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NON-ISOTHERMAL KINETIC STUDY ON THE DECOMPOSITION OF
Zn ACETATE-BASED SOL-GEL PRECURSOR
Part 1. Application of the isoconversional methods
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The isoconversional methods (Friedman (FR), Flynn—Wall-Ozawa (FWO) and Kissinger—Akahira—Sunose (KAS)) were applied
for evaluating the dependencies of the activation energy (£) on the mass loss (Am) corresponding to the non-isothermal decomposi-
tion of two Zn acetate-based gel precursors for ZnO thin films whose preparation differs by the drying temperature of the liquid
sol-precursor (125°C for sample A, and 150°C for sample B). Although both investigated samples exhibit similar decomposition
steps, strong differences between £ vs. Am curves as well as among the characteristic parameters of the decomposition steps, di-

rectly evaluated from TG, DTG and DTA curves, were put in evidence.
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Introduction

Sol—gel method is very suitable and widely used for
the preparation of zinc oxide-based nanoparticles
[1-3], nanorods [4] and thin films [5-16] with ad-
vanced applications in optoelectronics, microelec-
tronics, solar cells, etc. Two principal sol-gel routes
to obtain oxide thin films are used: alkoxide route
[5, 13] using organo-metallic precursors (often ex-
pensive and dangerous) and non-alkoxide route using
water or alcohol solutions of metal salts such as ace-
tates [1-3, 8—17] or nitrates [6, 7]. To obtain transpar-
ent and conductive ZnO-based thin films, the non-
alkoxide route based on Zn acetate raw material has
been used most frequently.

The sol chemical equilibrium, the substrate-film
interaction during film deposition and the thermal
processing of the as-deposited gel film (pre-heat treat-
ment for film stabilization and post-heat treatment for
film crystallization) contribute for the development of
a particular film microstructure and subsequently par-
ticular electrical and optical properties [5, 13—-16].
The chemical transformations associated with the de-
composition of the gel precursor during the pre-heat
treatment are decisive for the crystallization behav-
iour and the crystalline structure and properties of the
final oxide films [5, 17-20].

In a previous paper [21], we presented the results
on the thermoreactivity of zinc acetate based sol-gel
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precursor for ZnO thin films, in the temperature
range 20—-600sC, obtained by TG-DTA, IR and XRD
methods. We have found that, from the sol—gel precur-
sor containing Zn(CH;C0OO0),-2H,0O dissolved in
2-methoxyethanol in the presence of monoethanol-
amine (MEA) as complexing agent, ZnO is generated
by heating in air above 1505C. The crystalline structure
of the precursor heated in air at 200sC for 8 h is well
defined in terms of ZnO hexagonal lattice parameters,
although residual organic compounds and water were
not yet fully removed. Increasing the treatment temper-
ature up to 300, 400 and 600sC leads to a total decom-
position and removal of the residual organic com-
pounds and therefore to changes of the ZnO crystalline
structure in terms of lattice parameters and grain size.
Although a large number of works on sol-gel
preparation and properties of ZnO-based materials
have been reported, less papers about thermal decom-
position of precursors and no papers about the calcu-
lation of the kinetic parameters of precursors decom-
position have been found. This paper presents the re-
sults, based on TG-DTG-DTA data, of a non-isother-
mal kinetic study concerning the thermal decomposi-
tion (between 150-250°C) of Zn acetate-based gel
precursor obtained by drying the above mentioned
liquid sol (Zn(CH;COO0),-2H,0 and AlCl;-6H,0 dis-
solved in 2-methoxyethanol and MEA) at different
temperatures. Differential and integral model-free
(isoconversional) methods have been used [22, 23].
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Experimental

The preparation of liquid sol-precursor is presented
elsewhere [21]. The solid samples for the kinetic study
have been prepared by drying/heating the liquid sol in
air for 8 h at 125 or 150°C (samples A and B, respec-
tively). The choice of these temperatures was performed
by observing the TG-DTG-DTA curves of the gel ob-
tained by drying the liquid sol in air at 100°C [21].

TG-DTG-DTA data were obtained in flowing N,
atmosphere (flow rate of 100 mL min ') at different
heating rates (2.5, 5.0 and 7.5 K min') using a
LINSEIS STA PT1600 equipment.

The model-free (isoconversional) methods
used to evaluate the activation energy

Friedman method [24] (FR method)

The differential isoconversional method suggested by
Friedman (FR method) is based on the following
equation:

do _E
lnBE—lnAan(oc) RT )

where o is the degree of conversion, 7 is the absolute
temperature, 3 is the linear heating rate (B=d7/d=
const., ¢ is the time), 4 is the pre-exponential factor, £
is the activation energy, fla) is the differential func-
tion of conversion and R is the gas constant. For a
given values of a, the plot In[B(da/dT)] vs. 1/T, ob-
tained from curves recorded at several heating rates,
should be a straight line whose slope allows to evalu-
ate the activation energy.

Flynn—Wall-Ozawa method [25, 26] (FWO method)

The isoconversional integral method suggested inde-
pendently by Flynn, Wall and Ozawa uses Doyle’s
approximation [27] of the temperature integral. This
method is based on the equation:
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is the integral conversion function. Thus, for a=const.,
the plot Inf3 vs. 1/7, obtained from curves recorded at
several heating rates, should be a straight line whose
slope allows evaluating the activation energy.
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Kissinger—Akahira—Sunose method [28] (KAS method)

This isoconversional integral method is based on the
Coats—Redfern approximation [29] of the temperature
integral. It was shown that [28]:

B AR E
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T

Thus, for a=const., the plot In(p/ T%) vs. 1/T, ob-
tained from curves recorded at several heating rates,
should be a straight line whose slope can be used to
evaluate the activation energy.

Results and discussion
Non-isothermal decomposition of sol-gel precursor

As expected, the thermal decomposition of the
sol—gel precursor is a rather complicated process es-
pecially due to the various kinds of organic molecules
which are present.

Figures 1 and 2 show the TG-DTG-DTA curves,
recorded in dynamic N, atmosphere at various heating
rates, for samples prepared by heating the liquid sol
at 125 and 150°C, respectively (samples A and B). The
inspection of these curves shows that three endother-
mic steps occur at the progressive heating of both sam-
ples. The main parameters of these steps are listed in
Tables 1 and 2. In a previous work [21], we suggested
that step I corresponds to the water and 2-methoxy-
ethanol losses, step II corresponds to the decomposi-
tion of zinc acetate and formation of an intermediary
compound and that step III corresponds to the final de-
composition of the intermediate compound formed in
step Il and to the decomposition of a rather stable
Zn—-MEA existing in the precursor [6, 10].

Comparing the thermal decomposition data of the
mentioned samples (Tables 1 and 2), it can be noticed
that the most significant difference is related to the
step II, concerning the values of Ty, 7rand Dm, . For
sample obtained at 150°C (sample B), the second step
of decomposition is characterized by lower T,,.«, Ty and
Dm, values. A lower Am, value was expected taking
into consideration that in a previous paper [21] we
showed that an important amount of zinc acetate pre-
cursor decomposed during the preparation of the sam-
ple B, by heating the liquid sol at 150°C. Lower Ty
and T values could mean that ZnO crystallites gener-
ated during heating in air at 150°C act as catalyst for
the decomposition of the precursor.

Dependence of the activation energy on the mass loss

The activation energy for a certain mass loss step was
evaluated from the straight line slope of the corre-
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Fig. 1 TG-DTG-DTA curves for sample A, recorded in dy-
namic N, atmosphere at various heating rates for
1-25,2-50and3-7.5Kmin"'

spondent FR, FWO and KAS isoconversional meth-
ods. It was considered that the £ value is heating rate
independent if the relative error of the slope of FR,
FWO and KAS straight lines is lower than 10%. The
obtained results are shown in Figs 3 and 4.

For sample A, prepared at 125°C, E values are
heating rate independent only for the second step pro-
cess (Fig. 3). For this mass loss step, £ values calcu-
lated by the three isoconversional methods are in good
agreement and are practically independent on the de-
gree of conversion (Epg=100.243.7 KkJ mol ™,
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Fig. 2 TG-DTG-DTA curves for sample B, recorded in dy-
namic N, atmosphere at various heating rates: 1 — 2.5,
2-5.0and3—7.5Kmin"

Erwo=97.7+2.8 kI mol " and Exxs=94.7+2.8 kJ mol ).
These values are close to that obtained by the use of the
Kissinger method [30], applied to the DTA maxima
(Ex=97.842.4 kJ mol ") [31].

A different dependence of the activation energy
on the mass loss was obtained for the case of sam-
ple B, prepared at 150°C, (Fig. 4). First of all, a strong
dependence of E values on mass loss was observed. £
values determined by means of integral isoconver-
sional methods (Erwo and Exas) are in good agree-
ment, but they are different from that determined by
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Table 1 The parameters of the decomposition steps for sample A dried at 125°C

Data from TG-DTG curves

Data from TG-DTA curves

Ste; — —
PP T/°C  T¢°C  Amy% Dm/% Tuax/°C  mmex/%  T/°C  Ty°C  Am/% Dm/%  Tiax/°C  Mmax/%

2.5 323 1415 17.7 106.0 10.95 323 1488 18.0 111.1 12.5

I 50 323 1585 17.8 16.9 106.0 8.95 323 161.3 18.1 17.8 111.6 10.5
75 319 1613 16.6 116.6 9.4 31.9 168.6 17.2 123.0 11.0
2.5 1415 2593 42.3 218.0 25.6 148.8 260.8 422 2104 19.7

1T 5.0 1585 2765 414 42.8 230.9 24.2 161.3 280.6 41.6 42.6 226.6 21.6
7.5 1613 286.6 44.8 234.7 23.5 168.6 284.1 43.9 234.5 22.7
2.5 2593 - 11.9 301.0 5.6 260.8 - 11.8 301.0 54

11 5.0 276.5 - 12.4 11.3 317.2 5.7 280.6 - 12.0 11.6 318.3 54
7.5 286.6 - 10.3 317.6 3.7 284.1 - 11.1 320.9 -

f — heating rate in K min '; 7} and 7;— temperatures at the beginning and at the end of each decomposition step, according to DTG or
DTA curves, respectively; T — temperature corresponding to maximum in DTG curve or minimum in DTA curve; Am, — total mass
loss corresponding to each step; 7y, — total mass loss from the beginning of heating until the maximum rate of the decomposition step

Table 2 The parameters of the decomposition steps for sample B dried at 150°C (the meaning of the notations is the same as in

Table 1)

St B Data from TG-DTG curves Data from TG-DTA curves

e — —
P Ti/°C  T¥°C  Am/% Dm/% Thax/°C  mma/% T/°C  TY°C  Am/% Dm/%  Tyax/°C  Mmax/%

2.5 324 1457 13.4 98.6 5.8 324 148.8 13.6 99.46 6.1

I 50 337 1505 11.8 12.3 101.5 4.5 32.7 163.5 12.9 13.1 104.7 5.1
7.5 322 1635 11.8 107.9 4.7 322 1772 13.0 107.8 4.7
2.5 1457 2395 14.9 193.5 73 148.8 2423 15.1 191.4 6.51

I 5.0 150.5 256.6 18.2 17.4 206.5 9.0 163.5 260.2 17.5 16.7 206.8 8.0
7.5 163.5 265.1 18.4 217.0 9.5 177.2  269.2 17.6 215.6 7.9
2.5 2395 3488 14.1 297.5 8.9 242.3 3445 13.6 295.3 8.3

I 50 256.6 3713 13.5 13.7 317.2 7.9 260.2 369.9 13.1 13.3 314.8 8.0
7.5 265.1 383.8 13.4 324.4 8.2 269.2 3843 13.0 327.6 8.4

Friedman differential method (FErr). It has been
shown that the existence of significant differences be-
tween Epgp and E calculated using all integral iso-
conversional methods are due to the way of deriving
the relations, which ground the integral methods.
These relations are derived considering that the acti-
vation parameters do not depend on the conversion
degree. Obviously, if £ and 4 depend on the conver-
sion degree, these derivations are not correct. There-
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Fig. 3 E vs. Am for the second decomposition step of sample A
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fore, in such cases, the FR method, which uses di-

rectly the equation of reaction rate, is recom-

mended [32, 33]. From Fig. 4, for the three decompo-

sition steps of sample B, the following dependencies

of Exg on Am can be observed:

« for step I, Erg decreases from 110.6 kJ mol™" (for
Am=2%) t0 29.9 kJ mol™" (for Am=11%);

 for step I, Epg increases from 83.6 kJ mol ™! (for
Am=14%) to 166.4 kJ mol™ (for Am=24%);
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Fig. 4 E vs. Am for decomposition of sample B
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« for step III, Erg increases from 116.1 kJ mol ™" (for
Am=34%) to 150.4 kI mol ' (for Am=38%).

This strong mass loss dependence of E values
shows that all the decomposition steps of sample B
exibit complex mechanisms.

Conclusions

The non-isothermal decompositions of two Zn ace-
tate-based sol-gel precursors for ZnO thin films,
whose preparation differs by the drying temperature
(125°C for sample A and 150°C for sample B) were
investigated by the thermal analysis methods (TG,
DTG, DTA). It was pointed out that both samples ex-
hibit three decomposition steps characterized by some
specific parameters.

The evaluation, by means of the isoconversional
methods (FR, FWO and KAS), of the dependence of
the activation energy (£) on the mass loss (Am) puts
in evidence the different thermal behaviour of the in-
vestigated samples. Sample A exhibits £ values inde-
pendent on the heating rate only for the second de-
composition step (corresponding to the decomposi-
tion of zinc acetate), while sample B exhibits £ values
dependent on the heating rate for all three decomposi-
tion steps. For sample A, £ values do not change with
Am, while for sample B, E values depend on Am in all
decomposition steps. It turns out that only the second
decomposition step of sample A is characterized by a
single kinetic triplet (£, Af(a)).

Acknowledgements

The authors would like to thank their colleague Paula
Vilarinho (University of Aveiro, Portugal) for making avail-
able the thermal analysis facilities.

References

1 E. Hosono, S. Fujihara, T. Kimura and H. Imai,
J. Sol-Gel Sci. Technol., 29 (2004) 71.

2 S. Sakohara, M. Ishida and M. A. Anderson, J. Phys. Chem.,
102 B (1998) 10169.

3 Y.H. Tong and Y. C. Liu, J. Sol-Gel Sci. Technol.,
30 (2004) 157.

4 X.S. Zhengjun Zhang, Y. Wang and M. Zhu,
J. Phys. D: Appl. Phys., 38 (2005) 3934.

5 M. Toyoda, J. Watanabe and T. Matsumiya,
J. Sol-Gel Sci. Technol., 1/2 (1999) 93.

6 K. Nishio, S. Miyake, T. Sei, Y. Watanabe and
T. Tsuchiya, J. Mater. Sci., 31 (1996) 3651.

J. Therm. Anal. Cal., 89, 2007

7 B.J. Noris, J. Anderson, J. F. Wager and D. A. Keszler,
J. Phys. D: Appl. Phys., 36 (2003) L105.
8 E. Hosono, S. Fujihara and T. Kimura, Key Eng. Mater.,
216 (2002) 69.
9 E. Hosono, S. Fujihara, T. Kimura and H. Imai,
J. Colloid Interface Sci., 272 (2004) 391.
10 S. Fujihara, C. Sasaki and T. Kimura, Appl. Surf. Sci.,
180 (2001) 341.
11 E. Hosono, S. Fujihara and T. Kimura,
Electrochem. Solid-State Lett., 7 (2004) C49.
12 M. Ohyama, J. Am. Ceram. Soc., 81 (1998) 162.
13 Y. Ohya, H. Saiki, T. Tanaka and Y. Takahashi,
J. Am. Ceram. Soc., 79 (1996) 824.
14 K. Nishio, S. Miyake, T. Sei, Y. Watanabe and
T. Tsuchiya, J. Mater. Sci., 31 (1996) 3651.
15 D. Bao, H. Gu and A. Kuang, Thin Solid Films,
312 (1998) 37.
16 K. Y. Cheong, N. Muti and S. R. Ramanan,
Thin Solid Films, 410 (2002) 142.
17 V. Musat, B. Teixeira, E. Fortunato and
R. C. C. Monteiro, Thin Solid Films, 502 (2006) 219.
18 V. Balek, Z. Malek, J. Subrt, M. Guglielmi, P. Innozenzi,
V. Rigato and G. Della Mea, J. Therm. Anal. Cal.,
76 (2004) 43.
19 M. Arshad and A. H. Qureshi, J. Therm. Anal. Cal.,
83 (2006) 415.
20 G. M. Ingo, C. Riccucci, G. Bultrini, S. Dir¢ and
G. Chiozzini, J. Therm. Anal. Cal., 66 (2001) 37.
21 V. Musat, R. Monteiro and R. Martins, Rev. Roum. Chem.,
48 (2003) 967.
22 P. Budrugeac, D. Homentcovschi and E. Segal,
J. Therm. Anal. Cal., 63 (2001) 457.
23 G. Z. Papageorgiou, D. S. Achilias, D. N. Bikiaris and
G. P. Karayannidis, J. Therm. Anal. Cal., 84 (2006) 85.
24 H. L. Friedman, J. Polym. Sci., Part C, 6 (1964) 183.
25 J. H. Flynn and L. A. Wall, J. Res. Natl. Bur. Standards,
A. Phys. Chem., 70A (1966) 487.
26 T. Ozawa, Bull. Chem. Soc. Jpn., 38 (1965) 1881.
27 C. Doyle, J. Appl. Polym. Sci., 6 (1962) 639.
28 T. Akahira and T. Sunose, Res. Report Chiba Inst. Technol.
(Sci. Technol.), 16 (1971) 22.
29 A.W. Coats and J. P. Redfern, Nature, 201 (1964) 68.
30 H. E. Kissinger, Anal. Chem., 29 (1957) 1702.
31 V. Musat, B. Teixeira, E. Fortunato, R. C. C. Monteiro
and P. Vilarinho, Adv. Mat. Forum, IIL.I (2006) 73.
32 P. Budrugeac, D. Homentcovschi and E. Segal,
J. Therm. Anal. Cal., 66 (2001) 557.
33 P. Budrugeac and E. Segal, ICTAC News, 34 (2001) 39.

Received: February 11, 2006
Accepted: June 14, 2006
OnlineFirst: October 20, 2006

DOI: 10.1007/5s10973-006-7532-3

509




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


