Lenzinger Berichte, 85 (2006), 22-30

THE FUNCTIONAL PROPERTIES OF TENCEL® - A CURRENT UPDATE

Heinrich Firgo®, K. Christian Schuster”, Friedrich Suchomel®, Johann Minner®, Tom Burrow®,
Mohammad Abu-Rous”

* Textile Innovation, Lenzing AG, Austria
® Christian Doppler-Laboratory / Chemistry Cellulosic Fibers and Textiles, Institute of Textile
Chemistry and Textile Physics of Leopold-Franzens-University Innsbruck, Austria
’ Corresponding Author:_c.schuster@lenzing.com, tel.:+43 -7672 - 701 - 3081

For many years the textile world was very
simple when it came to the function of textiles:
hydrophilic natural fibers like cotton and wool
and the man made cellulosic fibers stood for
absorbency and breathability and the synthetic
fibers stood for strength and easy care.

With increasing use of the term ““functional
textile®, the situation has become more complex.
The synthetic fiber industry has been developing
new products and marketing approaches
claiming enhanced “physiological function in
textiles” for sportswear and other fields.
Consumers have accepted these arguments and
there is a general belief that synthetic fibers are
the product of choice for active sportswear, even
where the hydrophilic fibers may be superior.

In order to redress the situation, Lenzing AG as
a leading producer of cellulosic fibers [1][2]
decided that a deeper insight into the “inherent
physiological properties and functions” of
hydrophilic fibers was needed. A research
program was started to look at the inherent
properties of fibers using new methods and
approaches. The objective was to produce the
evidence needed to make our customers aware
of the excellent “inherent functionality” of
Lenzing’s cellulosic fibers and that in many
cases there is no need to use highly sophisticated
functional synthetic fibers and finishes to
achieve a “functional textile”.

There are two ways of developing the
physiological functions of a textile product.
Properties can be modified or enhanced by work
on the fabric development level and/or fibers
can be used which offer physiological functions
on the fiber level. The best products will result
from a combination of the two approaches.
However this paper does not consider specific
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textile product development possibilities; it
presents  statements of the  “inherent
physiological fiber properties” of Lenzing’s
hydrophilic fibers.  For each physiological
function that is described, evidence is presented.

To help understand the origins of the “inherent
physiological functions” of textile fibers it can
be postulated that:

1. When hygroscopic or hydrophilic fibers come
into contact with water, they absorb it into the
fiber structure.

2. Cellulosic fiber type A will not handle/absorb
water in the same way as cellulose fiber type B.
There are significant differences between
different types of cellulosic fibers.

3. Cellulosic fiber plus water gives inherent
physiological functions. It is only the
combination of cellulose with water that gives
interesting physiological properties.
4. TENCEL"® plus water gives
physiological properties

5. Hydrophobic synthetic fibers do not absorb
water into the fiber structure, they can only
adsorb water onto the fiber surface.

6. Therefore the combination of synthetic fibers
with water normally will not result in added
physiological properties (or only to a very low
extent).

enhanced

To demonstrate the difference between
cellulosic fibers and synthetic fibers, samples of
fiber were placed in the specimen chamber of an
environmental scanning electron microscope.
The atmosphere surrounding the fibers was
saturated with water.

Figure 1 shows the result [3]. The fiber on the
left is polyester; the fiber on the right is a
TENCEL" fiber.
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Figure 1: Polyester (left) and TENCEL® fibers (right) in
water vapor atmosphere in environmental SEM.

Water droplets have condensed on the surface of
the polyester fiber. The TENCEL" fiber does
not show any water on the surface. This is the
major difference between synthetic fibers and
cellulosic fibers.  Synthetic fibers such as
polyester are non-absorbing, non-hygroscopic
and therefore not breathable. They will only
adsorb water on the fiber surface. Cellulosic
fibers like TENCEL® are hygroscopic, water
absorbing and breathable. Water is absorbed into
the fiber structure.

The ability to absorb water into the fiber
structure is a common feature of all cellulosic
fibers and is the basis of some very important
physiological properties. All cellulosic fibers
show the following eight physiological
properties to a certain extent:

- High absorbency

- Warm and dry (as an insulation layer)
- High heat capacity

- Cool and dry to the touch

- Can actively reduce temperature

- Neutral electric properties

- Strongly retards bacterial growth

- Gentle to the skin

TENCEL® has a very high absorption capability,
a unique nano-fibril structure and a very smooth
surface. As a result, all these physiological
functions are much more pronounced for
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TENCEL® than for other cellulosic fibers. The
inherent physiological properties depend on the
amount of water which is absorbed and how it is
distributed within the swollen fiber structure.

Absorbency of cellulosic fibers

Transmission electron microscopy can be used
to show the location of water in a fiber. For
imaging, water-containing pores are filled and
stained with a contrasting substance. The water-
containing pores show up black, but the
cellulose without stain shows up white.

Figure 2 shows the cross-sections of four water
swollen cellulosic fibers [4]. Cotton absorbs
much less water than TENCEL®, Modal or
Viscose. The crystalline skin of Modal contains
less water than the core. The water distribution
of TENCEL® is very uniform over the whole
fiber cross section. Modal and Viscose have a
rather coarse pore system with a wide range of
pore size distribution from nanometer to
micrometer size dimensions The voids in
TENCEL® (Lyocell) are very small and quite
uniform, in the nanometer range. Latest findings
on Lyocell (TENCEL®) fiber structure are
reported in [4]-[6].

At a higher magnification using transmission
electron microscopy, it can be seen that the pore
structure of TENCEL® is a true nano-structure.
This is unique amongst the man made cellulosic
fibers. TENCEL® consists of countless, very
hydrophilic, crystalline nano-fibrils, which are
arranged in a very regular manner. The fibrils
themselves do not absorb water; water
absorption only takes place in the capillaries
between the fibrils.

A single TENCEL" fiber, therefore, will behave
like an ideally wetting bundle of nano-fibrils
with pores in nanometer range in between
[4][5][6], something which does not exist in the
synthetic fiber world. This is the reason for the
excellent water management and the very good

comfort in wear of textiles containing
TENCEL".
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Figure 2: Position of absorbed water in cellulosic fibers. Transmission electron micrographs. Water appears dark (electron

dense), cellulose bright [4]
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Figure 3. Water vapor absorption isotherms of various
textile fibers

Figure 3 is a graph of the “water vapor
absorption isotherms” of some fibers [7]. It
shows how much water vapor will be absorbed
into a fiber from air of a given relative humidity
at a given temperature (20°C in this case).
Polyester fiber absorbs only negligible amounts
of water; cotton absorbs much more.
TENCEL® absorbs up to 20% water at 90%
relative humidity, which is approximately the
same water vapor absorption capacity as wool
or down.

The absorption capacity and rate of liquid water
absorbency is another important feature of
textile fibers. Good water vapor absorbency
does not necessarily mean also a high rate of
liquid water absorption; the wicking properties
of a fabric greatly influence the absorption rate.

One way to measure the absorbency of a fabric
for liquid water is the “gravimetric absorbency
testing system”, the “GATS” test [12]. In this
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test the sample is exposed to liquid water from
below without any hydrostatic pressure.
Therefore the sample will only take up water as
it “demands” it. The test allows measurement of
the total water absorption and the absorption
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Figure 4. Schematic drawing of the GATS (gravimetric
absorbency testing) device [11]

Results with polyester and TENCEL® fabrics of
comparable weight which had been washed
once before testing have been reported
previously. The TENCEL® jersey clearly
outperformed the hydrophobic polyester fabric
in absorption rate and the amount absorbed [8].

Figure 5 is another example of a GATS test,
which was performed on commercial high
performance fabrics developed by IBQ in Spain
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Figure 5. GATS test results on fabrics for sports wear
applications

The material is used for mountaineering pants.
In two different two-layered constructions
(“ARAN” and “KHUMBA”), normally made
from 70% Polyamide/ 10% Elastane/ 20%
cotton, the cotton was replaced by TENCEL®.
Both TENCEL® containing fabrics perform very
well in terms of quantity and rate of absorption
whereas the cotton variant of “ARAN” absorbs
less water more slowly.

The cotton variant of “KHUMBA” did not
absorb any water in this test. As the samples
were not machine washed before the test, the
very bad performance of the cotton -
“KHUMBA”- could be due to hydrophobic
softeners.

Insulation Properties — Warm and Dry

TENCEL® FILL (a fiber specially designed for
use as the filling in duvets) is used to make
duvets with very good thermal insulation
combined with high water vapor transport, and
high absorption of water [7], leading to a high
overall comfort compared to polyester fillings
[7] and even compared to down fillings [8].

To confirm the laboratory tests for bedding
material, a study with test persons was also
arranged. Details are reported by Helbig, this
volume [13]. Briefly, a group of strongly
sweating persons rested in beds with differing
bedding materials. Three types of beds were
used:
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1) a “standard bed” with a mattress having a
polyester fleece and a cotton cover. The bed
linen was cotton, the duvet and pillow were
polyester filled and had a cotton shell.

2) a “polyester bed” with all materials made
from polyester and

3) a “TENCEL® bed” with all materials
produced from TENCEL"®.

The humidity and the temperature were
measured in the middle of the duvet filling,
under the duvet and close to the body. In Figure
6, the graph shows the humidity under the duvet
and close to the body. The TENCEL® bed gave
the lowest air humidity both under the duvet (the
upper value of the bar) and close to the body
(the lower value of the bar).

Relative humidity in bed after 2 hours

% RH
55 -
upper value: humidity under the duvet

4 "

45
40
lower value: humidity close to the body
35 o
Standard PES TENCEL®
Standard | PES | TENCEL"
Mattress
Fabric Cotton PES CLY blend
Filling PES PES CLY blend
Bed linen Cotton PES p CLY
Duvet/Pillow PES PES CLY Fill
FillingCover Cotton PES p CLY

Figure 6. Humidity in bed, and composition of test beds
[13]

The insulation properties of TENCEL® fibers in
waddings of outdoor jackets were tested under
wear conditions. A volunteer cycled on an
ergometer in a cooled climate room at -20°C.
The jacket she used contained an insulation
fleece of TENCEL®™ / Polyester on the left side
and polyester on the right side. The outside
surface temperature on the back was measured
by an infrared camera. The sides showed a
temperature difference of around 1 degree C.
Figure 7 shows the situation after 15 minutes
cycling.
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Figure 7. Infrared image of the surface temperature of an outdoor jacket in wear trial at -
20°C ambient temperature. Left, TENCEL® /polyester wadding, 0.08 °C average in the
marked box, right, polyester wadding, 1.23 °C average in box

Table 1 shows the textile data of the wadding
fleeces and the textile physiological
measurements taken by the sweating guarded
hot plate instrument [10]. It can be seen by the
infrared image and by the R -value that with

basically the same textile properties, the fleece
containing  TENCEL® fibers shows better
insulation. A temperature difference of more
than 1 degree on the outside of the jacket will
lead to a marked difference in heat loss.

Table 1. Textile physical and physiological data of the waddings used. R, , thermal resistance; iy , water vapor

permeability index

Wadding Fiber data Area/wezight Fleece thickness Ry, i
[dtex] | [mm] [g/m’] [cm]
100 % PES 3.3 55 120 1.5 0.287 073
70% Tencel® 1.7 51
30% PES 33 | 55 120 1.7 0430 |  0.68

Heat Capacity and Thermoregulation

Water has a high heat capacity. Therefore,
fibers which contain water will also have a high
heat capacity. This can be used to help the
human body’s temperature regulation. On the
water vapor absorption isotherm we have seen
that TENCEL" FILL always contains water [7].
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Figure 8 shows small samples of fiber fill with a
defined water content sealed into plastic bags.
The samples were placed in an oven at 50°C
until they had equilibrated. They were then
taken out of the oven at the same time and the
cooling rate was monitored with an infrared
camera.
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Figure 8: Cooling of duvets. Duvets were heated
to 50°C, then left at ambient to cool. The difference
is shown by an infrared camera.

The first trial (top) used very realistic conditions
with TENCEL® having a moisture content of
11% and polyester 2%. The brighter colors of
the TENCEL"™ sample show that it is retaining
heat much more effectively than the polyester
sample.

In the second trial both fiber fills had a water
content of 11%, but still TENCEL® shows a
higher heat capacity and slower cooling rate.
The water absorbed within the fiber structure of
TENCEL® has a higher heat capacity than the
liquid water which is only adsorbed on the
surface of the polyester fibers.

TENCEL® FILL in duvets, therefore, acts like a
hot water bottle and has a high heat capacity. It
can help to smooth out the temperature
fluctuations in bed and supports more restful
sleep.

Cool and Dry to the Touch

The “Thermal Absorptivity” of a fabric is a
measure of the amount of heat conducted away
from the surface of the fabric per unit time. A
fabric which does not conduct heat away from
its surface will feel warm; one that does conduct
heat away will feel cold.
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Figure 9: Thermal absorptivity of bed linen

The “Thermal Absorptivity” can be measured
using the “Alambeta Test” (Prof. Lubos Hes in
Liberec, CZ; [14]).

Figure 9 shows test results on bed linen made
from 100% TENCEL" and from 100% cotton.
It shows that TENCEL® feels cooler to the touch
and that the “cool feeling” increases with
increasing air humidity because the moisture
content of the fibers increases. With TENCEL®
this behavior is much more pronounced than
with cotton as the increase in water content with
increasing air humidity is much steeper for
TENCEL® than for cotton.

W1 RIm2K

55% rel. humidlity

32% rel. humidity

0,
100% Cotton 354 Cottord

25% TENCEL

60% Cotton/
40% TENCEL

Figure. 10: Thermal absorptivity of
TENCEL® / cotton blends

shirt fabrics ,

Even in minority blends TENCEL® will enhance
the “cool feeling” of textiles. Blends of 25% to
40% TENCEL" with cotton in a shirting fabric
will give a cooler feeling compared to 100%
cotton - especially at higher air humidity (Figure
10). This represents a self-regulating system: In
warm and humid ambient conditions, the cool
feeling is increased.



Lenzinger Berichte, 85 (2006), 22-30

Active Cooling

At very high physical activity levels or in very
hot and humid climates the temperature control
of the human body mainly relies on the
production and evaporation of sweat. As the
sweat evaporates it carries energy away from the
body in the form of the latent heat of
vaporization. To do this the sweat must either
evaporate from the skin and pass through the
covering fabric as vapor or it must be transferred
from the skin to the fabric and subsequently
evaporate. If the sweat cannot be transported
through the fabric, the cooling effect will be too
low and the physical performance will drop
accordingly.

The ideal “active cooling” textile, therefore, has
to have good water transport properties,
however it should allow water evaporation next
to the skin in order to achieve maximum cooling
of the human body. (Many of today’s high
performance 2 layer sports shirts evaporate the
moisture from the surface of the fabric, instead
of from next to the skin!)

To investigate the differences of the active
cooling properties of TENCEL® and polyester
fibers, ergometer tests were performed on
subjects wearing T-shirts consisting of 2 halves.
The left half was polyester, the right half
TENCEL® - both single jersey with the same
construction. The test subjects performed a
strenuous exercise with the power output
increasing in stages to 250 Watts, which
guaranteed full sweat production. There were
two relaxation stages in between.

The surface temperature of the two halves of the
T-shirts was monitored with an infrared camera.
In Figure 11, the surface temperature on the
right side of the T-shirt — the TENCEL® fabric —
is higher.

This demonstrates the better heat dissipation
through the TENCEL® fabric during high sweat
production. The temperature difference of 0.5 to
1°C seems to be small, however in physiological
terms it is significant.
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Figure 11: T-shirt in two halves after exercise. Left,

polyester. Right, TENCEL® The temperature measured
on average over the boxes are 31.5°C (left) and 32.3 °C

(right)
Neutral Electrical Properties

Friction induces electrostatic charging of
textiles. The extent of electrostatic charging
depends on the electrical resistance of the textile
surface. A physical measure for the tendency to
build up electric charge is the surface resistance
of textiles. A surface resistance of higher than
10'° Ohm will cause electrostatic charging when
friction is applied to a fabric. A high level of
electric charge on textiles can cause a very
unpleasant experience when the static charge is
suddenly discharged and can even cause sparks.
Measurements have been made of the electrical
surface resistance of TENCEL® and Polyester
fabric. Even at a very low air humidity of 25%,
the TENCEL" fabric has a surface resistance
which is 3 orders of magnitude lower than for
the polyester fabric. At higher air humidity
(65% RH), the surface resistance of the
TENCEL" fibers is 6 orders of magnitude lower

[8].

As direct measure for the charge build-up in
textiles in contact with the human body, a
volunteer stood on an isolated rubber matt and
pulled various textiles from his naked shoulders.
The electrostatic charging of the body was
measured. Polyester and polypropylene cause
very high charging in this test (>2500 V);
TENCEL"® and cotton gave a neutral result;
polyamide was much better than the other
synthetic fibers but still worse than the cellulosic
fibers. An electrostatic charge of more than
1800 Volts can be felt [8].
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Not much is known about the impact of this
electrostatic charging on the well being of
human individuals, but there are hints of
negative effects on muscle coordination
[15][16].

Strongly Retards Bacterial Growth

If a dry TENCEL® fabric absorbs 60% water, all
the water will be absorbed into the fiber, which
will cause the fiber to swell. No film of liquid
water will cover the surface of the fibers.
However if a polyester fabric absorbs 60%
water, none of the water will be absorbed by the
fibers; all of the water will sit on the surface of
the fibers as a water film and/or droplets on and
between the fibers of the fabric.

Bacteria and fungi require liquid water for
optimum growth. Thus it would be expected
that micro-organisms would be more likely to
grow rapidly on moist polyester than on moist
TENCEL".

This is the most probable reason for a lower
bacterial growth on textiles made from cellulosic
fibers as compared to textiles made from
synthetic fibers, as was shown by in vitro
(laboratory) tests [8] under conditions of a
challenge test with growth medium (Figure 12).

Bacterial growth in 24 hours (multiplication facter), modified “Challenge Test”
(Jap. Standard JIS 1302 L)
x 260.000

% 18.500

X 13.800
TENCEL

11.600
Modal

X270
X140
e @
Cotton
Palypropylene
Polyester

Polyamide

Figure 12: Bacterial growth as multiplication factor in the
Challenge Test. Circle areas are proportional to the
multiplication factors.

All cellulosic fibers perform well in this test.
The bacterial growth on synthetic fibers can be
higher by some orders of magnitude. However,
within the family of cellulosic fibers TENCEL"
shows 10 times lower bacterial growth than
cotton. This is probably due to the very good
water absorption of TENCEL® in combination
with its smooth surface.
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In vivo trials (wear trials) with divided T-Shirts
confirmed the trend: Under an identical wear
situation, on one side of the divided T-Shirt of
sports wear fabrics made from synthetic fibers,
more bacteria could grow than on the other side
made of TENCEL® fabric [6].

For the methods applied to assess interactions of
microorganisms and textiles see [17].

Gentle to the Skin

Fibers with poor water absorption capacity result
in textiles which cling to the skin when they are
wet. Wet skin is much more sensible to irritation
than dry skin. The coarseness, the stiffness and
the surface character of the fibers will also have
an impact on the skin’s sensory perception.
Both cotton and wool have rather good water
absorbency, however they have a rather rough
fiber surface.

TENCEL® combines good water absorbency
with a smooth fiber surface which makes it a
fiber which is very gentle to the skin.

All these positive inherent properties of
TENCEL® - good breathability and moisture
absorption, dry and cool micro-climate on the
skin, smooth fiber surface, low wet cling effect
and no electrostatic charging — mean that textiles
made from TENCEL® might offer relief to
people who suffer from skin diseases.

A clinical test was organized at the University
Hospital in Heidelberg (Germany) which was
led by the dermatologist Prof. Diepgen [18]. 60
patients suffering from atopic dermatitis or
psoriasis  tested commercially available
TENCEL® products including bedding, T-shirts,
polo-shirts and nightwear. People suffering
from these conditions have had to optimize their
clothing to identify materials that will cause
them the least discomfort.

In summary, approximately 80% of the patients
suffering from atopic dermatitis or psoriasis
preferred TENCEL®  products over their
normally used textiles.

A second study was performed by Dr. I. Konig
using a specially designed sleeping overall with
scratch protection, tested by children aged 2 to
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13. Children and parents were very positive
about the properties, reported less itching and
scratching, leading to a better night’s sleep and a
more relaxed overall situation [19].

The outcome of these studies is a very
convincing argument for the sensorial properties
of TENCEL® textiles [20].The main comfort
properties noted by the patients were:
thermoregulatory properties, cool, smooth and
dry feeling, and the overall excellent skin
compatibility.

Conclusion

The combination of absorbent fibers and the
water that they absorb is the basis of the positive
physiological functions of cellulosic fibers.
High absorbency, the unique nano-structure and
the smooth surface of TENCEL® result in
enhanced physiological functions that make it
stand out amongst the family of cellulosic fibers.

Acknowledgement

This work was in part supported by the Christian
Doppler Research Society, Vienna, Austria.

References
[1]  White P.: Lyocell: the production process and
market development. In: Regenerated cellulose
fibers, C. Woodings (ed.), 62 — 87, Woodhead
Publishing Ltd., ISBN 1 85573 459 1, (2001)
Cambridge, England

Schuster K.C., et al.: Environmental Friendly
Lyocell and Rayon Fibers, In Natural Fibers,
Plastics and Composites, Kluwer Academic
Publishers Boston / Dordrecht / New York /
London, ISBN 1 4020 7643 6, USA (2003),
pp. 123-146

Polt P., Zankel A., Research Institute for
Electron Microscopy and Fine Structure
Research (FELMI) of the Graz University of
Technology, unpublished

Abu-Rous M., Ingolic E., Schuster K.C.,
Visualisation of the Fibrillar and Pore
Morphology of Cellulosic Fibers Applying
Transmission Electron Microscopy, Cellulose,
(2006) in Print

Abu-Rous M., Ingolic E., K.C. Schuster,
Visualisation of the Nano-Structure of Tencel®
(Lyocell) and Other Cellulosics as an
Approach to Explaining Functional and

(2]

(3]

(4]

(5]

30

[6]

[7]

(8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wellness Properties in Textiles. Lenzinger
Berichte 85 (2006), in press

Schuster, K.C. et al.: Characterization of
Fibrillar and Pore Structure in Natural and
Man—-Made Cellulosic Fibers by Modern
Imaging Techniques, Proceeding of Polymer
Fibers 2006, Manchester UK, 2006

Schuster K.C., Firgo H., Haussmann F.,
Minner J., Home Textiles with Feel Good
Factor Derived From Wood, Lenzinger
Berichte, 83 (2004), pp. 111-116

Minner, J., Schuster, K.C., Suchomel F.,
Girtler A., Firgo H., Lenzinger Berichte 83
(2004), 99-110

Umbach K.H., Lenzing AG Customer’s
meeting, Fuschl, Austria, May, 2003

Mecheels, J., Korper — Klima — Kleidung .
Wie funktioniert unsere Kleidung? Schiele &
Schon, Berlin, 1998

Website of the North Carolina State
University, Textile Protection and Comfort
Center, http://www.tx.ncsu.edu/tpacc/comfort/
horizontal wicking gats.html

Rearick W.A., Martin V.B., Wallace ML,
Moisture management: Myths,Magic,and Mis-
conceptions. AATTC Review(3/2004), 43-47
Helbig K, Comparative Research:
Microclimate of Bedding Components,
Lenzinger Berichte 85 (2006), in press

Hes L., Recent developments in the field of
user friendly testing of mechanical and
comfort properties of textile fabrics and
garments. Proceedings of the World Congress
of the Textile Institute, Cairo, 2002
Zimniewska M., Huber J., Krucinska 1.,
Torlinska T., Koztowski R., The Influence Of
Natural And Synthetic Fibers On Activity Of
The Motor Units In Chosen Muscles Of
Forearm; Fibers and Textiles in Eastern
Europe No. 4/ 2002

Zimniewska M., Krucinska 1., Koztowski R.,
Muscle activity as one of the well-being
factors. Lenzinger Berichte 85 (2006), in press
Teufel L., Redl B., Improved methods for the
investigation of the interaction between text-
iles and microorganisms. Lenzinger Berichte
85 (2006), in press

Diepgen T.L., Schuster K.C., Dermatological
Examination on the Skin Compatibility of
Textiles Made from TENCEL®, Lenzinger
Berichte 85 (2006), in press

Konig I, Project “Polar Bear”, a wear study.
Available on request from Lenzing AG
Diepgen T.L., Schuster K.C., Konig |I.,
Emlinger G., Textilien aus TENCEL® und
Hautvertraglichkeit. Dermatologisches
Alpenseminar, Grainau / DE, 25.-27.May 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


