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In recent years, the application of high-density multi-layer circuit boards in electronic
products has put forward more set of requirements, especially on the thermal 
stability of the insulation ink, as the key material in the manufacturing of printed 

circuit board (PCB). Both o-cresol formaldehyde epoxy (OCFEP) and cyanate ester
(CE) resins show outstanding thermal stability for application in PCB.  In this work,
cyanate prepolymer (PCE) and a PCE/OCFEP composite system were prepared. The
curing behaviour of cyanate prepolymer/o-cresol formaldehyde epoxy resin system
was studied with non-isothermal differential scanning calorimetry (DSC). Combined
with the application requirement, the curing process of the system was determined as:
130°C/1h+140°C/1h+180°C/1h. The DSC results also revealed that the apparent 
activation energy of curing reaction was 83.22, 66.32 and 78.48 kJ/mol when PCE 
content was 80, 60 and 40 wt%, respectively. This indicates that there was an optimal
proportion of PCE and OCFEP in the system. The curing kinetics followed the first order
reaction. Theoretical analysis on the curing proccess of the system with 60 wt% 
PCE showed that the thermal stability increased with increased post-processing 
temperature. This study could provide some guides and basic data for the development
of insulation ink for high-density multi-layer printed circuit boards.

INTRODUCTION

In recent years, with the develop-
ment of electronic communication
products towards high-frequency
and high-speed innovations, the
production technology of printed
circuit boards (PCB) has reformed
entirely. High-density multi-layer
circuit boards have become an
inevitable trend. The application of
high-density multi-layer circuit
boards in the electronic products
has put forward more set of
requirements to the insulation ink
(the key material in PCB manu-

facturing), especially on the 
thermal stability and dielectric
properties.  At present, research on
the insulation ink for high-density
multi-layer board is basically in the
experimental phase in China, and
the products are almost totally
dependent on foreign imports.
Therefore, it is significant to 
develop high-grade insulation ink
for the development electronics
industry in China.

It is well-known that with
excellent mechanical, electrical
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and bonding properties, epoxy resin constitutes one
of the main components in most of insulation inks.
The o-cresol formaldehyde epoxy resin (OCFEP) is a
new kind of glycidol ether type epoxy resin with
multi-functional group. Compared with the general
bisphenol-A type epoxy resin, OCFEP easily forms
high degree of cross-linking networks [1]. Moreover,
with a phenolic structure in the molecule, OCFEP is
an excellent thermosetting resin, showing outstanding
thermal stability, mechanical properties, dielectric
properties, wet resistance and high glass transition
temperature [2]. However, in some high standard
application areas, such as in the field of aerospace,
the thermal stability of OCFEP is still unable to meet
the requirements. Furthermore, there exist many
unreacted hydroxyl groups in OCFEP after curing
that create lower wet resistance and dielectric 
properties.

Cyanate ester resin (CE) is a new type of 
high-performance thermosetting resin [3] which 
demonstrates excellent performance after curing, i.e.,
low dielectric constant (2.8~3.2), high heat resistance
(with a glass transition temperature of 240~290°C)
and low rate of moisture absorption (<1.5 wt%) [4-7].
However, due to higher price, CE has limited use in
wide range of PCB applications. In addition, the CE
monomer solution with low viscosity cannot be use-
ful in insulation ink formulation for application in
high-density multi-layer circuit boards. The curing
behaviour of CE monomer and epoxy resin has been
studied extensively, and yet there is not much report
on the curing dynamics and properties of PCE/
OCFEP system as insulation ink in PCB industry.  

In this paper, cyanate prepolymer (PCE) was first
synthesized to achieve a viscous ink appropriate for
its printing board application followed by preparation
of PCE/OCFEP composite system. The curing behav-
iour of the composite system, the curing process, and
the curing kinetics are discussed to provide basic
guidelines and data for the insulation ink used in
high-density multi-layer printed circuit boards.

EXPERIMENTAL

Materials
Cyanate ester resin (CE) with an approximate 

molecular weight of 278.31(g/mol) was provided by
Shanghai Huifeng Technology & Trade Co. Ltd,
China. The o-cresol formaldehyde epoxy (with epoxy
value of 0.47~0.52) was purchased from Nanya
Plastics Co. Ltd, Taiwan. Coupling agent KH-560
was provided by Jingzhou Jianghan Fine Chemical
Co. Ltd, China.

Apparatus
A digital constant temperature water bath pan was
provided by Jintan Fuhua Instruments Co. Ltd, China.
The JB-D type powerful electric blender was 
purchased from Shanghai Specimens & Model 
Plant, China. Three-roll grinding machine was 
provided by Changzhou Zili Chemical Machinery
Co. Ltd, China.

Pre-polymerization of Cyanate Ester Resin
An exact amount of cyanate ester resin (CE) was 
dissolved in acetone under stirring and acetylacetone
copper was added as catalyst. The reactant was 
slowly warmed up to 120°C, allowed to react for 1 h
and then cooled down. The solvent was removed
through vacuum distillation, and the prepolymer PCE
was obtained.

Preparation of PCE/OCFEP System
Based on a proportional mixing estimation, exact
amounts of PCE and OCFEP were dissolved in 
acetone as solvent, and then the mixture was grinded
in a three-roll grinder until the composite gave an
evenly dispersed mixed system. The reaction between
PCE and OCFEP is shown in Scheme I.

Thermal Analysis Test
Determination of non-isothermal dynamics curve was
carried on a STA449C integrated thermal analyzer
(NETZSCH Co., Germany). The measuring condi-
tions were as follows: sample weight: 10 mg; atmos-
phere: highly pure N2; ventilation rate: 20 mL/min;
reference materials: α-Al2O3.

RESULTS AND DISCUSSION

Curing Kinetics of PCE/OCFEP
The current methods used in studying the curing
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kinetics include DSC, FTIR, Avrami method, etc. 
[8-10]. In this study, the curing kinetics of
PCE/OCFEP system is discussed with non-isothermal
DSC method. The characteristic temperatures of 
different PCE/OCFEP systems (with mass ratios of
8/2, 6/4 and 4/6) are listed in Table 1. 

From Table 1 it may be deduced that, with
increased heating rate, the peak temperature of curing
shifts to the direction of high temperature, which is
due to lagging reactions during the curing process at
higher heating rates. With decreases in PCE content,
there is a reduction in peak temperature first, followed
by its shift towards higher temperatures. This is due to
the compensating catalytic action of PCE and OCFEP
towards each other in the curing reaction [11]. Thus,
there is an optimum material ratio at which the curing

temperature is at lowest. When material ratio deviates
from the optimum point the peak temperature shifts to
higher values.

Table 1. Peak temperature (Tp) on DSC curves for
PCE/OCFEP system.

(a), (b), (c) Different proportions of PCE/OCFEP system.
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Scheme I. Curing reaction between cyanate prepolymer (PCE) and o-cresol formaldehyde epoxy resin (OCFEP).

Heating rate
β 

(°C/min)

Tp (°C)
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171.6
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Figure 1. DSC curves of PCE/OCFEP system at different
heating rates.

Study on the Curing Process of PCE/OCFEP
System
The curing proccess is one of the key technologies of
preparing high-performance materials. Suitable 
curing process can increase the cross-linked density
of the resin system and it can improve the integrated
performance of the materials. During the curing 
proccess of thermosetting resin, the chain regenera-
tion, growth, branching and cross-linking processes
take place, successively. In this process, the relative
molecular weight of the chains increases rapidly.
Towards the end, several chains link together into a
three-dimensional network of flexible gel, that is, to
reach the so-called gel point. The flexible gel further
vitrifies and reaches gradually to full curing 
condition. By drawing T values versus heating 
rates, the initial peak temperature (Ti), the peak 
temperature (Tp) and peak temperature at its 
termination (Tf) in the DSC curves at different 

Figure 2. Plots of the characteristic curing temperatures for
PCE/OCFEP system.

heating rates (β) are obtained. Then, the gel 
temperature (Tgel), curing temperature (Tcuring) and
post-processing temperature (Tpost-processing) of the
resin system can be determined theoretically by
extrapolation to β = 0 [12].

The DSC curves of the PCE/OCFEP system at 
different heating rates (5, 10, 15, 20 and 25°C/min)
are shown in Figure 1. It can be seen that, with
increase of heating rate, the initial peak temperature
of the system is increased from, 137.5°C to 167.5°C,
and the peak temperature is increased from 143.3°C
to 177.4°C and the termination temperature of
168.0°C is shifted to 197.5°C. The main reason is that
the heat-release during the cross-linking reaction has
a lag effect with increased heating rate, 
resulting in the DSC curve shifting towards higher
temperatures. From Figure 1, the characteristic curing
temperatures of the system under non-isothermal
conditions can be obtained and the results and the 
relevant statistical analysis are shown in Figure 2 and
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Temperature

Intercept Slope Statistics

Value Error Value Error Number of
readings

Standard
deviation

p-value

Ti

Tp

Tf

133.97
138.73
161.27

4.08
3.83
2.65

1.45
1.65
1.49

0.25
0.23
0.16

5
5
5

3.89
3.65
2.52

0.0097
0.0057
0.0026

Table 2. Statistical analysis of fitting straight lines of T values vs. heating rates (β).



Table 2, respectively. 
Linear fitting is carried on three curves and it is

extrapolated to β = 0. The gel temperature of the 
system (Tgel) is obtained at Ti = 133.9°C; the curing
temperature (Tcuring) is obtained at Tp = 138.7°C and
the post-processing temperature (Tpost-processing) is
obtained at Tf = 161.4°C.  

Determination of the Actual Curing Process
In practice, the constitutive curing process parameters
would be obtained through a series of experiments,
based on different requirements of the material 
properties. As for this system, the thermal stability of
the materials is the main concern.

At a point close to the curing temperature, the 
vitrification of the resin is inhibited. In order to
increase Tg, the post-processing temperature should
be properly increased. Based on the theoretical 
analysis, by changing the post-processing 
temperature, four different processes are taken into
consideration: 

(1)  130°C /1h+140°C /1h+150°C/1h;

(2)  130°C/1h+140°C/1h+160°C/1h; 

(3)  130°C/1h+140°C/1h+170°C/1h; 

(4)  130°C/1h+140°C/1h+180°C/1h  

The glass transition temperature (Tg) and thermal
analysis of the system under four processes are 
discussed in this study. The DSC curve and TG curve
are shown in Figure 3 and Figure 4, respectively while
the heating rate applied is 10°C/min. It is known that
Tg of the system is not only closely related to the
composition of the system, it can interfere with the
curing process as well.  

From Figure 3, it is clear that Tg increases when
the post-processing temperature is increased from
150°C to 180°C. From Tg point of view, within the
framework of experimental condition, the cured mate-
rials have the best thermal stability under the process-
ing condition of 130°C/1h+140°C/1h+180°C/1h.
Taking into account the energy consumption and
materials' specification requirement in PCB, the Tg of
the materials at higher post-processing temperature 

Figure 3. DSC profiles of PCE/OCFEP system at different
processes.

does not come into argument. 
As shown in Figure 4, the initial thermal 

decomposition temperature increases with increase in
post-processing temperature, as depicted in Figure 3.
This is an indication of the enhancement of heat 
stability of the materials. It is known that the 
thermal decomposition of a polymer involves the
decomposition of the main chain as well as its 
side chains; the stability being related to the 
cross-linking density, molecular structure, relative
molecular weight, molecular weight distribution, etc. 

Figure 4. TG profiles of PCE/OCFEP system at different
processes.
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In a previous study [13], it is shown that CO2 is 
generated early, followed by phenol, and -OCN in the
major decomposition step (330~380°C). In the range
of 330~380°C, under the processing conditions of
130°C/1h+140°C/1h+150°C/1h, 130°C/1h+140°C/
1h+160°C/1h and 130°C/1h+140°C/1h+170°C/1h,
the TG curves almost coincide, indicating that under
these three conditions, the decomposition rates are
very close to each other. The main reason is that in the
range of 330~380°C, the side-chain structures and
cross-linking density are minor factors influencing the
decomposition rate, and in fact produce almost the
same decomposition rate. 

Under the processing condition of 130°C/1h+
140°C/1h+180°C/1h, TG curve obviously shifts to
higher temperature, which is presumably due to a
qualitative change taking place in materials 
performance as a result of higher cross-linking 
density or generation of a new structure.

Based on the above facts acquired in this study,
under the processing condition of 130°C/1h+140°C
/1h+180°C/1h, the materials possess an optimum
thermal stability. According to the different 
requirements of the materials, economic optimization
can be achieved by controlling different post-
processing temperatures.

Determination of Activation Energy and Order of
Curing Reaction
Activation energy, presenting the barrier between the
initial state and final state of the reaction, is an 
important index in the kinetics study. By now, there
are many experimental equations for determining the
activation energy. Among them, Kissinger method
[14,15] is widely used because it is neither involved
with the nature of the starting thermodynamics curve 
nor with its ending curve, and it is not also 

Figure 5. Plots of ln (β/Tp2) vs. 1/Tp for diferent ratios of
PCE/OCFEP system.

influenced by the baseline drift. The equation is as
follows:

(1)

where, Tp is the peak temperature (K); Ea is the 
apparent activation energy (kJ/mol); R is the gas 
constant, 8.314 J/mol·K; A is the pre-exponential 
factor (min-1); β is the heating rate (°C/min). 

Based on eqn (1), at different heating rates
(5°C/min, 10°C/min, 15°C/min and 20°C/min), a
direct line can be fitted between ln(β/Tp

2) and 1/Tp.
The results and the relevant statistical analysis are
shown as in Figure 5 and Table 3, respectively. From
the slope and the intercept of the curve, the apparent
activation energy Ea and pre-exponential factor A can
be solved, respectively.  

The curing reaction order of PCE/OCFEP system
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Value Error Value Error Number of
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Standard
deviation

P-value

8/2 
6/4 
4/6 

12.88
8.69

11.83

1.12
0.92
0.94

-10.00
-7.97
-9.43

0.49
0.40
0.41

4
4
4
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0.047
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0.0024
0.0025
0.0019

Table 3. Statistical analysis of fitting straight lines of ln(β/Tp2) vs. 1/Tp.

 



can be solved with Crane equation [16], which is
given as follows:

(2)

From eqn (2), when -E/nR>>-2Tp, the right hand side
of the equation can be considered as constant, then
the relation between ln β and 1/Tp can be looked as
linear (Figure 6) and the relevant statistical analysis
are given in Table 4. From the slope, the curing 
reaction order of the PCE/OCFEP system is obtained.
The curing kinetics parameters of PCE/OCFEP
system are listed in Table 5.

It is known that there are quantities of triazine
rings in PCE, which can react with epoxy groups to
generate oxazoline at high temperature, then triazine
rings and oxazoline can catalyze the etherification of

Figure 6. Plots of lnβ vs. 1/Tp for diferent ratios of
PCE/OCFEP system.

Table 5. Curing kinetic parameters for different ratios of
PCE/OCFEP system.

epoxy system in the presence of hydroxyl group [17]. 
Moreover, triazine rings can catalyze the poly-
merization of the PCE/OCFEP composite system
[18], while the hydroxyl group of the epoxy resin can
catalyze the curing of cyanate ester resin. That is,
cyanate ester resin and epoxy resin can act as 
compensation catalyst towards each other [19]. From
Table 5, with the increase of OCFEP content, the 
activation energy is dropped first, and then increases
after a critical value, indicating that there may be a
critical quantity among the catalytic groups. In 
addition, Grenier-Loustalot et al. [20] found that 
different proportions of cyanate ester resin and epoxy
resin would lead to different curing processes, which
also result in changes in activation energy. From
Table 5, it may be concluded that the curing reaction
of PCE/OCFEP system basically follows first-order
reaction kinetics.

CONCLUSION

DSC analysis was carried on the PCE/OCFEP
systems with different proportions with temperature
programming. It was found that, when the content of
PCE was 60 wt%, the exothermic peak temperature of
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PCE/OCFEP
ratio

Intercept Slope Statistics

Value Error Value Error Number of
readings

Standard
deviation

p-value

8/2 
6/4 
4/6 

27.05
22.82
25.98

1.13
0.93
0.93

-10.88
-8.83

-10.30

0.50
0.40
0.41

4
4
4

0.048
0.047
0.041

0.0021
0.0021
0.0016

pp TnRETdd 2/)/1(/)(ln −−=β

Table 4. Statistical analysis of fitting straight lines of ln(β) vs. 1/Tp.

PCE/OCFEP
ratio

Ea

(kJ/mol)
A

(min-1)
n

8/2
6/4
4/6

83.22
66.32
78.48

3.96×106
4.76×104
1.30×106

0.92
0.90
0.92



the system was lower than that of the other systems.
Due to this proportionality, the epoxy resin would
play an optimum catalytic role. Furthermore, the 
curing kinetics of different PCE/OCFEP systems was
studied. The apparent activation energy was 83.22,
66.32 and 78.48 kJ/mol when the PCE content was
80, 60 and 40 wt%, respectively. The order of the 
curing reaction nearly followed first-order kinetics.

Theoretical analysis on the curing process of the
system with 60 wt% PCE indicated that the gel 
temperature of the system (Tgel) was 133.9°C, the
curing temperature (Tcuring) was 138.7°C, while the
post-processing temperature (Tpost-processing) was
161.4°C.  The thermal stability increased with higher
post-processing temperature. Together with the 
performance requirement, the curing process of the
system was determined as: 130°C/1h+140°C/1h+
180°C/1h. 

ACKNOWLEDGEMENT

The authors are grateful for the financial support 
provided by Guangdong Natural Science Fund (No.
031422) and the Fundamental Research Funds 
for the Central Universities, SCUT (No.
2009ZM0288). The authors are thankful to C. Qin for
her effective work.

REFERENCES

1. Ghaemy M, Hassanpour-Shahriari A, Study of the
cure reaction of DGEBA/ABS blend in the 
presence of aromatic diamine, Iran Polym J, 17,
395-405, 2008.

2. Liu SG, Liao H, Prospects for production and
application of o-cresol novolac epoxy resin in
China (Chinese), Thermoset Resin, 16, 38-
42, 2001.

3. Snow AW, The synthesis, manufacture and 
characterization of cyanate ester monomers,
Chemistry and Technology of Cyanate Ester Resin,
Hamerton I (Ed), Blackie Academic and
Professional, Glasgow, UK, Ch 2, 1994.

4. Fang T, Shimp DA, Polycyanate esters: science
and applications, Prog Polym Sci, 20, 61-

118, 1995.
5. Wang JL, Liang GZ, Yang JY, Ren PG, Zhao W,

Fang HQ, Study on laminate of high frequency
copper clad board based on cyanate ester resin
(Chinese), China Plastics, 18, 46-49, 2004.

6. Zeng ZA, Chen ZQ, Tang YS, A review of applica-
tions of cyanate resin in high performance PCB 
(Chinese), China Plastics, 17, 19-23, 2003.

7. Hamerton I, Hay JN, Recent developments in the
chemistry of cyanate ester, Polym Int, 47, 465-
473, 1998.  

8. Wang Y, Wang XS, Chen HS, Studies on curing
kinectics of dendritic polymer PAMAM with
epoxy resin by isothermal DSC, Acta Polym Sin
(Chinese), 5, 727-731, 2006. 

9. Fan YZ, Shun K, Wu RJ, Study on the non-model
method of thermosetting resin curing kinectics,
Polym Mater Sci Eng, 17, 60-63, 2001.

10. Lei W, Ling ZD, Ju ZN, Zhu LJ, Zai DX,
Establishment of the kinetics equation of the cur-
ing reaction between CaCO3 particles and UP
resin by dynamic DSC (Chinese), J Nanjing For
Uni, 27, 48-50, 2003.

11. Wu XF, Yang G., Research progress on cyanate
ester modified with epoxy resin (Chinese),
Thermoset Resin, 22, 38-43, 2007.

12. Gao JW, Zhou FZ, Liu SX, Guo MY, Du L,
Thermal Analysis Curves of Polymer (Chinese),
1st ed, Science, Beijing, 43, 1990.

13. Walters RN, Lyon RE, Fire-resistant cyanate
ester-epoxy blends, Fire Mater, 27, 183-
194, 2003.

14. Kissinger HE, Reaction kinetics in differential
thermal analysis, Anal Chem, 29, 1702-
1706, 1957.

15. Barghamadi M, Ghaemy M, Alizadeh R, Non-
isothermal cure kinetics of diglycidyl ether of
bisphenol-A with various aromatic diamines, Iran
Polym J, 18, 431-443, 2009.

16. Crane LW, Dynes PJ, Kaelble DH, Analysis of
curing kinetics in polymer composities, J Polym
Sci Polym Lett Ed, 11, 533-540, 1973.

17. Bao JW, Tang BM, Chen XB, Copolymerization
of epoxy and cyanate (Chinese), Acta Polym Sin,
2, 151-155, 1999.

18. Li J, Jiang YH, Qi GR, Study on the properties
and reaction of cured compound in cyanate ester

476 Iranian Polymer Journal / Volume 19 Number 6 (2010)

Curing Behaviour of Polycyanate Ester/o-Cresol ... Pi P et al.



modified epoxy co-curing (Chinese), J Zhejiang
Univ Sci, 30, 658-651, 2003.

19. Guo BC, Wang L, Jia DM, Chemistry and 
properties of cyanate/epoxy blends (Chinese),
Thermoset Resin, 16, 26-29, 2001.

20. Grenier-Loustalot MF, Lartigau C, Grenier P, A
study of the mechanisms and kinetics of the
molten state reaction of non-catalyzed cyanate
and epoxy-cyanate systems, Eur Polym J, 31,
1139-1153, 1995.

Curing Behaviour of Polycyanate Ester/o-Cresol ...Pi P et al.

Iranian Polymer Journal / Volume 19 Number 6 (2010) 477



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness 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 300
  /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 0.15
    /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 300
  /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 0.15
    /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


