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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.



OPTICAL DILATOMETER

The Optical Research Dilatometer L74 was de- sample is not burdened with any force. For
veloped to meet the demanding applications of soft samples or samples that melt during the
the glass, ceramics, metal and energy industry. measurement, this leads to a result, which is not
A high resolution CCD camera enables a visual distorted by the contact pressure.

real time analysis of the sample expansion, eit-

her as single frame or as video sequences.

The big advantage of this method is that the

L

DSC - Differential Scanning Calorimeter Option
for Optical Dilatometer




Several correction and analysis features are in-
corporated into the LINSEIS Evaluation Software.
The unique horizontal design enables most de-
manding applications. The special solid-liquid
adapter allows expansion / volume measure-
ments of solids, liquids and solid - liquid phase
transitions. There is also a special sample holder
for measuring rigid foils available, which avoids
measurement errors due to pushrod forces like

in a classical dilatometer.

Application

-analysis of sintering processes (densification
behavior as a function of temperature and
time —» sintering kinetics)

-analysis of the thermal expansion behavior
(thermal expansion coefficient)

investigation of the wetting- and spreading-
behaviour of metallic- and glass-melts, slags
and ashes on different substrates (metal, cera-
mic, glass)

- optical determination of the drop shape and
contact-angle > determination of surface ten-
sion up to high temperatures

+analysis of the softening - and melting behavi-
or (melting kinetic)

«investigation of corrosion behavior (metallic-
and glass-melts, slags etc. on refractory mate-
rials)

+analysis of the ash melting behavior

+determination of viscosity curves of glasses

«analysis of sintering warpage (sintering of
ceramic tapes and multilayers; co-sintering of
metal-ceramic bi- and multi-layers)

«analysis of the infiltration behavior of metallic
melts in ceramic materials (synthesis by melt-
infiltration)

+analysis of melt filtration by porous ceramic
materials

«investigation of the coating behaviour

<analysis of the brazing behavior and brazing
tests, solder developement, glas-metal or

ceramic sealing

Industries
- glass

* metal

+ enamel coatings
* ceramics

* energy

T/

Dilatometer



OPTICAL DILATOMETER

Sintering

The investigation of sintering processes using
pushrod dilatometers has one disadvantage:
There is always a force in z-direction that can
cause a certain sinter direction. The optical di-
latometer instead is able to measure a sinter

process completely contact free and guarantees

Sintering behaviour of ceramic tapes (ZrO,)

30°C

1200°C

1377°C

that the sintering process can take place wit-
hout any influence. If you compare the results
of the same substance that was sintered on an
optical and on a pushrod dilatometer, there can

be big differences because of this effect.
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HEATING MICROSCOPE

Applications

+ Ash fusion microscopy

* Observation and analysis of sintering processes
» Contact angle determination

* Microscopy at high temperatures and under

different atmospheres

Ash melting microscope
Ash melting of a coal sample
1

2

Ash melting
microscope

1 - Softening temperature = edges are getting round
2 - spheric temperature = round shape of height that
is as big as its baseline
3 - half sphere temperature = half sphere shape of
height that is half the size of its baseline
4 - flow temperature = sample is nearly liquid, has
only one third of the size of half sphere point
General
Solid ash fuels consist of inorganic compounds like si-
licon oxide and alkali oxides. Due to the high diversi-
ty of ash compositions it is nearly impossible neither
to define a universal melting point nor to determine
a fuel specific melting point. The melting behavior of
ashes is heavily dependent on its chemical composi-
tion. The melting procedure of ashes takes placeina
broader temperature range. Even if the slagging pro-
blems of power plants are different from each other,
the melting behavior of ashes is useful to get a qua-
litative analysis of the slagging behavior of different
coals what gives a result that can be applied to the
corresponding boiler. The ash melting behavior of

coals is determined according to DIN 51730, for bio

mass there is a pre norm DIN CEN/TS 15730 that can
be used as well. It defines four characteristic tempe-

ratures under oxidizing atmosphere.

Functional Principle

The principle of determination of the ash melting be-
havior is based on a sample that is melted under de-
fined temperature ramps. The melting temperatures
for stone coal are up to 1600°C, for bio mass and wood
they are at around 1200°C to 1300°C and for culm
containing bio mass they are even lower. The evalua-
tion is done automatically according to DIN 51730 by
monitoring of a shadow profile of the sample where
the change of geometry is documented. By means of
operating geometric factors, the resulting characteri-
stic temperatures can be determined and be used for

comparison of different coal qualities.

Fields of Application

* Measurements according to DIN 51730 (1984,
1998) / 1SO 540-1995

« Characteristic temperatures plus start of sinte-
ring / sintering point

* Ash melting behavior

« Sintering behavior

+ Dilatometric curves (e.g. shape, area)

« Softening- and melting behavior, moistening behavior

* Viscosity curve

Suitable for analysis of coal ashes, bio ashes,

slags, as well as ceramic, enamel, clay ceramics,

dental ceramics, grinding discs, special cera-

mics, fire proof ceramics, glass, steal, soldering

pastes, stainless steel and fluxing agents.



SOFTWARE

Features -Software

In respect to thermal and mechanical sample

treatment numerous different matematical

functions can be selected.

* User-friendly

» Multi-methods analysis (DSC TG, TMA, DIL, etc.)

» Zoom function

* Online help menu

* Report generator

+ Data export to MS Excel

* Export and import of data ASCII

* Program capable of text editing

« Data security in case of power failure

* Thermocouple break protection

* Repetition measurements with minimum
parameter input

« Evaluation of current measurement

» Curve comparison up to 32 curves

« Storage and export of evaluations

* Programmable gas control

« Statistical evaluation package

* Smoothing of total or partial measurement

» Tangent intersection determination (automa-
tic or manual)

* Free scaling

The information of a thermo analytical measure-

ment can be increased when using the broad

range of specialized Software.

Software options

* Specific Heat determination (Cp)
+ Rate Controlled Sintering (RCS)

* Calculated-DTA

* Quenching Dilatometer Software
*CHT/CCT/DCCT/TTT Diagrams

* Thermo Kinetics Software

Control and Evaluation

Software

* Software package compatible with Windows 7
and 8

+ Software for creation of CHT, CCT, DCCT and
TTT diagrams

« all necessary measuring parameter are inclu-
ded in the menu structure

* Unlimited number of forming steps during
measurement

« free choice of all control parameters

* Specification of temperature-time force-gradi-
ent and strain rate and deformation degree

« Control rate input by user or selection of indus-
try parameter, i.e. quenching rates based on
T 8/5 times

+ Automatic force control on the basis of user
defined functions

+ individual commentaries

* heat up and cool down speeds

+ end of the heating curve as well as duration of
holding temperature

* programmable heating / cooling and isother-
mal segments

« function menus are easy to handle

* Graphical evaluation software with many func-
tions to get complete results of all measured

data



« Free assignment of axes confidence interval

* The evaluation software includes freely scala- * Print out of the results as curve or table

ble isothermal and continuous diagrams « Evaluation can be done simultaneously to an
» Manual entry of transition points ongoing measurement / multi tasking
« Correction of individual data points » Measuring data will be corrected through cor-
* Insertion of text rection curve mal segments
+ ASCIl Export « function menus are easy to handle
« Calculation of Delta L, Alpha physical, Alpha « Graphical evaluation software with many func-
technical (CTE) tions to get complete results of all measured
* Mathematical calculation of curves data

« Statistical evaluation of curves with mean and

i
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SPECIFICATIONS

Maximum furnace temperature

Temperature at specimen

Heating rate

Temperature resolution

Sample dimensions (WxHxD)

Resolution

Vacuum

Hydrogen atmosphere

Measuring range contact angle

Calibration standards

Detection Modes

International Standards

DILL74
RT up to 1600/ 1800 / 2000°C
RT up to 1550/ 1700 / 2000°C
up to 50°C/min (depends on furnace)
0.2°C
24 x 22 x40 mm
up to Tpym or
3ppm (with standard sample)
up to 10°mbar (depends on pump and selected furnace)
optional hydrogen saftey system available
0...180°% +/-0.1°

calibration standard with table included

Sintering, Softening point, Deformation point, Sphere,
Half-sphere, Melting Point, CTE coefficient of thermal
expansion, Linear and Volumetric thermal expansion,
Contact Angle, Surface tension, Volume, Symmetry,
Asymmetry, Height, Width Ration, many others

ASTM C372, ASTM D1857, CEN/TR 15404, BS 1016: Part
15, CEN/TS 15370-1, DIN 51730, IS 12891, ISO 540, NF
M03-048



APPLICATIONS

Sintering of Alumina Oxide (Al,O;)
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Up to a temperature of 1100°C
no sintering behavior can be
detected at both samples. With
the following slower heating
rate and a dwell time of 15 min
at 1600°C sample two (blue
curve) shows a shrinkage of
17.119%,

Comparison between Conven-
tional and Optical Dilatometer
when evaluating the expansi-
on of an epoxy resin into the
melting stage.
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