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ABSTRACT : Surface modification of macromolecules renders a progressive and favorable method to enhance the properties
of polymeric materials and improves conductivity, wettability, stability, adhesion, antibacterial properties, etc. of polymeric
surfaces without deterioration of the polymer bulk properties. Polyolefins such as polyethylene and polypropylene were
grafted with maleic anhydride(MAH) as a functional monomer in solution. Evidence for grafting was shown with FTIR
measurement. The grafting ratio was determined from chemical titration. The higher MAH loading, the lower contact angle(f)
was obtained. With the increasing content of MAH, melting temperature(T,,) of maleic anhydride grafted polymer decreased
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while decomposition temperature(Tq) of maleic anhydride grafted polymer increased.
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I. Introduction

In order to expand the applications of polyolefins and produce
useful substances which have improved mechanical, thermal,
and chemical properties chemical modification of polyolefins
is usually employed as an important alternative. In the mod-
ification of polyolefins free radical graft polymerization of
maleic anhydride(MAH) with base polymer employing an ini-
tiator is paid much attention over the past decades. With the
incorporation of glow discharge, ultraviolet (UV) irradiation,
x-ray and photografting, modifications of useful product such
as film, fiber, and powder etc. were also examined and in-
tensified mainly by surface grafting reactions."” Through the
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interfacial interaction between the components in polymeric
materials PP-g-MAH or PE-g-MAH has been widely used for
improving of the physical properties.”> By utilizing of
melts,”™ solution”"" and solid-state'*™"* modifying of poly-
olefins has been successfully performed. Surface treatment is
required for most polymer materials which are chemically inert
to improve their adhesion properties to other materials. In addi-
tion graft polymerization is a fascinating means to render a
various functional groups to a polymer. In the past several
years, emphasis on applications of modified polymers through
grafting has been increased.” There has been significant re-
search in techniques of graft polymerization of different mono-
mers on backbone polymers.'®

Surface modification techniques including chemical,
plasma'®? treatments, flame,”" ultraviolet (UV) irradiation and
corona dischargezz’23 which improve interfacial adhesion by

changing surface energy to increase wettability have been ex-
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tensively employed. Feasible introduction of graft chains with
a high density and exact localization of graft chains with in-
variable bulk properties to the surface makes grafting attractive
in its benefits compared to other methods. Radical polymer-
ization is suggested as a useful method for polymer grafting
on the surface.

In this experiment, graft polymerizations of PE and/or PP
with MAH were performed and the effect of maleic anhydride
on the spectroscopic, thermal properties and contact angle in
the maleic anhydride grafted polyethylene (PE-g-MAH) and/or
maleic anhydride grafted polypropylene(PP-g-MAH) were
examined.

II. Experimental

PE used was low density PE(Dachan Petrochemicals, E-308,
d=0.956, MI=0.8 g/10min). PP (d=0.9, Mn = 5,000, Brook-
field viscosity 6,000 poise at 190 C) was purchased from
Sigma-Aldrich, USA. Maleic anhydride(MAH), benzoyl per-
oxide and xylene used in this experiment were purchased from
Junsei Chemical Co. The typical formulations of the polymer-
ization are given in Tables 1. Grafting of MAH onto PE or
PP was carried out in xylene with benzoyl per0>(ide(BPO).24’25
A mixture of BPO and MAH dissolved in xylene was added
dropwise to the solution of PE in xylene for the first 3 hr
of 5 hr reaction. The reaction was carried out at 120 C with
mild agitation in nitrogen gas purging. At the end of reaction,
the mixture was cooled to room temperature and washed with
acetone several times and dried in vacuum overnight. Evidence
for grafting was obtained from FTIR measurement. The graft-
ing ratio(GR) of PE-g-MAH was determined from chemical
titration.”® The chemical titration is such as the following
procedure. Purified PE-g-MAH (0.3-0.4 g) was dissolved com-
pletely in 120 ml of xylene at 120 C, and after addition of
0.2 ml of deionized water, the mixture was refluxed for 1hr.
Adding dropwise 10.0 ml of a 0.1 M isopropanolic KOH sol-
ution, the mixture was refluxed for another 2 hrs to ensure
complete reaction with the MAH groups. With 0.1 ml of a

1.0% phenolphthalein ethanol solution as an indicator, the hot
solution was titrated with a 0.1 M isopropanolic HCI solution.
A blank solution also was treated under the same conditions.
The grafting ratio(%) was calculated by the equation

Grafting Ratio(%) = 100 x N( V- V) x M, /(2 x W x 1000) (1)

where N is the acid concentration of the isopropanolic HCI
solution(mol/L), W is the weight of PE-g-MAH(g), V and 7
are the volumes(ml) of the isopropanolic HCI solution added
to the PE-g-MAH and blank solutions, respectively, and 14,
is the molecular weight of MAH(98.06). The press-moulded
films of the PE-g-MAH were immersed into acetone at room
temperature to remove the unreacted monomer and other sec-
ondary products. The FTIR spectra of the PE-g-MAH and
PP-g-MAH films were recorded with a Nicolet MAGNA-IR
750 spectrometer. The grafted polyethylenes with different GR
were obtained by changing MAH concentrations in the pres-
ence of BPO. The contact angle () data were obtained from
an angle subtended at the triple line by the tangents onto the
solid/liquid and liquid/vapor interfaces in a system with sol-
id/liquid/vapor phases being a thermodynamic equilibrium.”’
The contact angle of distilled water on the PE-g-MAH and
PP-g-MAH film was measured using a contact angle meter
(VCA-2500, ASC products, USA). Each contact angle 6§ meas-
ured was the average value of five runs with a maximum error
of £2°. The polymer plates of dimensions 10x10x1 mm’ were
used in the contact angle measurement. To get rid of unreacted
MAH on the sample surface, the plates were first put into
acetone followed by washing with distilled water and dried.
DSC thermogram data were provided with DSC-2010(TA
Instruments Co.) differential scanning calorimeter. 2~3 mg
samples were crimp-sealed in 30 1 aluminum pans and first
heating scan was performed from 20 to 250 °C. In order to
cancel the thermal history effects, sample was held at this tem-
perature for five minutes before starting the cooling and the
second heating sweeps, and then cooled with the rate of 10

Table 1. Experimental Conditions in Graft Polymerization of Polyolefin with Maleic Anhydride

T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10
PE 44 44 44 44 44 - - - - -
PP - - - - - 44 44 44 44 44
MAH 10 12.5 15 17.5 20 10 12.5 15 17.5 20
BPO 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
xylene 436 436 436 436 436 436 436 436 436 436
reaction temp 120 °C
reaction time 5 hrs
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°C/min to room temperature. The thermal analysis was carried
out under a nitrogen purge (20 ml/min) and degree of crystal-
linity (Xc) of the grafted PE samples was calculated by the
following equation:

Xc = AHc / AH’ )

where Hc is the overall enthalpy of crystallization acquired
from the integral area(S) of the cooling thermogram, 4H° is
given to 293 J/g exhibiting the enthalpy of 100% crystallinity
of polyethylene.28 In order to get information on its degree
of crystallinity, 4/H values were usually normalized to the
amount of the phase under consideration. In addition the proc-
essing temperature of polymeric materials is generally de-
termined by the T of the matrix polymer. For smooth manu-
facture of final product, the processing temperature of polymer
was set about 10 to 30 ‘C higher than that of polymer.
Thermogravimetric analysis(TGA) was provided with TGA
1500 manufactured by Polymer Laboratories Co. at the heating
rate of 20 C/min under nitrogen purge. Thermal stability of
specimen was investigated from TGA data. For quantitative
evaluation of its thermal stability, the temperature at which
two tangents are intersected is used as the decomposition tem-
perature( 7;,) of a specific component.

[II. Results and Discussion

It is usually believed that grafting of maleic anhydride
(MAH) to polyolefins proceeds through a free radical mecha-
nism.” Free radicals produced from thermal decomposition of
a peroxide abstract hydrogen atoms from polyethylene back-
bones, thus polymer free radicals are resulted. Polymer radicals
then attack monomer(MAH) and then results in grafting of
monomer to polymer backbones. The specimen for grafting
ratio of PE-g-MAH is free from the residual monomer by dis-
solving the grafted polyethylene with xylene, precipitating
with acetone.

Figure 1 illustrates the effect of MAH content on grafting
ratio. The graph indicates that grafting ratio increases with
the increase of MAH content. This is attributed to the fact
that higher MAH content increases the feasibility which reacts
with PE macroradicals to graft in the present experiment.

Figure 2 shows the variation of BPO concentration with
MAH content in grafting ratio. The experiment conditions are
T-5 and T-10 in Tablel. Generally the grafting reaction in-
volves initiation to form macroradicals through abstraction of
hydrogen atoms from the polymer chain by the initiator radi-
cals, and addition of the unsaturated monomer to the macro-
radicals. Also grafting of MAH onto PE was carried out nor-
mally at a high temperature to generate free radicals from the
thermal decomposition of the initiator. With the increasing
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Figure 1. Effect of MAH content on grafting ratio : PE-g-
MAH(Q), PP-g-MAH(@).
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Figure 2. Effect of BPO content on grafting ratio : PE-g-MAH
(©), PP-g-MAH(@).

loading of initiator, more PE radicals are produced, leading
to a higher grafting ratio. So the grafting ratio increases with
the increasing of BPO concentration as shown in Figure 2.

Figures 3 and 4 show FTIR spectra of PE-g-MAH and
PP-g-MAH. An infrared spectrum is obtained by passing infra-
red radiation through a sample and determining which fraction
of the incident radiation is absorbed at a particular energy.
The energy at which any peak in an absorption spectrum ap-
pears corresponds to the frequency of vibration of a part of
the sample molecule. Most infrared spectroscopy is carried out
by using Fourier-transform infrared(FTIR) spectrometers. This
method is based on the interference of radiation between two
beams to yield an interferogram, i.e. a signal produced as a
function of the change of path length between the two beams.
The two domains of distance and frequency are interconver-
tible by the mathematical method of Fourier transformation.
The radiation emerging from the source is passed through an
interferometer to the sample before reaching a detector. Upon
amplification of the signal, in which high-frequency con-
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Figure 4. FTIR spectra of PP and PP-g-MAH.
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tributions have been eliminated by a filter, the data are con-
verted to a digital form by using an analog-to-digital converter
and then transferred to the computer for Fourier transformation
to take place. From Figures 4 and 5 it can be seen that two
new absorption peaks appear at 1775 and 1751 cm’, which
are attributed to the stretching of the carbonyl from the
PE-g-MAH and PP-g-MAH sample. On the other hand the
new peak which appeared at about 1057 em’ is associated
with the C-O absorption of the grafted sample. Therefore it
was inferred that MAH grafting on the backbone of PE and
PP chain occurred.

Surface tension and contact angle are correlated with each
other and in this experiment as the content of MAH is in-
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Figure 5. Effect of MAH content on contact angle : PE-g-
MAH(Q), PP-g-MAH([]).

creased surface tension is expected to be decreased. The effect
of MAH content on contact angle is shown in Figure 5 with
PE-g-MAH and PP-g-MAH. It can be seen that the contact
angle decreases with increasing MAH content. The reduction
in the contact angles is probably attributed to the increase of
the polarity of the grafted polymer.

The thermal analysis describes a number of techniques
which involve measuring a physical property of a material as
a function of temperature. Differential scanning calorimetry
(DSC) is such a thermal method that may be used to compare
and evaluate polymer samples. It is a technique which records
the energy necessary to establish a zero temperature difference
between the sample and a reference material as a function of
time or temperature. In this method, the two specimens are
subjected to identical temperature conditions in an environ-
ment which is heated or cooled at a controlled rate. DSC
curves are plotted as a function of time or temperature at a
constant rate of heating. In the DSC graph a shift in the base-
line results from the change in heat capacity of the sample.
Figures 6 and 7 show the effect of MAH content on melting
temperature(Tm) in PE-g-MAH and PP-g-MAH. Introduction
of anhydride grafting decreases melting temperature(Tm).
Bulky grafted moiety on maleic anhydride grafted polymer
limits the folded chain arrangement of segments and may act
as defects in its crystalline structures. The crystallite size of
this polymer is therefore reduced and with weakening of the
crystalline structure the melting temperature decreases.” Polar
group on the grafted PE increases the nucleation and percent
of crystalline sections,” therefore the melting enthalpy of
grafted polyethylene is higher than PE. From Figures 6 and
7 it can be seen that melting temperature decreases with in-
creasing MAH content. The degrees of crystallinity were ob-
tained with 24.9%, 23.4%, 22.1% and 20.4% respectively for
PE and PE-g-MAH (MAH : 2 wt%, 3 wt% and 4 wt%) calcu-
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Figure 6. DSC thermograms of (A) PE, (B) PE-g-MAH (MAH

: 2wt%), (C) PE-g-MAH (MAH : 3wt%) and (D) PE-g-MAH

(MAH : 4wt%).
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Figure 7. DSC thermograms of (A) PP, (B) PP-g-MAH (MAH

: 2wt%), (C) PP-g-MAH (MAH : 3wt%) and (D) PP-g-MAH

(MAH : 4wt%).
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Figure 8. TGA thermograms for PE and PE-g-MAH with dif-
ferent amount of MAH.

lated by eq (2). As the contents of MAH were increased Xc
were decreased. A similar result was also observed in PP-
g-MAH.

The thermal stability of PE-g-MAH was evaluated using
thermogravimetric analysis (TGA). The temperature at which
two tangents are intersected is used as the decomposition tem-
perature( 7)) of a particular component to quantitatively eval-
uate its thermal stability. The onset temperature of main weight
loss in TGA is used as an indication of thermal stability. Figure
8 shows the weight loss curves for the PE-g-MAH. It repre-
sents that the second decomposition temperature of PE-g-MAH
was increased obviously as the MAH content was increased.
So the more MAH content in PE-g-MAH, the better thermal
stability is obtained.

IV. Conclusions

The grafting ratio increases with the increasing of MAH
content. This is attributed to the fact that higher MAH content
increases the feasibility which reacts with PE macroradicals
to graft. With the increasing loading of initiator, more PE radi-
cals are produced, leading to a higher grafting ratio. So the
grafting ratio increases with the increasing of BPO concent-
ration. It can be seen that contact angle decreased from 104°
for pure PE to 82° for PE-g-MAH. The reduction in the contact
angles is probably attributed to the increase of the polarity
of the grafted polymer. DSC results indicate that melting tem-
perature decreases with increasing of MAH content. From
TGA thermogram the more MAH content in PE-g-MAH, the
better thermal stability is obtained.

Acknowledgement

This research was supported by a grant from the Korean
Ministry of Knowledge and Economy through the Industry
Foundation Technology Development Project (2011).

References

1. K.E. Russell, “Free radical graft polymerization and copoly-
merization at higher temperatures”, Prog Polym Sci, 27, 1007
(2002).

2. J. Gao, J.X. Lei, ZJ. Su, B.S. Zhang, and J. Wang, “Photo-
grafting of maleic anhydride on low density polyethylene
powder in the vapor phase”, Polym J, 33, 147 (2001).

3. G. Moad, “The synthesis of polyolefin graft copolymers by
reactive extrusion”, Prog Polym Sci, 24, 81 (1999).

4. E. Boucher, J.P. Folkers, H. Hervet, L. Leger, and C. Creton,
“Effects of the formation of copolymer on the interfacial ad-
hesion between semicrystalline polymers”, Macromolecules,
29, 774 (1996).

5. WL. Qiu, F.R. Zhang, T. Endo, and T. Hirotsu, ‘“Preparation



10.

11.

12.

13.

14.

15.

16.

17.

18.

Modification and Properties of Polyolefin with Maleic Anhydride as a Functional Monomer

and characteristics of composites of high-crystalline cellulose
with Polypropylene: effects of maleated polypropylene and
cellulose content”, J Appl Polym Sci, 87, 337 (2003).

. G. Samay, T. Nagy, and J.L. White, “Grafting maleic anhy-

dride and comonomers onto polyethylene”, J Appl Polym Sci,
56, 1423 (1995).

. B. De Roover, M. Sclavons, V. Carlier, J. Devaux, R. Legras,

and A. Momtaz, “Molecular characterization of maleic anhy-
dride-functionalized polypropylene”, J Polym Sci Polym
Chem, 33, 829 (1995).

. D.A. Shi, JH. Yang, Z.H. Yao, Y. Wang, HL. Huang, W.

Jing et al., “Functionalization of isotactic polypropylene with
maleic anhydride by reactive extrusion: mechanism of melt
grafting”, Polymer, 42, 5549 (2001).

. K.E. Russell, “Free radical graft polymerization and copoly-

merization at higher temperatures”, Prog Polym Sci, 27, 1007
(2002).

CJ. Wy, C.Y. Chen, G. Woo, and J.F. Kuo, “A kinetic study
on grafting of maleic anhydride onto a thermoplastic elas-
tomer”, J Polym Sci Polym Chem, 31, 3405 (1993).

A.V. Machado, J.A. Covas, and M. van Duin, “Effect of poly-
olefin structure on maleic anhydride grafting”, Polymer, 42,
3649 (2001).

B. De Roover, J. Devaux, and R. Legras, “Maleic anhydride
homopolymerization during melt functionalization of isotactic
polypropylene”, J Polym Sci Polym Chem, 34, 1195 (1996).
R. Rengarajan, M. Vicic, and S. Lee, “Solid phase graft
copolymerization. 1. Effect of initiator and catalyst”, J Appl
Polym Sci, 39, 1783 (1990).

M. Lazar, L. Hr¢kova, A. Fiedlerova, E. Borsig, M. Rétzsch,
and A. Hesse, “Functionalization of isotactic poly(propylene)
with maleic anhydride in the solid phase”, Die Angew
Makromol Chem, 243, 57 (1996).

I. Kaur, B.N Misra, and R. Barsola, “Radiation-induced graft
polymerization of vinyl monomers onto polyamide-6”, Angew.
Macromol. Chem., 1, 234 (1996).

Mishra BN, Mehta IK, and Khetrapal RC, “Grafting onto
cellulose. VIII. Graft copolymerization of poly(ethylacrylate)
onto cellulose by use of redox initiators. Comparison of ini-
tiator reactivities”, J Polym Sci Polym Chem, 22, 2767 (1984).
Pepenzhik MA, Virnik AD, and Rogovin ZA, “Synthesis of
graft cellulose copolymers and calcium salt of poly(acrylic
acid)”, Vysokomol Soedin Ser B, 11, 245 (1969).

Misra BN, Dogra R, and Mehta IK, “Grafting onto cellulose.
V. Effect of complexing gents on Fenton’s Reagent (Fe2p-
H>0,) initiated grafting of poly (ethyl acrylate)”, J Polym

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

167

Sci Polym Chem, 18, 749 (1980).

Hsueh CL, Peng YJ, Wang CC, and Chen CY, “Bipolar mem-
brane prepared by grafting and plasma polymerization”, J
Membr Sci, 219, 1 (2003).

Han TL, Kumar RN, Rozman HD, and Md Noor MA, “GMA
grafted sago starch as a reactive component in ultraviolet radi-
ation curable coatings”, Carbohydr Polym, 54, 509 (2003).
Mishra BN, Mehta IK, and Khetrapal RC, “Grafting onto
cellulose. VIII. Graft copolymerization of poly(ethylacrylate)
onto cellulose by use of redox initiators. Comparison of ini-
tiator reactivities”, J Polym Sci Polym Chem, 22, 2767 (1984).
Prasanth KVH and Tharanathan RN, “Studies on graft copoly-
merization of chitosan with synthetic monomers”, Carbohydr
Polym, 54, 43 (2003).

Bajpai UDN, Jain A, and Ray S, “Grafting of polyacrylamide
onto guar gum using ascorbic acid redox initiator”, J Appl
Polym Sci, 39, 2187 (1990).

N. G. Gaylord and M. K. Mishra, “Nondegradative reaction
of maleic anhydride and molten polypropylene in the presence
of peroxides”, J. Polym. Sci. Polym. Lett. Ed., 21, 23 (1983).
B.K. Kim, S.Y. Park, and S.J. Park, “Morphological thermal
and rheological properties of blends: polyethylene/nylon
6/(maleic anhydride-g-polyethylene) and (maleic anhydride-
g-polyethylene)/nylon 6, Eur. Polym. J., 27, 349 (1991).
W. Qiu, T. Endo, and T. Hirotsu, “Interfacial interaction, mor-
phology, and tensile properties of a composite of highly crys-
talline cellulose and maleated polypropylene”, J Appl Polym
Sci, 102, 3830 (2006).

J. Konar, A. K. Sen, and A. K. Bhowmick, “Characterization
of grafted polyethylene by contact-angle hysteresis and ESCA
studies”, J. Appl. Polym. Sci., 48, 1579 (1993).

J.J. Janimak and G.C. Stevens, “Comparative crystallisation
and exploratory microstructure studies of novel polyethylenes
with tailored molecular characteristics”, Polymer, 41, 4233
(2000).

K. E. Russel, “Free radical graft polymerization and copoly-
merization at higher temperature”, Prog. Polym. Sci., 27,
1007 (2008).

A. Colbeaux, F. Fenouillot, L. David, J-F. Gerard, M. Taha,
and H. Wautier, “Multifunctional covalent and ionic coupling
agents of maleic anhydride modified polyethylene”, J. Appl.
Polym. Sci., 105, 2605 (2007).

Y. Giildogan, S. Egri, ZM.O. Rzaev, and E. Piskin, “Compar-
ison of maleic anhydride grafting onto powder and granular
polypropylene in the melt by reactive extrusion”, J. Appl.
Polym. Sci., 92, 3675 (2004).




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /DungunM
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2mppB
    /H2mppL
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HYbdaL
    /HYbdaM
    /HYBuDle-Medium
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYGraPhic-Bold
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SanHgM
    /SanIgM
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


