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Abstract—Aqueous polyurethane dispersions (PUDs) have recently emerged as important alternatives to their solvent-
based counterparts for various applications due to increasing health and environmental awareness. A series of aqueous
polyurethane dispersions containing carboxylate anion as hydrophilic pendant groups were synthesized through step
growth polymerization reaction using hexamethylene diisocyanate (HDI), 1,4-butanediol (1,4-BDO), dimethylol propi-
onic acid (DMPA) and polyethylene glycol (PEG) of different molecular weight. Effect of PEG molecular weight was
investigated on molecular structure, contact angle measurement, and physical and adhesive properties of PU emulsions.
Fourier transform infrared spectroscopy (FT-IR) was used to check the completion of polymerization reaction. Contact
angle measurement indicated that the hydrophilicity of polymer increases by increasing molecular weight of PEG with a
corresponding decrease in contact angle. Results of T-peel test showed a decrease in peel strength by increasing molecular
weight of PEG. Moreover, solid contents%, drying time and storage stability suggested fast drying properties and greater

stability of aqueous PU dispersions.
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INTRODUCTION

Aqueous polyurethane dispersions (APU) represent a versatile
class of materials having a wide range of applications [1]. Polyure-
thane elastomers (PUEs) are possibly the most versatile class of
polymers as they can be molded, injected, extruded, recycled [2] and
easily modified by varying the diisocyanate structure [3] and chain
extender (CE) length using ¢, w-alkane diols [4,5]. Synthesis, char-
acterization of UV-curable and waterborne polyurethane dispersions
[6,7], effect of blocked polyisocyanate based PU composites [8] and
PU/natural rubber blends [9,10] have been studied comprehensively.

Due to high demand because of chemical pollution, a recent re-
naissance has occurred on water-based polyurethanes that expres-
sively lessen the environmental contamination coming from their
solvent-based counterparts. These water-based polyurethanes are
expected to display superior performance relative to that of con-
ventional solvent borne systems [11]. Aqueous polyurethanes have
earned more importance due to their exceptional properties such as
glossiness, transparency, quick drying time, flexibility and temper-
ature impact resistance, abrasion resistance, non-flammability, and
adhesion with most substrates. In addition, APUs are also resistant
towards solvents and chemicals, offering good weather stability [12,
13]. Aqueous polyurethane dispersion is a binary colloidal system
having dispersed in water polyurethane particles. Generally, PU is
water incompatible because of the presence of hydrophobic isocy-
anates which are not dispersible in water but also react with water.
Hydrophilic modification of poly (diisocyanates) has been used to
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facilitate water dispersibility by incorporation of hydrophilic groups,
distributed along the chain of polyurethane prepolymer. Water-based
polyurethane (WBPU) coatings are developed by incorporating ionic
groups into PU backbone [14,15]. Depending on these ionic groups,
PU dispersions can be classified into cationic, anionic and nonionic
types. Nonionic types contain hydrophilic soft segment pendant groups
such as polyethylene oxide. Dispersions containing N-methyl dieth-
anol amine and poly(tetramethylene adipate diol) are cationic disper-
sions whereas poly(tetramethylene glycol) (PTMG), poly(propylene
glycol) (PPG), poly(ethylene glycol) (PEG) and dimthylolpropanoic
acid (DMPA) are categorized as anionic dispersions. The ionomers
are neutralized to form salt. These groups are built in the chain struc-
ture during the polymer preparation [16,17].

PU dispersions can be achieved in a variety of ways. A choice
must be made on which process to select and which type of chemis-
try to use in order to run the polyurethane into a water-based co-
ating. Most important processes used to prepare WBPU are ace-
tone process, prepolymer mixing process, the melt dispersion pro-
cess and the ketamine process [18]. However, these methods have
common characteristics that are the preparation of NCO-terminated
PU prepolymer of their respective molecular weights. Molecular
weight is controlled by mole ratio of NCO/OH and chain extender,
so synthesis processes mostly vary in chain extension step that is
generally performed using diamines (-NH,) and diols (-OH) [14].
The preparation of PUDs by the prepolymer mixing process has
received much attention in the literature. PU-prepolymer is synthe-
sized by reacting macrodiol and diisocyanate, followed by the intro-
duction of hydrophilic groups such as dimelthylolpropanoic acid
which acts as an internal emulsifier and becomes the part of main
chain of polymer. Then the chain extension step is carried out by
adding the diamine or diol to the aqueous dispersion. PU disper-
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sions are generally made with aliphatic diisocyanates, because of
their lower reactivity with water than aromatic ones [15,19].

Polyurethanes are segmented polymers consisting of alternating
soft and hard segments that constitute a unique micro phase sepa-
rated. PU ionomers contain ionic groups which are introduced either
into hard or soft segments yielding prescribed properties. The dis-
persion of polymer in water and properties of cast films are affected
by types and contents of ionic centers and macrodiols as soft seg-
ments. Moreover, reaction conditions like temperature of reaction,
stirring speed, the rate of addition of ingredients and sequence of
addition had a significant effect on the properties of aqueous disper-
sion [20]. This article describes the preparations of ionic type water-
based PU dispersions containing different molecular weight of poly-
ethylene glycol (PEG), dimethylol propionic acid (DMPA), 1,4 butane-
diol (1,4-BDO) and, hexamethylene diisocyanate (HDI). The prepared
WBPU dispersions were characterized by Fourier transform infra-
red spectroscopy (FT-IR). The influence of macrodiols molecular
weight on mechanical strength, surface wettability and physical assets
of dispersions were examined by T-peel test and contact angle meas-
urement.

EXPERIMENTAL

1. Materials

Polyethylene glycol (PEG) with various molecular weights (Mn=
200, 400, 600, 800, 1,000 and 1,500) was procured from India and
dried and degassed at 80 °C and at some optimum pressure (1-2
mmHg) for 3 h before use. 1,4-Butanediol (1,4-BDO) (Merck) was
dried and degassed at 50 °C and 1-2 mmHg for 2 h. Dimethylol propi-
onic acid (DMPA) (Aldrich) was dried at 100 °C for 2 h in an oven.
Methyl ethyl ketone (MEK) (Merck) was dried using anhydrous
CaSO0, and triethylamine (TEA) (Merck) was dried over molecular
sieves. Dibutyltin dilaurate (DBTDL) (95%, Aldrich), N,N-Dime-
thylformamide (DMF) (99% Aldrich) and hexamethylene diisocy-
anate (HDI) (99% Aldrich) were used as received.
2. Preparation of Water-based Polyurethane Dispersions

Water-based polyurethane dispersions were synthesized by con-
ventional prepolymer process. WBPU dispersions were synthesized
without any emulsifier. Mole ratio was kept constant throughout
the synthesis, but polyethylene glycol (PEG) with different molecular
weight was used. Typical procedure for synthesis was as follows:
Following prepolymer mixing process PU-prepolymer was syn-
thesized in a round-bottom glass reactor equipped with a mechani-
cal stirrer, a thermometer, a reflux condenser, a temperature controller
and a nitrogen inlet. Reaction was carried out in a nitrogen atmo-
sphere. First, 0.25 moles of PEG was charged into reactor with con-
stant stirring at 80 °C for 15 minutes. After that, 0.5 moles of DMPA
was charged into the reactor and the mixture was heated at 80 °C
for 30 minutes. Then under vigorous stirring 1 mole of HDI was add-
ed dropwise. Meanwhile 1-2 drops of dibutyltin dilaurate (DBTDL)
was added as catalyst with the help of a micro syringe. Reaction
proceeded for 2 h at 70-80 °C to obtain hydrophilic NCO-termi-
nated PU prepolymer. After obtaining NCO-terminated PU pre-
polymer, neutralization was performed. TEA (0.5 moles) was used as
neutralizing agent to react with carboxylic groups present in DMPA
molecules in polymer chain. Small amount of methyl ethyl ketone
(MEK) (about 5 ml) was used to reduce the viscosity of prepoly-
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Fig. 1. Synthesis of water-based Polyurethane (WBPU) based on
(a) HDI, (b) PEG; (c) DMPA, (d) TEA and (e) BDO.

mer. Neutralization was performed for 45 minutes at 55 °C in the
presence of nitrogen atmosphere. Afterwards, the neutralized water
dispersible PU prepolymer was extended with 0.25 moles of 1,4-
butane diol (BDO). The BDO, a chain extender, was added to react
with remaining iso- cyanate groups of PU prepolymer. Chain exten-
sion was performed for next 30 minutes. After that, a calculated
amount of distilled water was added dropwise with dropping funnel
and stirring rate was increased. Dispersion formation proceeded for
next 2 hours at room temperature. A stable dispersion with 33%
solid content was obtained.

The reaction scheme for the PU prepolymer preparation and the
processes of dispersion and chain extension are shown in Fig. 1. A
series of samples were prepared by varying molecular weights of
polyethylene glycol (PEG) with constant ionic content and chain
extender.

3. Measurements
3-1. Fourier Transforms Infrared (FT-IR) Spectroscopy

Fourier transform infrared spectroscopy experiments were con-
ducted on a Thermo Scientific FT-IR spectrometer equipped with
ATR accessories and ZnSe crystal over the range 4,000-400 cm™'
at room temperature.

3-2. Contact Angle Measurement

To confirm the surface structure of the dry films cast from the
emulsions, surface tension was determined by contact angle meas-
urement. WBPU samples were applied on glass slides and were
completely dried at room temperature for contact angle measure-
ment using sessile drop method at constant room temperature.

3-3. Peel Strength (T-peel Test)

Peel strength of prepared polyurethane dispersions was meas-

ured by relevant standard D1876-95. Test specimens were condi-
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tioned for seven days at relative humidity of 50% at 23 °C. An auto-
graphic recording of load versus head movement or load versus dis-
tance peeled was obtained.
3-4. Physical Properties

Different physical characteristics of synthesized water-based poly-
urethane dispersions such as solid contents %, tack free dryness and
storage stability of dispersions were measured according to standard
procedures. Drying time of WBPU samples was determined accord-
ing to the relevant polish standard ASTM D1640-95.

RESULTS AND DISCUSSION

Aqueous PU dispersion was prepared via different molecular weight
of polyethylene glycol (PEG), i.e., PEG 200, PEG 400, PEG 600,
PEG 800, PEG 1000 and PEG 1500, keeping all other components
constant. All of the PEGs were used separately to prepare different
samples of water-based polyurethane. The PU was prepared by reac-
tion of stoichiometric amount of PEG/HDI/1,4-BDO/DMPA with
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Fig. 2. FT-IR spectra of water-based polyurethane samples (WBPU1
to WBPU6).

ratios of 0.5:2:0.5: 1 according to synthetic route as depicted in
Fig. 1. Stable dispersions with 33% solid contents were made and
all the tests were performed at these solid contents.

1. FT-IR Spectroscopy

The prepared ionic WPU dispersions were characterized by using
FT-IR spectroscopy. Fig. 2 shows representative FT-IR spectra of
WBPUI1, WBPU2, WBPU3, WBPU4, WBPUS5 and WBPUG6. The
intriguing aspect of this analysis is the insight into the reaction mecha-
nism obtained from the profiles. IR studies have been carried out
by focusing principal regions -CH stretching (2,700-2,950 cm™),
C=0 stretching (1,620-1,740 cm™), -NH stretching (3,300 cm™)
and C-O-C stretching (1,050-1,150 cm™). In the prepared WBPU,
there was no signal at 2,270 cm™ (-NCO stretching) and 3,590 cm™
(O-H stretching), indicating that the synthesis of ionic water-based
PU had been completed. The absorption bands of N-H stretching
vibrations were observed at 3319.40 cm™.

NH deformation bands were observed in the range of 1,500-1,600
cm™'. The sharp peaks ranging from 1,690-1,700 cm™ indicate C=0O
stretching vibrations of urethane/allophanate, which are functional
groups used to anchor PEG moieties to HDIL, imparting water dis-
persibility. Aliphatic C-H stretching mode of 2,880-2,929 cm™ and
carboxylic stretching absorption band at 3,735-3,770 cm™ were ob-
served. Moreover, IR spectra showed the characteristics C-O-C stretch-
ing bands of soft segment at 1,045 cm™, 1,099 cm™, 1,097 cm™',
1,095cm™ and 1,103 cm™'. These vibrations are strong evidence
for the formation of PU. Otts and Urban [21] suggested that when
the NCO/OH ratio decreases, the carbonyl urethane group -C=0
peak shifts to the left. According to these the NH peak in WBPU1,
WBPU2, WBPU3, WBPU4, WBPUS and WBPU6 samples re-
mains almost constant (at about 3,320 cm™"). Therefore, it can be
concluded that the molecular weight of polyethylene glycol does
not have any considerable effect on hydrogen bonding of water-
based polyurethane. Presence of expected peaks implies that the
reaction was completed and the predesigned PU was formed. IR
spectra also contain all the related information of the primarily struc-
ture of the final polymer.

2. Effect of Molecular Weight of PEG on Contact Angle Meas-
urement

WBPU surface hydrophilicity, as characterized by static water
contact angle, is reported in Fig. 3. Water absorption was measured
to determine the polymer bulk hydrophilicity as this was expected
to have a substantial impact on hydrolytic degradation. As can be
seen, there is a remarkable difference in contact angle between dif-
ferent molecular weights of PEG where it decreased from 83 for

Contact angle

Molecular weight of PEG

Fig. 3. Contact angle () measurement of the prepared WBPU sam-
ples varying molecular weight of polyethylene glycol (PEG).

Korean J. Chem. Eng.(Vol. 30, No. 12)



2262 F. Mumtaz et al.

PEG 200 (WBPU1) to 78 for PEG 1500 (WBPUG). This means
that hydrophilicity, chain flexibility, and phase separation increased
with increasing molecular weight of PEG [22]. An increase in PEG
content from 14% in WBPUI to 30 wt% in WBPUG decreased the
contact angle from 83 to 78.

Gong et al. [23] suggested that amino groups improve hydrophi-
licity of polyurethane because of the presence of polar functional
groups such as OH groups or NH, groups, resulting increases the
hydrogen bounding interactions and, therefore, the contact angle
decreases. This result can be ascribed to the higher amount of hy-
droxyl groups relative to the other compounds, which leads to an
increase in hydrophilicity. We know that polyurethane dispersions
are two phase systems, in which water is a continuous phase. The
dispersed phase is a solid polymer, although the aqueous PU disper-
sions (APU) obtained are seemingly clean solutions. Smaller molec-
ular weight of macrodiol causes lesser deformation of these two
hydrophobic and hydrophilic centers and increase of particle size
of dispersion leading to decrease in hydrophilicity of polymer and
increase in contact angle value [20]. Polyurethane dispersions are
ionomeric. It is reasonably presumed that the anionic centers are
hydrophilic and predominantly located on the surfaces of PU parti-
cles in aqueous media. Larger number of these ionomers causes
larger phase separation and lower contact angle. Chain flexibility
also plays an important role in hydrophilicity of water-based poly-
urethane dispersion as chain rigidity does not allow these ionic groups
to come near the particle surface, which in turn decreases hydro-
philicity of dispersion.

3. Peel Strength

Basic structure-property relationships in PU indicate that the soft
segments contribute to low-temperature properties, whereas the hard
segments contribute to the modulus, strength and high-temperature
properties. Peel strength was gradually decreased from 1.07 to 0.14 N/
25 mm as molecular weight of PEG was increased. Presence of polar
groups in polyurethane leads to improved wetting time, resulting in
decrease in adhesion properties as shown in Table 1. Subaramani et al.
[19] suggested that increase in hard segment content causes increase
in tensile and adhesive properties of polyurethane. Moreover, peel
strength is adversely moisture sensitive: the higher the moisture con-
tent, the lesser is the peel strength. By increasing the molecular weight,
the soft segment content increased, resulting in decrease in adhe-
sive/peel strength of polyurethane. Tensile strength, elongation at
break and peel strength also depend upon many other factors such
as DMPA content, hard segment content and ionic cross-linking
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Fig. 4. Peel strength (N/25 mm) of the prepared WBPU samples
varying molecular weight of polyethylene glycol (PEG).

which remained constant in the present research work [24]. The
results of the peel strength (N/25 mm) of the prepared WBPU sam-
ples varying molecular weight of polyethylene glycol (PEG) are
shown in Fig, 4.

4. Physical Properties

The solid content of the dispersions was adjusted to 33% and all
measurements were based on 33% solids content. The carboxylic
groups of DMPA were completely neutralized by TEA in all the
experiments. Aqueous polyurethanes are mostly used in coatings.
In WBPU physical properties are important parameters.

The storage stability of the anionic blocked isocyanate contain-
ing urethane pre-polymer dispersions was measured at room tem-
perature (25 °C) for five months to check stability of dispersions,
and the results are tabulated in Table 1. The storage stability, which
is an important parameter, depends on many functions like pH, solid
content, particle size and viscosity of the medium. Water-based poly-
urethane dispersions synthesized by using polyethylene glycols (PEG)
of different molecular weights stored at room temperature were stable
for more than four months. This is due to the low solids content of
the dispersions. The dispersion containing higher molecular weight
of macrodiol was more stable, whereas a little phase separation was
observed in dispersion synthesized from PEG of Mn 200 (WBPU1)
after four months. This was due to lower hydrophilicity of disper-
sion having lesser contents of soft segment, which is hydrophilic in
nature. The hydrophilic character of polymer effectively maintains
the properties of PU dispersions, i.e., the higher is the hydrophilic
character, the smaller is the average particle size and larger is the
number of particles, which in turn decreases the phase separation

Table 1. Sample code designation and different properties of water-based polyurethane dispersions

Molecular weight Property
Sample code g — - — -
of PEG’" (Mn) Peel strength (N/25 mm)  Drying time (minutes)  Stability (months)  Solid contents (%)
“WBPU1 200 1.07 30 4 33
WBPU2 400 0.486 60 5 33
WBPU3 600 0.300 59 5 33
WBPU4 800 0.22 31 5 33
WBPUS5 1000 0.19 30 5 33
WBPU6 1500 0.14 61 5 32
“Water based polyurethane
"Polyethylene glycol
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and increases dispersion stability [20]. The results of storage stabil-
ity of the dispersions showed that the stability of the dispersions
increases by increasing molecular weight of PEG

Polyurethane chains are composed of flexible segments, derived
from polyols, and rigid or hard segments formed by the urethane
linkages. Drying time of polyurethane dispersions was calculated
by standard method ASTM D1640-95. WBPU samples were dried
at room temperature. If a thumb impression was formed on the film
by applying some pressure, then it was not said to be dry until the
thumb impression was not observed and tack-free film was formed.
The results of drying time shown in Table 1 suggest that these disper-
sions have fast drying time. The drying time can be related to exist-
ence of C=0O groups present in polyurethane. Therefore, in the pres-
ence of suitable driers the oxygen activation of methylene groups
is further accelerated, which in results in faster drying time.

CONCLUSION

Novel water-based polyurethane dispersions were synthesized
by using HDI, 1,4-BDO, DMPA and polyethylene glycols of differ-
ent molecular weight: PEG 200, PEG 400, PEG 600, PEG 800, PEG
1000 and PEG 1500. The spectroscopic characterization of WBPU
dispersions confirmed the structure. Effects of PEG on contact angle,
mechanical and physical properties are studied and concluded. Con-
tact angle measurement indicated that hydrophilicity of polymer
increases by increasing molecular weight of PEG with a correspond-
ing decrease in contact angle. This was because of presence of more
ether residues in PEG of higher molecular weight. Peel strength of
dispersions was decreased by increasing molecular weight of poly-
ethylene glycol. Moreover, fast drying time, lower solid contents
revealed good fastness properties of these dispersions.

REFERENCES

1. C. Y. Bai, X. Y. Zhang, J. B. Dai and C. Y. Zhang, Prog. Org. Coat.,
59,331 (2007).

2. K. M. Zia, M. Barikani, I. A. Bhatti, M. Zuber and H. N. Bhatti, J.
Appl. Polym. Sci., 109, 1840 (2008).

3. K. M. Zia, M. Zuber, M. Barikani, I. A. Bhatti and M. A. Sheikh, J.

Appl. Polym. Sci., 113, 2843 (2009).
4. K. M. Zia, M. Barikani, M. Zuber, I. A. Bhatti and H. N. Bhatti, lran.
Polym., J., 17,61 (2008).
5.S.D. Seul, J. M. Lim, S. H. Ha and Y. H. Kim, Korean J. Chem.
Eng., 22,745 (2005).
6. K. M. Zia, L. A. Bhatti, M. Barikani, M. Zuber and Islam-ud-Din,
Appl. Surf. Sci., 254, 6754 (2008).
7. M. Barikani, K. M. Zia, I. A. Bhatti, M. Zuber and H. N. Bhatti, Car-
bohyd. Polym., 74, 621 (2008).
8. K. M. Zia, M. Zuber, M. Barikani, I. A. Bhatti and M. B. Khan, Co/-
loids Surf. B., 72,248 (2009).
9. K. M. Zia, I. A. Bhatti, M. Barikani, M. Zuber and M. A. Sheikh,
Int. J. Biol. Macromol., 43, 136 (2008).
10. K. M. Zia, M. Barikani, I. A. Bhatti, M. Zuber and H. N. Bhatti, J.
Appl. Polym. Sci., 110, 769 (2008).
11. A. S. Madbouly and U. J. Otaigbe, Prog. Polym. Sci., 34, 1283
(2009).
12. D. E. Fiori, Prog. Org. Coat., 32, 65 (1997).
13. A. C. Aznar, O. R. Pardini and J. I. Amalvya, Prog. Org. Coat., 55,
43 (2006).
14.1. Y. Jang, Y. K. Jhon, I. W. Cheong and J. H. Kim, Physicochem.
Eng. Aspects., 196, 135 (2002).
15. Z. W. Wicks, D. A. Wicks and J. W. Rosthauser, Prog. Org. Coat.,
44,161 (2002).
16. H. Ulrich, Encyclopedia of Polym. Sci. Tech., 2, 1445 (2001).
17. S. M. Mohaghegh, M. Barikani and A. A. Entezami, [ranian. Polym.
J., 14,163 (2005).
18. A. Barni and M. Levi, J. Appl. Polym. Sci., 88, 716 (2003).
19. S. Subramani, I. W. Cheong and J. H. Kim, Prog. Org. Coat., 51,
329 (2004).
20. T. Harjunalanen and M. Lahtinen, European Polym. J., 39, 817
(2003).
21. D. B. Otts and M. W. Urban, Polymer., 46,2699 (2005).
22. V. M. Ebrahimi, M. Barikani and S. M. Mohaghegh, Iranian Polym.
J., 15(4), 323 (2006).
23.F. Gong, Y. Lu, H. Guo, S. Cheng and Y. Gao, Int. J. Polym. Sci.,
10, 11 (2010).
24. M. Y. Lee, K. T. Kim and K. B. Kim, Polym. Int., 28, 157 (2007).

Korean J. Chem. Eng.(Vol. 30, No. 12)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


