTANCE 
SOLUBILITY IN 

WATER AT 25°C 

Macrocrystalline Quartz 
2.9 mg/l / 6-11 

mg/l  

Chalcedony 22-34mg/l  

Cristobalite 6 mg/l  

Tridymite 4.5 mg/l  

Stishovite 11 mg/l  

Table 1 – solubility of Quartz 
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modification. At room temperature and given that pressure is maintained at normal levels the solubility of 

Quartz can be understood by the table 1 (Rykart,1995 & Holleman,1985). 

Thus, regarding the data given in the table above, at room temperature it is noted that Quartz is practically 

insoluble in water. But, the solubility of Quartz can increase at temperatures above 100°C and high pressures. 

And at 300°C depending on the pressure the solubility of Quartz in water is between 700 and 1200 mg/l. 

Considering the structure of Quartz, it can be noted as a three-dimensional network of interconnected SiO4 

tetrahedra. The overall crystal structure of Quartz is of a complex model. The angles and distances of α-

Quartz and β-Quartz structures are given in the table 2 (Hollemann&Wiberg, 1985 and Rykart,1995) below. 

Modification 
Si-O-Si  

Angle 

Si-O  

Distance / 

nm 

α-Quartz 
144° 

143.6° 

0.16101- 

0.16145 

β-Quartz 
153° 

0.162 

0.1609 

 

As the Si-O bond is highly polar the Si-O-Si angle is more open. Also, in Quartz the Si-O bond length is shorter 

than calculates for a single bond which is about 0.161 nm. This indicates a partial double binding character 

which explains the stability of Quartz. 

 

OUTCOME 

Procedure - Material Selection and Preparation 

The invention outlined describes the preparation of the Nano Porous Ceramic Membrane using the ball mill 

grinding technique and it is fabricated from the powder of natural solid materials. The procedure is outlined 

through the flow chart below (figure 3).  

Based on experimental results the materials used to 

create the unique ceramic porous membrane were: 

Quartz, Feldspar, New Zealand China Clay (NCC), HBC 

Kaolin, Tai brick, Calcite and Talc. 

A mill is a device that breaks solid materials (Quartz, 

Alumina powder, Talc, Taibac stone) into smaller 

pieces by grinding, crushing, or cutting. The materials are added in specific percentages and the target pore 

forming material was Quartz.  

Initially the hard materials were ground by the ball mill to break the particle to a size range smaller than that 

of 8 micrometers (8µm). This procedure generates around 80 - 90 % of the required particle size. Thereafter 

Feldspar Dolomite and New Zealand China Clay (NZCC) was ground separately on two occasions.   

Feldspar Dolomite was crushed to obtain a required particle size and NZCC was added to it where the new 

mixture was ground so as to obtain the relevant particle size. Thereby the changes in the material were 

assessed by varying the temperature, porosity filtration rate, powder particle size, and bending strength of 

main molecules. Further different materials were also added in different percentages in order to observe 

the changes that would occur in the final material formed. Then initially and secondly ground mixtures were 

mixed. 

Figure 3 – Process of mixing 

Table 2 – Structure of Quartz 
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In order to prevent the materials from sticking together 1% of sodium silicate deflocculant was added to the 

second mixture formed. And from the total volume of the mixture, 40% of the total space filled by the 

pebbles and void space in pebbles were calculated. The ground raw material was added according to the 

void space calculated. The raw material: water ratio was maintained at 1: 1. 

Once all the materials were mixed a slip was formed. The density of the slip is used to drain the casting. A 

concaved mold was made and the slip was poured into the mold. This was then dried at 60ᵒC for 45 minutes 

and was kept at room temperature for 24 hours. 

Analyzing the membrane density, porosity and the chemical stability of quartz 

As the final product of the membrane material was to 

consist of specific characteristics and composition 

suitable as per the research, components in the mix 

were varied and the product obtained was tested. The 

materials were selected based on the general 

composition used for designing ceramic permeable 

membranes. The highlight of the new composition 

remained as the substitution of Quartz as the pore-

forming agent. 

One of the experimental procedures initially done was 

to find the suitability of using Quartz and mixing it 

with another pore-forming agent such as dolomite 

brought up queries as to what percentages would 

provide the finesse material we were looking for. It 

was experimented by creating materials with a 

composition where dolomite was increased in 

percentage while Quartz percentage was reduced but 

the outcome results as in figure 4 did not align with the desired characteristics we were seeking for.  

Thus, the material composition was altered so that the dolomite percentage was reduced to an amount 

almost inconsiderable yet existed sufficiently for the binding procedures. Further other pore-forming agents 

such as wood powder was mixed to observe the difference between the material formed and what is desired. 

The experimental outcomes are depicted in figure 5. 

 

Figure 4 – SEM cross sectional image of Dolomite composition 

Figure 5 – SEM cross sectional image of composition variation at 965◦C 
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The samples were given above in figure 5 were 

subsequently tested at a given temperature which is 965°C 

thus, only the change in the chemical composition would be 

the effect of any changes observed. The pores formed with 

the addition of other materials such as wood powder were 

inacceptable as constant pore forming and the accuracy of 

the pore range was not obtained. Further were continued 

by increasing the temperature with these materials and the 

outcomes of the permeable membrane were as in figure 6. 

The material began reducing the percentage of pores 

formed when the temperature was increased. This was 

reasoned out experimentally through the observation and 

analysis that with the increasing temperature the material 

tends to melt in all components thereby losing the porosity 

of the membrane. Where wood powder was added the results were observed to be worse thus the 

experiments continued maintaining Quartz as the pore-forming agent in all instances and the composition 

percentages of each component selected were altered for observations. The composition that created the 

most stable material was derived through the experiments. Thus, the materials used in the final composition 

can be listed out in percentage as, 

 

 

 

 

While the composition was maintained at the given percentages the effects on the material porosity due to 

the temperature variation were experimented. This was done to clarify the material stability of Quartz based 

on the findings of its characteristics based on temperature and the phase transition procedures. It was 

observed that at lower temperatures the membrane formed consisted of inconsistent pores whereas at very 

high temperatures the porosity appeared to vanish. The best fit temperature was thereby obtained with 

experimental analytical procedures. 

 

Porosity with Temperature as a Variable 

Experiments were done where the temperature was varied 

while the material composition was maintained at fixed 

percentages. The material characteristic behavior and the pore-

forming ability was observed with the change of the 

temperature. The temperature was varied from a range of 

950°C - 1350°C. Where the most desirable composition with the 

specified pore size range was obtained at a temperature of 

1250°C as presented in figure 7 and 8. 

The material composition presented with pores of large size 

range where a certain amount of debris was formed around the 

pore edges at low temperatures of about 950°C. This was an 

Figure 6 – SEM image of composition at increased temperature 

Quartz    : 55% 

Feldspar  : 6% 

NZCC    : 26% 

Dolomite : 2.5% 

 

Tai : 5% 

Calcite : 2.5% 

Alumina: 2.5% 

Talc : 0.5% 

 

Figure 7 - SEM image: Cross section of final material 
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issue and cannot be used as the possibility of unwanted matter 

mixing with the growth factor could create a medically ethical 

issue in the procedure.  

The fineness of the permeable membrane is therefore a critical 

factor that needs to be addressed and paid attention to detail 

for.  

 

 

 

 

 

Membrane Density Test 

A ceramic disc was immersed in de ionized water for 24h. The excess water was wiped out with tissue paper 

so as to keep the area dry. The wet membrane was then weighed and thereafter dried in an oven at 100°C 

for 6 hours. After drying the membrane, the density was calculated according to the equation (1) given 

below. 𝝆 =  𝒎𝒅𝒓𝒚𝑽 =  𝒎𝒅𝒓𝒚𝝅𝟒 . 𝒅𝟐𝒍 

Where,  

• ρ is defined as density (g/m3),  

• mdry as weight of dry ceramic disc (g),  

• d diameter of sintered disc and  

• l thickness of disc. 

 

Membrane density was calculated for all the sample ceramic by using the equation (1). Membrane porosity 

was evaluated using the “image J” software. This software helps to find a particular range of available pores 
in sample ceramic.   

The morphology of Quartz with the variables was carried out using the Scanning Electron Microscope (SEM). 

Further, X-Ray diffraction was performed on the designed material to determine their phase compositions 

analyzing it with the general material characterizations studied as outlined in previous sections. 

 

Chemical Stability Test for the membrane on specific Variables 

Chemical was quantified in terms of mass loss of leaving the ceramic membrane in contact with acid and 

alkaline solution individually for 24hours. The weight loss in acid was found to be around 4% and less 

whereas weight loss in alkaline was found to be negligible. Result revealed that the membrane exhibits good 

corrosion resistance in acid and basic media. 

 

Figure 8 - SEM image: Surface Area of final 
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SEM and XRD Studies 

The created ceramic membrane was investigated with the use of XDR an SEM technology so as to study the 

constituent materials within the material created. The study proved that the material consists of the selected 

materials which are biocompatible and any other harmful particles such as heavy metals do not exist in the 

material fabricated.  

The readings of the reports can be observed in figure 9 given below obtained from the XRD studies clarifying 

the inexistence of any heavy metal in the compound. 

 

 

 

 

 

 

 

 

 

 

DISCOVERIES 

Discovery of Conical Shaped Pores 

As observed the images given above are cross-sections obtained 

from the bottom surface of the membrane and the top surface 

subsequently. The pore formation clearly and coincidently 

provided results where the lower surface pores remained a 

constant range of smaller size than that obtained at the top 

surface. This created a clear conical shape which observed as the 

outcome. The conical shape was considered as a coincidental 

finding and a benefit to improve the filtration process. 

In order to attain a finer product, the temperature was 

increased and the characteristic change was observed. With the 

temperature increasing from 950°C observations were made 

that the pores formed were finer, accurate and within the 

desired nano size. To observe if the size range could be reduced 

further and create a better membrane the temperature was 

increased and observed. With the increasing of the temperature 

from about 1350°C and above the pores started vanishing as the 

material began to collapse as depicted in figure 10.  

 

 

 

Figure 09 – XRD image of final compound 

Figure 10 – SEM images of composition at higher temperatures 



Page | 16  

 

Thus, the overall observations depicted that with the given composition based on the characteristic change 

with the temperature the material is best applicable for the design when heated at the temperature of 

1250°C. The pores formed at this temperature acquires the size range between 100 µm - 200µm and is the 

applicable size range for the permeable membrane for the medical purpose as per the study done. Those 

achieved at a slightly lower temperature ranged from 50µm – 200µm in dimension. And at higher 

temperatures pores sizes of 200µm – 400µm were obtained. But the most applicable size range for the SLNP 

were studied as those within the range of 100 µm - 200µm at a temperature of 1250°C. 

Autologous Components and a Non-Ionic Surfactant 

SLNP can be studied as a core substance essential in the study of nanomedicine and relative treatment 

procedures. Such Nano Particles (SLNP) are eminent in procedures as encapsulating drugs. The production 

of SLNP was studied to understand the different methodologies. Each of which is of a rather complex nature. 

Single emulsion and multiple emulsion are one method used often for SLNP production but contains one of 

the major issues; the solubilization of the coating material (Heurtault et al., n.d.). Methods incorporating 

triglyceride containing oils to create nanoparticles are done where the hot lipid phase is dispersed in a 

surfactant solution and a premix is formed using ultra turrax. After undergoing many cycles, the desired solid 

lipid particles are formed. (Jenning et al., 2000) Such methods are intricate and of the high cost. The 

challenge in modern-day medical platform is developing a method to create an easier process to form SLNP 

for medication procedures that would be cost-effective and biocompatible. 

The highlight of the overall study is the formation of the desired SLNP suitable for treatment. For this 

purpose, the core materials as explained are to be extracted from the patients themselves, stem cells, 

growth factors, and lipids. The initial procedures thus consist of two main phases which are obtaining the 

growth factors through the extracted Platelet Rich Plasma (PRP) from the patients’ blood and the extraction 
of abdominal fatty tissues through Liposuction to obtain the adipose- derived stem cells.  

The process of obtaining the Growth Factors from the patient initially involves the extraction of the required 

amount of blood from the patient and centrifuging the retrieved blood. This provides the Platelet Rich 

Plasma (PRP) through which the harnessed Growth Factors (GF) are then extracted. Subsequently, 

Abdominal Liposuction is done to extract the fatty tissues from the patients’ abdominal walls. The extracted 
tissues undergo mechanical and enzymatic isolation further providing the Adipose-derived Stem Cells 

needed. During the process of isolation, Lipid (in liquid form) is formed as a biproduct which in general 

instances becomes waste material. In this process waste is turned into material used. The lipid obtained is 

utilized for the formation of the SLNP. The lipids undergo a pressurized filtration through the designed 

Nanopore ceramic membrane creating the SLNP. Growth Factors and the Adipose-derived Stem Cells are 

thereafter mixed with a Surfactant to create an aqueous solution for treatment procedures. As previously 

explained this solution consisting of the autologous components, is introduced into the designed medical 

contraption where it is mixed with the SLNP by simply shaking the device. 

Liposomes in general are known as structures that consist of a hydrophilic core and a hydrophobic bilayer 

(Gunay, 2018; Ozer, 2018). The phospholipids in this process are the surfactants added. Thus, it is a unique 

element that the selected surfactant is non-ionic based on its structure and therefore proves the substance 

to be non-toxic as well as consists of no charge of any sort. The non-ionic structure is advantageous for the 

treatment procedures in many ways. The substance does not create unnecessary reactions and can be used 

in any aqueous solution as it does not produce ions when in the solution (Bajpai & Tyagi, 2010). This allows 

the substance to compatible with other substances. Research has also proved that the substance has no side 

effects when introducing to people through treatments and consists of the ability to produce clear stable 

solutions suitable for even intravenous administrations (Lawrence, 1994). Such studies and outcomes create 

the opportunity of taking the current study and treatment methods for future developed methods. 
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CONCLUSION 

Operating the Device 

The initial procedure consists of two main phases which are obtaining the growth factors through the 

extracted Platelet Rich Plasma (PRP) from the patients’ blood and the extraction of abdominal fatty tissues 
through Liposuction to obtain the adipose derived stem cells. To create the desired SLNP, the core material 

used is the lipid obtained from the patient as a by-product during the extraction of adipose derived stem 

cells. the lipid is thus obtained as a resulting by-product in the form of a liquid state through the process.  

The lipids thus obtained in liquid form is what undergoes the membrane contact process at room 

temperature filtering through the designed ceramic permeable membrane. The aqueous solution including 

the autologous components (Growth Factors and Stem Cells) is added into the larger compartment which is 

a 5CC syringe and mixed for emulsification to take place by simply, shaking the device. 

 

End product application 

The final product has been identified to be most suitable for wound treatments. Based on the current studies 

done the coating layer can be subjected to penetration with enzymes at given conditions external to the 

body. But for the application of the product for internal treatments where injecting it into the human body 

will be necessary cannot be allowed at the moment as findings proved that the cell has the probability to 

expand and create possible blocks within blood vessels which could cause negative outcomes. Further study 

needs to be carried out in order to proceed using it for internal treatments.  

The article thus takes a step to build a new platform in the industry of creating permeable membranes for 

biomedical purposes, developing simple treatment procedures readily available for patients, and increasing 

finesse, accuracy in affordable cell treatment procedures. The ability of forming permeable membranes 

using Quartz as the pore-forming agent creates a next level advancement in material sciences as well as the 

medical industry. It is a great advantage in the medical industry that membranes with specified permeability 

can be designed within controlled conditions and an even more advantageous as the final product can be 

certified as a Bio-Compatible membrane. The ability of creating nano-sized pores in the membrane can be 

used not only in Solid Lipid Nano Particle (SLNP) treatments but can be modified and used for different 

filtration procedures and other medical areas that are not being approached yet. The introduction of the 

new device of low-cost production yet a user-friendly design also has been a highlight within the study. 

Obtaining the patent for the design has been a solid foundation for its implementation. With the 

improvement of further detailed studies, the application of the device can even be expanded in the future. 

Further, the development of a simple procedure in the application of Stem Cell and Growth Cell in wound 

treatments is believed to create the step forward opening doors for other possibilities such procedures could 

be applied. Living in an era where personal medical attention and treatment has turned out to be an essential 

requirement for all, this study can be a guide for many more cell treatment procedures. 
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Hypothetical structure of Liposomic structural Solid Lipid Nano Particle
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Invented devise (line diagram)
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SEM cross sectional image of Dolomite composition
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SEM cross sectional image of composition variation at 965C
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SEM image of composition at increased temperature
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