Materials

Green shoe ﬂ

Bio-based raw materials are making shoe production more environmentally friendly

n green soles

Climate protection begins with our shoes: the plastics and rubber for our footwear are currently still being

made primarily from fossil-based resources. Researchers at Bayer have now developed a concept shoe called

the “EcoTrekker”, in which many of the components were manufactured from renewable raw materials. These

replace petroleum chemistry-based components and improve the CO, balance of footwear.

Without shoes we would be virtually
immobilized: people need protection
for their feet, whether it's slippers,
sandals, sports shoes or ballerinas.
After all, each person covers an aver-
age of several thousand kilometers
in shoes during the course of his or
her lifetime, wearing those artificial
soles out in the process. Worldwide,
approximately 20 billion pairs of shoes
were produced in 2010 alone. Half of
them were made in China. Statistically
speaking, that is equivalent to more

than one pair of shoes from the Peo-
ple's Republic per year for each person
on earth. The majority of these shoes
are made of plastics and rubber: some
500,000 tons of polyurethane (PUR)
are used annually worldwide just to
make shoe soles. "Polyurethane is ide-
ally suited for shoes due to its extreme
durability and the theoretically unlim-
ited design freedom it offers,” says
Dr. John Zhang, Head of the Global
Footwear Competence Center (GFCC)
at Bayer MaterialScience in Shanghai.

Breathable TPU membrane
plasticizer-free

Heel cap
up to 50 percent

Insole
up to 30 percent

Upper material
free of organic solvents
and plasticizers

Adhesive
free of organic solvents
and plasticizers

Climate protection in a shoe

Ankle padding/tongue
up to 25 percent

All'in all, up to 90 percent of the components in the concept shoe have
environmentally friendly characteristics. Among other things, these
include solvent-free coatings and adhesives as well as materials made
of thermoplastic polyurethane (TPU). In addition, the polyurethane soles
contain no heavy metals that remain after disposal.

Shoelace eyelets

up to 60 percent

TPU logo

up to 50 percent

Outer sole/midsole
up to 70 percent

Safety cap
up to 40 percent

At present, conventional plastics and
rubber in the shoe industry are based
almost entirely on oil. Zhang and his
employees at GFCC want to change
that: they have sent a "green shoe" -
known as the EcoTrekker - on a trip
around the world. In this shoe, fos-
sil raw materials have been replaced
with renewable materials such as corn
starch or by-products from the sugar
industry.

“In particular the booming out-
door sector is all about experiencing
nature. Bio-based plastics for trek-
king or hiking shoes are naturally
an especially good fit here," explains
Marius Wirtz, a plastics expert with
Bayer MaterialScience in Hong Kong.
Globally leading shoe manufactur-
ers - including adidas, PUMA, Nike,
Timberland and UVEX - have publicly
committed themselves to more envi-
ronmentally friendly materials and
low-waste production. "Consumers
are becoming steadily more environ-
mentally conscious and are willing to
spend more money for sustainable
products,” says Wirtz.

Concept shoe: 90 percent envi-
ronmentally friendly materials

In the future, even joggers and other
sports enthusiasts and factory workers
can look forward to wearing bio-based
soles: based on its weight, the green
shoe concept consists of 90 percent
environmentally friendly materials
- from the polyurethane shoe sole
to the thermoplastic polyurethane
(TPU) eyelets for the shoelaces. The



Photo: Peter Ginter/Bayer AG

Material experts at work: Xiang Liu and Erika Zhu (from left) evaluate freshly poured soles for the EcoTrekker. Conventional raw
materials have been replaced with renewable resources such as corn starch and sugar industry by-products in the making of this

new green Bayer concept shoe.

researchers at Bayer produced the
front cap for a safety shoe prototype
from a highly impact-resistant blend
of polycarbonate and polylactic acid
(PLA). Lighter than conventional steel
caps, it can also be recycled.

“The biggest difficulty was adapt-
ing the bio-based raw materials to the
requirements for shoe manufactur-
ing," says Zhang. The most important
source materials for polyurethane are
polyols and isocyanates. Until now,
the processes for transforming both
basic chemicals into plastics and rub-
ber for the shoe industry were entirely
tailored to the crude oil-based com-
ponents. However, bio-based poly-
ols are more viscous than their oily
competitors. “They also differ con-
siderably in terms of their processing
characteristics,” says Zhang. The Bayer
researchers had to adapt their bio-
based polyols specifically to industrial
production in order to ensure factors

such as processability: “Bio-based
polyurethane has the same character-
istics as conventional polyurethane,”
says Wirtz.

The EcoTrekker is not just environ-
mentally friendly, it also improves the
work safety of the employees involved
in production: the coatings and adhe-
sives used are water-based and free
of organic solvents, which can pre-
vent workers' potential exposure to
toxic chemicals during production.

Bio-based raw materials opti-
mized for industrial production

In contrast to conventional polyure-
thane, Bayer PUR contains no heavy
metals either. Furthermore, the lim-
ited edition concept shoe is equipped
with a counterfeit-proof label based
on a high-quality polycarbonate film
from the Makrofol™ ID range. A laser
engraving procedure is used to create

the label, and security features such
as holograms can be incorporated as
well (see also research 21, "The spar-
kling fingerprint").

In order to ensure that the renew-
able raw materials being cultivated in
the field do not compete with food-
stuffs or make them more expensive,
the Bayer researchers are already
working on the next generation of
plastics: these are based entirely on
plant waste or even on the climate
offender CO, (see also p. 80, “Three
atoms for a clean future"”). In the
future, nature lovers could be hiking
on green soles.

www.research.bayer.com/green-shoe
Further information on this topic

%]
™
~
|
<=
3]
g
<
v
wv
)
g
.
o
>
3+
@




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting true
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /SimulatePress
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


