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Aim: To study the effect of NaOH concentration and duration of treatment on the % mass loss
of 19 wt% uncalcined carbonated hydroxyapatite (CHA)/Poly- € -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- & -caprolactone, carbonated hydroxyapatite, NaOH treatment, biological
degradation study, twin screw extrusion, infection moulding

Amag: NaOH konsantrasyonu ve bekletme siiresinin agirlikca % 19 kalsine edilmemis
karbonlanmis hidroksiapatit (CHA)/Poly- & -kaprolakton (PCL)'nin kitle kaybina etkisinin
incelenmesi

NaOH uygulamasinin ardindan gerceklestiren fosfatla tamponlanmis salin (PBS) calismasinda,
kompozitlerin biyolojik yikimlarinin analizi ve kemik grefti uygulanabilirliklerinin incelenmesi

Gereg ve Yontemler: CHA islak ¢cokeltme yontemi kullanilarak tretilmistir. CHA/PCL kompozit,
ikiz vidali ekstriizyon ve enjeksiyon kaliplama ile hazirlanmistir. Adirlikca % 19 kalsine
edilmemis CHA/PCL'in biyolojik yikim hizini arttirmak amaciyla, numuneler farkl surelerde,
cesitli konsantrasyonlardaki NaOH soliisyonlari (Sigma Aldrich, UK) ile muamele edilmistir.
Daha sonra biyolojik yikim hizlari PBS icinde analiz edilmistir.

Bulgular: NaOH konsantrasyonunun 3 M‘dan 5 M’a artmasi, NaOH ve PBS'de muhafaza
edildikten sonra numunelerin % agirlik kaybini arttirmistir. Ancak, 5 M NaOH'da numuneleri 1
ve 3 giin bulundurmak % agirlik degisimini etkilememistir.

Sonug: NaOH konsantrasyonunun artmasi ile numunelerin biyolojik yikimlari hizlandirimistir.
Agdirlikca % 19 kalsine edilmemis CHA/PCL'in 1 gun sureyle 3 M NaOH icinde muhafaza
edilmesi, PBS calismalarinda daha kontrolltii bir sekilde biyolojik yikima ugradiklarini
goOstermistir.

Anahtar Soézciikler: Poli- & -kaprolakton, karbonatl hidroksiapatit, NaOH muamelesi, biyolojik
yikim galismasi, ¢ift vidall ekstriizyon, enjeksiyon dokimi

Bone grafting, the surgical procedure century, most commonly as
used to replace bone to aid the autografts or allografts (1). From
healing process, has been used to 1980’s, there have been attempts to
fill bone defects for the last replace bone using biomaterials
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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-
e-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 wvivo,
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 B-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.

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
Aldrich.

Sigma 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 cm’, 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

Ca(OH), H;PO,
(aq) (aq)
SigmaAldrich | |, | SigmaAldrich
[CObubbled | | Foom temparatus |

E11:To maction r=action
Eﬂ1m§ l _____________________
CHA

l

PCL, MW=80,000

Twin screw extrusion &
Injection Moulding

| prassure of 2 bars

{Coolad in air with a bolding |

fprocessad &t 120 °C |
iwith an injaction |
|pressume of § bas |

Composite
DSC, Compressive strength testing, SEM and degradation studies

Figure 1: The schematic diagram of the CHA/PCL composite preparation
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moulder (DSM, Xplore, Geleen,
The Netherlands) with a capacity
of 5 cm’. 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

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

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
of 5 bar. It was cooled and backscattering electron imaging

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 um
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 CuKa (A=
0.15404 nm). The data were
collected over a 20 range of 20-
40°C using a step size of 0.04°
with a dwell time of 10 s. The slit
sizes used were 1° divergence, 0.2°
receiving and 1° antiscatter.
Identification of phases was
achieved by comparing the
diffraction patterns of CHA with
ICDD [Joint Committee of

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.

Table 3: XRF
carbonated hydroxyapatite

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 20 (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.

analysis of the

1.7.NaOH surface treatment Compound | Weight % of the impurity
In order to accelerate the degradation s 00
rate of 19 wt% CHA/PCL samples & <00
were surface treated for 3 days at MgO <0.05
37°C in various concentrations of
X . AlO <0.05
NaOH (Sigma Aldrich, UK). The =
surface treatments are outlined in Si0; <0.05
Table 2 P20s 36.06
Table 2: NaOH treatment for PCL and K:0 <0.05
CHA/PCL composites
Ca0 49.74
NaOH 19 wt% uncalcined -
treatment CHA/PCL Tio: <0.05
5M,3d : Mns04 <0.05
5M,1d v
3M,1d v V>05 <0.05
. Cr03 <0.05
After the NaOH treatment, using an
electronic balance, the % weight Fe0s <005
loss was calculated for the NaOH BaO <0.05
treated samples using Equation 1.
Zr02 <0.05
three repeats were conducted for
each sample. Zno <0.05
M, -, S0 <0.05
100 x c 108
% weight loss= M, (20) :

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

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

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

% weight change

Figure 4: % weight change of 19 wt%
uncalcined CHA/PCL after different NaOH
pre—treatments (Results mean *

-10 .

am, 1d sM,1d 5M,3d

error, n=3)

standard

% weight change

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.

Degradation time / days

0 7 14 21

19 wt% CHA/PCL 5M, 3d
—— 19 Wt% CHA/PCL5 M, 1d
19 Wt% CHA/PLL 3 M, 1d

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)

3.

Prior

Discussion

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

4,

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.

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.

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.

4

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



Journal of Ankara University Faculty of Medicine 2013, 66 (1)

REFERENCES

1.

Aho, Heikkila. Clinical Applications
of Bone Allografts and Substitutes.
Phillips GO, editor. Singapore: World
Scientific Publishing Co. Ptc. Ltd.;
2005.

Hench LL, Paschall HA. Direct
chemical bond of bioactive glass-
ceramic materials to bone and muscle.
Journal of Biomedical Materials
Research. 1973;7:25-42.

Tiaw KS, Goh SW, Hong M, Wang Z,
Lan B, Teoh SH. Laser surface
modification of poly(epsilon-
caprolactone) (PCL) membrane for
tissue engineering applications.
Biomaterials. 2005;26:763-769.

Chouzouri G, Xanthos M.
Degradation of aliphatic polyesters in
the presence of inorganic fillers.
Journal of Plastic Film &amp;
Sheeting. 2007;23:19-36.

Chen DR, Bei JZ, Wang SG.
Polycaprolactone microparticles and
their biodegradation. Polymer
Degradation and Stability. 2000;67:455-
459.

Lowry KJ, Hamson KR, Bear L, Peng
YB, Calaluce R, Evans ML, et al.
Polycaprolactone/glass  bioabsorbable
implant in a rabbit humerus fracture
model. Journal of Biomedical Materials
Research. 1997;36:536-41.

Chouzouri G, Xanthos M. In vitro

bioactivity and  degradation  of
polycaprolactone composites
containing  silicate  fillers.  Acta

Biomaterialia. 2007;3:745-756.

Labet M, Thielemans W. Synthesis of
polycaprolactone: a review. Chemical
Society Reviews. 2009;38:3484-3504.

Yeo A, Sju E, Rai B, Teoh SH.
Customizing the Degradation and
Load-Bearing  Profile  of 3D
Polycaprolactone-Tricalcium

Phosphate Scaffolds Under Enzymatic and

Hydrolytic Conditions. Journal of
Biomedical Materials Research Part B-
Applied Biomaterials. 2008;87B:562-
569.

10.

11.

12.

13.

14.

15.

16.

Lam CXF, Savalani MM, Teoh SH,
Hutmacher DW. Dynamics of in vitro

polymer degradation of
polycaprolactone-based scaffolds:
accelerated versus simulated

physiological conditions. Biomedical
Materials. 2008;3(3).

Ang KC, Leong KF, Chua CK,
Chandrasekaran M.  Compressive

properties and  degradability  of
poly(epsilon-
caprolatone)/hydroxyapatite
composites under accelerated

hydrolytic degradation. Journal of
Biomedical Materials Research Part A.
2007;80A.:655-660.

Tsuji H, Ishida T. Poly(L-lactide). X.
Enhanced surface hydrophilicity and
chain-scission mechanisms of poly(L-
lactide) film in enzymatic, alkaline, and
phosphate-buffered solutions. Journal
of  Applied Polymer  Science.
2003;87:1628-1633.

Yeo A, Wong W], Khoo HH, Teoh
SH. Surface modification of PCL-TCP
scaffolds improve interfacial
mechanical interlock and enhance
early bone formation: An in vitro and
in vivo characterization. Journal of
Biomedical Materials Research Part A.
2010;92A:311-321.

Htay M. Water vapour transmission
and degradation properties of biaxiallt
stretched PCL films and cell-permeable
membranes 2004.

Azevedo MC, Reis RL, Claase BM,
Grijpma DW, Feijen ]. Development
and properties of
polycaprolactone/hydroxyapatite
composite biomaterials. Journal of
Materials Science-Materials in
Medicine. 2003;14:103-107.

Tsuji H, Suzuyoshi K, Tezuka Y,
Ishida T. Environmental degradation
of biodegradable polyesters: 3. Effects
of alkali treatment on biodegradation
of poly(epsilon-caprolactone) and poly
(R)-3-hydroxybutyrate ~ films in
controlled soil. Journal of Polymers
and the Environment. 2003;11:57-65.

17.

18.

19.

20.

21.

22,

23,

Kikuchi M, Koyama Y, Yamada T,
Imamura Y, Okada T, Shirahama N, et
al. Development of guided bone
regeneration membrane composed of
beta-tricalcium phosphate and poly (L-
lactide-co-glycolide-epsilon-
caprolactone) composites.
Biomaterials. 2004;25:5979-5986.

Rich J, Jaakkola T, Tirri T, Narhi T,
Yli-Urpo A, Seppala J. In vitro
evaluation of poly(epsilon-
caprolactone-co-DL-lactide)/bioactive
glass composites. Biomaterials.
2002;23:2143-2150.

Rai B, Ho KH, Lei Y, Si-Hoe KM, Teo
CM], bin Yacob K, et al
Polycaprolactone-20% tricalcium
phosphate scaffolds in combination
with platelet-rich plasma for the
treatment of critical-sized defects of the
mandible: A pilot study. Journal of
Oral and Maxillofacial  Surgery.
2007;65:2195-2205.

Gibson IR, Bonfield W. Novel
synthesis and characterization of an
AB-type carbonate-substituted
hydroxyapatite. Journal of Biomedical
Materials Research. 2002;59:697-708.

Wilberforce SIJ, Finlayson CE, Best
SM, Cameron RE. The influence of the
compounding process and testing
conditions on the compressive
mechanical properties of poly(D,L-
lactide-co-glycolide)/alpha-tricalcium
phosphate nanocomposites. Journal of
the Mechanical Behavior of Biomedical
Materials. 2011;4:1081-1089.

Panda RN, Hsiech MF, Chung R],
Chin TS. FTIR, XRD, SEM and solid
state NMR investigations of carbonate-
containing  hydroxyapatite
particles synthesized by hydroxide-gel
technique. Journal of Physics and
Chemistry of Solids. 2003;64:193-9.

nano-

Slosarczyk A,  Paszkiewicz = Z,
Paluszkiewicz C. FTIR and XRD
evaluation of carbonated
hydroxyapatite powders synthesized
by wet methods. Journal of Molecular
Structure. 2005;744:657-661.

Duygu Ege



Ankara Universitesi Tip Fakiiltesi Mecmuasi 2013, 66 (1)

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'STEP'] [Based on 'STEP'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /ExportLayers /ExportAllLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


