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Since 1957 LINSEIS company has been deliver-
ing outstanding service, know how and lead-
ing innovative products in the field of thermal

analysis and thermo physical properties.

Customer satisfaction, innovation, flexibility
and high quality are what LINSEIS represents.
Thanks to these fundamentals our company
enjoys an exceptional reputation among the
leading scientific and industrial organizations.
LINSEIS has been offering highly innovative

benchmark products for many years.

The LINSEIS business unit of thermal analysis
is involved in the complete range of thermo
analytical equipment for R&D as well as qual-
ity control. We support applications in sectors
such as polymers, chemical industry, inorganic
building materials and environmental analytics.
In addition, thermo physical properties of solids,
liquids and melts can be analyzed.

LINSEIS provides technological leadership. We
develop and manufacture thermo analytic and
thermo physical testing equipment to the high-
est standards and precision. Due to our innova-
tive drive and precision, we are a leading manu-
facturer of thermal Analysis equipment.

The development of thermo analytical testing
machines requires significant research and a
high degree of precision. LINSEIS Corp. invests

in this research to the benefit of our customers.

Claus Linseis
Managing Director



German engineering

The strive for the best due diligence and ac-

countability is part of our DNA. Our history is af-
fected by German engineering and strict quality

control.

Innovation

We want to deliver the latest and best tech-
nology for our customers. LINSEIS continues
to innovate and enhance our existing thermal
analyzers. Our goal is constantly develop new
technologies to enable continued discovery in

science.



GENERAL

Dilatometry (DIL) is a technique in which a di-
mension of a substance (such as: ceramics,
glasses, metals, composites, polymers and oth-
ers) under no or negligible load is measured (e.g.
expansion measurement or shrinkage measure-
ment) as a function of temperature while the
substance is subjected to a controlled tempera-
ture program in a specified atmosphere.
LINSEIS produces a wide range of Single-,
Dual-, Differential-, Quattro-, Quenching-, La-
ser- and Optical Dilatometers in a temperature
range from -263°C up to 2800°C and a resolution
up to 0.03 nm.

Thanks to our years of experience (est. 1957),
Linseis offers Dilatometers with an unbeaten

precision variability and performance.

Dilatometers are frequently used for R&D and

quality control of solids, liquids, powders and

pastes to determine their:

e determination of thermal expansion
coefficient (CTE)

e linear thermal expansion (AL)

e sinter-temperatures and sinter steps

e determination of glass transition (Tg)

¢ phase changes

e optimization of burning processes

e volume changes

e Rate Controlled Sintering (RCS)

e decomposition

e density change

DIL L75 Vertical



Depending on your applica-
tion, we offer the perfect so-
lution:

Horizontal Dilatometer L76/L75Horizontal:
® multipurpose system
¢ highest temperature uniformity

® L 75H is perfect for research & development

Vertical Dilatometer L75Vertical:

e friction free sample holder

® push-rod contact is always guaranteed

e possible field of application Rate Controlled
Sintering (RCS)

® best arrangement for low -263°C and high

temperature >2800°C applications

Optical Dilatometer L74 Optical*:

® non-contact design

¢ only choice for melting point determination

e best Choice for Rate Controlled Sintering

e can be used for additional applications:
contact angle determination and heating
microscopy

e best choice for irregularly shaped and soft

samples

Quenching and Deformation Dilatometer

L78 Q/D/T*:

e unreached heating and cooling rates up to
4000K/s

e creation of CHT/CCT/TTT diagrams

e deformation up to 25 kN and tension forces

upto 23 kN

*see separate product brochure
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HORIZONTAL VERSUS

VERTICAL DILATOMETER

Horizontal arrangement

+easy and robust design at a modest price

«from -263 to 2800°C. For applications requiring
lower or higher temperatures vertical arrange-

ment ist better suited

LVDT
Opt. Encoder

Sample

Furnace

——
— =

Vertical arrangement

+zero friction design (sample is only in contact
with the end knob and the pushrod)

»multi-furnace arrangement (up to three furn-
aces)...

*to cover entire temperature range from
-180 to 2800°C

* to increase throughput (hot furnace can
be lifted automatically to switch to new cold
furnace and start new measurement)

«small footprint

+available as single-, differential/double- and
quattro arrangement (1, 2 or 4 samples at the
same time)

«perfect for low temperature measurements
(furnace on the bottom - measurement com-
partment on top) to ensure natural gas path,
cold air (falls down) below sensor compart-
ment

+perfect for high temperature measurements
(furnace on top - measurement compart-
ment below) to ensure natural gas path, hot air

(streams up) above sensor compartment



COMPARING LVDT AND
LINEAR OPTICAL ENCODER

LVDT

The LVDT (Linear Variable Differential Transfor-
mer) consists out of 3 coils: the LVDT body and
the movable core. The primary coil is excited by
a low frequency AC voltage. The two seconda-
ry coils are put in series with reversed polarity.
The horizontal position of the core defines the
amount of coupling between the primary and
the secondary coils. When the core is in the
center position, the induced voltages in the

secondary coils have the same amplitude. Due

Advantage:

the output signal is absolute and unique for
each position, no reference movement necessary

+the core can be moved without any friction

«the resolution is infinitive, limited by the noise
of the electronics used for signal conditioning

*not sensitive better suited for applications in

dirty environements (gas, vacuum, dust)

to reversed polarity of the two coils the sum
(output voltage) is zero. When the core moves,
the coupling between primary and seconda-
ry coils changes. So, in one secondary coil the
induced voltages increases, while in the other
the voltage decreases. So, the sum of both is no
longer zero. The sum of amplitude depends on
the amount of movement of the core, while the
phase (polarity) depends on the direction of the

movement.

Disadvantage:
*limited measuring range, e.g. +/- 2,5mm

*needs calibration

Primary

Core

Secondary 1

Secondary 2




Linear Optical Encoder

A linear optical encoder uses a ruler, made of
glass or metal, with a special optical pattern on
it. Usually transparent and none transparent, or
reflecting and none reflecting lines are used. A

light source shines to the ruler, and the bright/

Advantage:

*no calibration necessary

*no limit of measuring range

«force modulation - offering TMA capabilities

* superior reproducibility

?

light
source

phase plate

-
0 i

dark transitions are measured. The count of
measured transitions corresponds to the dis-
placement, while the phase contribution of the
two detectors A and B depends on the direction

of the movement.

Disadvantage:

*the position change is measured relative, a
zero position measurement for absolute positi-
on reading is necessary

«limited resolution: the lower limit for the
distance of the patterns on the ruler is app.
20nm. For higher resolutions the reading must
be interpolated

«the optical detector system is sensitive to dust

(production environment)

condensor

detector



FEATURES

Exciting new features to sim- Measuring systems
plify work. Numerous different single, double or quattro

measuring systems made of fused silica, Al,O,or

graphite are available.

Quartz measuring system @ 7/12 mm

Al,O, measuring
system contact free

AlLO, measuring system standard

Adapter for powders and pastes

Quartz measuring
system for large samples @ 20mm



Instrument design

Optimum sensor selection to ensure best
measurement result for any given requirement.
Integrates Mass Flow Controllers or gas dosing
system. Thermostatically controlled measuring
compartment disables environmental measure-

ment influences.

MultiNudge

Our sample positioning feature ensures an op-

timum sample alignment. As the sample piston

touches the sample several times it improves

the orientation of the sample which is utmost
important for a successful dilatometer measure-

ment.

Automatic Contact Force Ad-
justment

When it comes to samples with large expansion
a contact force adjustment during the measure-
ment is critical to ensure excellent measuring
results. This feature eliminates the influence of

varying force during the measurement.




Vacuum and controlled at-
mosphere

The instrument design provide for high vacu-
um, inert, reducing, oxidizing or humidified at-
mosphere. Furthermore, the instrument can be
pressurized up to 5 bar overpressure (option).
Measurements can be done under corrosive
conditions if proper conditions are respected.
Residual gas analysis systems can be coupled

via an optional heated capillary

Evolved gas analysis
Optional gas analysis with MS, FTIR or GCMS is

possible. This provides valuable additional in-

formation of the sample composition.

Wide temperature
-263 to 2800°C

The LINSEIS Dilatometer instruments can be

range

equipped with up to three furnaces at the same
time. A broad variety of different furnaces is
available to enable measurements in the widest
temperature range on the market. Unmatched
selection of furnaces for widest possible tempe-

rature range.




Starter kit

The starter kit includes a variety of tools such
as scissors, cutting tools, anti-electrostatic
tweezers, magnifier, crucible holder, pipette,

rasps, spatula etc.

Oxygen Getter Material OGM
The LINSEIS Oxygen Getter System (OGM) can
be placed in any LINSEIS instrument as a modi-
fication of the sample gas capillary. It is used to
getter smallest traces of residual oxygen in the
sample chamber by offering a stronger oxygen

affinity than sample materials, combined with a

high effective surface.




SOFTWARE

AII'LINSEIS thermo analytical instruments are PC
controlled. The individual software modules ex-
clusively run under Microsoft® Windows® ope-

rating systems.

The complete software consists of 3 modules:
temperature control, data acquisition and data
evaluation. The software incorporates all essen-
tial features for measurement preparation, exe-

cution, and evaluation of a dilatometer run.

Thanks to our specialists and application ex-
perts, LINSEIS offers comprehensive easy to un-

derstand user friendly application software.

Software-Features:

* program capable of text editing

« data security in case of power failure

« thermocouple break detection

* repetition measurements with minimum
parameter input

+ evaluation of current measurement

° curve comparison

Software

« storage and export of evaluations

« export and import of data ASCII

+ data export to MS Excel

» multi-methods analysis (DSC TG, TMA, DIL, etc.)
+ zoom function

* 1st and 2nd derivative

 programmable gas control
- statistical evaluation package
« automatic axis re-scaling

+ softening point detection

DIL Features:

« Rate Controlled Sintering (RCS) software

« interchangeable thermocouples for various
atmospheres

* sinter process evaluation

- glass transition and softening point evaluation

« softening point determination and system
shut down

« linear thermal expansion evaluation

« several system correction features

+ automatic zero point adjustment

« auto-scheduler for up to 16 sub-sequent runs
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Thermal Library

The LINSEIS thermal library software package
comes as an option for the well-known, user
friendly LINSEIS Platinum evaluation software,

that is integrated in almost all our instruments.

The thermal library allows for the comparison of
the complete curves with a data base providing
thousands of references and standard materials

within only 1-2 seconds.
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Linseis TA Evaluation V2.3.0

Measured and matching reference curves (green) and reference curves with poor fit (red).

Multi-Instrument
All LINSEIS instruments DSC, DIL, STA, HFM, LFA,
etc. can be controlled from one software tem-

plate.

Report Generator
Convenient template selection to generate cu-

stomized measurement reports.

Multi-Lingual

Our software is available in many different
user exchangable languages, such as: English,
Spanish, French, German, Chinese, Korean,

Japanese, etc.

Multi-User

The administrator can generate different user
levels providing different rights to operate the

instrument. An optional log file is available, too.

Kinetic software
Kinetic analysis of DSC, DTA, TGA data for the
study of the thermal behavior of raw materials

and products.

Data Base
Physical constants of new materials can be easi-

ly integrated by the user.



SPECIFICATIONS

Temperature range

L76
RT up to 1600°C

L75 Horizontal
-180 up to 2800°C

L75 Vertical
-263 up to 2800°C

Delta L resolution
Measuring range
Contact force
Delta L resolution
Measuring range

Automatic sample lenght
detection

Force modulation

Contact force

0.05 nm

+2500 pm

Tnm
+25000 pm

yes

no

50mN up to 3N

0.03 nm

+2500 pm
10mNupto 1N
0.1 nm

425000 pm

yes

yes

10 mN up to 5N

0.03 nm

+2500 um

10 mNupto 1N
0.1 nm

425000 pm

yes

yes

10 mN up to 5N

Heating rates

Sample holder

Temperature /Accuracy / Pre-

cision / Resolution

Thermal stability (isotherm)

AL/ L, Repeatability
AL /L, Accuracy
Force resolution
Gas atmosphere

Software

Based on furnace:

- steel, copper, fused silicia, silicon carbide: 0.001 up to 50K/min
« graphite 0.001 up to 100 K/min

user interchangeable, SiO,, ALLO,, graphite

273

All sample holders available as:

« single sytem (one pushrod)

« system with two pushrods usable in dual or differential mode

* ALO, sample holder

SiO, and ALO, sample holders available as hollow tubes or
massive rods

1K/0.1K/0.001K ' 1K/0.1K/0.001K | 1K/0.1K/0.001K

+0.02K +0.02K +0.02K
0.001% 0.001% 0.001%
0.002% 0.002% 0.002%
— 0.001T mN 0.001 mN

Inert, oxid., red. Inert, oxid., red., vac. | Inert, oxid., red., vac.
latest Windows operating system

older versions possible on request



Multiple furnace configura-
tion

Motorized furnace operation
Gas dosing

Contact force adjustment
Single / double dilatometer
Softening point detection
Density determination

L-DTA

Rate Controlled Sintering
(RCS)

Thermal library

Electric thermostatization of
measuring head

Low temperature options

Vacuum tight design
Automatic evacuation system

OGS Oxygen Getter System

L76

optional

optional

L75 Horizontal

up to 2 furnaces

optional

L75 Vertical

up to 3 furnaces

included

manual gas dosing or mass flow contoller 1/3 or more gases

included
optional

optional

optional

optional

included

LN

included
optional
included
included

included
(up to 2000°C)

included

included

included

LN, Intra

yes
optional

optional

included
optional
included
included

included
(up to 2000°C)

included

included

included

LN_, Vortex,
Hefium cryostat

yes
optional

optional



FURNACES

Temperature

-263 - 300°C
-180 - 500°C
-180 - 700°C
-180 up to 1000
RT - 1000°C
RT - 1400°C
RT - 1600°C
RT - 1650°C
RT - 1750°C
RT -2000°C
RT - 2400°C

RT - 2800°C

Type
L75/264 He

L75/264
L75/264/700
L75/264/1000
L75/220
L75/230
L75/240
L75/240 PT
L75/240 M
L75/260
L75/270

L75/280

Heating element

Thermo coax
Thermo coax
Thermo coax
Thermo coax
Kanthal
Kanthal

SiC

Platinum
MosSi,
Graphite
Graphite

Graphite

Atmosphere

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

inert, oxid., red., vac.

N,/Vac.

N,/Vac.

N,/Vac.

Tem perature sensor

Semiconductor / Pt 100
Type K

Type K

Type K

Type K

Type S

Type S

Type S

Type B

Type C and/or pyrometer
Pyrometer

Pyrometer




APPLICATIONS

Glass Ceramic

The dilatometric method is an
excellent method to determine
the thermal expansion (CTE)

0.80 E24 and the softening point of glass
150 E ceramic materials. Beside the
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The thermal expansion of
a-Si0, can be easily evaluated
with the L75 Dilatometer. The
additional DTA feature enables
an in depth view of the thermal
behavior of the material. The
DTA measurement is a mathe-
matical routine based on the
sample temperature. Exo- and
endothermic effects influence
the change of the sample tem-
perature during the dynamic
heating or cooling cycle. The
phase transition from o- to
f3-SiO, takes place atapp. 575°C.
The deviation of the measured
temperature from the literature
value (574°C) can be used for a
temperature calibration.

The glass sample was measured
using the softening-detection
feature. The heating step will
be stopped by the software eit-
her if the target temperature is
reached or if a shrinkage abo-
ve a pre-defined threshold is
detected. In this example, the
threshold was set to -100um
meaning that in case that the
sample length falls by more
than 100um below the maxi-
mum length of the sample, the
heating was interrupted and a
cooling segment was started
automatically. The softening
point can be detected in an
easy and safe procedure. The
automatic stop of the heating
avoids damages on the instru-
ments due to sticking of the
sample on the measuring sys-
tem



Iron
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The linear thermal expansion
(AL) and the CTE of the iron
sample under argon atmos-
phere are evaluated. The he-
ating rate was 5K/min. Above
736.3°C (maximum tempera-
ture of CTE) shrinkage was de-
tected, which is due to a chan-
ge in the atomic structure,
known as the Curie-point. The
difference of measured and
literature value can be attri-
buted to contamination of the
sample.
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Ceramics / Powder metallurgy
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In production processes of
high-tech ceramics a simula-
tion of sinter processes is of
high interest. When using the
optional software package RCS
(Rate Controlled Sintering) it is
possible to program controlled
sintering with a dilatometer as
per PALMOUR Il theory. The
following application is a sin-
tering process of ZrO,. After
approximately 60 minutes the
main sintering step is finished
and the heating rate can be slo-
wed down. After approximately
160 minutes the final density of
the material is reached and sin-
tering finished.

Expansion measurement of
copper down to a temperature
of 10K using a Helium cryostat.



ALTERNATIVE DILATOMETERS

Optical versus Pushrod-Dilatometer
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Comparison between Conven-
tional and Optical Dilatometer
when evaluating the expansion
of an epoxy resin into the mel-
ting stage.

(please look at our seperate
L74 Optical DIL brochure)

The inductive heating method
of the LINSEIS RITA Dilatometer
allows the usage of very fast
heating and cooling rates. One
steel sample like the stainless
steel in the application examp-
le can be used to determine the
CCT, TTT and CHT within only
a few measurements. The dia-
gram shows different cooling
speeds from 850°C to Room
Temperature. The same sample
was cooled down several times
and for each resulting curve
the phase transition points
were determined. The purple
and dark blue curves are con-
necting those phase transition
points and give the CCT curve
for the sample.

(please look at our seperate

L78 Quenching & Deformation
Dilatometer brochure)
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LINSEIS GmbH Germany s LINSEIS Inc. USA
I Viclitzerstr. 43 ———— 109 North Gold Drive
95100 Selb Robbinsville, NJ 08691
Tel.: (+49) 9287-880 - 0 Tel.: (+1) 609 223 2070
Fax: (+49) 9287-70488 Fax: (+1) 609 223 2074

E-mail: info@linseis.de E-mail: info@linseis.com

LINSEIS China LINSEIS France

Kaige Scientific Park 2653 Hunan Road Bureaux Paris

201315 Shanghai 52 Boulevard Sébastopol
Tel.: +86-21-6190 1202 75003 Paris

Fax.: +86-21-6806 3576 Tel.: (+33) 1 73.02.82.72

Bureaux Lyon
- LINSEIS Poland 2A Chemin des Eglantines

ul. Dabrowskiego 1 69580 Sathonay Village
05-800 Pruszkéw

Tel.: (+48) 692-773-795

(+33) 04.26.68.70.85

www.linseis.com

Products: DIL, TG, STA, DSC, HDSC, DTA, TMA, MS/FTIR, In-Situ EGA, Laser Flash, Seebeck Effect, Thin Film Analyzer, Hall-Effect

Services: Service Lab, Calibration Service
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