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Introduction 
 

PVA is a synthetic polymer in which polar hydroxyl groups 

alternately recur as pendent parts of the polymer main 

chain.1,2 Poly(vinyl alcohol) (PVA) is a crystalline polymer 

that forms a gel when the solution is cooled.3 PVA forms micro 

gel or gel by inter-molecular hydrogen bonding, intra-mole-

cular hydrogen bonding, and interactions with PVA and 

solvent.4,5 PVA has good linearity, flat zigzag conformation, 

high crystallinity, alkali resistance that endures over pH 13.6, 

and adhesive property. Due to characteristics above mentioned, 

high strength and elastic PVA fiber is possible, and it is 

widely used as the reinforcement of cement, concrete, 

plastic, asbestos substitution materials, tire cord, and film.6 

DMSO and water as a solvent of PVA have been widely used. 

DMSO acts like good solvent and water acts like poor solvent 

for PVA.7-10 

It is expected that the physical properties of syndiotactic 

PVA are good, but it has not been used commercially because 

of high cost of monomer and poor processibility. In contrast, 

atactic PVA is used more commercially due to various advan-

tages. For atactic PVA that is mainly used in industry, practical 

research results on rheological characteristics and gelation 

behavior of macroscopic dimension as mentioned above have 
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초록： 본 연구에서는 poly(vinyl alcohol)(PVA)를 dimethyl sulfoxide(DMSO)에 녹여 이 용액의 유변학적 특

성에 미치는 PVA의 분자량분포의 영향에 관하여 고찰하였다. 동일 평균분자량인 경우에도 수지 혼합(resin 

blending)에 의해 분자량분포가 넓어지면 점도와 손실탄성률이 더 낮아짐을 알 수 있었다. 이것은 동일 평균 분자

량의 경우 분자량분포가 넓은 PVA/DMSO 용액계의 자유체적이 증가되기 때문이라고 생각된다. 분자량 분포가

저장탄성률에 미치는 영향은, 14 wt% 용액의 경우에는, 1.3 rad/sec보다 낮은 진동수 영역에서는 동일 평균분자

량의 경우 분자량분포가 넓은 PVA/DMSO 용액계가 탄성이 더 크고, 1.3 rad/sec보다 높은 진동수 영역에서는

분자량분포가 좁은 PVA/DMSO 용액계가 탄성이 더 크게 측정되었다. 14 wt% 용액의 경우에 Modified Cole-

Cole plot에서의 기울기는 분자량분포가 넓어지면 진동수에 따른 상전이 현상이 더 뚜렷해졌다. 

 
Abstract： The rheological properties of the solutions of atactic poly(vinyl alcohol)(PVA) in dimethyl 

sulfoxide (DMSO) were investigated in terms of molecular weight distribution (MWD) of the polymer.

The dynamic viscosity (η′) and loss modulus (G″) for the PVA/DMSO solutions with broader MWD were

lower than those with narrower MWD at the similar Mw. It could be explained by the fact that the free 

volume for the solution with broader MWD at the similar Mw was increased. The storage modulus (G′ ) of 

14 wt% PVA/DMSO solutions with broader MWD was higher than that with narrower MWD at a lower

frequency than 1.3 rad/sec, but lower than that with narrower MWD at a higher frequency (>1.3 rad/sec). 

The slopes of modified Cole-Cole plots of the 14 wt% solutions showed that as the MWD was broadened, 

the phase transition with frequency was more noticeable. 

 
Keywords： PVA, DMSO, molecular weight distribution, rheological properties. 
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been reported intensively.11,12 However, in spite of practical 

importance, systematic and theoretical research on rheological 

characteristics for this solution system has been reported 

few. Proper choices such as MWD, molecular weight, concen-

tration, the degree of saponification, solvent, and additive are 

important to produce high performance PVA fiber and film by 

using atactic PVA. Therefore, better understanding of the 

interrelationships that may exist between the molecular para-

meters and the rheological properties is very important to 

both the preparation of new polymers and their processing.  

It is generally known that if the MWD is broad, high viscosity 

is shown at low frequency and low viscosity is shown at 

high frequency. This is due to the fact that if the MWD is 

broad, storage modulus shows high value resulting from the 

increase of intra-molecular elasticity and inhomogeniety of 

molecule. This leads to obvious advantages in processability 

of the polymer in equipment using high shear stresses.13 If 

the average molecular weights are similar, then it is ex-

pected that mechanical properties are similar. Therefore, if 

the MWD is broadened at the similar Mw, it is beneficial to 

the forming process due to the decrease of viscosity with the 

preservation of mechanical strength. In order to study this 

phenomenon for PVA solution, in this study, rheological 

analysis of solutions of atactic PVA with different MWD, but 

the similar Mw in DMSO was carried out to assess the effects 

of MWD on processability.  

 
Experimental 

 

Materials. In this study, PVA (Aldrich Chemical) with a degree 

of saponification greater than 99% was used. The PVA samples 

were coded according to their Mw; A [A has Mw of 89000

∼98000], B [B has Mw of 85000∼146000], C [C has Mw 

of 124000∼186000], A6C3 [A6C3 was prepared by mixing 

A and C by 64:36 in weight percent]. B and A6C3 samples 

have similar Mw, but different MWD. DMSO (Aldrich Chemical) 

was used without further purification. 

NMR Measurements. The syndiotactic dyad content determined 

by 300 MHz 1H-NMR (Varian Gemini) was 52%. The 1H-NMR 

of PVA was measured with solutions in d-DMSO at 55 ℃ .14-16  

Rheological Measurements. Since the method of preparing 

solutions showed significant effects on the rheological pro-

perties, PVA was dissolved in DMSO at 90 ℃ under the same 

dissolving procedure; stirred for the first 2 hr. and then placed 

still for 3 hr. To exclude the possibility of incomplete dis-

solution of the polymer in the solvent, the solution was optically 

examined.  

The rheological properties were measured with an advanced 

rheometric expansion system (Rheometric Scientific) at 30 ℃. 

Parallel-plates were adopted whose diameter and gap were 

50 and 1 mm, respectively. After being loaded between 

parallel plates, the solution specimen was fully relaxed for 

20 min. Frequency sweep experiment was performed. 

 
Results and Discussion 

 

Figure 1 shows the effects of MWD and Mw on dynamic 

viscosity of 10 wt% and 14 wt% PVA/DMSO solutions. The 

solution with the smallest molecular weight, A, shows the 

Newtonian flow characteristics until 200 rad/sec, but the solu-

tion with the largest molecular weight, C, shows minor shear 

thinning even in low shear region. Figure 1 also shows that if 

the MWD is broadened due to the mixing of resin, then the 

viscosity is decreased in case of similar Mw. That is, A6C3 shows 

lower dynamic viscosity than B even through A6C3 and B 

have similar Mw. This phenomenon is more pronounced at 

low frequency region and the effects are decreased at high 

Figure 1. Dynamic viscosity(η′) curves for PVA/DMSO solutions at
30 ℃ at four different molecular weights; (a) 10 wt% and (b) 14 wt%.
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frequency region as shown in Figure 1. That is because free 

volume for the solution with broader MWD is increased due 

to the effect of chain end. It is considered that if the MWD is 

broadened, plasticity is increased because the fraction of mole-

cular chain of PVA is increased. This phenomenon is more 

noticeable in low shear region with relatively low deformation 

of molecule. This agrees with the theoretical prediction by 

Middleman,17,18 qualitatively. Middleman suggested following 

equations for the effect of MWD on viscosity.  
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Where, M is Mw, λ1 is relaxation time, and γ&  is shear rate. 

Figure 2 shows the plots of G′ against ω for PVA/DMSO solu-

tions at 30 ℃ with PVA/DMSO solutions. The effect of 

MWD on the elasticity of polymer is controversial, but it has 

been reported that elasticity is increased due to MWD broa-

dening.13,19-22 Figure 2(a) shows that 10 wt% PVA/DMSO 

solutions represent larger storage modulus for solution with 

narrower MWD. In Figure 2(b), 14 wt% PVA/DMSO solution 

agrees with Ferry eq.23 at lower frequency than 1.3 rad/s and it 

is also shown that PVA/DMSO solution with narrower MWD 

represents higher storage modulus at higher frequency than 

1.3 rad/s. It is considered that as MWD is broadened, the phase 

transition with frequency is more noticeable. It could be inter-

Figure 2. Plots of storage modulus(G′ ) against frequency(ω)
for PVA/DMSO solutions at 30 ℃ at four different molecular
weights; (a) 10 wt% and (b) 14 wt%. 
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Figure 3. Plots of loss modulus(G″ ) against frequency (ω) for
PVA/DMSO solutions at 30 ℃ at four different molecular
weights; (a) 10 wt% and (b) 14 wt%. 
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preted as that the structure formation is easy at low frequency 

region, but this structure is more easily destroyed by frequency 

due to the lubrication effect of low molecular weight chains.  

Figure 3 shows the plots of G″ against ω for PVA/DMSO 

solutions at 30 ℃ with PVA/DMSO solutions. The PVA solu-

tions with higher Mw have a value of greater G″ at the given 

frequency. In these plots, the slopes represent the increase 

in energy dissipation for that frequency. The energy dissi-

pation per cycle would be reduced if the internal structures 

exist in the solution because the deformation of the structures 

consumes additional energy.24 It is also shown that as the 

concentration and the molecular weight are increased, the 

slopes of G″ for PVA/DMSO solutions are decreased. This 

means that the system is getting more heterogeneous due 

to polar interaction. The G″ for PVA/DMSO solutions with 

broader MWD was lower than that with narrower MWD at 

the similar Mw. 

When the elasticity parameters are plotted against shear 

stress in stead of shear rate in steady-state rheology, and 

if the polymer solutions or polymer melts are homogeneous 

and isotropic, then it gives a master curve independent of the 

molecular weight, concentration (for solution), and tempera-

ture (for melt). This curve is called a Cole-Cole plot. 25,26 This 

Cole-Cole plot in steady-state rheology may be applied to 

dynamic rheology. G′ vs. G″ is expressed by logarithmic 

plot. This modified Cole-Cole plot is useful method to judge 

the molecular structure characteristics such as chemical 

structure, MWD, long chain branching, short chain branching, 

concentration, and method of preparation. For the same 

reason, a modified Cole-Cole plot shows one master curve 

independent of temperature and concentration and the 

slope is 2 if the polymer solution or melt is homogeneous.27 

This can be used to judge whether polymer solution or melt 

is homogeneous or inhomogeneous. According to Han and 

John,28-30 G′ is related to G″ by eq. (3). 
 

) log(6/5 log 2 log o
NGGG +′′=′                           (3) 

 

Where, o
NG  is plateau modulus, o

NG  is ρRT/Me, ρ is density, 

R is gas constant, T is absolute temperature, and Me is 

entanglement molecular weight.  

A modified Cole-Cole plot for PVA/DMSO solutions at 

30 ℃ is shown in Figure 4. The PVA solutions give curves 

that vary with the concentration and molecular weight, and 

the slopes of plots are less than 2. This reconfirms that the 

PVA solutions are rheologically heterogeneous. The reduction 

of the slope with increasing concentration and Mw indicates 

that the PVA solution systems become more and more 

heterogeneous with increasing concentration and Mw. The 

slope of plots are little dependent on the MWD as shown in 

Figure 4(a). In Figure 4(b), the slope of A6C3 is lower than 

that of B at low frequency region for 14 wt% solution. This 

represents that A6C3 is more heterogeneous than B at low 

frequency region. The slope of plots are little dependent on 

the MWD at higher frequency than 1.3 rad/sec, but the slope 

is lower than 2 in Figure 4(b). The slopes of modified Cole- 

Cole plots of the 14 wt% solutions show that as MWD is 

broadened, the phase transition with frequency is more 

noticeable.  

The presence of pseudo-structure formed by physical 

aggregation can affect the relaxation behavior of polymer. 

That is, the relaxation time is increased by the limitation of 

molecular chain mobility if the physical bonding exists. It is 

generally known that the flexible chain polymer system has 

short relaxation time of 10-2-10-5 sec, but liquid crystal system 

or meso phase has relaxation time of longer than a few 
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Figure 4. Cole-Cole type plots for PVA/DMSO solutions at 30 ℃
at four different molecular weights; (a) 10 wt% and (b) 14 wt%.



536 이은정ᆞ김병철 

폴리머,  제31권 제6호, 2007년  

seconds. The relaxation time under dynamic shear for poly-

meric systems including some pseudo-structures can be 

calculated by eq. (4) as suggested by Wissbrun et al.31 

 
∗∗ =′=′ ηλ/ω)η/(GJ 2                                (4)  

 

Where, J′ and G′ are compliance and storage modulus, 

respectively.  

The relaxation times of PVA solutions at 30 ℃, calculated 

by eq. (5), are plotted against several molecular weights in 

Figure 5. As the frequency is increased, relaxation time is 

generally decreased because the recovery of elasticity is rapid 

due to higher stress with the increase of strain for polymer 

chain. As predicted, as the frequency is increased, and as the 

concentration and the Mw are decreased, the relaxation time 

is decreased. The relaxation time of PVA/DMSO solutions 

with broader MWD was lower than that with narrower MWD 

at the similar Mw at higher frequency than 13 rad/sec. Longer 

relaxation time is a direct evidence of the restriction of mole-

cular chain by the formation of physical bonding with polar 

interaction. This also means that if some physical bonds by 

polar interactions are more effectively formed, the solution 

exhibits longer relaxation time. 

 
Conclusions 

 

The rheological behaviors for PVA solutions in DMSO were 

seriously affected by the MWD of the polymer and frequency. 

As the MWD was broadened at the similar Mw, it showed 

significant effects on the rheological properties of PVA/ 

DMSO solution such as viscosity and elasticity. The slopes 

of modified Cole-Cole plots of the 14 wt% solutions showed 

that as the MWD was broadened, the phase transition with 

frequency was more noticeable. Precise control of rheological 

properties is very important in processing of PVA solutions 

such as film forming and fiber spinning, and thus these 

results can be effectively applied to fabrication process 

using PVA solutions. 

 

Acknowledgements：This work was supported by Korean 

Research Foundation Grant(KRF-2004-037-D00007).  

 
References 

 

 1. I. Sakurada, Polyvinyl Alcohol Fibers, M. Lewin, Editor, 

Marcel Dekker, New York, pp. 3 (1985). 

 2. K. Toyoshima, Polyvinyl Alcohol, C. A. Finch, Editor, John 

Wiley and Sons, New York, pp. 208 (1973). 

 3. S. Matsuzawa, K. Yamaura, R. Maeda, and K. Ogasawara, 

Makromol. Chem., 180, 229 (1979). 

 4. W. S. Ha and W. S. Lyoo, U. S. Pat. 6,124,033 (2000). 

 5. W. S. Ha and W. S. Lyoo, KR Pat. 1996-0011601 (1996). 

 6. M. Masuda, Polyvinyl Alcohol-Developments, C. A. Finch, 

Editor, John Wiley and Sons, N.Y., pp. 404-431 (1991). 

 7. A. Luzar and D. Chandler, J. Chem. Phys., 98, 8160 (1993). 

 8. S. H. Hyon, W. I. Cha, and Y. Ikada, Polym. Bull., 22, 119 

(1989). 

 9. M. Watase and K. Nishinari, Polym. J., 21, 567 (1989). 

10. K. Yamaura, M. Itoh, T. Tanigami, and S. Matsuzawa, J. 

Appl. Polym. Sci., 37, 2709 (1989). 

11. H. Fujiwara, M. Shibayama, J. H. Chen, and S. Nomura, J. 

Appl. Polym. Sci., 37, 1403 (1989). 

12. C. Seoul and S. Mah, Polymer, 38, 5551 (1997). 

13. J. E. Guillet, R. L. Combs, D. F. Slonaker, D. A. Weems, 

and H. W. Coover, J. Appl. Polym. Sci., 9, 757(1965). 

14. K. C. Ramey and N. D. Field, Polym. Lett., 3, 63 (1965). 

15. K. C. Ramey and N. D. Field, Polym. Lett., 3, 69 (1965). 

Figure 5. Variation of the relaxation time (λ) with four different
molecular weights for PVA/DMSO solutions at 30 ℃; (a) 10
wt% and (b) 14 wt%. 

 13 rad/s-10
 80 rad/s-10
126 rad/s-10
315 rad/s-10

0.030

0.025

0.020

0.015

0.010

0.005

0.000

λ(
s)

 

 A A6C3 B C 

Mw 

(a) 

 13 rad/s-14
 80 rad/s-14
126 rad/s-14
315 rad/s-14

0.05

0.04

0.03

0.02

0.01

0.00

λ(
s)

 

 A A6C3 B C 

Mw 

(b) 



  PVA/DMSO 용액계의 유변학적 특성에 미치는 PVA의 분자량분포의 영향 537 

  Polymer(Korea), Vol. 31, No. 6, 2007 

16. F. A. Bovey and L. W. Jelinski, Chain structure and confor-

mation of macromolecules, Academic Press, New York, pp. 

61 (1982). 

17. S. Middleman, J. Appl. Polym. Sci., Vol.Ⅱ, 417 (1967). 

18. S. Middleman, The flow of high polymers, Interscience, 

New York, pp. 154 (1968). 

19. J. W. C. Adamse, H. Janeschitz-Kriegl, J. L. Denotter, and 

J. L. S. Wales, J. Polym. Sci. A-2, 6, 871 (1968). 

20. R. L. Combs, D. F. Slonaker, and H. W. Coover, J. Appl. 

Polym. Sci., 13, 519 (1969). 

21. C. D. Han, T. C. Yu, and K. U. Kim, J. Appl. Polym. Sci., 15, 

1149 (1971). 

22. J. E. Guillet, R. L. Combs, D. F. Slonaker, D. A. Weems, 

and H. W. Coover, J. Appl. Polym. Sci., 9, 767 (1965). 

23. J. D. Ferry, M. L. Williams, and D. M. Stern, J. Chem. 

Phys., 58, 987 (1954). 

24. W. S. Lyoo, B. C. Kim, and W. S. Ha, Polym. J., 30, 424 

(1998). 

25. H. Aoki, J. L. White, and J. F. Fellers, J. Appl. Polym. Sci., 
23, 2293 (1979). 

26. R. M. Ottenbrite, L. R. Utracki, and S. Inoue, Current Topics 
in Polymer Science, Hanser Publishers, Munich, VolⅡ, pp. 

181-196 (1987). 

27. R. M. Ottenbrite, L. R. Utracki, and S. Inoue, Current Topics 
in Polymer Science, Hanser Publishers, Munich, Vol Ⅱ, pp. 

149-165 (1987). 

28. C. D. Han and M. S. Jhon, J. Appl. Polym. Sci., 32, 3809 

(1986). 

29. C. D. Han, J. Kim, and J. K. Kim, Macromolecules, 22, 383 

(1989). 

30. C. D. Han and J. K. Kim, Polymer, 34, 2533 (1993). 

31. K. F. Wissburn and A. C. Griffin, J. Polym. Sci.: Polym. 
Phys. Ed., 20, 1835 (1982). 

 
 



<<
  /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
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Century
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /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
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2cysB
    /H2cysL
    /H2gprB
    /H2gprM
    /H2gpsM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2ta2B
    /H2wulB
    /H2wulL
    /H2wulM
    /Haettenschweiler
    /HeadlineR-HM
    /HYGoThic-Extra
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MiniPicsArtJam
    /MiniPicsClassic
    /MiniPicsLilCritters
    /MiniPicsLilEdibles
    /MiniPicsLilEvents
    /MiniPicsLilStuff
    /MiniPicsLilVehicles
    /MiniPicsRedRock
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /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
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /TimesNewRomanMT-ExtraBold
  ]
  /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 [595.276 807.874]
>> setpagedevice


