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Abstract 
 
Wettability of a glass fabric was studied by use of a resin drop method. The mixing ratios of epoxy resin and anhydride hardener were 

adopted as 1:0.5, 1:1 and 1:1.2. A catalyst of 2-ethyl-4-methylimidazole added as much as 0.1wt% of the mixed resin. A curing analysis 
by differential scanning calorimeter (DSC) showed that the mixed resin could be infiltrative at room temperature. An effective contact 
angle and the height of the resin drop onto the glass fabric preset on a flat glass plate were measured as a function of time. The wet area 
of the resin drop was also measured. Behaviors of the contact angle, the drop height, the net wet area and the coefficient of wettability 
were analyzed in the glass fabric impregnation. The resin drop method was shown to be quite effective in evaluating the capillary-mode 
resin penetration into the fabric.   
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1. Introduction 

Fiber or fabric impregnation is an essential process usually 
used in the manufacturing of fiber reinforced composites. The 
space between the fibers is filled by molten polymers or liquid 
metals. Interfacial behaviors at the fiber/liquid/air interface 
play a key role in the infiltration process. The interplay be-
tween the surface tension of the infiltrating liquid, the wet-
tability of the fibers by the surrounding liquid and the morpho-
logical details of the preform fabric directly affects the integ-
rity of the manufactured composites [1-5]. Saunder et al. [6] 
investigated the compressor behaviors of fabric reinforcement 
and voidage structures during the polymer composite process-
ing according to the fabric type, compressor speed, viscosity 
and wettability. Under the inadequate interplay conditions, 
voids can be formed in the composite microstructure, which 
causes a decrease in the modulus, the strength and the fatigue 
resistance [7-11]. In particular, void formation in the flexible 
transparent composite display films often used in the display 
industry can be detrimental to the display quality. 

Saihi et al. [12] estimated the surface free energies of PET 
fibers grafted with different percent grafting by using the dy-
namic contact angle measurement and thus determined the 
surface fiber wettability by probe liquids. Lee et al. [13] stud-
ied wettability of the paper surface by using the dual meas-

urement of contact angles at the two left and right tips of a 
resin drop to compensate for the roughness of the paper sur-
face. Employing the dynamic contact angle measurement with 
a liquid drop, Simoncic and Rozman [14] investigated influ-
ences of surfactant structure on the wettability of woven cot-
ton fabric and on the penetration rate of the resin into the cot-
ton fabric and thus evaluated cotton surface properties. How-
ever, those measurements of contact angle using a liquid drop 
are conducted on the premise of a liquid drop resting at equi-
librium on a flat surface of solid. Thus, for fabric having quite 
rough waviness and small space between fibers for resin infil-
tration, the conventional contact angle tests could not measure 
behaviors of the exact contact angle [15]. 

In this paper, an advanced resin drop method for measuring 
the wettability of the fabric is proposed. The capillary-mode 
resin penetration into the fabric is experimentally analyzed. 
Contact angles and heights of a resin drop measured as a func-
tion of time are used in search of the relation to the coefficient 
of wettability. 

 
2. Materials and methods 

2.1 Fabric and resin 

The fabric reinforcement was type 1080 glass fabric sup-
plied by Asahi Co. The product was a balanced biaxial, plain 
weave fabric made with approximately 400 μm wide and 50 
μm thick glass fiber rovings (each fiber diameter 5.2 μm). 
Densities of the warp and the weft were 60 and 47 (g/m3). The 
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fiber content in this fabric varied locally from none to ap-
proximately 100 μm thickness. 

An epoxy resin of diglycidyl ether of bisphenol-A (YD-127, 
Kookdo Chemical Co.) and a hardener of anhydride (MH-
700G, New Japan Chemical Co.) were used for preparing the 
matrices in this study (see Table 1 for physical properties). 
The equivalent mixing ratios of the resin and the hardener 
were adopted as 1:0.5, 1:1, 1:1.2. A catalyst of 2-ethyl-4-
methylimidazole was added equivalent to 0.1wt% of the 
mixed resins. 

 
2.2 Preparation of the plane glass fabric 

To make a plane of glass fabric, a square fabric was com-
pletely spread onto the glass plate. After that, the fabric was 
fixed onto the glass plate with adhesive tapes (Cat 810D, 3M) 
at the 4 corners of the fabric. 

 
2.3 Differential scanning calorimetry 

Curing characteristics of the mixture resin were studied with 
a differential scanning calorimeter (DSC 2910, TA Instru-
ment). The test was conducted at a rate of 10oC/min from the 
room temperature to 250oC. 

 
2.4 Goniometric measurement of a resin drop 

As illustrated in Fig. 1, goniometric measurement of a liq-
uid resin drop onto the fabric was conducted using a high 
resolution optical camera attached with proximity lens (Micro-
Nikkor 60 mm f/2.8D, Nikon). When a resin drop was applied 
to a surface of the fabric using a goniometer micro-pipette 
drop technique, images of the drop in contact with the fabric 
surface were taken at specific time intervals. The initial image 
of the resin drop was taken just after confirming a complete 
settlement of the drop onto the fabric. The conventional con-
tact angle measurement was based on the tangent line at the 
tip of the drop profile. The tangent line at the drop tip was 
highly variable due to the influence of the wavy profile of the 
fabric surface [16]. Thus, instead of the tangent line we drew a 
straight line from the tip point A to the point C on the drop 
profile illustrated in Fig. 2, where the horizontal coordinate of 
the point C was at 3% of the base diameter (d). An approxi-
mate contact angle θ1 was measured between the straight line 
AC and the base line, as illustrated by the real image of the 
drop on the fabric in Fig. 3. The drop size just after dropping 
onto the fabric was 4.5~6.7 mm. By enlarging the captured 
image, the drop base diameter (d), the drop height (h), and the 

Table 1. Properties of the epoxy resin and hardener. 
 

 Equivalent weight 
(g/eq) 

Viscosity 
(cp at 25℃) 

Specific gravity
(20℃) 

Epoxy 
(YD-127) 

180-190 8,000-
11,000 

1.17 

Hardener 
(MH-700G) 

161-166 50-70 1.17 

 

 
 

 
Fig. 1. An optical observation to measure contact angles, drop heights 
and wet areas of a resin drop on the flat fabric (actual photo and Sche-
matic diagram). 
 

 
 
Fig. 2. Measurement of contact angle(θ1) between the glass fabric and 
the resin drop. 
 

 
 
Fig. 3. Actual measurement of the contact angle between the glass 
fabric and the resin drop. 
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contact angle (θ1) were measured through an image analysis 
program (iSolution Lite [17]). The measurements of the nor-
malized contact angle and the normalized height were per-
formed 5 times for each experimental condition. 

 
2.5 Measurement of wet area on the fabric 

The drop and its wet area were also observed by a stereo 
optical microscope (SZX12, Olympus) in the direction normal 
to the fabric plane simultaneously with the above side view 
measurement of the drop (see Fig. 1). Through the image 
analysis program, the wet area of the drop was calculated for a 
unit drop weight. The weight for a drop was measured as an 
average of 10 tested drops using a precision weight tester 
(GR-200, A&D Co.). The average weight was about 12.12 mg, 
11.26 mg and 6.98 mg for the equivalent ratios of 1:0.5, 1:1 
and 1:1.2, respectively. 

 
2.6 Measurement of capillary pressure 

The wettability of the liquid epoxy resin onto the glass fab-
ric is strongly affected by the environmental pressure and the 
temperature. The total pressure Pt is expressed to be the sum 
of the process pressure Pp, the gravity pressure Pg and the cap-
illary pressure Pc as given in the following equation [18]. 

 
t p g cP P P P= + +                                   (1) 

 
Because this study performs an open wettability test, Pp is 

negligible. The gravity pressure Pg is ρgh, where ρ is the den-
sity of the resin, g is the gravity acceleration, and h is the 
height of the drop. The capillary pressure can be calculated 
from the fiber arrangement data in the fabric. Using the 
Young-Laplace equation [19-21], Pc may be given by the equ-
ation 
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where σ is the surface tension of the resin, θ the contact angle 
between the resin and the fiber, De the equivalent diameter of 
the vacant space in the fabric. De is calculated by the equation 
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where A0 is the cross-sectional area of the fabric, di the fiber 
diameter. The surface tension σ was measured using a contact 
angle and surface tension tester (Phoenix300, Surface Electro 
Optics). The contact angle θ was obtained using the E-glass 
plate similar to the E-glass fiber. All the data was measured 
through the analysis of the image by the iSolution Lite pro-
gram. 

2.7 Measurement of wettability coefficient 

In the actual rheological situation, the infiltration of the liq-
uid resin into the fiber bundles is largely hindered by the vis-
cous phenomena. Accordingly, the wettability coefficient α 
may be expressed assuming the basic equation 

 
cPα
μ

=                                            (4) 

 
where μ is the viscosity of the liquid resin. This equation does 
not mean the resin transfer speed as a function of time.  

 
3. Results and discussion 

3.1 Curing behaviors of the epoxy resin 

Fig. 4 shows the heat flow result obtained by the DSC 
measurement for an equivalent mixing ratio 1:0.5 of the epoxy 
resin and the hardener. The curing began to arise at approxi-
mately 124oC. The beginning temperatures of the curing for 
the equivalent ratios of 1:1 and 1:1.2 were measured to be 
134oC and 145oC, respectively. With an increase in the con-
tent of the hardener, the curing happened at a higher tempera-
ture. Increasing the equivalent mixing ratio decreased the con-
tent of the catalyst for an equivalent weight of the hardener, 
which led to an increase in the curing temperature. For all the 
equivalent ratios adopted in this experiment, the curing phe-
nomena hardly arose at room temperature.  

 
3.2 Behaviors of the contact angle and the height of a drop 

on the fabric 

Fig. 5 shows the typical behaviors of the height and the con-
tact angle of a liquid resin drop with an equivalent mixing 
ratio of 1:1.2 as a function of time just after the contact of the 
drop onto the glass fabric. As time passed, the drop height 

 
Fig. 4. DSC analysis curve during resin curing at equivalent ratio 1:0.5 
of epoxy and hardener. 
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became lower while the contact tip slowly spread outwards 
from the initial wet domain of the drop. The decreasing speed 
of the drop height was the highest just after the initial contact 
time with the fabric, and then slowed down to a constant 
speed around 3 min and maintained it until the test time of 30 
min. The drop height behavior indicates a characteristic be-
havior of the penetration rate of the liquid resin into the fabric. 
On the other hand, the contact angles on the left side and the 
right side also changed from the initial state, and showed large 
fluctuations with some transient up and down behaviors. Such 
fluctuations of the contact angle might be caused by the con-
tact tip location following the wavy profile of the fabric sur-
face as well as the resin penetration speed around the contact 
tip depending on the direction of the warp and the weft of 
fiber bundles. When the resin penetration is parallel to the 
fiber bundle, the penetration speed can be high due to the con-
tinuously thin space and thus the high capillary pressure for-
mation (see Eq. (2)). In the case perpendicular to the fiber 
bundle, the resin penetration can be very slow due to the con-
trary. The fluctuation vanished around 3 min, which corre-
sponded to the start point of the constant speed for the de-
creasing behavior of the drop height decrease. During the 
initial fluctuation period of 3 min (1st stage penetration), the 
resin penetration into the fabric seemed to be affected by both 
the gravity and the capillary pressure. After that, however, the 
penetration became stable and kept a constant speed not only 
in the drop height decrease but also in the contact angle de-
crease (2nd stage penetration). This penetration might be pro-
ceeded along the outward directions mainly by the capillary 
pressure in the fabric. 

Such resin penetration phenomena is described through a 
schematic drawing of the penetration of a resin drop into the 
fabric as illustrated in Fig. 6. The decreasing speed of normal-
ized height (h/h0) in the 2nd stage was the maximum at an 
equivalent ratio of 1:1.2, and the minimum at 1:0.5. This indi-
cates that the resin penetration was more rapid with increasing 
content of the hardener. 

 

3.3 Behaviors of the net wet area 

Fig. 7 shows photographs of the wet area of the liquid resin 
drop of a ratio equivalent to 1:1.2 penetrated into the fabric, 
which was optically observed on the fabric plane just after the 
contact with the fabric as well as at the test time of 10 min. 
Through the image analysis program the wet area on the fabric 
was measured using an intaglio and homogenization filtering 
technique. The net wet area in the test time was calculated 
from the difference between the extended wet area and the 
initial drop area. The net wet area (ΔAw) for a unit weight at 
10 min was approximately 1.99, 4.40 and 6.36 mm2/mg for 
equivalent ratios of 1:0.5, 1:1 and 1:1.2, respectively. 

 
3.4 Behaviors of the capillary pressure and viscosity 

For the calculation of the capillary pressure Pc by Eq. (2), sur-
face tension σ and contact angle θ of the resin drop were meas-
ured as listed in Table 2 for the respective equivalent ratios. The 
equivalent diameter De of the vacant space in the fabric calcu-
lated by Eq. (3) was also measured to be approximately 3.42 μm 
through the image analysis on a scanning electron micrograph 
of the cross-section of the cured fabric/resin film. Values of the 
capillary pressure so obtained to be 6.11 ~ 8.44 kPa for the re-
spective ratios are also listed in Table 2. These values were 
about 770 times as large as that of the gravity pressure of the 
resin drop (around 9.4 Pa). The capillary pressure for the ratio 
1:1.2 was the lowest among the tested ratios and was expected 

 
Fig. 5. Measurement data for left/right-side contact angle and normal-
ized drop height with time at equivalent ratio 1:1.2 of epoxy and hard-
ener. 

 

 
Fig. 6. A schematic penetration of a resin drop into the fabric. 

 

 
Fig. 7. Resin drop area into the fabric after 10 min. 
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to slow the resin penetration in the fabric. However, this behav-
ior was contrary to the results of the net wet area. On the other 
hand, viscosity μ in Table 2 showed also the lowest value at the 
ratio of 1:1.2, which should assist easy and rather quick penetra-
tion of the resin due to a weak resistance against the fluidic 
infiltration between fibers [22].  

 
3.5 Behaviors of the wettability coefficient 

Values of the wettability coefficient α calculated by Eq. (4) 
considering the effects of Pc and μ are presented in Table 2. α 
was the highest at the ratio 1:1.2. 

Fig. 8 shows the changing behaviors of the normalized con-
tact angle (Δθ1/θ0), the normalized height (Δh/h0) and the net 
wet area of the drop as a function of α. The change amount 
(Δθ1, Δh) was measured from 3 min to 10 min in the 2nd stage 
penetration period driven by mainly the capillary pressure 
indicating a constant decreasing speed in the drop height and 
the contact angle. With an increase of α, ΔAw increased 
whereas Δθ1/θ0 and Δh/h0 decreased significantly. The chang-
ing behavior of ΔAw was very reverse to that of Δθ1/θ0 and 

Δh/h0. It is confirmed that the resin of equivalent ratio 1:1.2 
showed the best in the wettability and the penetration speed. 

 
4. Conclusions 

Wettability analysis of the epoxy resin onto the plain woven 

glass fabric has been performed. A contact angle measurement 
method was suggested for the goniometric measurement of 
the resin drop. The changing behaviors of the drop height and 
the net wet area as a function of test time were analyzed as 
well. The results are summarized as follows: 

 
(1) The contact angle in the initial period showed large fluc-

tuations due to the contact tip location following the fabric 
wavy profile and to the resin penetration speed depending on 
the warp and the weft direction of fiber bundles. During the 
initial fluctuation period of 3 min (1st stage penetration), the 
resin penetration into the fabric seemed to be affected by the 
gravity and the capillary pressure. After that, the penetration 
became stable and kept a constant speed (2nd stage penetra-
tion), mainly due to the capillary pressure in the fabric. The 
resin penetration got rapid with increasing the hardener.   

(2) The net wet area for a unit weight was the largest at the 
equivalent ratio 1:1.2, which corresponded to the highest in 
the decreasing speed of the drop height and the contact angle.  

(3) The wettability coefficient considering the capillary 
pressure and the viscosity increased with the increase of the 
net wet area and the decrease of the contact angle and the 
height. The 2nd stage penetration driven by mainly the capil-
lary pressure could be a good indication for the wettability 
evaluation of a resin drop onto the fabric. The resin of equiva-
lent ratio 1:1.2 showed the best in the wettability and the pene-
tration speed. 
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Nomenclature------------------------------------------------------------------------ 

α     : Wettability coefficient 
μ     : Viscosity 
θ     : Contact angle (onto the E-glass plate) 
θ0    : Initial contact angle (onto the fabric) 
θ1     : Approximate contact angle (onto the fabric) 
Δθ1    : Contact angle difference for a period 
ρ     : Density of the resin 
σ     : Surface tension 
A0 : Cross-sectional area of the fabric 
ΔAW  : Net wet area 
d  : Base diameter 
di     : Fiber diameter 
De  : Equivalent diameter of the vacant space (in the fab-

ric) 
h     : Resin drop height 
h0     : Initial of resin drop height 
Δh     : Drop height difference for a period 
Pc     : Capillary pressure 

Table 2. Average value of surface tension, contact angle, capillary 
pressure, viscosity and wettability coefficient measured as a function 
of equivalent ratios(1:0.5, 1:1, 1:1.2) of epoxy and the hardener. 
 

 Equivalent 
ratio 1:0.5 

Equivalent 
ratio 1:1 

Equivalent 
ratio 1:1.2 

Surface tension (mN/m) 9.69 7.36 6.61 

Contact angle (°) 41.90 38.88 37.76 

Capillary pressure (kPa) 8.44 6.70 6.11 

Viscosity (cp) 2008 882 750 
Wettability coefficient 

(Pa/cp) 4.20 7.60 8.15 

 

 
 
Fig. 8. Net wet area(ΔAw/Δt), normalized drop height differ-
ence(Δh/(h0·Δt)) and normalized contact angle difference(Δθ1/(θ0·Δt)) 
as a function of wettability coefficient(α). 
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Pg     : Gravity pressure 
Pp     : Process pressure 
Pt     : Total pressure 
Δt     : Time difference 

 
References 

[1] J. D. Nam, S. J. Lee and K. J. Lee, Resin transfer molding 
for high performance composite materials, The Korea Jour-
nal of Rheology, 7 (1) (1995) 1-9. 

[2] N. Pearcea, F. Guildb and J. Summerscales, A study of the 
effects of convergent flow fronts on the properties of fibre 
reinforced composites produced by RTM, Composites part A, 
29A (1997) 141-152. 

[3] J. P. Coulter and S. I. Guceri, Resin impregnation during the 
manufacturing of composite materials subject to prescribed 
injection rate, Journal of Reinforces Plastics and Composites, 
7 (3) (1988) 200-219. 

[4] G. Kaptay, The threshold pressure of infiltration into fibrous 
preforms normal to the fibers’ axes, Composites Science and 
Technology, 68 (2008) 228-237. 

[5] S. Rebouillat, B. Steffenino and B. Salvador, Hydrodynam-
ics of high-speed fibre impregnation: the fluid layer forma-
tion from the meniscus region, Chemical Engineering Sci-
ence, 57 (2002) 3953-3966. 

[6] R. A. Saunders, C. Lekakou and M. G. Bader, Compression 
in the processing of polymer composites 1. A mechanical 
and microstructural study for different glass fabrics and res-
ins, Composites Science and Technology, 59 (1999) 983-993. 

[7] H. Yamada, I. Mihata, T. Tomiyama and S. P. Walsh, Inves-
tigation of the fundamental causes of pinholes in SMC 
mouldings, Proceedings of SPI Composite Institutes 47th 
Annual Conference, Cincinatti SPI, New York (1992). 

[8] S. F. M. Almeida and Z. S. N. Neto, Effect of void content 
on the strength of composite laminate, Composite Structures, 
28 (2) (1994) 139-148. 

[9] N. C. W. Judd and W. W. Wright, Voids and their effects on 
the mechanical properties of composites; an appraisal, 
SAMPE Journal, January/February (1978) 10-14. 

[10]   S. R. Ghiorse, Effect of void content on the mechanical 
properties of carbon/epoxy laminates, SAMPE Quarterly, 24 
(2) (1993) 54-59. 

[11]   K. J. Bowles and S. Frimpong, Void effects on the inter-
laminar shear strength of unidirectional graphite fiber-
reinforced composites, Journal of Composite Materials, 26 
(1992) 1487-1509. 

[12]   D. Saihi, A. El-Achari, A. Ghenaim and C. Caze, Wettabil-
ity of grafted poly(ethylene terephthalate) fibers, Polymer 
Testing, 21 (2002) 615-618. 

[13]   C. Y. Lee, C. H. Kim, K. M. Choi, C. Y. Park and O. C. 
Kweon, Development of a novel system for measuring siz-
ing degree based on contact angle(Ι), Journal of Korea 
Technical Association of the Pulp and Paper Industry, 35 (3) 
(2003) 43-52. 

 

[14]   B. Simoncic and V. Rozman, Wettability of cotton by 
aqueous solutions of surfactants with different structures, 
Colloids and Surfaces A: Physicochem. Eng. Aspects, 292 
(2007) 236-245. 

[15]   P. C. Hiemenz, Surface tension and contact angle(Chapter 
6 in principles of colloid and surface chemistry), Second Ed. 
Marcel Dekker, New York, USA, (1986). 

[16]   C. S. Wang and S. A. Iobst, Reducing fiber readout of 
structural composite panels, Journal of Reinforced Plastics 
and Composites, 28 (19) (2009) 2377-2386. 

[17]   Measuring and analyzing with ease (iSolution Lite), iM-
Technology (Image & Microscope Technology), Daejeon, 
Korea, (2001). 

[18]   K. J. Ahn, J. C. Seferis and J. C. Berg, Simultaneous meas-
urements of permeability and capillary pressure of thermo-
setting matrices in woven fabric reinforcements, Polymer 
Composites, 12 (3) (1991) 146-152. 

[19]   J. G. Williams, C. E. M. Morris and B. C. Ennis, Liquid 
flow through aligned fiber beds, Polymer Engineering & 
Science, 14 (6) (1974) 413-419. 

[20]   C. H. Lee, S. H. Kim, S. W. Kim and K. J. Lee, An ex-
perimental study on the effect of capillary pressure on the 
void formation in resin transfer molding process, The Korea 
Journal of Rheology, 10 (4) (1998) 185-194. 

[21]   G. W. Lee, M. H. Lee, S. W. Kim and K. J. Lee, Experi-
mental and numerical studies on the flow characteristics in 
resin transfer molding process, The Korea Journal of Rheol-
ogy, 7 (4) (1995) 139-149. 

[22]   S. T. Nam, M. J. Han, H. S. Choi and Y. T. Park, Effect of 
physical properties of polymer solution on the thickness of 
ultrathin membrane prepared by water casting method, J. of 
Korean Ind. & Eng. Chemistry, 9 (2) (1998) 200-206. 

 
 
 

Seung-Wook Han received his 
Master’s degree from the Department of 
Mechanical Engineering, Hanyang 
University, Korea, 2011. His research 
interests are composites manufacturing 
and structural analysis. 

 
 

 
Nak-Sam Choi received his Ph.D. de-
gree from Kyushu University, Japan, 
1990. He is currently a full-professor in 
the Department of Mechanical Engi-
neering, Hanyang University, Korea. 
His research interests include the fatigue 
behavior of materials and composites, 
AE (acoustic emission) analysis, ex-

perimental methods for composites manufacture and reliabil-
ity analysis. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 0.15
    /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 0.15
    /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


