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cfi: How has microwave technology
(drying, sintering) positioned itself in
the ceramic-producing industry in
recent years?
HL: Microwave drying has already
established itself as the state of the
art in certain sectors (catalytic con-
verter substrates, diesel particulate
filters). In drying with microwaves,
the inverse temperature profile that
is characteristic of microwave tech-
nology has huge advantages (Fig. 2).
As the temperature in the core of the

component always rises more rapid-
ly than the surface temperature, for
materials with open porosity, expul-
sion of the moisture outwards is
guaranteed not to be hindered by
the effects of drying shrinkage,
which can lead to cracks. In many
sectors microwave drying, however,
remains an isolated application (e.g.
the drying and redrying of plaster
moulds, pre-drying of pressure-cast
washbasins, drying of high-voltage
insulators, large porcelain figures,
ceramic grinding wheels, granulates
and powders). Our plants operate
very effectively in foundries (e.g.
hardening of foundry cores, drying
of facing on foundry cores) or for
insulating materials (fibre materials,
perlite boards). Sintering with
microwave systems has not yet
become established in industry. But
for the debinding of components it
can be said that, depending on the
size of the components, microwave
technology is on the threshold of
industrial application.
cfi: What relationships exist between
performance of the microwave sys-

tems and the size of components or
type of material? 
HL: For drying applications, mois-
ture is generally the process-deter-
mining factor as opposed to the type
of material. Most component
dimensions are non-critical, with the
exception of extremely large lengths
(e.g. rollers) and small sizes and
small dimensions (e.g. tapes)
because here the coupling proper-
ties are crucial. In microwave sinter-
ing the type of material (microwave
transparency, reflection, absorption
and mixed effects) and the product
dimensions, however, are crucially
important. For very strong and
extremely poorly coupling materials,
that has an enormous influence.
cfi: Can the problems of poorly cou-
pling materials be compensated fully
by using higher microwave frequencies
(5,8 GHz?)? 
HL: Technically, the 5,8-GHz fre-
quency can at least partially com-
pensate for the disadvantages of
poor coupling or/and low product
volume. In economic terms, it is usu-
ally not possible on account of the
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Linn Successful in Industrial
Plant Engineering
Microwave technology – Electrically heated HT furnaces – Laboratory furnaces.

The roots of the company Linn
High Therm GmbH, which was
founded by Horst Linn in 1969, lie in
the engineering of speciality fur-
naces for laboratories and research

(electrically heated high-tempera-
ture furnaces, induction melting and
casting furnaces). In 1979 the com-
pany went into the engineering of
induction heating plants, microwave
and vacuum furnaces for production
and laboratories. Shortly after Ger-
man reunification (1991), the com-
pany took over a plant in Bad
Frankenhausen, which gave it fur-
ther capacity for building medium-
scale industrial plants.
Horst Linn is an innovative entrepre-
neur who likes to keep active in his
specialist field of high-frequency sys-
tems, but is also happy to pass on his
management experience by partici-
pating on many committees (e.g.
Chairman of OTTI – Ostbayerisches
Technologie Transfer Institut, VDMA
/TPT Board, member of the foreign
trade committees of the VDMA and
the Chamber of Industry and Com-
merce, as well as the Asia-Pacific

Committee of German Business and
Member of Executive Committee of
the German Federation of Industrial
Research Associations AiF “Otto von
Guericke” e.V., Business Angel of
the Year 2004).
Especially in industrial-scale
microwave drying, Linn has been
able to expand its market presence
markedly over recent years. As there
is a host of research projects
focussing not only on drying, but
also on sintering with microwaves,
we wanted to hear more about the
potential of microwave technology
from a plant supplier with numerous
patents. Horst Linn (HL) summed up
his experience from a wide range of
applications (ceramics, building
materials, glass, refractories, metal,
foodstuffs, etc.). The ceramic sector
accounts for around a third of Linn
High Therm sales and is an impor-
tant market for the company.

Fig. 1 Horst Linn

Fig. 2 Inverse temperature profile (right) of microwave technology



system of air circulation is needed.
For high-temperature processes, a
precision design to match the mate-
rial processed is required. Hybrid
technology is presumably the only
economic path to industrial applica-
tions. For C-fibre applications, com-
binations of microwave and induc-
tive heating are sensible.
cfi: What importance in terms of sales
percentage do large-scale plants have
at Linn alongside the laboratory fur-
nace range to 2800°C?
HL: For electrically heated furnaces,
they made up a third of sales last
year, for microwave technology the
percentage was after all just below
70...80 %.
cfi: Has this resulted in a reorganiza-
tion in production or sales?
HL: In our company, technical sales
are handled like an integrated
process from initial query to com-
missioning, for this reason we con-
tinue to work on an order-specific
basis. For the engineering of
microwave systems, we have built a
new hall in Eschenfelden.

cfi: For what applications is Linn now
building large-scale plants?
HL: For the drying of ceramic com-
ponents in batch operation, calcin-
ing of ceramic powders in continu-
ous belt furnaces and for heat treat-
ment of metals (titanium casting
plants – turbochargers – turbine
blades). Linn microwave industrial
systems are also used in the animal
feed, foodstuffs and rubber indus-
tries. There are also interesting solu-
tions for recycling high-quality
materials. As we have signed secrecy
agreements here, unfortunately I
may not say any more on this. The
automotive supply industry is also
shaping up well. We are receiving an
increasing number of enquiries con-
cerning photovoltaics and at last
again from nuclear technology.
cfi: The buzzword “energy efficiency”
is not only occupying the operators of
thermal plants in Europe. What contri-
bution can the suppliers of thermal
industrial plants make to this today?
What importance does microwave
engineering have?
HL: Saving energy has always been
more efficient than generating ener-
gy. As plant suppliers we have always
endeavoured to achieve high ther-
mal efficiencies. The end customer
must, however, also be prepared to
reward innovative plant designs and
recognize that it is only possible to
maintain further development in
industrial furnace and dryer con-
struction from a win-win situation
experienced as a partnership. Euro-
pean plant suppliers currently hold
an outstanding position on the glob-
al market. For R&D we need both
money and creative engineers who
can realize their ideas. Microwave
technology is a “joker” among a
range of other technical solutions,
which we want to introduce on a
wider basis.
cfi: How does a medium-sized compa-
ny such as Linn manage to initiate and
process R&D projects efficiently, i.e.
with a short timeline, to stay ahead in
the market?
HL: We hold 90 patents, which we
have so far only used to a limited
extent, because they are often inno-
vative fundamental solutions. Only a
short time ago we realized a project
on the basis of know-how that we
evolved back 18 years ago. Impor-
tant, naturally, for successful market
entry is to practise efficient process
management.
cfi: How important is your export busi-
ness? How do the markets in China,
India, Russia and South America rank
for you?

Fig. 3
Rotary kiln with
integrated 
cooling zone 
(950 °C, 
protective gas)

Fig. 4 Continouous
microwave belt dry-
er  (50 kW / 20 m)
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disproportionately high costs of 5,8-
GHz systems. The price of these
magnetrons is multiplied by around
a factor of 20. An equally negative
point is that their lifetime is only a
fifth or less of magnetrons with 2,45
GHz.
cfi: Where do microwave sintering sys-
tems have most advantages? 
HL: On laboratory-scale the essential
advantage is the shorter sintering
time, with the associated effects
such as time savings or less grain
growth, etc. Unfortunately, this can
only be upscaled to industrial plants
to a limited extent. I think that here
it is very important to further devel-
op hybrid systems.
cfi: Is the trend towards hybrid sys-
tems?
HL: Yes, quite definitely. For “low-
temperature processes” such as dry-
ing or preheating, the combination
of microwaves and e.g. hot air is
becoming increasingly common.
The relative air humidity in the cham-
ber must be minimized and homog-
enized, and for this a sophisticated
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HL: We export an average of 60 % of
our plants. The BRIC countries are all
interesting. We have already found-
ed Linn sales offices in Shanghai,
Moscow and Kiev. In other regions,
dealers work to represent us. We find
the development in India very
encouraging at the moment.
Although our domestic business is
going extremely well at the moment,
we shall still channel our energy into
development of our export markets.
But we also need more alliances and
partners for application and sales

from Germany for new and large-
scale projects abroad as a small com-
pany like ours cannot afford to do
everything itself. The export control
regulations are also a time-consum-
ing affair in many markets.
cfi: How do you judge the recruitment
situation for young professionals in
industrial furnace construction?
HL: The situation is very tight, unfor-
tunately. From my own experience, I
know that it is difficult enough to get
good engineers and technicians. We
have various vacancies to fill at the
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present. We have to realize that the
gap in specialist knowledge between
us and important buyer countries is
diminishing because of fast learning
effects. Only with a knowledge edge
shall we continue to score points in
key export regions such as Russia,
China and India in the long term. In
order to remain innovative, we have
to become more active in support-
ing young talents together with col-
leges, universities and research
groups (e.g. FOGI / VDMA). 

KS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


