Journal of Thermal Analysis and Calorimetry, Vol. 93 (2008) 1, 121-126
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Tert-butyl peroxybenzoate (TBPB) is one of the sensitive and hazardous chemicals which have been popularly employed in
petrifaction industries in the past. This study attempted to elucidate its unsafe characteristics and thermally sensitive structure so as
to help prevent runaway reactions, fires or explosions in the process environment. We employed differential scanning calori-
metry (DSC) to assess the kinetic parameters (such as exothermic onset temperature (7p), heat of reaction (AH), frequency
factor (4)), and the other safety parameters using four different scanning rates (1, 2, 4 and 10°C min™") combined with curve-fitting
method.

The results indicated that TBPB becomes very dangerous during decomposition reactions; the onset temperature and reaction
heat were about 100°C and 1300 J g*, respectively. Through this study, TBPB accidents could be reduced to an accepted level with
safety parameters under control. According to the findings in the study and the concept of inherent safety, TBPB runaway reactions

could be thoroughly prevented in the relevant plants.
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Introduction

Runaway reactions of tert-butyl peroxybenzoate
(TBPB) often involve a high exothermic peak that
could induce a thermal accident and damage the
process equipment and the surroundings. Especially,
contact should be avoided with acids, alkalis, heavy
metals, reducing agent and any rust. Shock, friction,
fire or other sources of ignition should be also
avoided during a manufacturing process [1]. In gene-
ral, TBPB is employed as the cross-linker for
combining with calcium, unsaturated pitch (UP), and
other materials, the ratio being about 1/350 at normal
atmosphere. There are about 1500—2000 tons of sheet
molding compound (SMC) produced from TBPB
annually in Taiwan. Compound materials have been
used to produce material that is used in automobiles,
architecture, doors, bathtubs, and other envelopes.
There are just a few papers that mention its chemical
characteristics [2, 3]. The self-accelerating decom-
position temperature (SADT) is approximately
65.8°C [4]. Explosion tests have revealed that the
deflagration rate lies between 0.35 and 5.0 mm s ' [5].
Reactions of tetracthylgermane with terz-butyl, ben-
zoyl peroxides and TBPB are discussed by Swern [6].
Due to hazardous consequences of decomposition of
TBPB and its extensive use in the industry, we have
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made efforts to understand the runaway reaction
phenomena by evaluating the kinetic parameters.
Safety parameters must be taken into account for
evaluating the degree of hazard based on the kinetic
parameters [7, 8], such as exothermic onset temper-
ature (7)), activation energy (£,), frequency factor (4),
etc. The decomposition of TBPB produces a strong
exothermic peak belonging to an n™ order reaction.
This study has proposed a method to generalize the
concept of runaway reaction regarding TBPB by
employing DSC as a quantitative measure of reactivity,
allowing one to take proper account of kinetic
complexity. On the basis of the curve-fitting method
and experimental results, we found that a quickly
appearing exothermic peak indicated its dangerous
features. Therefore, to prevent accidents from occur-
ring in plants, thermal hazard information should be
provided to the plant personnel in order to reduce the
degree of hazard, and also to the process engineers to
design a safe control system, such as the cooling
system, alarm system, interlock system, etc. [9].

Utility of safety parameters

During storage or transport of chemicals, the system
must emphasize safety. For this to happen, the safety
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parameters must be precisely evaluated. Then one
could decide whether a cooling system should be
established or not. These chemicals were stored in a
container that could be exposed to a thermal source,
self-decomposition, or unexpected mixing with
contaminants to prompt runaway reactions, such as
fire or explosion. In the absence of proper controls, a
serious accident could thus be triggered during the
upset situations.

Important safety parameters, namely, TMR, Tyg,
SADT and TCL could be employed to evaluate the
degree of hazard to reduce an unacceptable con-
tingency. These parameters are determined according
to the methodologies of Townsend [10] and
Fisher [11]. The whole results obtained were suitable
for the study of the phenomenon of runaway reactions
involving pure substances or mixtures. These safety
parameters are described below.

Time to maximum rate (TMR)

TBPB has a high seriously exothermic peak during
the decomposition reaction; therefore TMR is an
adequate indicator to study the variation between time
and temperature in four different heating rates (1, 2, 4
and 10°C min ).

The calculation method by Townsend and Tou is
shown in Eqs (1) and (2):

2
TMR = KL e (1)
AE AT,
0
ATy =F (2)

Kinetic parameters via experimental results
belong to n™ order reaction and only have one
exothermic peak for appropriating this method. In an
earlier paper, Andreozzi et al., used the TMR for
evaluating the runaway hazards of different molar
ratios of tert-butyl hydroperoxide (TBHP)/p-toluene-
sulphonic acid (R) [12]. Chang et al. [13] and
Tseng et al. [14] have employed curve-fitting to cal-
culate the TMR for comparing the potential runaway
hazards of pure MEKPO and mixing contaminants.

Temperature of no return (Tyg)

To adopt a suitable and deliverable emergency
response during an upset situation, Tygr 1S an
important index in common use, which could be
calculated via the relationship between the rates of
heat generation and heat removal [15]. Tyr increases
with the temperature of runaway reaction. It could be
applied to design a cooling system and to tell fire
fighters about the remaining time to conduct a rescue
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operation [16]. Txg could be computed by Eqgs (3)
and (4) given below:

E AHk

Tyg +273.15)2 = 1122 20K 3

(Tnr ) RU(8)a (3)
mE AHAe B+/RTw+27315)

= @)

RU(18)a

Self-accelerating decomposition temperature (SADT)

SADT is extensively employed to estimate the de-
composition reaction of thermally unstable materials,
such as the O—O bond of organic peroxide, which is
defined as the lowest ambient air temperature at
which a self-reactive substance of specified stability
(contaminant level, inhibitor concentration, vessel
volume filled ratio, etc.) undergoes an exothermic
reaction in a specified commercial package in a
period of seven days or less [11]. A self-reactive sub-
stance must be subject to temperature control, in-
hibitor, improving the materials and volume for a
container during transportation if its SADT is less
than or equal to 50°C [17]. In practice, Eq. (5) could
be used to calculate this safety parameter:

R(Ty, +27315)°
E

a

SADT = T — Q)

Time to conversion limit (TCL)

Assessment of thermal stability (TS) of a substance
(stability analysis) lies in evaluating the time when
the conversion of a reaction reaches some predefined
value — the conversion limit (CL), at a constant set
temperature. This time is called TCL. When the TS
mode is selected, the forced temperature mode is set
in spite of the earlier settings made in the conditions.
The constant environment temperature is set equal to
the current temperature point.

TS is characterized by the time (TCL) necessary
to reach a certain level of conversion at a certain
constant temperature. Therefore, for long-term stor-
age, it can be chosen as the maximum permissible
time during which the conversion of the product does
not have any significant impact on the product
quality. If TBPB is used in a synthesis process, TCL
indicates the time to an acceptable degree of this
reactant consumption due to decomposition, and it
does not affect the mass balance of the process
[18, 19].

J. Therm. Anal. Cal., 93, 2008



RUNAWAY REACTION ON tert-BUTYL PEROXYBENZOATE

Table 1 Calculated kinetic and safety parameters derived from the kinetic scanning experiments of TBPB 98 mass% by DSC

iqi?s%ﬁg Scriggiﬁ?i?}e’ Ty/°C Tol°C  E/kImol’  AHJ g Ass! Tne/°C SADT/C
s B w o mom .
23 2 o 144 S s, T 39 28
22 4 a" 151 o2 FEoppa =2, 40 30
5w W e g e

"Calculated values based on curve—fitting method, the rest of the data are calculated values based on experimental data, ~based on

55 gallon drum with 98 mass% of TBPB

Experimental

Preparation of TBPB 98 mass%

TBPB 98 mass% was purchased directly from Akzo
Nobel, and stored in a refrigerator at 4°C. All the
experimental results were determined by DSC.
Curve-fitting method was, in turn, employed to model
the kinetic parameters, as mentioned above.

DSC

Temperature-programmed  screening  experiments
were performed with DSC [20]. The measuring cell is
the essential part of the experiment; it was used for
carrying out the experiments for withstanding
relatively high pressure to approximately 100 bar
(DSC 821°). The scanning rate chosen for the tem-
perature-programmed ramp was 1, 2, 4 and
10°C min . The range of temperature rise was chosen
from 30 to 300°C for TBPB 98 mass%. DSC was
employed to detect the temperature change between
the sample and reference for determining the heat
flow, time and temperature.

Four types of scanning rates were carried out in
the test cells by using DSC [20] for obtaining the
experimental data. TBPB (98 mass%, 2—-3 mg) was
placed in a test cell for detecting the heat flow (mw),
time and temperature. At the beginning of an
experiment, DSC had to be stabilized for 30 min and
then the experiments were started with a scanning rate
of 1,2, 4 and 10°C min ', respectively. For enhancing
the degree of accuracy the samples were weighed
again after the experiments were finished, in order to
ensure that material had not leaked during the
experiment [20].
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Results and discussion
Experimental analyses for DSC tests

We carried out experiments of TBPB 98 mass%
(about 2.2-2.8 mg samples) with four heating rates (1,
2, 4, 10°C min") using DSC, which generated one
strongly exothermic peak under runaway conditions
due to the sensitive structure of the O—O single bond
as depicted in Figs 1 and 2. Our results in Table 1
show for TBPB 98 mass % the kinetic parameters
obtained experimentally as well as by curve-fitting
for different heating rates. Both methods exhibited
similar results, especially for AH (J gﬁl) and T, (°C),
about 1100-1300 J g' and 86-100°C, respectively.

The above illustrates that due to a sensitive
peroxide structure (O—O), TBPB is more dangerous
during storage or transportation than some of the
other hazardous materials extensively employed in
the chemical industry, such as methyl ethyl ketone
peroxide (MEKPO) 31 mass% (951.6 J g") [21] and
dicumyl peroxide (DCPO) 99.3 mass% (762 J gfl)
[22], and so on. Due to its very low 7,, TBPB should
be treated with caution during the period of use,
storage and transportation in related plants.

¢ TBPB 98 mass% —4°C min ‘l(cxpcrimcnm] data)
—— TBPB 98 mass% 4°C min " (curve fitting)

1400 & TBPB 98 mass% 2°C min | (experimental data)
_ —— TBPB 98 mass% —2°C min_ (curve fitting)
12004
=il
o~
— 10004
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£ 800
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— TBPB 98 mass% —10°C min * (curve fitting)
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Fig. 1 Heat production vs. time for TBPB 98 mass% by DSC

for four types of heating rate with kinetics-based
curve-fitting results
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TBPB 98 mass% —10°C min : (experimental data)
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Fig. 2 Heat production rate vs. time for TBPB 98 mass% by
DSC for four types of heating rate with kinetics-based
curve-fitting results

Curve-fitting analyses based upon experimental data

Curve-fitting reflected similar data as the experi-
mental data. We believe that these groups of kinetic
parameters can be established by selecting an appro-
priate kinetic model to identify its basic charac-
teristics as given in Egs (6) to (10):

The model for decomposition of TBPB
98 mass% has only one stage:

A5 B (6)

The following mathematical model describes an
n'™ order reaction:

d
r="t=k (D)f (M)
dt
f=1-a)" 3
da _ -E,/RT n th :
P Ae (I—a)" n"orderreaction (9)
t
9 =0, (10)
dt

where o is the degree of conversion; » and Q,° denote
reaction rate and heat effect of the stage, respectively;
dQ/dt is the overall heat generating rate; f denotes
kinetic function for the stage that depends on the
extent of conversion; ki(7) obeys the Arrhenius
temperature dependency of the rate constant: k(7)=
Aexp(—E./RT); A and E, represent, respectively, the
frequency factor and the activation energy of the
stage; R is the gas constant (R=8.314 J mol' K").
After the kinetic parameters had been evaluated
by curve-fitting in the above model, all the data
indicated that the decomposition of TBPB 98 mass%
was an n" order reaction, because in the temperature
range of about 80-300°C, its activation energy (E,)
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was about 106, 110, 108 and 107 kJ mol ', respect-
ively. All the values of E, were less than 220 kJ mol-1
[23]. To precisely acquire the kinetic parameters,
such as E,, frequency factor (4), reaction order (n),
and heat of reaction (AH), having a good baseline to
integrate the exothermic peak for each of the thermal
curves was very important. For this we performed
controlled experiments by employing four heating
rates (1,2, 4 and 10°C minﬁl), enhancing the degree of
accuracy [24].

Safety parameters analyses

Safety parameters have been calculated in this study.
Using the above-mentioned model, TMR was
between 583—-833 h when the temperature was 20°C,
while increasing the temperature to 100°C, TMR was
reduced to a dangerously low value of 4-5 min in the
four heating rate conditions used, as shown in Fig. 4
and Table 2. Therefore, for preventing an accident
from occurring, the temperature control system
should be initiated every time and the temperature
maintained less than 20°C for better control. Another
index was TCL, which demonstrated the stability of a
product under storage or transportation conditions. If
the temperature was about 30°C, TBPB 98 mass%
had the highest level of stability (Fig. 3). If the
temperature rises to 40°C or above, a thermal accident
can occur in the next stage. This phenomenon on
runaway reactions was further supported by the
results of curve-fitting with various changes of
temperature. This can be adopted for preparing a
suitable emergency response.

TBPB possesses a sensitive structure and a
strong exothermic group. For this reason, the SADT
was very low, actually even less than 30°C for the
heating rates of 1 and 2°C min ' as listed in Table 1.
In contrast, Tyr was about 40-50°C During this tem-
perature range, the heat generating rate would be
higher than the heat removal rate, leading to a no

ssof
—&— TBPB 98 mass% —1°C min 1 (curve fitting)
3004 —®— TBPB 9§ mas: °C mm_l (curve fitting)
L} — & TBPB 98 mas: 4°C min~ " (curve fitting)
2504 v I'BPB 98 mass? —10°C min I[cul\‘cﬁtting)
e -
Z 200
=
=
01504
=
1004
501
01 ——8—8
T T T T T
20 40 60 80 100

Temperature/°C

Fig. 3 TCL vs. temperature (kinetics-based curve-fitting) for
TBPB 98 mass% by DSC for four types of heating rate
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Table 2 TMR for TBPB 98 mass% with four heating rates calculated on the basis of kinetics evaluated

1°C min™' 2°C min™' 4°C min"' 10°C min"'
Temp./°C Time/min Temp./°C Time/min Temp./°C Time/min Temp./°C Time/min
20 43171 20 53814 20 34070 20 37572
27 15712 27 18839 27 12185 27 13528
34 6005 34 6939 34 4580 34 5118
41 2402 41 2680 41 1803 41 2028
49 1003 49 1081 49 741 49 838
56 435 56 454 56 317 56 361
63 196 63 198 63 141 63 161
70 91 70 90 70 65 70 74
78 44 78 42 78 30 78 35
85 21 85 20 85 15 85 17
92 11 92 10 92 7 92 8
100 5 100 5 100 4 100 4
50000 * Therefore, for prevention of TBPB accidents, the safety

—&— TBPB 98 mass% —1°C nun
- —&— TBPB 981

curve fitting)
—2°C min curve fitting)

—1 (
by
1 (curve fitting)
-1

40000 —d— TBPB 98 mas: 4°C min
—w— TBPB 98 mass% —10°C min™ ' (curve fitting)
=]
‘E 300004
2
= 200001
10000

20 40 60 80 100
Temperature/°C

Fig. 4 TMR vs. temperature (kinetics-based curve-fitting) for
TBPB 98 mass% by DSC for four types of heating rate

return situation and resulting in an explosion or fire.
Results from our systematic studies of TBPB
98 mass% clearly indicate that each of the conditions
has an influence on the runaway reactions.

Conclusions

The hazardous characteristics—runaway reaction
relationship was explored for TBPB 98 mass% with
four heating rates by using experimental and curve-
fitting methods. We found that TBPB 98 mass% was
unstable due to its thermally reactive structure and
hence cannot be used without sound safety systems.
Further, TBPB decomposition fits an #n™ order reaction.
The degree of hazard increases significantly if the tem-
perature is not well controlled. TBPB was prone to
behave exothermically at temperatures as low as 100°C
in the test cells, and the heat of reaction (AH) may be an
important parameter in classification of safety degree.

J. Therm. Anal. Cal., 93, 2008

information discussed in this paper must be brought to
the notice of all the relevant plants.

Acknowledgements

We are indebted to the donors of the National Science Council
(NSO) in Taiwan under the contract
No. NSC-96-2625-Z-224-001 for financial support. We grate-
fully acknowledge Dr. Arcady A. Kossoy of ChemInform
Saint Petersburg (CISP), Ltd., St. Petersburg, Russia for
providing technical assistance.

References

1 Material safety data sheet, Akzo Nobel Chemicals bv,
Stationsplein 4, P.O. Box 247, 3800 AE Amersfoort,

The Netherlands 2006.

2 P. H. Bolton and D. R. Kearns, J. Phys. Chem.,

78 (1974) 1896.

3 R. Baron, A. Darchen and D. Hauchard, Electrochim.
Acta, 51 (2006) 1336.

4 Safety and handling of organic peroxides: a guide, organic
peroxide producers safety division, The Society of the
Plastics Industry (SPI), Inc., Washington, DC, USA 1999.

5 Recommendations on the transportation of dangerous
goods. Manual of test and criteria, 3™ Ed., United Nations
(UN), New York, USA and Geneva, Switzerland 1999.

6 D. Swern, Organic peroxides, John Wiley and Sons, Inc.,
1972.

7 V. Logvinenko, K. Mikhailov and Yu. Yukhin, J. Therm.
Anal. Cal., 88 (2007) 47.

8 A. loitescu, G. Vlase, T. Vlase and N. Doca, J. Therm.
Anal. Cal., 88 (2007) 121.

9 J. M. Tseng, C. M. Shu, J. J. Horng, C. M. Kuan and
H. I. Hsu, Process Saf. Environ. Prot., 85 (2007) 125.

125



CHENG et al.

10 D. I. Townsend and J. C. Tou, Thermochim. Acta,
37 (1980) 1.

11 H. G. Fisher and D. D. Goetz, J. Loss Prev. Process Ind.,
6(1993) 183.

12 R. Andreozzi, V. Caprio, S. Crescitelli and G. Russo,

J. Hazard. Mater., 17 (1988) 305.

13 R. H. Chang, J. M. Tseng, J. M. Jehng, C. M. Shu and
H. Y. Hou, J. Therm. Anal. Cal., 83 (2006) 57.

14 J. M. Tseng, C. M. Shu and Y. C. Yu, Korean J. Chem.
Eng., 22 (2005) 797.

15 P. C. Bowes, Self-heating: evaluating and controlling the
hazards, Elsevier Science Publishing Company, Inc.,
New York, NY 10017, USA 1984.

16 A. A.Kossoy, Inherently safer and assessment of reaction

hazards technology workshop, Yunlin, Taiwan, ROC 2002.

17 H. G. Fisher and D. D. Goetz, J. Loss Prev. Process Ind.,
4 (1991) 305.

126

18 A. A. Kossoy, A. Benin and Y. Akhmetshin, J. Hazard.
Mater., 118 (2005) 9.

19 A. A. Kossoy and Y. Akhmetshin, Process Saf. Prog.,
26 (2007) 209.

20 STAR® software with solaris operating system, Operating
instructions; Mettler Toledo, Sweden 2004.

21 R. H. Chang, Master Thesis, NYUST, Yunlin, Taiwan,
ROC 2003.

22 H.Y.Hou, T. S. Liao, Y. S. Duh and C. M. Shu, J. Therm.
Anal. Cal., 83 (2006) 167.

23 B.D. Leila and H. Fierz, J. Hazard. Mater., 93 (2002) 137.

24 M. H. Yuan, C. M. Shu and A. A. Kossoy, Thermochim.
Acta, 430 (2005) 67.

DOI: 10.1007/s10973-007-8831-z

J. Therm. Anal. Cal., 93, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


