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* Industrial furnaces and kilns * Microwave heating

 Laboratory furnaces  High temperature technology
« HF- RF / MF heating « Sample preparation for spectroscopy

Only electrically heated
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Linn High Therm Kiev, Ukraine
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Our customers / unsere Kunden

References

Glass industry
Ceramics industry / Pottery
Electro industry
Chemical / Petrochemical industry
Analytical / Sample preparation
Cement-/ Gypsum industry
Powder metal-/ Ferrite industry
Rubber industry
Food industry
Steel and Nonferrous metals / Aluminium
Jewellery production
Dental laboratory
Nuclear industry
Recycling industry / Waste treatment
Crystal growth
Research and Development
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Sales of Linn Products according to different Branc hes

Precious Metals
Refractory Metals
5%

Ceramic _
Glass Supply industry
30 % Metal industry

45 %

R+D20%
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Sales of Linn Products according to Production Rang es

Induction heated
20 %

Microwave technology
15%

Resistance heated
65 %
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Sales of Linn Products according to Sales Areas

Eastern Europe
10 %

Others 5 %

Western Europe

Germany 53 % 12 %
(incl. exports through
export houses)




BURNING FOR YOU iala &
MHiggh Therr—




BURNING FOR YOU lala L X
MHiggh Therr—

We hold more than 90 patents
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New key technology e. g. microwave heating

Linn High Therm
Technology 800 W and 2,45 /5,8 GHz
Jump cylindrical furnace design

Technology attractiveness
* process time + process quality * ......
« new material liberty i A

* optimal prices per piece
* possibility for development
* low energy consumption
* continuous heating

Old microwave furnaces with
high power magnetrons and rectangle chamber

>
time(decades)
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BURNING FOR YOU

Simultaneous effect of microwaves deeply into the aerial, enables substantially faster and
higher quality of processing , and brings savings.

THE GRAPH REPRESENTS THE HOMOGENEITY
OF TEMPERATURE, ECONOMY, AND SPEED OF
surface by MICROWAVE HEATING

conventional
heating

The comparison with standard
e heating shows that microwave (MW) procedure
Tgril'ica| is already finished when the core of a material,
heated by a traditional method, only comes to
core by the required temperature, whereas its surface is

conventional
_l already overheated.
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heating

As an example of a practical use of
\ Tpmcessing (_,_J these advantageous properties of MW heating,
core L€ can mention the pasteurization-sterilization
by M Lo surface treatment of food: the required temperature,

. heating N by M reliably destroying pathogens, must be ensured
, ...... TR heating throughout the whole product; whereas thermo-
heceeere : = sensitive components, such as vitamins, must bg
time preserved.
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Interaction of microwaves with matter

Transparent

Reflecting

Absorbing

Absorbing
(Mixture)
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Microwave coupling Dipolar molecule in an electric field

Water H,0O

The movement of the molecules
generates heat
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Absorbed microwave power

P=2:p>f€00eCGE2V

Penetration depth of microwaves
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f = frequency of microwaves,
Il ;= vacuum wavelength,
o = electric field constant,
‘= real part of complex
dielectric constant
“ = imaginary part of complex
dielectric constant,
E = electric field strength,
V = volume of material
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1. Microwaves represent the same type of energy tha t used for

transmitting television and radio signals.

2. It is the variety of electromagnetic waves inth e bands between
radio and infrared waves (with the frequency of 300 MHz - 300 GHz,
which corresponds to the wavelength of 1 m - 1 mm).
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MICROWAVE (MW) HEATING

1. Equipment for industrial applications is, especidy in Europe, based on the mostly
used 2450 MHz frequency, used also for commercial MWvens in households.

2. At the frequency of 915 MHz, the penetration dejtis more than twofold in
comparison with 2450 MHz frequency.

3. This allows to process materials with correspondingllarger dimensions.

4. Penetration depth of microwaves is usually in therder of units and tens of
centimetres.
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COMPARISON OF MW AND RF HEATING

1. Microwaves are more suitable for piece products of adequate thickness with
the loss factor less than 0.05, consisting of minor | oose parts, or for the layer of
loose or paste material with the corresponding height profile.

2. Microwaves are also more suitable than radio freque  ncies when the
requirement for the output power density is very high, because they have lower
tendency to induce electric arcing that could burn th e processed material, and

generator tube, too.

3. On the other hand, the RF equipment is more economi  cal than MW equipment
by the output power over 50 kW.

4. RF heating is applied when a deep penetration is required, and for processing
materials with a high loss factor (e.g. with a high ¢ ontent of water).
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INDUSTRIAL BRANCHES

FOODS

Rubber and other elastomers

Drying

Ceramics

Thawing

Chemicals

Tempering

Dyes and adhesives

Sterilization

Composites

Pasteurization

Plastics

Cooking and baking

Paper

Heating

Textile

Dehydration

Wood

Stabilization

Foundry industry

Thermal treatment

Civil engineering

Roasting

Coal, oll, minerals

Ready meals heating

Ecology

Tobacco

Other drying processes

Other applications
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Rubber and other elastomers

rubber vulcanization

rubber devulcanization

rubber melting

heating rubber bundles (bales); rubber strips to 85°C; rubber semi-products;
rubber compacts; latex foam rubber; slices of chemical composites
containing rubber ; apex PVA dipped fabric and rubber belting ;
gumasol softy tire

preheating seals ; renovation of tires

drying polyester bands after dipping; latex rubber compacts; latex rubber
carpet pads; rubber coated nylon bands; synthetic rubber bundles and
bales
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Ceramics

drying at atmospheric pressure of grinding wheels

ceramic surfaces treatment

burning of ceramics to 1300 °C

Sintering of ceramics to 1800C

burning of polyurethane foam from ceramic mix

ceramics filled with zinc oxide

removing ceramics from mould at atmospheric
pressure
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Chemicals

germanium oxide; cobalt carbonate; powder silicon; water
mixtures of manganese oxideceramic coloring materials;
copper pyrophosphate; lead and zinc concentrate silicates;
pharmaceutics ; medicaments ; pesticidesvaseline

acceleration of chemical reactions

heating and drying of viscous liquids in polypropyéne
containers

production of salazopyrine tablets

production of emulsions from unmixable liquids

foaming

melting of DMAS (dimethyl-acetyl-ester of succinic aid)

urea-formaldehyde panels (carmel)

vermiculite (porous silicate) expansion

heating of sulphur, clay and alkalis

reaction of phosphate rock soil
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Dyes and adhesives

drying dyes ; printing inks ; paints or
adhesives without damaging of dry
base

varnish and epoxide resins
polymerization
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Composites

Composite profiles hardening
Processing of laminates
Drying of glass-laminate panels
Polymerization
Drying of protective coat plates for space shuttle

Drying of glass fibre bundles during profile produc tion
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Plastics

foam polypropylene filters ; phenol filled
asbestos ; polyamide pellets in liquid
base ; PVC coat on polyethylene bottles
PVC seal pads

heating polyester rubber ; acrylate lenses glass-
laminate and rubber composites

production of foamy PVC

preheating of urethane for moulding

plastics gelatination and treatment

plastic mixtures

PVC coating of paper oil filters

shaping of polyester materials
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Paper

drying continuous drying ; color paper
decorations: cardboard containers

photographic materials

heating of paper, asbestos, and latex
rubber coated screen flat materials
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extile

Drying of textile fibres
Production of fibre yarns
Wool bales desintegration

Fabric felt drying
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drying ; decontamination ;
stabilization ;: conservation

softwood ; hardwood : lumber ;
plywood ; veneer ; fresh round
transversal section wood

wood bending

ageing of oak wood by vacuum metho
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Foundry industry

Drying of casting mouldshardening of foundry
moulds

De-waxing of casting moulds
Regeneration of casting mould

Waxesremoving of solid objects from moulds
(boards, lids, etc.)
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Civil engineering

Asphalt roads recycling
Concrete hardening
Concrete and stone crushing
Plaster boards drying

Drying of paints or adhesives without damaging of
dry base

Asphalt melting
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Coal, oil, minerals

Stone crushing
Coal purification from sulphur and pyrite
Coal tar melting

Oil waste purification and extract useful fractions
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Ecology

Neutralization of extremely dangerous waste into co mmon waste
Neutralization of medical waste
Disposal of toxic waste
Processing of nuclear waste
Processing of cellulose waste and biomass
Redevelopment of oil contaminated environment

Waste complet reduction to pure carbon and fullerene
microwave inverse polymerisation process
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Another drying processes

Viscous fungi
Peat
Combined ionisation in vacuum chamber

Microwaves and composite drum driers
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Processes

Main products

sterilization, pasteurization,
devitalisation

seasoning, spices, fruits, tea, tobacc

drying, dehydration

cereal products, pasta, rice

thawing and tempering

pastry, bread, soy, flour, starch, bran

preheating, precooking, cooking,
baking

ready meals, fats, emulsions, fruits,
vegetables

roasting

meat, fish, poultry, egg products

enzymatic inactivation, blanching

feed mixes and their components
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PROCESSES

Drying peeled rice, pasta and macaroni, ready meals, fruits and vegetables , coconutstea, sago , flour,
fruit pectin , sugar coated anised blocksmango cubes (vacued)

Thawing raisins , fruit blocks

Tempering (upto -4 °C,-2°C) meat, eggs

Sterilization bran, flakes, musli, flour , seasoning (spices)bacteria, mildew and pests disposalbreadcrumb ,
feed mixes,

Pasteurization bread , beer, milk , wine, juice, food liquids

Cooking and baking rice, unpeeled potatoes frankfurters , bacon, smoked-meat products chicken , beef

Heating ready meals , bones, hops , buttemie fillings , edible oil

Dehydration carved meat, fruits and vegetables

Stabilization rice bran , most of oil seeds medicinal herbs, industrial plant, fresh tea leavesfresh tobacco leaves,
bagged tea

Thermal treatment cucumbers, soya beans weetabix, sugar coated anise, germ centrescarobeans, potato crisps,
gelatine, butter blocks

Roasting oil seeds, nuts, caramelization

Ready meals heating preheating and partial cooking followed by coolingor freezing, heating of meals in public catering

Tobacco moisture equalization of cigars

Another applications scallop shales removing oil emulsion melting, deep penetration in margarine and butter, honey
containers emptying, thermal processing of starch




BURNING FOR YOU iala &
MHiggh Therr—

INTERACTION OF MICROWAVES WITH FOODS

Dipoles (preferentially water molecules) align withand
lons try to follow the direction of the electric feld
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Penetration depth

The power penetration depth
IS the distance from the surface at
which the power density drops
to 1/e ~ 37 % of its value at the
surface.

When microwaves reach a
large, plane interface,an exponentially
decaying heating of the surface area is
achieved.

P(z) = P, %
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MW PENETRATION DEPTHS AS A FUNCTION OF TEMPERATURE

The rate of heat generation per unit volume
(w/m-3)

Where,
E = Strength of electric field of the wave at that
location (volts / unit distance)
F =is the frequency
0 =The permittivity of free space (a physical
constant)
" = the dielectric loss factor .

The rate of temperature increase
kfE2 ” ' Cp

Where,
k = constant to define the units of temperature and
time
f = frequency of the microwaves
E = strength of the electric field inside the food
= density of the food
Cp = specific heat of the food
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Dielectric properties and penetration depth (cm) olvarious foods for 2,450 MHz

Material ' ” Tan Dp (mm)

Water (distilled, 25°C) . : 0.15 1.4

Ice (-12°C) ) 0.001

Beef (cooked, 30°C) . . 0.31

Potato (raw, 25°C) . : 0.27

Potato (mashed, 30°C) . : 0.33

Wheat (20°C, 5% moisture) . . 0.15

Corn Qil (25°C) . . 0.06

Cottonseed Qil (20°C) . . 0.07

Butter (salted, 20°C) ) ) 0.13

Butter (unsalted, 20°C) . . 0.16

Bread Dough . . 0.41

Bread ) ) 0.26
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HEATING FOOD FROM CENTER TO THE CORNERS
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MODELLING VERIFICATION
Predicted vs. measured time-temperature
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OPTIMISATION OF HEATING UNIFORMITY OF CONVENIENCE R EADY TO
MICROWAVE FOOD PRODUCTS

Unicomponent ready meal

Before

Multicomponent ready meal
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TYPICAL METHOD OF DETERMINING THE NECESSARY OUTPUT POWER
(Pasteurization of toast bread)

To achieve the optimal temperature (77 °C), 500 g bread must be heated from the input
temperature (22 °C) by 55 °C, absorbing the energyf 64 kJ (17.8 Wh).

The specific heat of wheat white bread is thus c64 kJ / (0.5 kg * 55 °C) = 2.33 kJ/(kg.K).
The processing capacity of 1000 kg/hr therefore nde the MW power of at least 22.6 kW
absorbed in toast bread.

With presumptive loss of 20 % in waveguide and MW lsamber, the minimum output of MW
equipment should be 27 kW.
LINN HIGH THERM designed a line with MW output of 3 5 kW for pasteurization of wheat white bread with
the processing capacity of 1000 kg per hour.

This output represents approximately 15 % reservegorresponding to one 5 kW generator, which
allows to handle the nominal hourly capacity withot putting the line out of operation in case of failue of one
generator.

It also allows increasing the pasteurization tempeture above 77 °C.

Another advantage of the power reserve consists allowing the replacement of individual
magnetrons during the operation of the line, providihg that the safety rules will be met.
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Microwave Continuous Belt Unit

Type: MDBT 55

Microwave power: 55 kW

Number of magnetrons: 69

Heated length: appr. 13,5 m

Belt width: 640 mm

Application: Sterilization of cork stoppers
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Microwave Rice Treatment Energy saving production of fast cooking rice with
microwave treatment.

First test-contract 30 t with METRO Hungary.
Production rate about 300 kg/h with patented
Alfoldi Malomipari-Linn process + furnace 20 kW.

Microwave power: 20 kW

Number of magnetrons: 26

Heated length: appr. 4,3 m
Belt width: 270 mm
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Microwave baking of bread
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Microwave Chamber Drier

Type: MKT 30

Microwave power: 30 kW
Number of magnetrons: 38
Chamber volume: appr. 21 m3
Door size: 1400 x 2300 mm
Application: Drying of
grinding wheels
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Microwave Chamber Drier

Type: MKWT 25

Microwave power: 25 kW

Number of magnetrons: 32

Chamber volume: appr. 21 m3

Door size: 2500 x 1600 mm
Application: Drying of washing basins
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Microwave Chamber Unit

Type: MKWT 24

Microwave power: 24 kW

Number of magnetrons: 30

Chamber volume: appr. 10 m3

Door size: 1500 x 1600 mm

Application: Pre-heating of natural rubber
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Microwave Flow Heater

Type: MEK 1,2
MFH 3,6

Microwave power: 1.2 KW or 3.6 kW
Number of magnetrons: 1 or 3
Heated length:200 mm or 300 mm
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Drying of fruits, herbs.
Sterilization of spices.

Continuous microwave belt dryer
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Continuous microwave belt dryer Microwave treatment of palm oil fruit bunches for fruit
loosening and increase of the amount of oil
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ADITTIONAL INFORMATIONS

Technology for the Third Millennium

Microwave Technology is a visionary new technologghat brings improvements in
performance of complex devices, together with a regttion in the size and cost of production.

It offers advances to a wide range of industries,ncluding telecommunications,
aerospace, scientific instruments, environmental mmtoring, and especially in biotechnology,
food and medicine.

The operation cost associated with the microwave pcess is lower tha
conventional technologies due to the energy costviags, because microwave energy allows th
material to be heated more evenly and efficiently.

The new development of Variable Frequency Microwave (VFM) offer a unique
capability in
providing uniform and rapid heating over a large vdume with high-energy efficiency.

This is achieved with variable multi-frequency miciowave processing which openf
the way forimprovements by selecting ‘the best frequecy’ for the material and process
parameters.
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Applications

These range from fundamental scientific research to #tndevelopment and
implementation of applications in industry.
The research concentrates on
developing non-traditional manufacturing processes foindustrial applications
that demand competitive productivity rates and qualty standards.
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Aerospace and Automotive Industries

 Microwave Induced Plasma Jet
* Microwave Combustion of Diesel Fuels
* Microwave Ignition of Liquid Fuel Propellants for R ocket Engines

Polymer Industry

* Microwave Joining of Polymers
* Microwave Curing and Joining of Reinforced PolymerMatrix
Composites
* Rapid Curing of Adhesive Bonds in Low Dielectric Ptymer Sheets
using
Microwaves
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Medicine and Biomedical Industries

* Development of a Passive Microwave Radiometer faron-contact Medical
and Industrial Thermography applications
» Development of a Microwave Hyperthermia Apparatusfor Cancer Treatment
* Processing of Biocompatible Ceramic Implants usingylicrowaves

Construction and Building Industries

* Diffusion Bonding of Dielectric Ceramics and Matrix Composites using
Microwaves
* Industrial and Domestic Hot Water Systems
* Microwave Heating and Processing Dielectric Fluids
* Microwave Drying of Plaster Sheets
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Machinery and Tools

« Diamond coating using Microwave Vacuum Deposition Teéhniques
» Rapid Prototype Product Development using Ceramic ljection and
Microwave Drying Techniques

Paper Industry

* Microwave Heating & Curing of Adhesive-Bonded Corrucated Cardboard

Agriculture Industry

* Investigation of the application of Microwave Techmwlogy to Malting
* Investigation of the application of Microwave Techmwlogy to Industrial
Water
Curing and Sterilisation
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Space Applications

Microwave Magnetron Development

Diagnostics Medical Applications




