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Abstract  

Introduction 

Geopolymers are porous ceramic material and depending on the different composition 

and synthesis conditions, they can exhibit a variety of porosity and mechanical 

strength. Recently developed tamper resistant formulation uses geopolymers with high 

mechanical strength and resistance against extraction to prevent intentional crushing 

and extraction of the drug formula. By crushing the formulation, the abusers tamper 

the controlled release of opioids to obtain a rapid onset of effect. Abuse of opioid 

formulation has emerged as a major public issue. Therefore, the development of 

tamper-resistant dosage forms has been a focus of research. 

 

Aim 

The aim of this study was (i) to evaluate the extrusion-spheronization method for 

developing pellets of ceramic materials (geopolymers) containing microcrystalline 

cellulose (MCC) or polyethelene gylcol (PEG) as excipients and ibuprofen as a model 

drug (ii) to compare the pellets produced by extrusion-spheronization method and 

casting method. 

 

Method  

Geoploymer pellets were synthesized by using extrusion and spheronization 

equipment. This method is used to produce cylindrical pellets with narrow particle size 

distribution. To evaluate the method, the synthesized pellets were characterized by 

using the following experimental procedures: Drug release measurements, compression 

strength analysis and particle size measurements.  

 

Results  

Geopolymer paste consisting of waterglass, metakaolin, excipeints and ibuprofen was 

subjected to extrusion-spheronization. Pellets produced by extrusion-spheronization 

method showed a broad range of shapes and sizes compared to the pellets made by 

casting method. The MCC containing pellets prepared by extrusion-spheronization had 

higher compression strength and lower ibuprofen release profile compared to the PEG 

pellets.  

 

Conclusion: 

Extrusion-spheronization could be used to produce pellets of ceramic material and 

MCC is possibly a better excipient than PEG. 
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1. Introduction 

Chronic pain is one of the most significant health issues in the world. In the US, about 

30% of the population suffer from some form of chronic pain caused by diseases such 

as arthritis, joint problems or cancer (1).  In Europe, a survey on chronic pain reported 

that 19% of all the participants have suffered chronic pain of moderate to severe 

intensity. In addition, this survey also reported a negative influence of chronic pain on 

daily activities, social and working lives (2). The use of opioids to treat chronic pain has 

been supported by key medical organisations and thus prescription of opioid therapies 

in clinical practice is very common (3). Opioids are a group of naturally and synthetic 

occurring alkaloids or peptides that have similar pharmacological effect as morphine. 

The group consists of active substances such as fentanyl, oxycodone, morphine and 

codeine. Opioid drugs are narcotic analgesics and produce analgesia by binding to the 

opioid receptor in the central and peripheral nervous system causing a pain killing 

effect (4). A patient suffering from chronic pain requires medicinal treatment around 

the clock and therefore needs to have a continuous administration of opioids. Since 

opioids are very potent and have a narrow therapeutic window, a small variation in 

plasma concentration can lead to serious and lethal side effects. Therefore the plasma 

concentration should be controlled and be within the therapeutic window during the 

treatment (5). The potency of opioids is due to their high lipid solubility. The lipophilic 

nature of the synthetic high potency opioids such as fentanyl and sufentanil makes 

them more efficient in crossing the blood brain barrier compared to morphine. 

Moreover, the instant pain relief after an intravenous or subcutaneous administration 

of opioids is also believed to be associated with the lipophilic nature of these substances 

(1).  

 

According to retail sales in US, the consumption of some of the most common opioids 

have increased from 50.7 million grams in 1997 to 126,5 million grams in 2007 i.e an 

increase of 149 % in a decade. Accordingly, the misuse and non-medical use of the 
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prescription opioids have boosted. Studies report that drug abuse occur in 18 - 41 % of 

patients taking opioids for chronic pain, which is an increase in drug abuse with 90 % 

in this group of patients from 1992 to 2003 (5). According to a survey published in 

2010, the number of emergency department visits relating to the non-medical use of 

opioid was increased with 152 % from 2004 to 2008 in the U.S (6).  

 

The abuse of opioid formulation has emerged as a major public issue in the U.S and the 

estimated annual cost of the drug abuse for the U.S government is around 300 US 

dollars. Thus drug abuse has become both an economical and social a burden on the 

society (5).  Drugs are prepared in different dosage forms and every dosage form has 

the potential to be abused. The most common and available dosage forms are the oral 

medications and these are thus more prone to abuse than the other dosage forms. 

However, oral dosage forms are not the only abused delivery system; transdermal 

patches, transmucosal and nasal spray are often abused as well. Abusers tamper the 

dosage form to make it suitable to use the drug by routes other than those directed. 

This is typically done to obtain the euphoric effect (4).  

 

1.1 Tampering methods  

The common methods used by abuser to abuse prescription drugs are chewing, 

snorting and intravenous injection (4). Controlled and sustained release formulation 

technologies are designed to regulate the release of active pharmaceutical ingredient 

(API) for an elongated period. Since these formulations generally contain high doses of 

the API, they are attractive to abusers. Tampering methods such as chewing, crushing 

or dissolution in a liquid can easily destroy the controlled-release mechanism of these 

formulations. After crushing or chewing, the drug content does not release gradually 

but rather release all or most of the drug content at once, which can cause the so called 

“dose dumping” effect. Other tampering methods that offer rapid absorption of drug 

into circulation and giving an immediate effect are smoking or inhalation by 

volatilization. The crushed tablet (powder) is abused by either swallowing or inhalation 
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using the volatile properties of the drug i.e the powder is placed on an aluminum foil 

and a heat source (e.g. cigarette lighter) under the foil is used to generate steams for 

inhalation.  

 

Extracting the active ingredient is another tampering method that abusers have come a 

cross. Mixing the drug with suitable solvents for example with water, soda or alcohol, 

allows the drug to be solubilize and be separated from other insoluble and unwanted 

components. Other dosages forms such as transdermal patches are abused widely. For 

example fentanyl patches have been abused by being chewed, swallowed whole or 

brewed as tea (4).  

 

Since abuse of these opioid formulations has become a major concern and a public 

problem, the Food and Drug Administration (FDA) suggested in 2010 manufacturers to 

develop novel formulations having abuse deterrent properties.  In addition to abuse 

deterrent properties, the final formulations must be safe, provide the desired 

therapeutic effect and prevent intentional misuse and abuse (4).  

 

1.2 Tamper resistant methods 

Several tamper resistant strategies with chemical/physical approaches have been 

developed in order to prevent the intentional manipulation of the dosage form. 

Reformulation of oxycontin is one such example (4). The original product was 

approved as a controlled-release tablet. However, abusers learnt that chewing or 

crushing could tamper the controlled-release mechanism of the formulation and 

provide a rapid onset of effect and thereby provide a high amount of drug in a short 

time. The modified tamper-resistant formulation of oxycontin was a polymer matrix 

that forms a viscous gel upon mixing with water, and thus it was difficult to inject for 

intravenous abuse. The modified formulation retained its controlled-release 

mechanism but was resistant to crushing and milling into fine powder. Since the 

resistance of the tampering is never going to be absolute, the development of tamper-
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resistant dosage forms to further minimize the abuse potential has been a focus of 

research (5). 

 

1.3 Ceramic material as drug carriers 

Ceramics are inorganic, non-metallic materials that are formed by application of heat 

and pressure. They often tend to have high mechanical strength due to the ionic or 

covalent bonds between the atoms in ceramic structures (5). Ceramics have been used 

as materials for many applications. For instance, they have been used as biomaterials 

within orthopedics and dentistry. Ceramic with various porous and biocompatible 

properties have been used as drug carriers to provide time-controlled, reproducible and 

effective drug release. Drugs ranging from small molecules to biomolecules have been 

loaded into ceramic matrices to create targeted drug delivery systems for treatment of 

specific parts of the body (5).  

 

1.4 Geopolymers  

Geopolymers are derivatives of ceramic material prepared by a reaction between 

alminosilicate and an alkaline solution. Metakaolin is one of the most commonly used 

aliminosilicate for the synthesis of geopolymer. The amorphous metakaolin is obtained 

by heating the precursor material such as crystalline kaolin at 800 ◦ C for 2 h. The 

alkaline solution (waterglass) is composed of fumed silica, sodium hydroxide and 

deionized water. The geopolymer reaction occurs in a multi-step process shown in 

Figure 1. The final product is an amorphous tetrahedral structure of silica and alumina, 

sharing oxygen links between them. The charge of tetrahedral is balanced by sodium 

ions.  The water added in the synthesis is expelled during the reaction to form the pore 

network after drying (5, 7). Geopolymer structure is affected by synthesis conditions 

such as temperature, pressure and also by the amount of the synthetic constituents. 

Previous studies have found that the amount of Si, Na and water in the geopolymer 

matrix affects its porosity, mechanical stability and drug release behavior (1, 6).  
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Figure 1. Illustration of the geopolymerization process. 

 
 

One recently developed tamper-resistant formulation strategy is the use of geopolymers 

with high mechanical strength and resistance against extraction to prevent intentional 

crushing and extraction of the drug formula. A pervious study showed that the 

geopolymer based formulation increased the resistance to some common tampering 

methods such as crushing and milling (8) and therefore has the potential to reduce the 

abuse of opioids. When comparing the geopolymer-based formulation to a 

commercially available controlled release tablet, the geoploymer-based formulation 

was mechanically stronger and required more time to grind than the commercial 

formulation. The geopolymer-based formulation resulted in larger particles after 

crushing and was able to retain than drug longer during the extraction test than the 

commercially available formulation (6). Other studies have shown that geopolymer-

based formulation has the potential to serve as matrix material for oral tamper-

resistant formulations and for controlled and safe release of potent opioids due to their 

advantageous properties such as adjustable porosity, good mechanical stability and low 

solubility in water (6, 9). 
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2. Aim 

The main aim of the present study was to develop a new process for manufacturing 

pellets of ceramic materials. The specific aims of the project were as follow:  

 To develop a manufacturing process for placebo pellets by varying different 

compositions of the excipients and process parameters 

 To evaluate the effect of the composition of ceramic material, microcrystalline 

cellulose and polyethylene glycol on the mechanical strength of pellets 

 To compare the compression strength and drug release profile of ibuprofen – 

loaded pellets produced by extrusion-spheronization method with the casting 

method  

 

 

3. Materials and methods 

New processes for manufacturing pellets of ceramic materials (geopolymers) were 

evaluated. To develop a manufacturing process for making placebo pellets of 

geopolymer, different compositions of the excipients and the geopolymer were 

evaluated until a suitable composition was obtained. Later these ceramic pellets were 

loaded with ibuprofen as active pharmaceutical ingredient (API). Ibuprofen was chosen 

as a model drug in this study due to safety consideration during handling compared to 

an opioid.  To evaluate the manufacturing process as well as the composition and 

particle characteristics, the drug release profile and the mechanical strength of the 

pellet composition (incorporated with ibuprofen) were investigated. In previous 

studies, pellets were manufactured by casting the geopolymer pellets in molds having 

cylindrical shaped holes with size 1.5mm x 1.5mm (diameter x height) (6, 9). A 

disadvantage of the method is that this is a time consuming method when making 

larger batches. Therefore, in this study the manufacture of geoploymer pellets were 
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obtained by using extrusion and spheronization equipment. This method is used to 

make spherical pellets with narrow particle size distribution. The results were then 

compared with pellets made by casting method.  

 

3.1 Materials 

Kaolin (Al2Si2O5(OH)4), fumed silica (SiO2, 7 nm particle size), sodium hydroxide 

(NaOH), was purchased from Sigma Aldrich, Stockholm, Sweden. Avicel PH-101 

(microcrystalline cellulose (MCC) was achieved from IMCD, Malmö, Sweden. 

Polyethylene glycol (PEG 200) was received from Scharlau Chemicals, Spain and 

ibuprofen (IBU/ MKT/1010/072) was received from IOL Chemicals and 

Pharmaceuticals Ltd, India. 

 

3. 2 Geopolymer synthesis  

The amorphous metakaolin was obtained by heating the kaolinite at 800 ◦ C for 2 h. 

The liquid waterglass (sodium silicate) was prepared by dissolving sodium hydroxide, 

fumed silica with de-ionized water (Si/Al=1.94, H2O/Al2O3=12.31, Na2O/Al2O3=1.21) by 

vigorously stirring until a clear and viscous solution was formed. Geopolymer paste was 

prepared by mixing different amounts of waterglass, metakaolin, excipients 

(microcrystalline cellulose or polyethylene glycol) and the model drug ibuprofen until a 

homgeneous paste was achieved (see Table 1 in the Appendix 2). To obtain a sutible 

composition of the geopolymer paste for the extruder, 46 %wt waterglass, 40 %wt 

metakaolin, 10 %wt excipeints (microcrystalline cellulose / polyethelene gylcol) and 4 

%wt of ibuprofen was blended into a homgeneous paste.  

3.3 Pellets prepared by using an extrusion and spheronization method 

Pellets were prepared by using an extrusion and spheronization method. The 

geopolymer paste was transferred to the extruder (Laboratory Screen Extruder Caleva 

Model 20, Caleva process solutions Ltd., Dorset,UK) fitted with a 2.5 mm screen size 
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opening to obtain extrudate from the wet mass. The extruder operated at a speed of 35 

rpm to form a spaghetti-like threads (extrudates),  later the extrudates were placed in a 

spheronizer (Spheronizer 120, Caleva process solutions Ltd) at  1.00 rotaing speed for 

30 minutes to form spherical pellets. The paste was also molded in cylindrical 

compression rods 6x12mm (diameter x height) for the compression strength test. The 

pellets and the rods were placed in an oven set to 37 ◦ C for 48 hours and in humididty 

(having a 400 ml beaker full of de-ionized water in the oven) . This heat treatment is 

believed to be sufficient for the complete geopolymerization (9). The cured pellets/rods 

were demoulded and stored in an dessicator (containing silica gel) for further 

experimental characterization. 

The manufacturing process of pellets is shown in figure 2. 

 

 

Figure 2. Illustration of the manufacturing process of placebo pellets.  

The geopolymer pellets was prepared by mixing metakaolin, waterglass and 

microcrystalline/polyethylene glycol cellulose and ibuprofen into a homogeneous paste in a 

glass mortar. The paste was transferred to the extrusion and spheronization equipment. 

 

3.4 Pellets prepared by casting method  

Geopolymer paste was molded in cylindrically shaped Teflon molds resulting in pellets 

of the size of 1.5mm x 1.5mm (diameter x height) and in rubber molds resulting in rods 

for compression strength analysis with a size of 6mm x 12mm (diameter x height). The 
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pellets and the rods were placed in an oven set to 37 ◦ C  for 48 hours and in humidity 

(having a 400 ml beaker full of de-ionized water in the oven). The cured pellets and 

rods were demoulded and stored in an dessicator (containg silica gel) for further 

expreimental characterazation. 

 

3.5 Characterisation of pellets 

For evaluation of the manufacturing method, the obtained pellets were characterized by 

using the following experimental procedures:  

 

3.5.1 Particle size measurement 

Particle sizes of the geopolymer pellets were obtain by using light microscopy (Plexgear, 

China), which gives a two-dimension image of a particle.   

 

3.5.2 Compression strength test  

Compression strength of different compositions was evaluated with standard testing 

equipment Autograph AGS.H universal (Shimadzu Corp., Japan).  A cylindrical 

geoploymer rod (6x12mm) was placed between two pistons; an increasing compressive 

force onto the rod was applied until it broke. Eight to ten cylindrical rods were tested 

and the average and standard deviation were calculated.  

 

3.5.3 Drug release measurements  
 

API release from the pellets was measured according to the standard method described 

by the US pharmacopeia (USP). Ibuprofen release from the pellets was evaluated in a 

USP-2 dissolution bath (Sotax AT7 Smart, Sotax AG, Switzerland) in phosphate buffer 

with pH 7.4. The solution temperature was 37 ◦ C and the stirring rate was set to 50 

rpm. 400 mg of pellets were placed in each vessel containing 400 ml phosphate buffer. 

In order to ensure sink conditions, the quantity of the pellets corresponded to a drug 
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amount below 10% of the drug solubility (see appendix 1). 2 ml liquid was withdrawn 

from each vessel at different time intervals during the experiment. UV/VIS photo-

spectrometry was used to analyse the concentration of ibuprofen in the liquid samples 

(λ=220 nm). The absorbance was fitted in regression line equation obtained from the 

standard curve and the concentration of the drug was calculated. Standard curve of 

ibuprofen was made by preparing a stock solution; 100 mg of ibuprofen was dissolved 

in 100 ml phosphate buffer pH 7.4 in a volumetric flask. Four different dilutions were 

prepared of the stock solution (1mg/ml). The values of absorbance are given in table 2 

(See appendix 2). 

 

3.6 Statistical analysis 

Microsoft Excel software was used for the data analysis and graphs. Standard 

deviations, mean averages, and 95 % confidence intervals of samples were calculated. 

Two-tailed (Student’s) T-test was used for the analysis of data. Significance level was 

set as a p-value of less than 0.05. 

  

5. Results and discussion  

5.1 Compression strength  

The compression strength of a material depends on the compression load per area that 

the microstructure of a material can withstand before collapsing. Porous material has 

lower compression strength than non-porous material (9). In a non-porous solid, the 

applied compressive load is normally distributed over each cross-sectional area 

whereas in a porous material, due to the pores the load bearing area decreases and 

stress concentration arises at the sites of the pores. A crack forms and propagates until 

the material breaks when a maximum force that exceeds the material strength is 

applied. Thus an increase in the porosity decreases the load-bearing area of a material 

and increases the crack formation, which results in decreased compression strength (1).  
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In addition to porosity, the content of water in a material influences the compression 

strength. Increased water content increases the porosity and thereby decreasing the 

compression strength.  

 

For the synthesis of geopolymer, a small amount of water is needed to retain the 

microstructure. During the process of geopolymerization, dehydration due to heat 

treatment introduces pores in the material, which increases the porosity and decreases 

the compression strength of the material (10). The compression strength of two 

different compositions and manufacturing methods was evaluated and compared with 

control (Figure 2A). Mass prepared for the casting method consisted of a mixture of 

metakaolin, waterglass and excipients MCC or PEG. The mass of the controls contained 

only metakaolin and waterglass. Rods were prepared from mass and the compression 

strength of rods was measured, representing the compression strength of pellets made 

by casting method.  For preparation of extrudate, the mass was subjected to an extruder 

otherwise the same procedure as for casting method was applied. The compression 

strength of control samples prepared with the extrudate was slightly higher than the 

compression strength of samples prepared with the casting method (no ibuprofen 

added) although the difference was not statistically significant (p=0.16) (Fig. 2A). The 

addition of PEG (p=0.00005) or MCC (p=0.003) to the mass significantly decreased 

the compression strength in casting method compared to their control (Fig.2A). In the 

extrudate samples the addition of PEG (p=0.0007) but not MCC (p=0.73) significantly 

decreased the compression strength compared to the control (Fig. 2A). Thus the 

incorporation of excipients such as PEG and MCC may lead to greater inhomogeneity in 

the structure and thus a decrease in the compression strength. It was previously shown 

that foreign material might cause structural defects, such as micrometer gaps, which 

can weaken the stability of the matrix (9). However, in the extrudate, the compression 

strength of MCC was comparable to the control sample (Fig. 2A).  
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Figure 2A. Comparison of two different compositions with regards to compression strength in 

the absence of ibuprofen. Mass prepared for the casting method consisted of a mixture of 

metakaolin, waterglass and excipients MCC or PEG. The mass of the controls contained only 

metakaolin and waterglass. Rods were prepared from mass and the compression strength was 

measured, representing compression strength of pellets made by casting method. For 

preparation of extrudate, the mass was subjected to an extrudator otherwise the same procedure 

as for casting method was applied. The columns represent mean and the error bars denote 

standard deviation of 8 rods. 

 

During the extrusion step, the wet mass is compressed by the screw as the mass moves 

from the feed area to the extrusion zone. It is possible that the compression removes 

most of the entrapped air, which may eliminate the formation of holes and minimize 

structure defects, which may result in higher compression strength. During the 

extrusion phase, the separation of formulation (separation phase) could take place, 

which displaces the liquid in different regions of the mass. Therefore, the water is 

removed as the mass is pressed out through the extrusion dies (hole). Thus, an increase 

in the compression strength in the extrudate samples compared to casting samples 

could be due to their lower water content and thus lower porosity. It would be 
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interesting to measure both the water content and porosity in the extrudate samples. 

Furthermore, the extrusion process allows for a more homogenous mixing of the 

material compared to the casting method, where the materials are mixed manually in 

the glass mortar. Large structures of inhomogeneties have been shown to increase the 

probability of crack formation, which lowers the compression strength (9).  

 

The compression strength of PEG samples significantly (p<0.001) decreased further 

after the addition of ibuprofen (Fig. 2B), compared with PEG samples with no 

ibuprofen (Fig. 2A). It is possible that the presence of drug may hinder the homogenous 

geopolymerization during the gelation step. This may lead to structural defects, which 

weakened the stability of the matrix and decreased the compression strength.   

 

 

 

 

 

 

 

 

 

 

 

Figure 2B. Comparison of two different compositions with regards to compression strength in 

the presence of ibuprofen. Mass prepared for the casting method consisted of a mixture of 

metakaolin, waterglass and excipients MCC or PEG. The mass of the controls contained only 

metakaolin and waterglass. Rods were prepared from mass and the compression strength was 

measured, representing compression strength of pellets made by casting method. For 

preparation of extrudate, the mass was subjected to an extrudator otherwise the same procedure 
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as for casting method was applied. The columns represent mean and the error bars denote 

standard deviation of 8 rods. 

 

5.2 Extrusion-spheronization versus casting method  

Extrusion-spheronization is a commonly used method to produce pellets. In the 

extrusion step wet mass is pressed through dies to form cylinder-shaped extrudate 

particle having uniform diameter. The extrudate breaks at similar length under their 

own weight. The composition of the wet mass is critical in determining the properties of 

the produced particles.  

 

An ideal composition is achieved when the extrudate has a plasticity to deform but not 

to a level that makes it stick to other particle as the extrudate is collected or rotated in 

the spheronoizer. During the spheronization step the extrudate must round off to form 

uniformly sized spheres and the particles should not grow in size by agglomeration (11). 

 

In this study spheres could not be produced using only geopolymer and a drug; a 

binder was required to prepare pellets by extrusion and spheronization method. Two 

compositions consisting of MCC or PEG as binders to produce pellets with geopolymer 

and ibuprofen were evaluated (Fig 3). However, both formulations proposed here did 

not have enough plasticity to deform.  The material was rather sticky and the extrudate 

agglomerated and failed to produce round spheres during spheronization. Many factors 

influence the quality of pellets including the moisture content of the granulated mass. 

However, moisture is necessary as it gives the powder mass its plasticity in order to be 

extruded and shaped afterwards (12). Studies have shown that high moisture content 

can lead to an overwetted mass and agglomeration of the pellets during spheronization 

(12). It was not possible to obtain spherical pellets because the granulated mass was 

overwet.  
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When a formulation is very wet, the pellets grow in size with time due to the migration 

of fluid to the surface of the pellets and agglomerate. The pellets round into larger 

spherical pellets that result in irregular sizes and shapes of pellets (13).  A suitable mass 

could be achieved by decreasing the amount of the water in the waterglass. The 

composition of the waterglass used in this study and the amount of water used in 

waterglass was possibly less suitable to achieve spheres of uniform size.  

 

The purpose of the spheronization step is to produce spheres of acceptable size and size 

distribution. Pellets manufactured in pharmaceutical industry are sized between 0.5 

mm to 1.5 mm (14). The sphericity of the pellets is a critical parameter, because it offers 

not only therapeutics advantages such as less irritation of the gastro-intestinal tract and 

a lower risk of side effects due to dose dumping but also processing advantages like free 

flowing, narrow particle size distribution and ease of coating, and uniform packing and 

also opportunity for a controlled drug release (12).  

 

The quality of extrudate surface is also important for the quality of the pellets 

produced. Extrudates with defective surface break unequally during the early stages of 

the spheronization process, resulting in a wide particle size distribution and thus poor 

pellet quality (12). Extrusion speed may also affect the quality of the pellets. Increased 

extrusion speed was associated with more surface impairment (12). The extrusion 

speed (35 rpm) in this project was kept constant. It will be important to perform an 

optimization of the extrusion speed to find an appropriate speed for the composition.  

 

It has been reported that MCC is an important excipient for spheronization and 

extrusion (15). It acts like a molecular sponge to absorb the water that helps in the 

spheronization. During the extrusion process, MCC aids in the binding and lubrication 

of the wet powder mass during extrusion. The moisture in the MCC microfibrils during 

the spheronization adds plasticity to the extrudate and helps to reform round short 

extrudate into spherical pellets (15). MCC also prevents phase separation during 
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extrusion and spheronization by controlling the movement of the water through the 

plastic mass. Due to these properties MCC-based pellets made by spheronization and 

extrusion have a high sphericity (14). It is possible that due to the relatively low amount 

(10 %) of MCC in the present formulation, it was not possible to obtain spherical 

pellets. However, a low amount of MCC was used to obtain a smooth extrudate and also 

to achieve pellets with high amount of geopolymer.  

 
 

Pellets prepared by extrusion and spheronization method resulted in a broad range of 

shapes and sizes. When MCC was used as a binder, different sizes and shapes such as 

cylinder, rod, and sphere were produced. When PEG was used as a binder, there was no 

formation of spherical pellets but only rod shaped pellets. The high variation in the 

sizes and shapes of both types of pellets did not allow for calculating the distribution of 

the particle sizes. In order to compare the drug release profile of pellets prepared with 

PEG and MCC, it was important to select pellets with similar size and shape from the 

respective composition. Rod shaped pellets were selected from both compositions (Fig. 

3) with PEG pellets having an average diameter of 2.5 mm whereas MCC pellets had a 

larger diameter and the closest value to 2.5 mm, which was 3 mm, was selected. The 

expected diameter of MCC pellet was 2.5 mm as the screen with this size opening was 

used during the extrusion. MCC acts as a molecular sponge, which undergoes 

compression during the extrusion and the water that is squeezed acts as lubricant. 

However, the volume of the sponge expands after extrusion and could lead to a larger 

diameter of MCC pellets compared to PEG pellets. 
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A B C

D E F

 
 

Figure 3. Size and shape of ibuprofen pellets prepared by extrusion and spheronization method. 

The panel  (A-C) shows the rod-shaped MCC pellets and the panel (D-F) shows the rod shaped 

PEG pellets. The diameter (B, E) and the length (C, F) was measured with a rular.   

 
 

To compare pellets produced by extrusion-spheronization method with the casting 

method, geopolymer paste consisting of a mixture of metakaolin, waterglass, ibuprofen, 

and excipients MCC or PEG was molded in cylindrically shaped Teflon molds. The 

resulting pellets using the casting method had a size of 1.5mm x 1.5mm (diameter x 

height) (Fig. 4).  The advantages of casting method are that the pellets obtain a uniform 

shape and size, and there are no other requirements on how the mass should be 

prepared except being wet and homogenously mixed. The main disadvantage is that the 

casting method is time consuming and larger batches cannot be manufactured. 

Although extrusion-spheronization method could solve the problem of manufacturing 

large batches, the method has other limitations. The extrusion-spheronization method 

requires a wet mass that is produced by mixing the powder and the wetting agent or 

liquid binder. The mass should not be too wet to result in an extrudate that sticks 

together but it should not be too dry either to form dust during the extrusion. To find 

an appropriate composition for producing pellets with extrusion-spheonization method 
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is challenging. In addition, the extrusion-spheronization may reduce the yield due to 

the loss of mass compared to the casting method.   

 
 

 

Figure 4. Image of ibuprofen pellets containing PEG prepared by molding method. 

 

5.3 Drug release  

The pellets prepared by extrusion-spheronization (Fig. 5A) and casting method (Fig. 

5B) respectively were tested for their drug release profile using ultraviolet (UV) 

spectrometer. In the extrusion-spheronization method the addition of MCC (p=0.04) 

and PEG (p=0.03) significantly lowered the ibuprofen release compared to the control 

pellets up to 6 hours (Fig. 5A). PEG containing pellets and control pellets prepared by 

casting method did not maintain their shape during the release. They degenerated to 

powder and formed a cluster within a few hours of the release experiments. 

Furthermore, a gel was formed around the cluster.  These results are in line with early 

findings where control and PEG pellets were eroded into fine grains during the initial 

phase of the release (9). The same results were observed for PEG pellets made by 

extrusion-spheronization method. In contrast, the MCC pellets maintained their shape 

during the release but surface cracks started to appear after a few hours.  
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PEG pellets had a significant (p=0.002) faster release of ibuprofen compared to MCC 

samples (within the half hour) (Fig. 5A). One reason could be that PEG pellets dissolves 

and allows the pore network to open up during the dissolution, leading the faster drug 

release. MCC-based pellets (p=0.0005) showed a significant slower release compared 

to control samples and PEG samples (p=0.002) (within the half hour (Fig. 5A), which 

can be attributed to the lack of disintegration of MCC-based pellets).  It has been 

reported that MCC pellets do not disintegrate and they release the drug rather slowly 

and often incompletely, however the release is not slow enough to produce an extended 

release dosage form and modified release coating is required (16). 

 

The main purpose of adding the excipients in the geopolymer pellets was to ensure a 

successful extrusion-spheronization and also to evaluate their affect on the drug release 

profile. Lower amount of drug was released from the composition containing the 

excipients compared to the pure geopolymer control regardless of the method used for 

producing pellets (Fig. 5A and 5B).  

All compositions released approximately the same amount of drug in 24 hours. PEG 

pellets prepared by both methods released almost its entire drug content after 15 -30 

minutes whereas MCC-based pellets released their drug load at a slower rate, hindering 

the rapid release of API compared to the control sample and PEG. The delayed drug 

release compared to control could be due MCC acting as diffusion barrier towards 

immediate drug release (dose dumping). Previous studies have shown that polymer 

excipients and the concentrations of the excipients have multiple roles during the drug 

release including to retain as a diffusion barrier against drug diffusion and release (9). 

  

The concentration of released ibuprofen from pellets was higher than what was initially 

incorporated in the pellets. All formulations contained 16 mg API per 400 mg pellets. 

Therefore, the maximum amount released after 24 hours should not exceed 

approximately 16 mg given that the entire drug was released from pellets. However, the 

amount released was much higher than 16 mg (Fig. 5A and 5B).  During the synthesis 
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all the excipients, API, waterglass and ceramic material were weighted and theoretically 

4 % of the total mass accounted for API.  After the drying process, the water in the 

water glass evaporates resulting in weight loss of the total mass. Thus weight loss could 

lead to a higher than 4 % weight of API in the total mass. In order to account for this 

parameter, the total mass before and after the synthesis should have been determined 

to measure the water loss and calculate the final amount API after the weight loss.  

 

Figure 5A. Ibuprofen release in phosphate buffer (pH 7.4) from pellets prepared by extrusion-

spheronization method. The bars denote average and standard diviation from 3 consecucive 

measurements. All formulations contained ibuprofen, metakaolin, waterglass, and excipients 

MCC or PEG.. The control contained only metakaolin, waterglass and ibuprofen. The control 

pellets were prepared with casting method since it was not possible to produce pellets without 

excipients by extrusion-spheronization method.  
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Figure 5B. Ibuprofen release in phosphate buffer (pH 7.4) from pellets prepared by casting 

method. The bars denote average and standard deviation from 3 conseuctive measurements. All 

formulations contained ibuprofen, metakaolin, waterglass, and excipients MCC or PEG. The 

control contained only metakaolin, waterglass and ibuprofen. 

 

    
                 

Summary/conclusion  

The main aim of this study was to evaluate the extrusion-spheronization method for 

manufacturing pellets of ceramic materials (geopolymers). Geopolymer pellets 

containing excipients such as PEG and MCC loaded with or without ibuprofen as API 

were evaluated for their compression strength and drug release properties. Ibuprofen 

was chosen as a model drug in this study due to safety consideration during handling 

compared to an opioid. Geopolymer paste produced pellets with a broad range of 

shapes and sizes when extrusion and spheronization method was applied. The addition 

of MCC to the geopolymer paste resulted in different sizes and shapes including 

cylinder, rod, and sphere whereas the addition of PEG to the geopolymer paste resulted 

in rod-shaped pellets only. High mechanical strength was found in MCC-based rod 

shaped pellets indicating that the strength of the pure geopolymer was maintained after 

the addition of the MCC during the synthesis. In contrast, the combination of PEG with 
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the geopolymer resulted in a lower mechanical strength. Materials with compression 

strength above 10 MPa cannot be easily crushed manually and require special strategies 

for crushing (1). The maintained mechanical stability of the geopolymer structure after 

the addition of MCC is crucial for the drug abuse aspect (to hamper dose dumping via 

voluntary or in-voluntary pellets crushing). Drug release from pellets containing MCC 

was slower compared to release from control or PEG pellets indicating that MCC-based 

pellets could hinder the rapid release of the API. Thus MCC performs better than PEG 

for preparing pellets via extrusion-spheronization method and could serve as a better 

choice due to the maintaining the mechanical stability of the geopolymer and hindering 

the rapid release of the API.  

 

Future outlook 

The work in this thesis shows that extrusion-spheronization method could be used to 

manufacture pellets of ceramic materials combined with the excipients. Further 

research is required to optimize the composition and processing parameters to produce 

pellets with uniform particle size and size distribution. In addition, evaluation of drug 

release in conditions such as low pH and ethanol would allow for analysis of tamper 

resistance.     
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Appendices 

Appendix 1 

API amount 

API 4 wt%, Metakaolin 40 wt%, waterglass 46wt % and excipients 10wt%  

400mg of the pellets will be evaluated in a dissolution bath (37 ° C, 50 rpm) containing 

400ml of phosphate buffer pH 7.4.  

400mg * 0.04 = 16 mg  

16mg/ 400 ml = 40 μg/ml  

 

The quantity of the pellets should correspond to a drug amount below 10% of the drug 

solubility in order to insure that sink condition is succeeded. 

 

Ibuprofen solubility in pH 7.4 is approximately 2mg/ml  

Sink condition = 2 mg/ml * 0.1 = 0,2 mg/ml  200 μg/ml  

Max concentration = 200 μg/ml, low concentration= 25 μg/ml 
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Appendix 2  

Table 1. Different compositions of the excipients 

 

RUN MCC/PEG  

(%wt) 

Metakaolin 

 (%wt) 

Waterglass  

(%wt) 

Comments 

1 40 10 50 Dry mass for the extruder 

2 30 20 50 Dry mass for the extruder 

3 20 30 50 Wet mass for the extruder 

4 10 40 46 Suitable mass for extruder 

5 0 52 48 Over wetted mass for extruder 

 

 

Table 2. Concentration vs. absorbance of ibuprofen  

 

S.No. Concentration (µg/ml) Absorbance 220nm 

1 50 1.664 

2 25 0.747 

3 12.5 0.389 

4 6.25 0.184 

5 Blank  
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