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THERMOGRAVIMETRY STUDIES OF COTTON FABRIC'S FLAME-
RETARDANCY BY MEANS OF SYNERGISM OF LITHIUM BROMIDE
AND ANTIMONY TRIOXIDE

-* .
S. M. Mostashari and S. Baie
Chemistry Group, Faculty of Science, The University of Gilan, Rasht, Iran

The synergism of lithium bromide and antimony trioxide on the flame-retardancy of a cotton fabric (woven, plain 150 g m®) has been
investigated in this study. The impregnations of cotton fabric with suitable individual additives and/or their appropriate admixed
formulation were carried out. The flammability test has also been fulfilled using described procedure, in the earlier published
articles. Their outcomes comply with thermogravimetry’s data. Moreover the latest mentioned outcomes support the catalytic effect
of this synergism. Explanation of the data could be in favor of existing flame-retardation’s theories. Ultimately this synergism is in
compliance with the green chemistry and economical viewpoints.
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Introduction

In recent years, polymeric composites are widely used
in the production of new engineering materials. It is
perceived as the reflection of technological development.
Meanwhile the polymeric composites are promising,
due to their economically versatile applicability and
good mechanical properties. They are used in many
applications, such as housing materials, transport and
electrical engineering. Due to the increasing demands
on polymers, the development of safe and environmental
friend flame-retarded polymers has gained great
importance nowadays. Many types of flame-retardants
are added to polymers to reduce their flammability.
Flame-retardants are defined as chemicals that
modify pyrolysis reactions of polymers or oxidation
reactions implied in the combustion by slowing down
or inhibiting them [1].

When used individually, they are effective in
improving some, but not all of the physical properties
of the virgin polymers [2]. Many types of flame-retardants
are used in consumer products. They are mainly
phosphorus, antimony, aluminum and boron-containing
compounds, chlorides and bromides [1].

Combining fire-retardant additives can provide
more effective results than using them individually.
Formulations with at least two fire-retardants may
have synergistic, and/or antagonistic effects. An addi-
tive effect is the sum of the effects of the two compo-
nents taken independently. Synergism means that the
observed effect is greater than additive, while an an-
tagonistic effect is less than an additive [2].
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In the flame-retardation study, many systems
such as phosphorus-nitrogen, halogen-antimony, me-
tallic hydroxide, red phosphorus (RP) have been
found to have synergistic effects [3].

The aim of this investigation is to study the
flame-retardant efficiency of lithium bromide’s syn-
ergism with antimony trioxide by using the vertical
flame spread test. Moreover the thermogravimetry’s
curves, i.e. their (TG/DTG) data have been obtained,
compared and commented.

Experimental
Materials

All fabrics were woven (plain) construction weighing
150 g m 2, unfinished 100% cotton fabric, laundered
and dried. The samples were then cut along the warp
direction in 8%22 cm strips and pre-washed in hot
distilled water. They were then dried horizontally at
110°C for 30 min in an oven, cooled in a desiccator
and massed with an analytical precision. This method
has also been developed and introduced in the
previous publications of Mostashari et al. [4—12].

It is mentionable that with the exception of the
first set; all other sets of fabrics were impregnated
independently at 20-22°C, by dipping and stirring for
10 min into the suitable concentrations of antimony
trioxide and/or lithium bromide or their combinations.
They were then squeeze rolled and dried horizontally
in an oven at 110°C for 30 min, afterwards, they were
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Fig. 1 Mostashari’s flammability tester with a flame-retarded
fabric after the end of the flammability test

cooled in a desiccator, re-massed with an analytical
precision. The treated fabrics were kept overnight under
laboratory’s conditions before carrying out the vertical
flammability test, so that their humidity regained
during this period. The laboratory’s environment was
in average temperature ranged between 20 and 22°C
and the relative humidity (RH) ranged between 65
and 67%. The above-mentioned method has also been
described in the previous investigations and also in
the accepted articles in this Journal [4—12].

Methods

Flammability tester

A vertical flame spread test method following the pro-
cedure described in DOC FF 3-71 [13] was employed to
determine the flammability of the fabrics. It has been
designed and named as Mostashari’s flammability
tester (Fig. 1). The description of this tester has also
been described in previous published articles including
in this Journal [4—12].

Thermogravimetry

This technique, measures the mass changes of a speci-
men as a function of temperature in the scanning
mode or as a function of time in the isothermal mode.
Hence for a better understanding about the role of
synergism of lithium bromide together with antimony
trioxide on the flame-retardancy donated to cotton
fabric, the thermogravimetry of pure cotton, and the
treated one with lithium bromide, antimony trioxide
as well as their synergism at optimum addition for
flame-retardancy were accomplished.

TG curves obtained for each specimen with a
TGA V5.1A Dupont 2000 Thermal Analyzer. This
apparatus was used to determine the mass loss during
thermal decomposition. To fulfill thermogravimetry,
a pulverized pure cotton fabric, and the treated fabric
with the additives at optimum additions were put in
practice. All samples were heated from 20 to 500°C in
air at a heating rate of 10°C min™".

Results and discussion

The experimental results are listed in Table 1. By using
our vertical flammability tester the optimum efficient
content of additives applied as flame-retardants into
the cotton fabric are summarized to ascertain the
burning characteristics of the specimens. In column 6
burning times are given.

The burning rates in cm s, calculated by means
of dividing the length of the burned samples by their
burning times, are shown in column 7. Char lengths
are illustrated in column 8. The states of the samples
after the fulfillment of the vertical flame spread test
are given in column 9, CB stands for completely burned
and FR means completely burned.

Table 1 Synergistic effect of deposited ‘antimony trioxide-lithium bromide’ on the flame-retardancy imparted to cotton fabric

(woven 150 g m?)

Treating solution

St somion somion  Cdmbedtab) TS g, Bumng Gl smeor
e (foggé%ies) (mongies) reSpe(;ﬁ"e (f?”?'f‘m)ies lvlvgiogchi}ai;d tme/s SA¥* - 5 cm  fabrict
and/or molarities

1 untreated - - - 27+1.10 0.81 - CB

2 0.16 - - 8.89 2834121 078 - CB

3 0.17 - - 16.03 - - 2.0 FR

4 - 0.10 - 2.71 143186 1.54 - CB

5 - 0.15 - 3.85 - - 0.8 FR

6 - - 0.025-0.013 2.15 104197 220 - CB

7 - - 0.050-0.025 6.81 141.99 - 1.0 FR

*Average of 5 tests for each set of samples; **Sd stands for standard deviation; ***CB stands for completely burned and FR stands
for flame-retarded; “Longitudinal (on the surface) burning. Note: for flame retarded (FR) samples char length <2.0 cm
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It can be attributed from the tabulated results in
the fifth column that the efficient amount of antimony
trioxide as a flame-retardant expressed in g per 100 g
cotton fabric is about 16.03%. This figure for lithium
bromide supported fabric has also been determined as
3.85%. However the results of fourth and fifth
columns show that the combination of 0.05 formal
antimony trioxide and 0.025 molar lithium bromide
donated around 6.81% mass loading to the samples.
This addition is around the optimum quantity for
impartation of flame-retardancy to the cotton fabric.
TG/DTG curves concerning untreated cotton fabric
(1.0768 mg) and treated fabrics with optimum
addition of lithium bromide (1.6060 mg) and its
synergism with antimony trioxide (2.8133 mg) were
obtained (Figs 2—6).

For lithium bromide treated fabric the mass loss
occurred mainly at temperature around 260°C. For
antimony trioxide supported fabric this temperature
was around 350°C. However for their synergism, the
major mass loss obtained at around 290°C.

Note that the combustion temperature of cotton
substrate is about 350°C. This trend in the relative
mass loss is due to cellulose dehydration. It seems to
be in favor of the outcomes of our flame spread test
summarized in Table 1. Curve A, in Fig. 6 illustrates
that in the case of untreated cotton fabric, the mass
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Fig. 2 TG/DTG of untreated (UT) cotton fabric
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Fig. 3 TG/DTG of flame-retarded cotton fabric treated at the
optimum addition of LiBr to achieve flame-retardancy
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Fig. 5 TG/DTG of flame-retarded cotton fabric treated at the

synergism of LiBr—Sb,0; at optimum addition to
achieve flame-retardancy
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Fig. 6 TG comparative curves: A — TG spectra of untreated
cotton fabric. B — TG spectra of FR cotton fabric by the
lithium bromide, at the optimum addition. C - TG
spectra of FR cotton fabric by the antimony trioxide, at
the optimum addition. D — TG spectra of FR cotton
fabric by the synergism of lithium bromide/antimony
trioxide, at the optimum addition

loss in the air occurred after 100°C, at a relative slow
rate, up to 300°C. Above this temperature, the rate of
mass loss increases steeply up to 370°C, when the
maximum mass loss attains 74%. Once more, the rate
of mass loss slows down between 370 and 500°C, the
total mass loss at this temperature being of 98%,
which may be explained through oxidative char for-
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mation. However for treated specimens smooth mass
losses could be seen. Indeed thermal stability of
treated samples strongly affected their flammability.
The combustibility’s results at Table 1 support this
suggestion. This synergism with an overall is in favor
of environmental view points as well as the economi-
cal benefits, since low addition of its combination is
needed. The synergistic effect of the treated sample il-
lustrated a significant mass loss rather smoothly be-
low the degradation zone of cellulose (Figs 5 and 6).
The plausible mechanism of their flame-retardancy
seems to be in favor of free radical theory proofing
the catalytic effect of this synergism [14].

It is stated that both antimony and lithium compo-
nents have been used independently to improve the
flame-retardancy of cellulosic materials without the assis-
tance from other halogen containing compounds i.e. they
could act as catalysts. Apparently they alter the thermal
degradation pathways of the substrate via condensed
phase mechanism in such a manner that higher amounts
of non-volatile char residues and less flammable gases
could be generated during the thermal decomposition of
the substrate [15]. Nevertheless antimony oxides and
antimonates could somehow be converted to volatile spe-
cies when applied with halogen compounds. It is usually
accomplished by releasing of halogen acids at the com-
bustion temperature’s zone. That is: halogen acids react with
the antimony-containing materials to form antimony
trihalide and/or antimony halide oxide.

These materials act in the substrate both at
condensed phase and in the flame zone to suppress the
flame propagation. These are in compliance with
condensed phase retardation as well as chemical
action theory [14, 16, 17].

In the condensed phase, they enhance the char for-
mation. Char acts as a physical barrier towards the flame
and inhibits the volatilization of flammable volatiles. In
fact, in the flame zone, antimony halides and halide ox-
ides, generated in sufficient volume, could provide inert
gases, as a blanket over the substrate, thus excluding oxy-
gen and preventing flame spread is the resultant.

These compounds alter the chemical reactions
occurring at fire temperatures in the combustion zone;
hence they reduce the ease of ignition at which oxygen
can combine with the flammable volatile products. It is
also suggested that antimony oxychloride or trichloride
reduce the rate at which the halogen leaves the flame
zone [18], thus increasing the probability of reaction
with the reactive species. It is likely that antimony
trichloride evolves heavy vapors, which form a
protective layer over the condensed phase, stop
oxygen attacking and thus choke the flame. It is also
assumed that the liquid and solid of antimony
trichloride particles evolved in the gas phase reduce
the energy content of the flames by wall or surface
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effects [16, 18, 19]. That is: they show the effect of
dust or wall in the combustion zone of cellulose as
described in the wall effect theory [19]. According to
this theory ‘if a high enough concentration of dust is
present in the air, no flame can propagate’. This action
is claimed due to the absorption and dissipation of
heat by the inert dust, causing a lowering of temperature,
which is named as dust or wall effect [16, 19].

The addition of antimony trioxide allows the for-
mation of volatile antimony species (antimony
halides or antimony oxyhalide) capable to interrupt
the combustion process by inhibiting H® radicals via a
series of reactions proposed below [20]:

Sb,05+6HX52SbX5+3H,0
SbX;+H S SbX,+HX
SbX,+H S SbX+HX

SbX+H*SSb+HX
Sb+0°S5SbO°
SbO*+H*SSbOH
SbOH+H*SSbO*+H,

Antimony trioxide on its own has been reported to
act a catalyst for carbon oxidation; in fact it has an in-
hibiting effect on char oxidation when used with other
inorganic fillers. However, a chemical explanation for this
unexpected effect was not given in the literature [15].

It is worthy to mention that halogen-containing
compounds such as lithium bromide when used inde-
pendently could act as flame-retardants in compliance
with the free-radical theory [14, 17]. They could be in-
volved to remove high-energy “OH, “H, "O® and the
like radicals generated during the burning process by
the suppression via their chlorine or bromine com-
pounds when used as flame-retardants; the reaction is
represented below [16, 17]:

RX+"H—HX+R" (X=Cl, Br)

It is noticeable that R" is a less active radical than
°H. It is also mentionable that halogenated flame-retar-
dants absorb a significant amount of energy during the
propagation of fire, so they play an important role in
stopping the chain reaction of the combustion process.

As it was mentioned hereinbefore, HX also acts
as a catalyst [21]. Consequently the influence of
synergism concerning antimony trioxide’s accompa-
niment with lithium bromide could also illustrate a
suitable performance to impart flame-retardancy for a
cotton fabric. It is noticeable that nowadays the study
concerning synergism of elements and/or their related
components to achieve flame-retardancy has gained a
great interest. Among them the synergism of phos-
phorus-halogen, nitrogen-phosphorus, etc., has been
exemplified in the scientific literature [21-26]. In
consequence; it is then attribatable that, while the
additive effect is the sum of the individual actions, the
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effect of synergism is higher than this sum [27]. Note
that: our experimental proved a suitable synergism.
Ultimately using less halogenated flame-retardant by
this synergism and alike could help to protect the
environment from potentially hazardous side effects
of halogenated gases generated during combustion, so
these types of synergism could be recommended.
Apart from this synergism which is in favor of en-
vironmental viewpoints it has also economical bene-
fits, since low addition of antimony trioxide as well as
a diminished amount of lithium bromide was required.

Conclusions

The synergism of antimony trioxide and lithium bro-
mide into the cotton fabric to impart flame-retardancy
demonstrated a favorable performance. This is due to
their collaboration to promote the formation of
non-volatile char residues and less flammable gases,
when the polymeric substrate is subjected to thermal
decomposition. Therefore free-radical theory ascribed
in the chemical action theory as well as ‘condensed
phase retardation’ may be involved to justify this ac-
companiment. Thermogravimetry experiments sup-
ported the suggestion concerning catalytic effect of
this synergism. The low addition of this combination
may also be beneficial to avoid destructive characteris-
tics donated into the substrate, which could affect its
physical and mechanical properties, such as poor-han-
dle, etc., where applied into the substrate. Ultimately
the use of a decreased amount of the combined addi-
tives to achieve the same performance of flame-
retardancy is in compliance with the green chemistry’s
viewpoints as well as the economical advantages. That
is: potential hazards to the environment concerning
halogenated gases generated during combustion could
be limited.

Acknowledgements

The authors are grateful to Gilan University for financial
assistance of this research project.

References

1 U. Atikler, H. Demir, F. Tokatli, F. Tthminlioglu,
D. Balkése and S. Ulkii, Polym. Degrad. Stab.,
91 (2006) 1563.

2 E. Kandare, G. Chigwada, D. Wang, C. A. Wilkie and
M. H. Jeanne, Polym. Stab., 91 (2006) 1209.

3 Du. Longchao, Q. Baojun and X. Zhenjin, Polym. Stab.,
91 (2006) 995.

J. Therm. Anal. Cal., 94, 2008

4 S. M. Mostashari, M. A. Zanjanchi and O. Baghi,
Combustion, Explosion Shock Waves, 41 (2005) 426.

5 S. M. Mostashari and O. Baghi, J. Appl. Fire Sci.,
12 (2003-2004) 203.

6 S. M. Mostashari and Y. K. Nia, J. Therm. Anal. Cal.,
92 (2008) 489.

7 S. M. Mostashari, Y. K. Nia and F. Fayyaz,
J. Therm. Anal. Cal., 91 (2008) 237.

8 S. M. Mostashari and S. Z. Mostashari, J. Therm. Anal. Cal.,
91 (2007) 437.

9 S. M. Mostashari and A. Farkhondeh, Asian J. Chem.,
17 (2005) 2803.

10 S. M. Mostashari and S. Z. Mostashari, Asian J.Chem.,
17 (2005) 2331.

11 S. M. Mostashari, H. Haddadi and Z. Hashempoor, Asian
J. Chem., 18 (2006) 2388.

12 S. M. Mostashari, Y. K. Nia and S. Baie, J. Chem,

25 (2007) 926.

13 U. S. Department of Commerce Standard for Flammability
of Childrens Sleepware (DOC. FF 3-71), Federal Register,
36, No. 146, July 19 (1971).

14 J. H. Troitzsch, Chimica Oggi—Chemistry Today,

16 (1998) 10, 14.

15 F.J. W. ]. Labuschagne, W. W. Focke and J. C. Mentz,
SA Patent (No. 2001/4876) assigned to University of
Pretoria entitled: ‘Intumescent Flame Retardants’, (2002).

16 S. M. Mostashari, ‘The Production of Flame-Retarded
Acetate Rayon’, M.Phil. Thesis, University of Leeds,
(1978) pp. 11-12.

17 M. Kenser and W. De Vos, J. Chem. Edu., 78 (2001) 41.

18 G.J. Van Esch, ‘Flame-Retardants environmental health
criteria 192°, (1997).

19 Z. E. Jolles and G. 1. Jolles, Plastics Polym.,

40 (1972) 319.

20 http://www.specialchem4polymers.com/tc/Flame-
Retardants/index.aspx?id=9305

21 J. Troitzsch, International Plastics Flammability
Handbook: Principles-Regulations-testing and Approval,
Hanser Munich (1990).

22 G. C. Tesoro, S. B. Sello and J. J. Willard, Textile Res. J.,
38 (1968) 245.

23 W. A. Reeves, R. M. Perkins, H. Piccolo and G. L. Drake,
Textile Res. J., 40 (1970) 223.

24 G. C. Tesoro, S. B. Sello and J. J. Willard, Textile Res. J.,
39 (1989)180.

25 H. Demir, E. Arkis, D. Balkose and S. Ulkii, Polym.
Degrad. Stab., 89 (2005) 478.

26 S. M. Mostashari, R. Amirrahamet and A. Farkhondeh,
Asian J. Chem., 18 (2006) 2391.

27 A. Tohka and R. Zevenhoven, Processing Wastes and
Waste-Derived Fuels Containing Brominated Flame-retardants,
Helsinki University of Technology Department of Mechanical
Engineering Espoo, (2001) 11-12.

Received: June 5, 2007
Accepted: March 18, 2008
OnlineFirst: August 12, 2008

DOI: 10.1007/s10973-007-8589-3

101




<<
  /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


