
 

  
Effect Of NaOH Concentration On The Degradation Properties Of 
CHA/PCL Composites For Bone Replacement Applications  

NaOH Konsantrasyonunun ve NaOH Bekletme Süresinin Kemik Greftlerinde Kullanılan CHA/PCL 
Kompozitlerinin Biyolojik Yıkımına Etkisi 
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1 University of Cambridge Department of Materials Science & 
Metallurgy  Aim: To study the effect of NaOH concentration and duration of treatment on the % mass loss 

of 19 wt% uncalcined carbonated hydroxyapatite (CHA)/Poly- ε -caprolactone (PCL) 

To analyze the degradation behaviour of composites and to evaluate the possibility of bone 
replacement by the study of buffer saline solution (PBS) following NaOH application. 

Material and Method: CHA was produced using a wet precipitation method. The CHA/PCL 
composites were prepared by twin screw extrusion followed by injection moulding. In order to 
accelerate the degradation rate of 19 wt% uncalcinated CHA/PCL, the samples were surface 
treated with various concentrations of NaOH (Sigma Aldrich, UK) for various durations. 
Biological degradation rates were analyzed in PBS 

Results: The increase of the concentration of NaOH from 3 M to 5 M increased the % weight 
loss of the samples after NaOH treatment and subsequent PBS studies. However, increasing 
the durahon of surface treatment from one day to three days in 5 M NaOH did not affect the % 
weight change. 

Conclusions: Biological degradation rate was accelerated with the increase of NaOH 
concentration. 19 wt% uncalcined CHA/PCL samples that were surface treated with 3 M NaOH 
for one day had a more controlled degradation during subsequent PBS studies  

Key Words: Poly- ε -caprolactone, carbonated hydroxyapatite, NaOH treatment, biological 
degradation study, twin screw extrusion, injection moulding 

Amaç: NaOH konsantrasyonu ve bekletme süresinin ağırlıkça % 19 kalsine edilmemiș 
karbonlanmıș hidroksiapatit (CHA)/Poly- ε -kaprolakton (PCL)’nin kütle kaybına etkisinin 
incelenmesi 

NaOH uygulamasının ardından gerçekleștiren fosfatla tamponlanmıș salin (PBS) çalıșmasında, 
kompozitlerin biyolojik yıkımlarının analizi ve kemik grefti uygulanabilirliklerinin incelenmesi  

Gereç ve Yöntemler: CHA ıslak çökeltme yöntemi kullanılarak üretilmiștir. CHA/PCL kompozit, 
ikiz vidalı ekstrüzyon ve enjeksiyon kalıplama ile hazırlanmıștır. Ağırlıkça % 19 kalsine 
edilmemiș CHA/PCL’in biyolojik yıkım hızını arttırmak amacıyla, numuneler farklı sürelerde, 
çeșitli konsantrasyonlardaki NaOH solüsyonları (Sigma Aldrich, UK) ile muamele edilmiștir. 
Daha sonra biyolojik yıkım hızları PBS içinde analiz edilmiștir. 

Bulgular: NaOH konsantrasyonunun 3 M‘dan 5 M’a artması, NaOH ve PBS’de muhafaza 
edildikten sonra numunelerin % ağırlık kaybını arttırmıștır. Ancak, 5 M NaOH’da numuneleri 1 
ve 3 gün bulundurmak % ağırlık değișimini etkilememiștir.  

Sonuç: NaOH konsantrasyonunun artması ile numunelerin biyolojik yıkımları hızlandırılmıștır. 
Ağırlıkça % 19 kalsine edilmemiș CHA/PCL’in 1 gün sureyle 3 M NaOH içinde muhafaza 
edilmesi, PBS çalıșmalarında daha kontrollü bir șekilde biyolojik yıkıma uğradıklarını 
göstermiștir.  

Anahtar Sözcükler: Poli- ε -kaprolakton, karbonatlı hidroksiapatit, NaOH muamelesi, biyolojik 
yıkım çalıșması, çift vidalı ekstrüzyon, enjeksiyon dökümü 

 

 

 

Bone grafting, the surgical procedure 
used to replace bone to aid the 
healing process, has been used to 
fill bone defects for the last 

century, most commonly as 
autografts or allografts (1). From 
1980’s, there have been attempts to 
replace bone using biomaterials 
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Figure 1: The schematic diagram of the CHA/PCL composite preparation 

including, calcium phosphates, 
hydroxyapatite, glass–ceramics, 
bioactive glass, and bioresorbable 
polymers. There is growing 
attention to the use of 
bioresorbable polymers in 
synthetic biomaterial composites. 
Some of the commonly used 
bioresorbable composites are poly-
ε-caprolactone (PCL), polyglycolic 
acid (PGA), polylactic acid (PLA) 
and polylactide–co–glycolide 
(PLGA). Bioresorbable composites 
transfer load gradually to the 
surrounding tissue whilst guiding 
new bone formation (2). The 
optimisation of the degradation 
rate of the biomaterial support to 
facilitate new bone formation is 
vital to sustain healthy bone 
growth. PCL is hydrophobic in 
nature due to the linear chains of 
methylene groups (3,4). In vivo, 
the total degradation time of PCL 
goes up to 2–3 years (5-8). Ideally, 
degradable polymers for load 
bearing or non–major load bearing 
applications need to degrade in 
around 6 months in order to 
sustain healthy bone in-growth (9). 
The groups of Chandrasekaran 
(Ang et al., 2007) and Teoh (9-11) 
enhanced the degradation rate of 
porous PCL composites by surface 
treating it with NaOH (9, 10, 12, 
13). The cleaved carboxyl and 
hydroxyl chains are then easily 
removed from the surface. This 
leaves a rough surface texture and 
increases the surface area between 
the polymer and the medium (9, 
14). Incorporation of Bioglass®, 
HA or β–TCP filler further 
accelerated the degradation rate 
during the NaOH treatment (15-
19). The aim of this paper is to 
study the effect of surface 
treatment on the degradation rate 
of CHA/PCL nanocomposites. 

19 wt% uncalcined CHA/PCL was 
surface–treated for various 
durations and for different 
concentrations of NaOH. In order 
to observe the effect of NaOH 
treatment on the composites, a 

PBS study was carried out 
subsequent to the NaOH surface 
treatment. 

1. Materials and Methods 

1.1. Materials 

PCL pellets with a molecular weight 
of 80,000 were purchased from 
Sigma Aldrich. CHA was 
produced using a wet precipitation 
method (20). The CHA/PCL 
composites were prepared by twin 
screw extrusion followed by 
injection moulding. The above 
process can be outlined in a 
schematic diagram as in Figure 1 

1.2.  Preparation of CHA 

Carbonated hydroxyapatite was 
prepared in–house by a wet 
precipitation reaction (20).  

1.3.  Fabrication of the 
composite 

A mini 5 cm3, co–rotating twin screw 

extruder (DSM, Netherlands) was 
used at Imperial College London 
to disperse the CHA powder in a 
PCL matrix. PCL pellets and CHA 
powder was fed into the extruder 
simultaneously without any 
premixing. Table 1 shows the wt% 
of CHA, CHA processing 
condition and PCL that were used 
for extruded samples. 

Twin screw extrusion was used to 
draw material through a 1 mm 
gauge strand die to compound and 
disperse the filler particles in the 
matrix material at 120°C. Around 
6 g material was fed into the 
extruder at a screw speed of 10 
rpm. The material was mixed in 
the extruder for 30 minutes with a 
screw rotation speed of 20 rpm. 
The material was taken out from 
the extruder with a screw speed of 
20 rpm.  

After cutting the extruded rods into 
cylinders of approximately 10 cm 
in length, the samples were fed 
into a piston type mini injection 
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moulder (DSM, Xplore, Geleen, 
The Netherlands) with a capacity 
of 5 cm3. After injection moulding, 
samples were obtained with a 
diameter of 6 mm and a length of 
12 mm. The material was injection 
moulded with a flow temperature 
of 120 °C, a mould temperature of 
23–25°C with an injection pressure 

of 5 bar. It was cooled and 
hardened at a holding pressure of 2 
bar and a holding time of 3 seconds 
which compensated for material 
shrinkage (21).  

1.4. X–Ray Fluorescence 
(XRF) and Leco carbon 
analysis  

XRF was carried out at London & 
Scandinavian Metallurgical Co Ltd 
(Fullerton Road, UK). 2 g of 
uncalcined CHA powder was 
analysed after wet ball milling the 
powder and sieving it with a 75 µm 
gauge sieve. 

 

1.4. X–RayDiffraction (XRD) 

XRD was carried out for about 50 mg 
of uncalcined CHA with a Philips 
PW1730 diffractometer. The X–
ray generator was operated at 40 
kV and 40 mA using CuKα (λ= 
0.15404 nm). The data were 
collected over a 2θ range of 20–
40ºC using a step size of 0.04º 
with a dwell time of 10 s. The slit 
sizes used were 1º divergence, 0.2º 
receiving and 1º antiscatter. 
Identification of phases was 
achieved by comparing the 
diffraction patterns of CHA with 
ICDD [Joint Committee of 

Powder Diffraction Standards 
(JCPDS)] (HA: 09–432). 

1.6 Scanning Electron 
Microscopy (SEM) 

Using a field emission gun scanning 
electron microscope (JEOL 6340F 
FEGSEM) operating at 5 kV, in 

backscattering electron imaging 
mode, the morphology and the 
particle size distribution of 
uncalcined CHA powder were 
analysed. CHA powder was 
scattered onto an aluminium stub 
covered by double adhesive carbon 
tape and sputter–coated with a thin 
layer of platinum in an argon–
purged chamber for 30 seconds.  

1.7.NaOH surface treatment 

In order to accelerate the degradation 
rate of 19 wt% CHA/PCL samples 
were surface treated for 3 days at 
37C in various concentrations of 
NaOH (Sigma Aldrich, UK). The 
surface treatments are outlined in 
Table 2 

After the NaOH treatment, using an 
electronic balance, the % weight 
loss was calculated for the NaOH 
treated samples using Equation 1. 
three repeats were conducted for 
each sample.  

% weight loss= i

fi

M

MM 
100

  (20) 

2. Results 

In Table 3, XRF analysis shows that 
CHA samples were all phase pure.  

The phase purity of CHA was 
analyzed by XRD. Figure 2 shows 
the XRD patterns of uncalcined  

XRD patterns of CHA revealed the 
presence of all the major HA 
peaks, such as (002), (211), (112) 
and (300) at 25.88°, 31.78°, 32.18° 
and 32.98° respectively at 2θ (22). 
All CHA peak positions and 
intensities matched to the ICDD 
standard reference sample for 
hydroxyapatrite (09-0432). The 
main calcium oxide peak at 37.2° 
(23) was not present in the XRD 
trace. No other secondary phases 
such as tri–calcium phosphate were 
detected, which suggests that the 
uncalcined and calcined CHA 
powder were phase pure. 

Table 3: XRF analysis of the 
carbonated hydroxyapatite 

Compound Weight % of the impurity  

Na2O <0.05 

MgO <0.05 

Al2O3 <0.05 

SiO2 <0.05 

P2O5 36.06 

K2O <0.05 

CaO 49.74 

TiO2 <0.05 

Mn3O4 <0.05 

V2O5 <0.05 

Cr2O3 <0.05 

Fe2O3 <0.05 

BaO <0.05 

ZrO2 <0.05 

ZnO <0.05 

SrO <0.05 

C 1.98 

Table 2: NaOH treatment for PCL and 
CHA/PCL composites 

NaOH 
treatment 

19 wt% uncalcined 
CHA/PCL 

5 M, 3 d   
5 M, 1 d   
3 M, 1 d   

Table 1: wt% of CHA, CHA processing conditions for extruded samples 

Sample list wt% of CHA Processing condition of CHA 

1 0 – 
2 10 Uncalcined 
3 20 Uncalcined 
4 30 Uncalcined 
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In Figure 3, overall, CHA particles 
were observed to be dispersed quite 
well in the polymer matrix. Figure 
4 shows the % weight change of 19 
wt% uncalcined CHA/PCL after 
different surface treatments. The 
values were given in the range of 
the standard errors. It shows that 
for 19 wt% uncalcined CHA/PCL, 
the mass loss is 12±0.74 %, 
31±5.96 % and 32±22.65 % for 1 
day treatment in 3 M NaOH, 1 
day treatment in 5 M NaOH and 3 
days treatment in 5 M NaOH, 
respectively. By increasing the 
concentration of NaOH from 3 M 
to 5 M at 1 day, the % weight loss 

of the samples increased. Increase 
of the time of surface treatment 
with 5 M NaOH did not affect the 
% weight change but the sample 
variability was observed to be 
much greater.  

Figure 5 shows the % weight loss 
during the PBS study of 19 wt% 
uncalcined CHA/PCL after 
different NaOH surface 
treatments. When 19 wt% 
uncalcined CHA/PCL was 
surface–treated with 5 M NaOH 
for 1 day, during the subsequent 
PBS study, most of the material 
degraded within 21 days. On the 
other hand, surface treatment with 
3 M NaOH for 1 day resulted in a 
more steady degradation rate than 
the other surface treatments.  

3. Discussion 

Prior work shows that all the 
composites have a minimal % 
weight loss over a 1 month period 
(7). It was found that the 
degradation rate also rose with the 
increase of NaOH concentration 
and the time of surface treatment. 
Similar results to this study were 
found by Lam et al (10). and Ang 
et al (11). who saw faster 
degradation rates for calcium 
phosphate/PCL than the pure 
PCL.  

For 19 wt% uncalcined CHA/PCL 
after 3 days 5 M NaOH treatment, 
total mass loss was observed in PBS 
within a 14-day period. This was 

possibly due to pass of a form of 
percolation threshold for NaOH 
treatment. NaOH treatment and 
water penetration to the internal 
surface between particles and 
matrix resulted in fast 
disintegration of the composites.  

As surface treatment of 19 wt% 
uncalcined CHA/PCL with one 
day surface treatment with 3 M 
NaOH was observed to have a 
more controlled degradation rate, 
it could be beneficial to further 
study this system and similar 
systems. 

4. Conclusions 

As, PCL and CHA/PCL composites 
have a relatively slow degradation 
rate for bone replacement, 
CHA/PCL composites were 
surface treated with NaOH in 
order to accelerate their 
degradation rate. During the 
subsequent PBS studies, it was 
observed that for 19 wt% 
uncalcined CHA/PCL the 
degradation rate was accelerated 
significantly. This is possibly due 
to pass of a form of percolation 
threshold for NaOH treatment. 
Additionally, it was observed that 
the degradation rate was 
accelerated with the increase of 
NaOH concentration. 19 wt% 
uncalcined CHA/PCL samples 
that were surface treated with 3 M 
NaOH for 1 day were observed to 
have a more controlled degradation 
rate. In future studies, in vivo 
studies would be useful in order to 
examine the compatibility of these 
composites for bone replacement. 

 

 

 

 

 

 
Figure 3: FEGSEM (BSE) micrographs of 
the fracture surface of 19 wt% uncalcined 
CHA/PCL Scale bar is 1 µm. 

 
Figure 4: % weight change of 19 wt%
uncalcined CHA/PCL after different NaOH
pre–treatments (Results mean ± standard
error, n=3) 

Figure 5: % weight loss after the PBS study
of 19 wt% uncalcined CHA/PCL with various
NaOH surface treatments (Results mean ±
standard error, n=3) 

 
Figure 2: X–ray diffraction pattern of CHA 
uncalcined CHA powder (* indicates the HA 
peaks) 
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