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Adiabatic Calorimeter

In fact represents a series of adiabatic calorimeters which can be adapted to any
kind of processes triggered by mixing of initial components reacting
exothermally (releasing heat) as: polymerization, curing, crystallization,
hydration of anhydrous salts (in cement, plaster), combustion, fermentation, etc.

Adiabatic calorimeters and original procedures allow establishing the nature and
the extent of participation of each component to the evidenced reaction process
defining the properties of the end product. The following three main operations
are performed:

1. efficient calibration of temperature, specific heat of components, heat
capacity of reaction mass and released heat;

2. correct and efficient measurements of important quantities during
process development ;

3. efficient processing of measured quantities in view to identify,
optimize and scaling of evidenced process to different volumes taking
into account that almost all processes dramatically change from
laboratory size at industrial size.

Adiabatic calorimeter can be adapted to any exothermal process at its specific
features by modifying and/or addition of accessories and measuring instruments
for specific quantities, namely:

(i)  volume and shape of sample holder;

(i)  temperature sensitivity and range;

(iti)  hydrodynamic regime (mixing conditions of initial components and
during reaction);

(iv) controlled atmosphere;

(v) calorimetric measurements in isothermal conditions.

Adiabatic calorimeter with 2 | sample holder for hydration of concrete mixtures
in the temperature range of room temperature and + 110 ° C (optional under
room temperature) is shown in the picture below. Electronic blocks are available
for all applications (calibration block not shown). Calorimetric test consists
mainly in three distinct stages: (a) preparation of components; (b) start of
adiabatic function, measurement of specimen temperature and mixing of
components; (c) retrieval of temperature variation during process development
according to original procedures. The given graphic was obtained for hydration
process of commercial grade cement. Different stages of hydration are revealed
characterized by temperature and time of reaction depending on the specimen
volume, nature and proportion of reacting components.
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APPLICATIONS: identification and/or optimization of reacting formula for a
wide range of processes in chemical industry, pharmaceutical industry, food
and beverage industry, building materials, electronics, mining industry, etc.
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Content:

1. Main objectives of adiabatic calorimetry (AC);

2. Important features of AC;

3. Description of AC device;

4. General features in obtaining and retrieval of AC experimental results.
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1. Main objectives of adiabatic calorimeter

Calorimetry represents a wide series of measurements based on heat transfer
and/or temperature variation between a tested specimen placed in a specimen
holder (SH) and an enclosure temperature of which is well controlled. Both
surfaces are considered as equipotential, i.e. temperature has the same value in
any point on each one.

In adiabatic calorimetry (AC) the SH temperature is determined by the processes
triggered by different means in that specimen. SH and the outer adiabatic shield
(AS) are considered as equipotential surfaces. AS temperature is maintained
equal with the SH temperature in view as between the two equipotential surfaces
the heat flow is always zero. Because the temperature control of an equipotential
surface can be controlled with high accuracy by heating, but with poor accuracy
by cooling, it results that adiabatic function (AF) can be done for exothermal
processes (which release heat).

For instance, if the tested specimen does not show any transformation in a
temperature range tested, we can give to it a well controlled amount (pulse) of
heat and it results in AF condition a stepwise rise of SH temperature defining the
heat capacity of the specimen = the heat amount necessary to rise the specimen
temperature by 1 K. Heat capacity and specific heat (the heat amount necessary
to rise temperature of 1 kg of specimen by 1 K) are quantities related with the
structure of the specimen.

In general, transforming processes in tested specimens are triggered by mixing
of at least two components and these are not constituted by only one process
(elementary or unimodal processes), but a succession (cascade) of unimodal
processes.

AC allows to evidence and to identify in efficient manner (simple and accurate)
that cascade for a wide category of practical cases.

2. Important features of AC

The following features must be emphasized for users just before they begin
work with AC:

2.1. AC is slow measurement extended on hours even months depending
on the temperature accuracy and specimen mass.

2.2.  AC requires additional measurements concerning the composition of
the tested specimens (mass, volume, heat, etc.).

2.3. AC requires calibrations with high accuracy, especially for
temperature. AF must have a better accuracy than temperature
measurement of tested specimen. The actual AC has AF defined with
an accuracy of approximately 0.01 °C, so that specimen temperature
can be read with an accuracy of 0.1 °C. However, thermometer must
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2.4.

2.5.

be calibrated periodically by using a standard thermometer (SPRT =
standard Pt resistance thermometer with a measuring uncertainty under
0.01 °C) with the probe immersed in an inert material (water for
instance) placed in the SH. Calibration on the all temperature range
specific to the studied processes, will evidence both the accuracy of
AF and temperature measurement.

The creation of data banks on related specimens tested in the same
standard experimental conditions (SEC) is necessary for a good
retrieval of obtained results with deep structural and practical
significances. For details see literature on topoenergetic working
principles (www.gdfdatabanks.ro and on Google search).

Among these related specimens must be inserted so called standard or
reference materials with well known AC behaviour and structure. For
instance, water, y-alumina, sapphire, etc. are classical standard
materials in AC practice. However, AC users for specific transforming
processes must create their own standard materials representing each
class of materials studied.

3. Description of AC device

AC device for routine measurements mainly consists in two basic parts:

3.1 - the basic disposition or calorimetric vessel.

Figure 1 schematically shows an axial section in AC vessel. All AC vessels
have cylindrical symmetry allowing the best AF. SH in actual AC consists in
two identical truncated cone vessels one is fixed to basic disposition having
all sensors and heating elements and the other one can be moved out for
cleaning and replacement. In view to avoid their blocking their contact
surfaces must be covered with inert grease.

3.2 — the electronic block (Figure 2) consists in AF block (T-control) and
thermometer for SH.

Additionally there are the following accessories:

connecting cables (main, T-control, T-recording at a data logger);
accessories specific to tested specimens (conditioning tools; mixing
tools, scales, etc., not included);

retrieval accessories (data logger, PC, memory sticks, etc., not
included);

calibration accessories (SPRT, calibration block for heat capacity
measurements, etc., not included);
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Figure 1. Axial section of the AC basic disposition.

1 - sample holder (SH);

2 - tested specimen;

3 - level defining the maximum filling degree;
4 - adiabatic shield (AS);

5 - thermal insulation;

6 - outer shield;

7 - lid.
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Figure 2. Schematic draw of front panel of the electronic block for adiabatic measurements

8 - LED indicating temperature difference
between sample holder and adiabatic shield;

9 - potentiometer adjusting the electronic
difference between temperature of
sample holder and adiabatic shield;

10 - panel of thermometer for sample holder;

11, 12 - OFFSET and GAIN adjustments ONLY
for thermometer calibration;

13 - connector for external reading/recording
of temperature.

1 - main switch;

2 - main connector;

3 - panel of T-control for adiabatic function;

4 - connector for T-control;

5 - LED indicating main plugged and continuity
of adiabatic heater;

6 - coupling switch for adiabatic heater;

7 - LED indicating coupling of adiabatic heating;

IMPORTANT: Thermometer is calibrated according to the display readings (14) which can be different
from an external instrument (data logger for instance).
Make all connections and finally plug in to the main.



Details for measurements in specific applications and for calibrations will be
given in the operating manual and need a special training of the users.

4. General features in obtaining and retrieval of AC
experimental results

In general all mixing experiments can be reduced at 2 components. For instance
for hydration of concrete mixtures these are the solid mixture and aqueous
solution. The two components must be conditioned before mixing just in the AC
sample holder at an initial temperature, Tin, the same for all related series of
tested specimens. This condition belongs to SEC necessary in retrieval and
comparison of series of related specimens.

It is important to mention the main features of SEC ensuring high repeatability
of the experimental results:

- same Tin;

- same volume of the tested specimens (volume normalization);
- same operator;

- same AC device and accessories tools;

- same laboratory;

The measurement uncertainties can be established on standard materials.
According to the basic topoenergetic principle, the volume normalized
specimens showing a transformation process consists in an inert component,
Cin, which is not involved in the process and a transforming component, Ctr
gathering all kinetic units responsible for this process (Figure 3).
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Huge experimental results obtained in a wide category of measuring instruments
have revealed that not all amounts of the two initial components are involved in
transformation processes evidenced by these instruments.

To be more specific, this means that for hydration of cement with water (no
other additives) either no all cement and/or no all water are involved in
hydration process revealed by AC.
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Figure 4.

www.gdfdatabanks.ro  dragan_gdf(@yahoo.com Sydney February 2008




Figure 4 shows the hydration of commercial grade of cement with tap water
initially conditioned at room temperature of 22 °C. After manual mixing of the 2
components in AC an immediate temperature rise occurs (process A) followed
by other processes (B, C, etc.) in the cascade. The temperature-time spectra of
these elementary processes are characterized by specific Cin, Ctr and ctr
established in the framework of data banks created.

In the same manner, the data banks created for the same specimens, but using
different size of SH, will allow to establish the size at which each elementary
process and/or overall process change their nature and scaling up the results for
higher size impossible to be reproduced at laboratory scale.
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